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Definition of ALI/ARDS
• Acute onset
• Bilateral infiltrates on CXR
• PCWP ≤ 18cmH2O; or no left side heart heart failure
• Hypoxemia

– If PaO2/FiO2 ≤ 200 Acute respiratory distress syndrome (ARDS)
– If PaO2/FiO2 ≤ 300 Acute lung injury (ALI)

AECC 1994



Berlin Definition

JAMA. 2012;307(23):5669



Healthy Exudative Proliferative Fibrotic

NEJM 2017



Barotrauma
Not just air leak

Normal 5 MIN 20 MIN

Peak Airway Pressure 45cm H2O

Am J Respir Crit Care Med 1998,157:1-30.Am RevRespir Dis 1974;110:556–565.



VILI in Light Microscope
Perivascular cuffing
PC 45cmH2O, 5ming

Alveolar edema
PC 45cm H2O, 20min

AJRCCM 1998



Atelectrauma
• Opening collapsed airway requires 

relatively high forces and thus causes 
epithelium disruption.

• Ventilation at low lung volumes can 
inhibit production of surfactant and/or 
lead to surfactant being squeezed out 
of alveoli. 

• Reexpansion of atelectatic regions can 
be associated with marked increase in 
regional stress.
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Intensive Care Med 
(2012) 38:1573–1582

Therapeutic 
options for 

ARDS



Superimposed
Pressure

Opening
Pressure

Normal 0

Alveolar Collapse
(Reabsorption) 20-30 cmH2O

Small Airway
Collapse 10-20 cmH2O

Consolidation
¥

The ARDS Lung

Rouby Intensive Care Med 2000

Gattinoni JAMA 1993, Pelosi AJRCCM 1994, Gattinoni AJRCCM 2002, Gattinoni ICM 2005



N Engl J Med 2000;342:1301-86 vs 12 ml/kg
Plasma IL-6

pg/ml

§ The decrease was greater in the group treated 
with lower tidal volumes (P<0.001)

§ The day 3 plasma interleukin-6 concentrations 
were also lower in this group (P=0.002).
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Driving 
pressure 

vs 
mortality

N Engl J Med 
2015;372:747-55.





N Engl J Med 2004;351:327-36.
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PEEP Guided by 

Esophageal Balloon

1. Optimal level of PEEP has 

been difficult to determine

2. Adjusting PEEP in according 

to lung and chest wall 

mechanics is achievable

3. Pao = flow x resistance + 

Vt/compliance

4. Ptp = Paw - Ppleura (Pes)



N Engl J Med 2008;359:2095-104.Esophageal P. to Set PEEP

Log rank 
test, p=0.13
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Gattinoni’s first trial 

• Multi-center, randomized trial

– December 1996 to October 
1999

– ALI and ARDS

– 152 prone, 152 supine

– prone position for 6 or more 
hours daily for 10 days

Gattinoni L. et al N Engl J Med 2001;345:568-73





PaO2 v.s. PaCO2 Responders

Gattinoni et al, Crit Care Med 2003; 31:2727–2733

PaO2 responders: PF ratio 
increased 20 mmHg

PaCO2 decrease more than 1mm 
Hg after 6 hrs in the first pronation



PPV reduces mortality in low PF ratio patients

Intensive Care Med (2010) 36:585–599



Prone positioning in severe ARDS

• Multicenter, prospective, 

randomized, controlled trial

• 446 patients

– 237 prone, 229 supine

• Severe ARDS

– P/F ratio < 150

– FiO2 ≥ 0.6

– PEEP ≥ 5 cm H
2
O

• ≥ 16 hours/day

N Engl J Med 2013;368:2159-68.



CMAJ 2014. DOI:10.1503/cmaj.140081



Nasal High Flow for Acute Hypoxemia

N Engl J Med 2015;372:2185-96.



ExtraCorporeal Life Support (ECLS)

ExtraCorporeal Membrane Oxygenation
(ECMO)

ExtraCorporeal CO2 Removal (ECCO2R)



Zapol W. JAMA 1979:242:2193-6



Morris A.H. AJRCCM 1994, 149:295–305

(n=21)
(n=19)

Salt Lake City study
PCIRV + ECCO2R



ECMO volumes and indications

Bartlett RH,  J Am Coll Surg, 2014



“In God we trust;
All others must bring data”

E. Edwards Deming
1900-1993



• UK-based multi-center trial

• 180 patients,1:1 ratio, conventional vs ECMO
– aged 18–65 years, severe (Murray score >3.0 or pH <7.20)

– high pressure (>30 cm H₂O of PIP) or high FiO₂ (>0.8) ventilation for more than 
7 days; intracranial bleeding; any other contraindication to limited 
heparinisation; or any contraindication to continuation of active treatment

• Survive to 6 months without disability
– ECMO 63% (57/90) vs conventional 47% (41/87) (RR 0.69; 95% CI 0.05–

0.97,p=0.03)

Lancet 2009; 374: 1351–63



Adherence to protective ventilation 
strategy

ECMO Conventional



ECMO for 2009 
Influenza H1N1

Severe ARDS
Australia and New 

Zealand 

JAMA. 2009;302(17):1888-1895



The routine use of ECMO in patients with severe ARDS is not superior to the use of ECMO as a 
rescue maneuver in patients whose condition has deteriorated further.

1. Very sick patients
• P/F ratio < 80 mmHg
• CRS < 30 cmH2O
• Driving pressure > 16 cmH2O
• SOFA > 10

2. Strict study design
• 100% ECMO in study group
• Optimal care in control group

• Low tidal volume, 90% prone, 
100% NM blockade

N Engl J Med 2018; 378: 1965-75.



Survival Without Treatment Failure
Crossover to ECMO or Death for the Control Group and Death for the ECMO Group

N Engl J Med 2018; 378: 1965-75.

1. Ethical consideration
2. 35(28%) in the control group 

crossover to ECMO
3. Crossover patients are sicker

• Higher Pplat, ∆P, Lower 
compliance, more CXR 
infiltrates

4. High mortality (57%), without 
crossover (41%)



Meta-analysis of ECMO for ARDS

Lancet Respir Med 2019;7: 163–72

Interpretation: Compared with conventional mechanical ventilation, use of venovenous ECMO in adults with

severe acute respiratory distress syndrome was associated with reduced 60-day mortality. However, venovenous

ECMO was also associated with a moderate risk of major bleeding.



Management Algorithm of ECMO for ARDS

The Lancet Respiratory Medicine 2019/01



PRESERVE study
prediction of successful ECMO for ARDS

Intensive Care Med (2013) 39:1704–1713



Dynamic Driving Pressure for ARDS with ECMO





Lung Safe Study
Global Epidemiology of ARDS

• international, multicenter, prospective cohort study in winter 2014
– 459 ICUs from 50 countries

• 10.4% (3022/29144) fulfilled ARDS criteria.
• Underrecognized

– Clinician recognition of ARDS only 60%

• Undertreated
– Less than 2/3 Vt < 8 of mL/kg.
– Pplat measured in 40.1%, whereas 82.6% PEEP < 12 cm H2O.
– Prone positioning was used in 16.3% of severe ARDS.

• High mortality
– Hospital mortality, mild 34.9%, moderate 40.3%, severe 46.1%.

JAMA. 2016;315(8):788-800.


