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Lecture plan

1. Hypoxia classification, clinic, differential
diagnosis of different types of hypoxia.

2. Hypercapnia.
3. Hypocapnia.
4. Classification of respiratory failure.

5. Basic principles of respiratory failure intensive
care.

6. Oxygen therapy: methods, indications, toxic
effect of oxygen.



Lecture plan

/. Respyratory support: indications, methods,
efficiency criteria.

8. Methods of restoration of airway patency and
Improvement of lung drainage function.

9. Adults respiratory distress syndrome: etiology,
pathegenesis, clinical signs, intensive care.

10. Status asthmaticus: etiology, pathogenesis,
clinical signs, intensive care.



Definition

Acute impairment in gas exchange
between the lungs and the blood
causing hypoxia with or without
hypercapnia.

The inability of the lungs to meet the
body’s metabolic-needs for the transport
of oxygen (Oz2) into the blood and/or
removal of carbon dioxide (CQOz2) from
the blood.



Classification of hypoxia

Hypoxic hypoxia

a) Defciency of oxygen In inspired air
(high altitude, suffocation)

b) Hypoactive hypoventilation (central
nervous system, neuromuscular or
skeletal disorders)

c) Upper airway obstruction (foreign
body, trauma or angioedema)



Classification of hypoxia

Pulmonary hypoxia

a) Increased airway resistance (chronic
obstructive pulmonary disease and
asthma)

b) Abnormal alveolar ventilation-
perfusion ratio (pulmonary embolism,
pneumonia, aspiration)



Classification of hypoxia

Pulmonary hypoxia

c) Diminished diffusing capacity via the
alveolar-capillary membrane

(Interstitial lung disease and pulmonary
vascular disease)

d) Pulmonary shunting (atelectasis,
pneumonia, hepatopulmonary
syndrome, and arteriovenous
malformations)



Classification of hypoxia

Cardiac right-to-left shunts;
(atrial septal defect)

Anemic hypoxia

a) Anemia

b) Hemoglobinopathies
(methemoglobinemia and carbon
monoxide poisoning)

5. Inadequate oxygen transport due to a
circulatory defect (static hypoxia)



Classification of hypoxia

Cardiac right-to-left shunt
(atrial septal defect)

Anemic hypoxia

a) Anemia

b) Hemoglobinopathies
(methemoglobinemia and carbon
monoxide poisoning)



Classification of hypoxia

Static hypoxia

a) General circulatory defciency or
collapse (shock or cardiac failure)
b) Localized circulatory defciency
(peripheral, cerebral, or coronary
vessels)



Classification of hypoxia

Histotoxic hypoxia

a) Late-stage Irreversible shock

b) Poisoning of cellular oxidation
enzymes (cyanide or arsenic toxicity and
heavy ethanol intoxication)

c) Diminished cellular metabolic capacity

for using oxygen (beri-beri,
hyperthyroidism)



CIaSS|f|cat|on ARF

ure |Hypercapnic Respiratory Failure

Known as:

Type | ARF, Lung Failure,
Oxygenation Failure,
Respiratory Insufficiency

Definition:

The failure of lungs and heart to
provide adequate O, to meet
metabolic needs

Criteria:

Pa0, < 60 mmHg on RO, =.50
or

Pa0, < 40 mmHg on any RO,

5a0, <90

Basic Causes:

R-L shunt

V/Q mismatch

Alveolar hypoventilation
Diffusion defect
Inadequate FIO,

Known as:
Type Il ARF, Pump Failure,
Ventilatory Failure

Definition:
The failure of the lungs to
eliminate adequate CO,

Criteria:

Acute | in PaCO, >
or

Acutely above normal baseline

in COPD with concurrent | in pH

< 71.30

50 mmHg

Basic Causes:

Pump failure (drive, muscles,
WOB)

1 €O, production

R-L shunt

1 Deadspace




Signs

gtachypnea

gdyspnea

gthe use of accessory respiratory
muscles

g



Diagnostic work-up
pbasic

gpulsoxymetry

gchest X-Ray

gbedside ultrasound (BLUE)
gcomplete blood count
garterial blood gases
gelectrolites



Diagnostic work-up
advanced

gcomputerized tomography (CT)
gspirometry

gcapnography

qgbronchoscopy
gmicrobiological evaluation
gcardiac enzymes



Treatment

Invasive ventilation
ECCO,R

Bronchoscopy

Noninvasive ventilation Colghassist devices

i High-flow nasal oxygen therapy
&
S

=

Oxygen-therapy and aetiological treatment




OXxygen Therapy.

