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Extracorporeal membrane oxygenation: 
the current role in acute respiratory distress syndrome



Acute Respiratory Distress Syndrome (ARDS)

Å Clinical syndrome of severe dyspnea of rapid onset, hypoxemia, and 

diffuse pulmonary infiltrates leading to respiratory failure

ï Syndrome of acute and persistent lung inflammation with increased vascular 

permeability

ï Caused by diffuse lung injury from many underlying medical and surgical 

disorders.

Lancet 1967; 2: 319

N EnglJ Med 2000;342:1334

JAMA 2012;307:2526



Risk Factors for ARDS

Direct lung injury Indirect lung injury

Pneumonia

Aspiration of gastriccontents

Pulmonary contusion

Inhalation injury

Near-drowning

Sepsis

Nonthoracictrauma or hemorrhagic shock

Pancreatitis

Major burn injury

Drug overdose

Transfusion of blood products

Cardiopulmonary bypass

Reperfusion edema after lung transplantation or 

embolectomy

Pneumonia, aspiration of gastric contents, and sepsis together account for more than 85% of 

cases of ARDS in recent clinical trials.
N EnglJ Med 2017;377:562



Clinical Consequence of ARDS

Permeability edemauRefractory hypoxemia



Clinical Course of ARDS
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N EnglJ Med 2017;377:562



Treatment of ARDS
No Specific Treatment

Å General supportive care: mainstay of treatment

(1) recognition and treatment of the underlying medical and surgical disorders 

(e.g., sepsis, aspiration, trauma)

(2) minimizing procedures and their complications

(3) prophylaxis against venous thromboembolism, gastrointestinal bleeding, 

aspiration, excessive sedation, and central venous catheter infections

(4) prompt recognition of nosocomial infections

(5) provision of adequate nutrition

Å Fluid management: restrictive fluid balance

ï Increased ventilator free days, ICU free days

N EnglJ Med 2006;354:2564-75

Å Corticosteroid ?

ï Improved mortality and morbidity outcomes

Crit Care Med 2009;37:1594-603



Evidence-Based Recommendations for ARDS
Harrisonôs Principles of Internal Medicine, 19th ed.

Treatment Recommendationa

Mechanical ventilation

Low tidal volume A

Minimized left atrial filling pressures B

High-PEEP or ñopen lungò C

Prone position C

Recruitment maneuvers C

High-frequency ventilation D

ECMO C

Early neuromuscular blockade A

Glucocorticoid treatment D

Surfactant replacement, inhaled NO, inhaled epoprostenol, and other anti-inflam

matory therapy (e.g., ketoconazole, PGE1, NSAIDs)

D

a
Key: A, recommended therapy based on strong clinical evidence from randomized clinical trials; B, recommended therapy based 

on supportive but limited clinical data; C, recommended only as alternative therapy on the basis of indeterminate evidence; D, not 

recommended on the basis of clinical evidence against efficacy of therapy

Harrison's Principles of Internal Medicine, 19ed.



36 YO Male with Severe ARDS
Interactive Medical Case at NEJM

Å His heart rate is 124 beats per minute, and his blood pressure is 92/58 mm Hg. His 

height is 178 cm, and he weighs 75 kg. He is currently receiving ventilation with 

volume-assist control at a tidal volume of 400 ml (5.5 ml per kilogram of predicted 

body weight), a respiratory rate of 32 breaths per minute, positive end-expiratory 

pressure (PEEP) of 15 cm of water, and a fraction of inspired oxygen (FIO2) of 1.0. 

The measured plateau pressure is approximately 30 cm of water. For the past 4 

hours, he has had persistent hypoxemia, with arterial oxygen saturation between 80 

and 82%. The most recent arterial blood gas measurement shows a pH of 7.22, 

partial pressure of oxygen (PaO2) of 50 mm Hg, and partial pressure of carbon 

dioxide (PaCO2) of 62 mm Hg.

Å Which one of the following approaches would you recommend for this patient? 

Base your choice on the published literature, your own experience, guidelines, and 

other sources of information, as appropriate.

