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Berlin definition 



5<Bellani G et al JAMA 2016;315:788-800>

• LUNG SAFE study
• 2014 winter, 50 countries, 459 ICUs, 2377 patients
• ARDS prevalence: 

• 10.4% ICU admissions; 23% of requiring MV.
• Mild: 30.0%; Moderate: 46.6%; Severe: 23.4% 

• Hospital mortality
-Mild: 34.9%; moderate: 40.3%; severe: 46.1%



Therapeutic Options with Berlin Definition

<Niall D. Ferguson et al,Intensive Care Med 2012;38:1573–82>
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From VALI to MODS to Death

Ventilator Associated Lung Injury (VALI)



Lung protective strategy:
lower TV and higher PEEP

Increase PEEP

Reduce  Tidal volume





Ann Intensive Care. 2019 Jun 13;9(1):69



Lancet 2016 April 28

Algorithm of a suggested management of ARDS 



Lancet Respiratory Medicine January 29, 2019

Algorithm for management of ARDS
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Therapeutic Options with Berlin Definition

<Niall D. Ferguson et al,Intensive Care Med 2012;38:1573–82>
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Timeline of ECMO in severe ARDS
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• 766 were screened, 180 were enrolled (ECMO 
vs Conventional  90 : 90)

• Enrolled: LIS > 3, pH < 7.2

• Exclude: High pressure > 30 cmH2O or FiO2 > 
0.8 for > 7 D
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Outcomes
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EOLIA study

In an international clinical trial, we randomly assigned 
patients with very severe ARDS, as indicated by one of 
three criteria —

P/F <50 mm Hg for more than 3 hours 
P/F <80 mm Hg for more than 6 hours 
pH <7.25 with a PaCO2 >60 mm Hg for >6 hours







Conclusions

• 60 d mortality rate: 

– 35% in ECMO group and 46% in control group (P = 
0.09). 

• In control group, crossover to ECMO in 35 
patients (28%), with 57% dying.

• Complications did not differ significantly, except 

– More bleeding leading to transfusion (46% vs. 28%) 

– More severe thrombocytopenia (27% vs. 16%) 

– Fewer ischemic stroke (0% vs. 5%)
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Mechanical Ventilator Settings  
during ECMO for ARDS
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Risk factors Protective factors

Pre-ECMO factors associated with mortality





Objectives of ECMO for ARDS

<Matthieu Schmidt et al,Critical Care2014;18;203>
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29
< NEJM 2015;372;8:747-55>

Driving pressure
= Ppleat - PEEP



<Matthieu Schmidt et al,CCM2015>
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Retrospective
2007/01~2013/01
Australia & France

168 ARDS pts on ECMO
ICU mortality:29%



TV during ECMO

<Matthieu Schmidt et al,CCM2015>
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PEEP during ECMO

Pplateau during ECMO



<Matthieu Schmidt et al,CCM2015>
32

Variables associated with ICU death
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Meta analysis: 9 studies, 545 patients ; Hospital mortality: 35.2 %

<Serpa Meto A et al, Intensive Care Med 2016;42:1672-84>



Before ECMO: associated with survival
TV(PBW); Pplateau; Driving pressure; RR



Ventilator parameters on First day of ECMO

First day of ECMO: associated with survival
FiO2; Driving pressure
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<Serpa Meto A et al, Intensive Care Med 2016;42:1672-84>

Multivariable parameter associated
with hospital mortality:

Age; Gender; BMI; 
Driving pressure; Lactate



<LC Chiu et al, Ann. Intensive Care 2017;7:12>
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2006/5~2015/10



<LC Chiu et al, Ann. Intensive Care 2017;7:12>
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Multivariable parameter associated with ICU mortality:
Immunocompromise; APACHE II score; ARDS duration before ECMO; 
Dynamic Driving Pressure from D 1-3



<LC Chiu et al, Ann. Intensive Care 2017;7:12>
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TV PEEP

PIP Driving pressure



40
<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >

74% successful ECMO weaning
65% ICU survival 
61% 6 months survival



Better  6-month survival :
Young Age; Low APACHE II score; High BMI; Non Immunodeficiency

Better  6-month survival :
Lower RR; Higher PEEP; Higher compliance; Lower Vd/Vt; Higher pH

<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



Ultra-protective ventilation:
Driving pressure ≦ 15 cmH2O
TV ≦ 4 cmH2O



<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



No association found between MV settings during the first 2 
days of ECMO and survival in the multivariable analysis

<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



The Cox model with time-fixed and time-dependent covariates retained
older age, higher fluid balance, higher lactate, and more use of RRT along the ECMO course 
as being associated with an increased hazard of death

<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >



May MV settings impact on Survival?

• Ultra-protective lung ventilation on ECMO was 
largely adopted across medium– to high–case 
volume ECMO centers. 

• In contrast with previous observations, 
mechanical ventilation settings during ECMO did 
not impact patients’ prognosis in this context.

• Homogeneous “ultra-protective” ventilation 
strategy with optimized ECMO settings in the 
experienced centers 

→ Lower driving pressure was set so unlikely to be 
prognostic factor

48
<M Schmidt et al Am J Respir Crit Care Med, 2019; 200(8):1002-1012 >





Conclusion

• “Ultra-protective ventilation” strategy

(significantly lower plateau pressure, Vt and DP)

→ significantly reduced pulmonary biotrauma

• Plasma cytokine and bronchoalveolar lavage 
sRAGE levels did not differ among the 
different mechanical ventilation settings 
tested during ECMO
– But all under ultra-protective ventilation

50
<S Rozencwajg et al Crit Care Med, 2019; Epub>
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In conclusions



Experts’ Opinion regarding MV in ECMO for ARDS

<Matthieu Schmidt et al,Critical Care2014;18;203>
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<Matthieu Schmidt et al,Critical Care2014;18;203>
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Experts’ Opinion regarding MV in ECMO for ARDS









Optimal MV management in ARDS with vv ECMO 

• Remain undefined

• Ultra-lung Protective Ventilation: reasonable
– Tidal volume (3-4 ml/kgw PBW)

– Higher PEEP (10-15 cmH2O)

– Driving pressure (14 cm H2O) 

– Plateau pressure (24-28 cm H2O)

• One size did not fit all: 
– Individualize

– EIT, Transplumonary pressure, Recruitability, …



Thank you for your attention !