a treatment that provides you
with extra oxygen to reduce /
correct arterial hypoxemia




Oxygen Therapy

Indication:

gperi and post cardiac or respiratory arrest
ghypoxia - diminished blood oxygen levels
(oxygen saturation levels of <92%)

gacute and chronic hypoxemia (PaO, <
65mmHQ)

gshock

glow cardiac output and metabolic
acidosis (HCO; < 18mmol/l)

gchronic type two respiratory failure



Oxygen Therapy
Nasal Cannula

Concentration O,: 22 - 40%
Delivery O,:1 - 6 L/min

Advantages:

gpatient can talk and eat
while receiving oxygen
geasy to use

qglow cost

Limitations:

geasily dislodged

gnot as effective is a patient is a mouth breather or has
blocked nostrils or a deviated septum or polyps
qdrying to nares if level is above 4 L/min.



Oxygen Therapy
Slmple face mask

Concentration O,: 25 - 60%
Delivery O,:4 - 10 L/min

Advantages:
gmoderate oxygen
concentrations
geasy to use
qglow cost

Limitations:
qdifficult to eat with mask on
gpatient may feel claustrophobic with the mask on



Oxygen Therapy
Non rebreather mask

Concentration O,: 40 - 80%
Delivery O,: 6 - 15 L/min

Advantages:
ghigh oxygen concentrations
geasy to use

leltatlons

qgthe risk of suffocation

qthe chance of hyper-oxygenation
qgpossiblity lack of humidity



Oxygen Therapy
Venturi mask

Concentration O,: 24 - 60%
Delivery O,: 4 - 15 L/min

| gset oxygen concentrations
' i~ qdoes not dry mucous
= . membranes

Limitations:
qgdifficult to using



Oxygen Therapy
High-flow nasal cannula

Concentration O,: 21 - 100%
Delivery O,:5 - 60 L/min

Advantages:

gmaintenance of constant FiO2
M generation of a positive end-
@28 expiratory pressure

gdecrease in anatomical dead
space

gimproved mucociliary clearance
qdecreased work of breathing




OXxygen TTherapy.
Hyperbaric oxygen therapy

]

—| Indications:

S gAir or gas
embolism;
gCarbon monoxide
poisoning;
gDecompression
sickness;
qClostridal myositis.




Oxygen Therapy
Side effects

qgdry of bloody nose

gskin irritation

qgrisk of fire

gsuppression

of breathing

goxygen toxicity
gretinopathy of prematurity
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Mechanical Ventilation
Indications

g Cardiorespiratory arrest or impending arrest

g Respiratory distress/tachypnea with increased ventilatory
demand and breathing effort leading to respiratory muscle
fatigue

g Severe hypercapnic respiratory failure with either poor
candidacy for nasal
Intermittent positive pressure ventilation (NIPPV) or failure
of NIPPV

g Severe refractory hypoxemia with failure of noninvasive
oxygen delivery devices

g Severe refractory metabolic acid-base disorder
q Need for therapeutic hyperventilation or hypoventilation
g Decreased respiratory drive with bradypnea



Mechanical Ventilation

Peak Inspiratory Pressure (PIP): dynamic pressure
needed to fully inflate the lung

Airway Resistance: PIP — Plateau Pressure (normally
<5cmH?20 unless excessive airway resistance)
Inspiratory Pause: ventilator maneuver to measure
plateau pressure

Plateau Pressure (PPlat): alveolar distending pressure



Mechanical Ventilation
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Mechanical Ventilation

Modes of Mechanical
Ventilation

Volume Assist/Control

Pressure Assist/Control

Pressure Support (PS)

Synchronized Intermittent

Mandatory Ventilation
(SIMV) + PS

Pressure Regulated Volume
Control (PRVC)

Types of
Breaths

Assisted or
Controlled

Assisted or
Controlled

Supported

Assisted,
Controlled or

Assisted or
Controlled

Independent
Variable

Preset Tidal
Volume

Preset Pressure

Preset Pressure

PC-SIMV=Preset
Pressure

VC-SIMV=Preset
Tidal Volume

Preset Tidal
Volume

Dependent
Variable

PIP & Plateau
Pressures

Adequate Tidal
Volumes (not
too high or low)

