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Definition of ALI/ARDS

ÅAcute onset

ÅBilateral infiltrates on CXR

Åt/²t Җ муŎƳI2O; or no left side heart heart failure

ÅHypoxemia
ï If PaO2/FiO2Җ нлл !ŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎǘǊŜǎǎ ǎȅƴŘǊƻƳŜ ό!w5{ύ

ï If PaO2/FiO2Җ олл !ŎǳǘŜ ƭǳƴƎ ƛƴƧǳǊȅ ό![Lύ

AECC 1994



Berlin Definition

JAMA. 2012;307(23):5669
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ProliferativeHealthy Exudative NEJM 2017



Healthy Exudative Proliferative Fibrotic

NEJM 2017



Pathology

NEJM 2000



Barotrauma
Not just air leak

Normal 5 MIN 20 MIN

Peak Airway Pressure 45cm H2O

Am J RespirCritCare Med 1998,157:1-30.Am RevRespirDis 1974;110:556ς565.



VILI in Light Microscope

Perivascular cuffing

PC 45cmH2O, 5ming

Alveolar edema

PC 45cm H2O, 20min

AJRCCM 1998



Atelectrauma

Å Opening collapsed airway requires 
relatively high forces and thus causes 
epithelium disruption.

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

Å Reexpansionof atelectaticregions can 
be associated with marked increase in 
regional stress.



Am J RespirCritCare Med Vol191, Iss10, pp 1106ς1115



Injurious Mechanical Ventilation Affects Local 
and Systemic Cytokines

AJRCCM Vol 160. pp 109-116, 1999

High Volume

Zero PEEP

High Volume

Zero PEEP



Injurious Ventilation Strategy Leads to Increased 
Epithelial Apoptosis

JAMA 2003;289(16):2104-2112



Intensive Care Med 
(2012) 38:1573ς1582

Therapeutic 
options for 

ARDS
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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 vs12 ml/kg

Plasma IL-6
pg/ml

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

Á The day 3 plasma interleukin-6 concentrations 
were also lower in this group (P=0.002).
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N EnglJ Med 2004;351:327-36.



Increasing alveolar recruitment and limiting 
hyperinflation(EXPRESS study)

Increased recruitment: setting PEEP to reach 
plateau pressure 28 -30 cm H2O

JAMA. 2008;299(6):646-655

ARDS, 
PF<200

ARDS, 
PF<200



JAMA. 2008;299(6):637-645

How about high PEEP + Recruitment?
Lung Open Ventilation Study

Å The experimental strategy included target tidal volumes of 6 mL/kg of PBW, Pplateaunot 
exceeding 40 cm H2O, RM, and higher PEEP. 

Å Lung open ventilation has less hypoxemia and rescue therapies



Higher vs 
Lower PEEP
metaanalysis

JAMA. 2010;303(9):865-873

Patients with 
ARDS

Patients with 
ARDS



N EnglJ Med 2015;372:747-55



Driving 
pressure 

vs 
mortality

N EnglJ Med 
2015;372:747-55.

ҟt Ґ ҟ±κ/





Respir Care 2015;60(1):12ς20.



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)



Esophageal Balloon-Guide PEEP setting

End expiration End inspiratorypause
N Engl J Med 2008;359:2095-104.

Vt 400ml, FiO2 0.6, PEEP 12, colon ca. with perforation and peritonitis



End expiration End inspiratorypause

+4 +12

PEEP increase from 12 to 24 cm H2O, 
Vt 320ml



N Engl J Med 2008;359:2095-104.

Esophageal P. vsConventional Tx

Log rank 
test, p=0.13



Neuromuscularblockade

Å Multi-center, double-blind, 
randomized controlled trial

Å 340 patients with ARDS admitted 
to ICU within 48 hours

Å Cisatracuriumbesylatev.s. placebl

Å Hazard ratio of 90 days death in 
the cisatracuriumv.s. placebo is 
0.68 (95% CI,  0.48 to 0.98; P = 
0.04), 

N EnglJ Med 2010;363:1107-16.



Severe Lung Injury

MoreSevere Less Severe

Papazian L et al. New Engl J Med 2010
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Gattinoniôsfirst trial 

ÅMulti-center, randomized trial

ïDecember 1996 to October 
1999

ïALI and ARDS

ï152 prone, 152 supine

ïprone position for 6 or more 
hours daily for 10 days

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



Lessons From DŀǘǘƛƴƻƴƛΩǎStudy

ÅShort duration of prone position ventilation

ïSix hours per day

ÅLate application of Prone Position Ventilation

ïMore than 20% patients has pressure sore at entry

ÅHigh tidal volume

ï10.3ml/kg of predicted body weight

ïHigher tidal volume in prone group



Big Trials of PPV
tendency of longer duration

Minerva Anestesiol2010;76:448-54)