1. Recommend initiation of venovenousECMO.

2. Continue current treatment with other therapies.



Key Components in Management of ARDS
By Severity of Disease
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Clinical Indication of VV ECMO

ÅVV ECMO

ïProvide adequate gas exchange and rest the lungs, decreasing the insult 

caused by mechanical ventilation

Two distinct settings: 

ÁFor rescue from refractory hypoxaemia, hypercapnia, or both

ÁFor prevention of mechanical ventilation induced lung injury



Rescue from Refractory Respiratory Failure
Case Selection for VV ECMO 1

Å ECMO can be used in patients at high risk of death due to non-response to 

conventional treatment

ï Rescue from harmful effect of refractory hypoxemia, hypercapnia, or both

? Who is likely to benefit from EMCO 

ï ECMO can not treat the precipitating disease: reversibility

ï Risk of ECMO complications

: There are as yet no standardized selection criteria for patients who will benefit 

from ECMO therapy.

Key to successful case selection

ï Severity of illness and failure of conventional treatment

ï Potentially reversible disease

ï Contraindications

ECMO Extracorporeal Cardiopulmonary Support in Critical Care, 5th Ed.



Prognosis of ARDS
No Change of High Mortality Over Time

Am J RespirCrit Care Med 2009;179:220



High Risk of Death in Severe ARDS
Over 55% in Clinical Trials

LOV study, JAMA 2008;299:637

Systematic review on prone positioning Intensive Care Med 2010; 36:585 

54%

58%



Indications for VV ECMO as Rescue Treatment 

ELSO REVA ANZ ECMO ECMO Net CESAR

Indications Mortality >80%; 

PaO2/FiO2 <80 

with FiO2 >90%;

Murray score 

3.0ï4.0

PaO2/FiO2 <50 

despite PEEP 

10ï20 cm H2O 

and FiO2 >80%;

Pplat>35 cm 

H2O, despite the 

attempt to 

reduce Vt to 

less than 4 

mL/kg PBW

PaO2/FiO2 <60; 

PaCO2 >100 

mm Hg with 

PaO2/FiO2 <100

Oxygenation 

index >30;

PaO2/FiO2 <70 

with PEEP Ó15 

cm H2O for 

patients already 

admitted to an

ECMO center; 

pH <7.25 for Ó2 

h; 

hemodynamic

instability

Murray

scoreÓ3.0; pH 

<7.20 despite 

optimum

conventional 

treatment

Considerations Mortality >50%; 

PaO2/FiO2 <150 

with FiO2 >90%;

Murray score 

2.0ï3.0

None None PaO2/FiO2 <100 

with PEEP

Ó10 cm H2O for 

patients 

awaiting 

transfer to 

ECMO center

Murray score 

Ó2.5



Illness Severity and Treatment Failure

N EnglJ Med 2011;365:1905



CESAR Trial
Conventional Ventilation vs. ECMO for Severe Adult Respiratory Failure

Lancet 2009; 374: 1351



Murray Lung Injury Score (LIS)

Variables Value

Chest radiograph score

No alveolar consolidation

Alveolar consolidation confined to 1 quadrant

Alveolar consolidation confined to 2 quadrants

Alveolar consolidation confined to 3 quadrants

Alveolar consolidation in all 4 quadrants

0

1

2

3

4

Hypoxemia score

PaO2/FIO2   Ó 300

PaO2/FIO2   225 to 299

PaO2/FIO2   175 to 224

PaO2/FIO2   100 to 174

PaO2/FIO2   < 100

0

1

2

3

4

PEEP score (when ventilated)

PEEP   Ò 5cm H2O

PEEP   6 to 8cm H2O

PEEP   9 to 11cm H2O

PEEP   12 to 14cm H2O

PEEP   Ó 15cm H2O

0

1

2

3

4

Respiratory system compliance score (when available)

Compliance   Ó 80ml/cm H2O

Compliance   60 to 79ml/cm H2O

Compliance   40 to 59ml/cm H2O

Compliance   20 to 39ml/cm H2O
Compliance   Ò 19ml/cm H2O

0

1

2

3
4

Am Rev RespirDis. 1988;4:720 Ann Intensive Care 2014;4:4



CESAR Doesn't Answer the ECMO Debate

Lancet 2009; 374: 1351



ECMO Use and Survival in Respiratory Failure
ELSO Registry Data

ASAIO J 2017;63:60



ANZIC ECMO for H1N1 ARDS

JAMA 2009;302:1888