Adequate Tidal
Volumes (not
too high or low)

pc.
SIMV=Adequate
Tidal Vgehqnes
(not too high or
low)

VC-SIMV=PIP &
Plateau
Pressures

PIP & Plateau
Pressures

Notes

Control tidal volume
(lung protective)
Control of minute

ventilation (RR & V1)

Patient comfort
(deceler flow),
Control over delivered
pressures (avoid
barotrauma)

Patient comfort
Allows patient to
maintain respiratory
work effort

Ceihcrad bratnts %)
TS s bl
number of mandatory
breaths (controlled or
assisted)

Control Minute
Ventilation
Control Vt, Patient
comfort (decelerating
flow), Can limit high
pressures (avoid
barotrauma)




Mechanical Ventilation
Choosing a Ventilatory Mode

Advantages for volume-targeted modes

gease of monitoring pulmonary mechanics
gsimple to limit tidal volume

Advantages for pressure-targeted modes

gprotection against dynamic hyperinflation
g enhanced patient comfort



Mechanical Ventilation
Intelectual modes

Neurally Adjusted INTELLIVENT
Ventilatory Assist

AN



Mechanical Ventilation

Complications of Mechanical
Ventilation

Complications
related to
Intubation

Mechanical
complications
related to
presence of
ETT

Ventilator
induced lung

injury

Complications
related to
Oxygen

Infectious
complications
of mechanical

ventilation

| ————




Mechanical Ventilation
Complications

-

Volutrauma » Overdistention
ANicSmciz =B » Repeated recruitment and collapse
Bio trauma * Inflammatory mediators

Barotrauma * High-pressure induced lung damage




Extracorporeal membrane
oxygenation

the using of mechanical devices
to temporarily (days to months)
support heart or lung function
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Extracorporeal membrane
oxygenation




Extracorporeal membrane

oxygenation

Indications:

Acute severe cardiac or pulmonary
iInsufficiency with a high risk of
death, resistant to optimal traditional
therapy



Extracorporeal membrane

oxygenation

Contraindications:

g Conditions incompatible with
normal life If the person recovers
g Preexisting conditions that affect
the quality of life (CNS status, end-
stage malignancy, risk of systemic
bleeding with anticoagulation)
gAge and size



Extracorporeal membrane
oxygenation. ACCesSsS

Central Cannulation Peripheral Cannulation




Extracorporeal membrane
oxygenation. ACCesSsS

Veno-arterial Veno-venous Arterio-venous




ARDS definition

Acute Respiratory Distress Syndrome
The Berlin Definition

[ ACUTE RESPIRATORY DISTRESS SYNDROME

Timing Within 1 week of a known clinical insult of new/worsening respiratory
symptoms

Chest Imaging *  Bilateral opacities — not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of Edema Respiratory failure not fully explained by cardiac failure or fluid overload;
Need objective assessment (e.g., echocardiography) to exclude hydrostatic
edema if no risk factor present

Mild Moderate Severe

Oxygenation ® 200 < Pa0,/Fi0, €300 100 < Pa0,/Fi0; < 200 Pa0,/FiO, < 100
with with with
PEEP or CPAP 25 cmH,0 ¢ PEEP 2 5 emH,0 PEEP 25 cmH,0

? Chest x-ray or CT scan
b If altitude higher than 1000 m, correction should be made: Pa0;/FiO; x (barometric pressure/760)
“ This may be delivered non-invasively in the Mild ARDS group
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Normal alveolus

pathogenesis

Injured alveolus during the acute phase
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ARDS X-Ray







ARDS risk factors

Direct lung injury

S pneumonia

§ gastric content aspiration
8 inhalation injury

8 drowning

S severe blow to the chest or other accident
that bruises the lungs



ARDS risk factors

Indirect lung Iinjury

§ sepsis

8 non-chest trauma

§ pancreatitis

8 burns

8 non-cardiogenic shock
S drug overdose

8 acute lung injury following tranfusions
(TRALI)



ARDS infection

Most common pathogens responsible for ARDS genesis.