Less Compression of Lungs by the Heart in 
Prone Position

ProneSupine

Am J RespirCritCare Med Vol161. pp 1660ς1665, 2000



Am J Respir Crit Care Med Vol 172. pp 480ï487, 2005





PaO2 v.s. PaCO2 Responders

Gattinoni et al, Crit Care Med 2003; 31:2727ï2733

PaO2 responders: PF ratio 

increased 20 mmHg

PaCO2 decrease more than 1mm 

Hg after 6 hrs in the first pronation



Dual Effect of Prone Position on PplGradient in 
Acute Lung Injury
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Prone Position Reduces Lung Stress and Strain
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Eur Respir J 2005; 25: 534ï544
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PPV reduces mortality in low PF ratio patients

Intensive Care Med (2010) 36:585ï599



Mortality Benefits in Low P/F patients

Intensive Care Med (2010) 36:585ï599



Prone positioning in severe ARDS

Å Multicenter, prospective, 
randomized, controlled trial

Å 446 patients

ï 237 prone, 229 supine

Å Severe ARDS

ïP/F ratio < 150

ï FiO2җ лΦс

ït99t җ р ŎƳ I2O

Åҗ мс ƘƻǳǊǎκŘŀȅ

N EnglJ Med 2013;368:2159-68.



CMAJ 2014. DOI:10.1503/cmaj.140081



Nasal High Flow for Acute Hypoxemia

N EnglJ Med 2015;372:2185-96.



HFOV for ARDS

N EnglJ Med 2013;368:795-805.



ExtraCorporealLife Support (ECLS)

ExtraCorporealMembrane Oxygenation
(ECMO)

ExtraCorporealCO2 Removal (ECCO2R)



ECMO in1971



Zapol W. JAMA1979:242:2193-6



Morris A.H. AJRCCM 1994,149:295ï305

(n=21)
(n=19)

SaltLakeCity study
PCIRV + ECCO2R



Theexplosion  (2009-today)



ECMO volumes and indications

Bartlett RH,  J Am CollSurg, 2014



ECMO for 2009 
Influenza H1N1
Severe ARDS
Australia and New 

Zealand 

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



Positionpaper for the organization of ECMO for 
ARDS (ECMONet)

ÅBecause ECMO is a complex, high-risk, and costly modality, at 
present it should be conducted in centers with sufficient 
experience, volume, and expertise to ensure it is used safely.

ÅThe aim of this paper is to provide a description of the optimal 
approach to organizing ECMO programs for ARF in adult patients.

ÅGiven the need for further evidence, we encouragerestraint in the 
widespread use of ECMOuntil we have a better appreciation for 
both the potential clinical applications and the optimal techniques 
for performing ECMO.

Am J Respir CritCare Med Vol 190, Iss5, pp 488ς496



άLƴ DƻŘ ǿŜ ǘǊǳǎǘΤ
!ƭƭ ƻǘƘŜǊǎ Ƴǳǎǘ ōǊƛƴƎ Řŀǘŀέ

E. Edwards Deming
1900-1993



Å UK-based multi-center trial

Å 180 patients,1:1 ratio, conventional vsECMO

ï aged 18ς65 years, severe (Murray score >3.0 or pH <7.20)

ïƘƛƎƘ ǇǊŜǎǎǳǊŜ όҔол ŎƳ Iіh ƻŦ tLtύ ƻǊ ƘƛƎƘ FiOі όҔлΦуύ ǾŜƴǘƛƭŀǘƛƻƴ ŦƻǊ ƳƻǊŜ ǘƘŀƴ 
7 days; intracranial bleeding; any other contraindication to limited 
heparinisation; or any contraindication to continuation of active treatment

Å Survive to 6 months without disability

ï ECMO 63% (57/90) vsconventional 47% (41/87) (RR 0.69; 95% CI 0.05ς
0.97,p=0.03)

Lancet 2009; 374: 1351ς63



Adherence to protective ventilation 
strategy

ECMO Conventional



48.5%

48.9%



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

Å P/F ratio < 80 mmHg

Å CRS < 30 cmH2O

Å Driving pressure > 16 cmH2O

Å SOFA > 10

2. Strict study design

Å 100% ECMO in study group

Å Optimal care in control group

Å 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
ÅHigher PplatΣ ҟtΣ [ƻǿŜǊ 

compliance, more CXR 
infiltrates

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



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



Meta-analysis of ECMO for ARDS

Lancet Respir Med 2019;7: 163ς72

Interpretation: Compared with conventional mechanical ventilation, use of venovenousECMO 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





Predictors for Prone Position Ventilation in 
Influenza-related ARDS

Kaoet al. Ann. Intensive Care (2018) 8:94



Dynamic Driving Pressure for ARDS with ECMO