Bacteria Virus Fungi Parasites

Streptococcus pneumoniae Influenza A and B
Haemophilus influenzae Rhinoviruses

Enterobacteriaceae RSV Prneumocystis

Parainfluenza Jirovecil
Staphylococcus aureus

Viruses

Legionella pneumophila Coronavirus Toxoplasma

Clamydia pneumoniae Enterovirus gondii

Mycoplasma pneumoniae HSWV
Pseudomonas aeruginosa CMV Aspergilius
Acinetobacter baumannii Jumigatus

Stenotrophompnas

maltophilia




ARDS severity

Murray Score

Variable Score

0 1 2 3
PaQ,/FiO, (on 100% oxygen) in mm Hg =300 225-299 175-224 100-174
CXR (quadrant) Normal 1 2 3
PEEP (cm H,0) <5 6-8 9-11 12-14
Compliance (mL/cm H,0) =80 60-79 40-59 20-39

Abbreviations: CXR = chest X-ray; IO, = fraction of inspired oxygen; PaO, = partial pressure of oxygen; PEEP = positive end-
expiratory pressure

0 no lung Injury;
1 -2.5 mildto moderate lung injury
>2.5 severe lung injury



ARDS treatment

acute hypaxemia in ARDS
PaO, < 60 mmHg

5a0, <88 %

Pa0,/FIO, < 100

P consider ECMO when:
Pa0, <80 mmHgfor3-6h

I example: FIO,=0.5-> PEEP = 16 |
1
set PEEP 2 12 em H,0 I FIO,=0.8 = PEEP =20 |

—————— => | target oxygenation:
or use PEEP/FI0,-combination I
/F0, | Pa0, = 65 mmHg, 5a0, 290 %

_—y persistant hypoxemia: l ARDS > 7d or focal ARDS: |
consider one OLA I avoid OLA, raise PEEP

v

set V; = 6ml/kg PBW
raise RR 20-30/min

v SITIIIIIoIooo .

hemodynamic monitoring/echo: > I diuretics, e.g. furosemide 40 mg I
indications for massive hypervalemia | bolus, then 10 mg/h, consider CVVH |

# - . . e e o ww ww e o

r
| target acid balance:

=== =—=m== == =] PaC0, =65 mmHg, pH=7.20 |
I target Py, <30 cmH,0

neuromuscular blockade

v

prone positioning > 12 h
after careful preparatian

& “timetable” for the acute management of h




ARDS Corticosteroids

Corticosteroids compared to placebo for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS

Settings: Intensive Care

Intervention: Corticosteroids

Comparison: Placebo

lllustrative comparative risks
(95% C1)

Placebo

-

VERY Lo All studies conducted in the
Due to

s6perioo0 | RROS2 | 561 serous sk | & enange
(121 to 663) (0.23t0 1.26) | (5 studies) g;::;; ventilation protocol during
the study, following ARDS

inconsisten
. i Net ARMA result
and serious

imprecision

Mortality

(Hospital) 526 per 1000

Mortali Due to Pooled estimate from studies
{Hnspit::or 60 455 per 1000 Wi .91 15 . serious of both treatment and
(355 to 590) (0.71to 1.18) | (8 studies) . . ) .
day) inconsistency | preventative steroids
and serious
imprecision
.

Due to Composite of infection;
287 per 1000 RR 0.82 494 _ serious rick neu ram_yapa t_hy - diabe?es,
(175 to 477) (0.5t0 1.36) (4 studies) Gastro-intestinal bleeding

of bias and
) and others
serious

imprecision

A large, multi-centre study on steroids In
established ARDS is currently planned.

Adverse Events 350 per 1000




ARDS Fluid management

gsuggesed the use of a
conservative fluid strategy in
patients with ARDS.
(GRADE recommendation:
weakly in favour)




ARDS mechanical ventilation

Spectrum of Regional Opening Pressures

(Supine Position)
Opening
Pressure

; | — Lung Units at Risk for Tidal
- d Opening & Closure .
P (from Gattinoni)

Society of
L Critical Care Medicine




ARDS mechanical ventilation

Tidal volume 6 ml/kg predicted body weight or less with a
plateau pressure less than or equal to 30 cmH20

LTV HTV Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 60 - day
Brochard 1998 27 58 22 58 9.5% 1.23 [0.80, 1.89]
Subtotal (95% CI) 58 58 9.5% 1.23 [0.80, 1.89]
Total events 27 22
Heterogeneity: Not applicable
Tesl for overall effect: Z = 0.93 (P = 0.35)

2.1.2 Hospital

ARDS Network 2000 133 432 170 429 T733% 0.78 [0.65, 0.93]
Brower 1999 13 26 12 26 5.2% 1.08 [0.62, 1.91]
Stewart 1998 30 60 28 60 12.0% 1.07 [0.74, 1.55]
Subtotal (95% CI) 518 515 90.5% 0.83 [0.71, 0.98]
Tolal events 176 210

Heterogeneity: Chi* = 3.15, df = 2 (P = 0.21); = 37%

Test for overall effect: Z = 2.26 (P = 0.02)

Total (95% CI) 576 573 100.0% 0.87 [0.75, 1.01]

Tolal events 203 232
Heterogeneity: Chi* =571, df =3 (P =0.13); E=48%

; . 1
Test for overall effect: Z=1.83 (P =0.07) 0z 0.5 LTV HTV e s

Test for subaroup differences: Chi* = 2.74, df = 1 (P = 0.10), I = 63.6%
grecommended the routine use of lower tidal volumes for

the management of patients with ARDS (GRADE
Recommendation: strongly in favour)




ARDS

POSItIVE end-expiratory pressure

gsuggested the using of high PEEP strategies for patients
with moderate or severe ARDS
(GRADE Recommendation: weakly in favour)



ARDS High freguency
oscillatory ventilation

e W= gnot recommended
E —- the use of HFOV in the
oy e — management of patients with
SR ARDS
s (GRADE recommendation:
- strongly against).




ARDS inhaled vasodilators

Ventilated | :
_ alveol o C|not suggested using

Rbdvedd INO in patients with ARDS
~ (GRADE Recommendation:
weakly against).

Pulmonary blood vessels

Vasodilation in
ventilated lung regions

Effect: PAP |, Qg/Qr |, Pag, 1
Source: Tobin M1: Principles and Fractice of Mechanical Ventilation,

Zrd Edition: www.accessanesthesiology.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.




ARDS

Inverse |I:E ratio ventilation

|:E ratio = 1:2 |:E ratio = 3:1

-

A prolonged inspiratory A shortened expiratory phase
phase allows recruitment of results in intentional auto-PEEP

“long time-constant” alvecli




ARDS

Inverse |I:E Ratio Ventilation

Risk
Lung damage
gAuto-PEEP (hyperinflation)

d
0|
Cardiovascular compromise
0|
Patient discomfort / asynchrony
d

gAir trapping



ARDS Recruitment Maneuver

Opening and Closing Pressures in ARDS

High pressures may be needed to open some lung units, but once open, many
units stay open at lower pressure.

50

40 _
Opening
30 pressure

- Clnsing
20 : pressure
From Crotti et al

* ‘} $ 3 ; AJRCCM 2001.
¢

10 15 20 25 30 35 40 45 50
Paw [cmH,0]

Society of
Critical Care Medicine




ARDS Recruitment Maneuver

Advantages

gimproved gas exchange
gimproved compliance
gcheap

qgquick

geasy
gcan reduce conversion to adjuncts:

INO, prostacycline, ECMO, oscillation



ARDS Recruitment Maneuver

Disadvantages

gmay require heavy sedation or paralysis
gbenefit may be transient

ghaemodynamic instability (decrease preload)
gonly some disease states respond
ghypercapnia

gmay worsen oxygenation by shunting blood to
poorly aerated regions

gmay contribute to ventilator-induced lung injury
(VILI) due to overdistension and repeated
opening of lung

qrisk of pneumothorax



ARDS Recruitment Maneuver

Indications
gsevere ARDS of <1 week duration

Contraindications

gcirculatory instability

gpneumothorax or other air leaks

ghigh risk of pneumothorax (e.g.
necrotising lung infection, lung cysts, etc)
qgventilated ARDS present >1 week (poor
responders)



ARDS Recruitment Maneuver

Three Types of Recruitment Maneuvers

Sustained Inflation

=

Incremental PEE

Pressure Controlled Ventilation

S-C Lim, et al
Crit Care Med 2004

Societyof
| Critical Care Medicine




ARDS Prone posmon

grecommended the
for at least 12 hours
moderate/severe AR
(GRADE recommendation: strongly in favour)

using of prone positioning
per day in patients with
DS




ARDS Prone position
Contraindications

gSevere hemodinamic instability
gLife-threatening arrhythmias

gsSerious burns or open wounds on the face or
ventral body surface

gIntracranial hypertension

gSpinal instability

gChest tubes inserted in the dorsal or ventral
pleural space



ARDS mechanical ventilation

Incidence of side effects and complications
of mechanical ventilation in ARDS

Ventilator-associated lung injur ) Not known icidence and intens
Anic nt
ventilation-associated pneumonia

ventricular dysfunction, acute cor pulmonale

leural effusions Up to 80 9% requently re cad, hr ic states,

1 pleural pressure

Jamage of other organ systems » oss talk
nged sedation and immobilization

e lung pare




ARDS mechanical ventilation

Permissive hypoxemia
Conservative oxygenation strategy (aimed target
SpO, 88 - 92%) as a lung-protective approach.

Permissive hypercapnia

Even severe hypercapnia may be well tolerated
(described the case of patient survival with CO,,
level of 373 mmHgQ). No severe side effects
associated with hypercapnia were observed.



i

ARDS ECI\/IO

-

gnot recommended the routine use of ECMO
for all patients with ARDS
(GRADE Recommendation: weakly against)

gsuggested the use of ECMO with lung-
protective mechanical ventilation in selected
patients with severe ARDS

(GRADE Recommendation: weakly in favour).



ARDS neuromuscular
blocking agents

(Maring: Pargtyeiig Ages.
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gnot suggested using NMBAs for all
patients with ARDS

(GRADE Recommendation: weakly
against).

gsuggested the using of cisatracurium
besylate by continuous 48-hour infusion
In patients suffering early
moderate/severe ARDS (< 20kPa)
(GRADE Recommendation: weakly In

favour).



ARDS treatment

Topic GRADE Conditions
Recommendation
Tidal volume < 6 ml/Kg ideal body
weight; Plateau pressure < 30cmH20
Proning for > 12 hours per day
Prone Positioning Strongly in favour Patients with moderate/severe
ARDS (P:F ratio < 20kPa)

Tidal Volume Strongly in favour

High frequency oscillation _
(HFOV) Strongly against

Conservative Fluid :
Weakly in favour
Management
Higher Peek End-Expiratory Weaklv in favour Patients with moderate or severe ARDS (PF
Pressure (PEEP) Y ratio < 27kPa)

Evidence for cisatracurium besylate
Weakly in favour Continuous 48-hour infusion
Patients with moderate/severe ARDS (< 20kPa)
With lung-protective mechanical ventilation

Neuromuscular Blocking
Agents (NMBA)

Extra-Corporeal Membrane Patients with severe ARDS, lung injury score >3

Weakly in favour
eakly in favou or pH <7.20 due to uncompensated

hypercapnoea

Inhaled Vasodilators Weakly against Evidence for inhaled nitric oxide
Dioxide Removal (ECCO2R

Oxygenation (ECMO)




Status asthmaticus
Definition
a prolonged severe attack of asthma

that IS unresponsive to initial
standard therapy




Status asthmaticus
Pathogenesis

aclivation,

chemokine allergens

cytokine release
AL Bk (D it

mucus . :
production local IgE

production

oxaoL S
7

chemaokines: adhesion and tissue

migration of Th2 cells and eosinophils § || _4 tissue

eosinophilia
. bronchial
hyperreactivity

differentiation 14

and clonal L4
F expansion of IL-13
Th2 cells

¢ =t

e
production
=




Status asthmaticus

causes

qViral infections

gAiIr pollutants - dust, cigarette smoke, and
iIndustrial pollutants

qgMedications - beta-blockers, aspirin, and
nonsteroidal anti-inflammatory drugs
(NSAIDS)

gCold temperature

gExercise

g Insufficient use of inhaled or oral
corticosteroids



Status asthmaticus
Risk

glncreased use of home bronchodilators without
Improvement or effect

gPrevious intensive care unit (ICU) admissions, with or
without intubation

gAsthma exacerbation despite recent or current use of
corticosteroids

gFreguent emergency department visits and/or
hospitalization

glLess than 10% improvement in peak expiratory flow rate
(PEFR)

gHistory of syncope or seizures during acute exacerbation
gOxygen saturation below 92% despite supplemental
oxygen



Status asthmaticus

Breathlessness

1IES

Alertness

Respiratory rate

Use of accessory
muscles

Wheeze

Pulse
PEF %

PaO2, mm Hg (on
air)

-

Moderate

Prefers
sitting
Phrases

Usually
agitated

Increased

Commonly

exhalation

100-120
40-69

Severe

Sits upright

Words

Usually
agitated

> 30/minute

Usually

inhalation and
exhalation

> 120
<40
<60

Respiratory arrest
Imminent

Drowsy or confused

Paradoxical
thoracoabdominal
movement

Absence

Bradycardia
<25



Status asthmaticus
Tests

gpulsoxymetry
gspirometry
gcomplete blood count
qgarterial blood gases
gelectrolites

gserum lactate level
gtheophylline level
qchest X-Ray



Status asthmaticus
Severity

PaCO2 PaO?2

decrease normal

decrease decrease
normal decrease

high decrease



Status asthmaticus
Spirometry

Healthy patient Patientwith obstructive
lung disease

FEV, =4L
FVC =5L
FEV,/FVC=0.8

FEV, =1.8L

FVC=32L _
CObstruct

FEV,/FVC =056 S

YWolume, liters

Yolume, liters

Time, seconds Time, seconds




Status asthmaticus X-Ray




Status asthmaticus

|ICU admission criteria

gAltered sensorium

qgUse of continuous inhaled beta-agonist
therapy

gExhaustion

gMarkedly decreased air entry

gRising PCO, despite treatment
gPresence of high-risk factors for a severe
attack

gFailure to improve despite adequate

therapy



Status asthmaticus treatment
Beta2-Agonists

The first line of therapy
oo Albuterol nebulizing

Albuterol Sulfate

Inhalation Solution, 0.083%* CO ntl N u O US Iy

?ﬁ-:%tefwnr%‘?r;flt;ed as albuterol ' ( 1 O = 1 5 m g / h)

FOR ORAL INHALATION ONLY

or by frequent timing
4 Cetach Puiens 3 s For Use (eg, q5_20min)

*Nonselective beta2-agonists are not recomended



Status asthmaticus treatment

Anticholinergics

|pratropium bromide
nebulizing every 4-6
hours




Status asthmaticus treatment

Corticosteroids

Intravenously
methylprednisolone
1 mg/kg/dose every 6 h

NDC D009-0260-42

' mL Multidose Vial

" Depo-MedrOP
' (methylprednisolone acetd
injectable suspension, USF)

40 mg/mL

R ol

*The use of nebulized corticosteroids for
treating status asthmaticus Is controversial.



Status asthmaticus treatment

Methylxanthines (eophyiine)

IV load 5 mg/kg

Infusion:

- smokers 0,72 mg/kg/h;

- non-smokers 0,48 mg/kg/h;

-heart feilure, hepatic feillure mg/kg/h.

*does not demonstrate a benefit to adding methylxanthines

-adrenergic agonists

Magnesium Sulfate

40 mg/kg infused over 20 min
**may be an adjunct to beta2-bronchodilator therapy



Status asthmaticus treatment

Fluid replacement

gHydration, with intravenous normal saline
at a reasonable rate

gHypokalemia may result from either
corticosteroid use or beta-agonist use
gHypophosphatemia may result from poor
oral intake

*Correcting hypokalemia and
hypophosphatemia may help to wean an
Intubated patient



Status asthmaticus treatment

Antiblotics

The routine administration of
antibiotics Is discouraged. Patients
are administered antibiotics only
when they show evidence of
Infection

(eg, pneumonia,
sinusitis).




Status asthmaticus treatment
Mechanical Ventilation

Indications

qgApnea or respiratory arrest

gDiminishing level of consciousness
glmpending respiratory failure marked by
significantly rising PCO, with fatigue, decreased
alr movement, and altered level of consciousness
gSignificant hypoxemia that is poorly responsive
or unresponsive to supplemental oxygen therapy
alone



Status asthmaticus treatment
Mechanical Ventilation

glonger inspiration/expiration (I/E) ratio, often
greater than 1:3-4

glow respiration rate (8 — 10 per min)

gthe use of positive end-expiratory pressure
(PEEP) Is controversial



Status asthmaticus treatment
Heliox

greduces turbulent airflow
across narrowed airways,
greduce the work of breathing
ghigh the helium concentration
reduced of supplemental
oxygen




Res|stant status asthmaticus
treatment

gKetamine

gNeuromuscular blockers

glnhaled anesthetics
(Isoflurane)

gNitrate oxide

gECMO



L 1iterature

 Tobin, Martin J.
New York: McGraw-Hill Medical Pub. Division, 2018. Print.



Questions for the next
lecture

Respiratory, circulatory, and renal
dysfunction: Is there a connection?

Acute kidney injury and acute renal
failure: Identity and differences?



