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ARDS CLASSIFICATION 

Intensive Care Med 2013;39:583-592 

PaO2/FIO2 200-101 <101 >200 



COX REGRESSION MODELS FOR 

PREDICTING DEATH IN ALI 

Annals of Intensive Care 2013;3:25 



Am J Respir Crit Care Med 2014;190:70-76 

OXYGENATION RESPONSE AND MORTALITY 

TO     PEEP 



REFRACTORY HYPOXEMIA 

• Persistent severe hypoxemia (PaO2/FIO2<150 mmHg) 

 

• 10-20% ARDS (47% MOF) 

 

• 7-30% H1N1 ARDS  



ARDS-Net 60-day MORTALITY 

Spragg RG. Am J  Respir Crit Care Med 2010;181:1121-1127 



ECLS in H1N1 Severe ARDS 

Country France Germany Italy UK Australia Spain 

Admissions (n) 391 116 60 562 722 997 

Referred (%) 68 94 53 100 56 25 

Period (years) 2009-11 2009-10 2009-10 2009-10 2009-10 2009 

ECLS centers (n) 30 12 14 4 15 4 

ECMO (%) 13 53 7.2 12 7.3 1.7 

Global Mortality (%) 

 

22 38 29 21 14 15 

ECMO Mortality (%) 36 54 32 27* 23 56 

*13.7% referred patients without ECMO 



Annals of Intensive Care 2013:3:11 

ARDS PREVENTION 



JAMA 2012;307:2526-33 

ARDS THERAPEUTIC OPTIONS 



LUNG PROTECTIVE VENTILATION 

• Low VT <6 ml/kg IBW 

 

• Pplat <30 cmH2O 

 

• High PEEP >10 cmH2O 

 

• Transpulmonary pressure (Pesof) 



ADJUNTIVE TREATMENT 

BEFORE ECLS 

Country France Germany Italy UK Australia Spain 

Prone position (%) 45 47 28 34 20 55 

iNO (%) 72 28 15 19 32 55 

HFOV (%) 2 NR 4 6.3 5 0 

Neuromuscular blockers: NR 



PRONE POSITION 

May reduce VILI 
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PRONE POSITION and MORTALITY 

Intensive Care Med 2014;40:332-341 



PRONE POSITION MORTALITY TREND 

Intensive Care Med 2014;40:332-341 



THE PROSEVA TRIAL: Effect of Prone 

Positioning in Severe and Persistent ARDS 

NEJM  2013;368:21159-68 



PRIMARY OUTCOME: MORTALITY AT D90  

SP group 

(n=229) 

PP group 

(n=237) 

P value 

Nº deaths 94 56 

% deaths (95% CI) 41.0 

(34.6-47.4) 

23.6 

(18.2-29.0) 

 

0.0000573 

Unadjusted HR with 

PP (95% CI) 

 

0.44 (0.29-0.67) 

Adjusted HR for 

SOFA score with 

PP (95% CI) 

 

0.48 (0.32-0.72) 

 

0.0004 

NEJM  2013;368:21159-68 



THE PROSEVA TRIAL 

NEJM  2013;368:21159-68 



H1N1 SEVERE ARDS 



N Engl  J Med  2011;365:1905--14 

ECMO FOR ARDS 



First ECMO experience 

NEJM 1972 



The ECLS system 

22 

• Membrane: 
– High surface 

– Hydrophobic  

– Gas permeable 

– Biocompatible 

– Heparin-coated 

– Minimized priming 

vol. 

 



The ECLS system 
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• Pump & Tubing: 
– Electromagnetic 

– Centrifugal 

• Reduced haemolysis  

– Biocompatible 

– Heparin-coated 

 



Cannulas for V-V ECMO and 

ECCO2R 

24 

• Single lumen 

• Double lumen 

• Seldinger technique 

• Heparin coated 

• Echo +/- Fluoroscopy 



Lancet Respir Med 2014;2:154-164 

DIFFERENCES BETWEEN ECMO and ECCO2R 
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The ECLS system 

27 

Gas exchange 

determinants 

• Membrane permeability 

• Membrane surface 

• Partial pressure gradient 

• Blood flow 

• Sweep gas 

 

 

CO2 : Sweep gas < blood flow 

O2 : Sweep gas > blood flow 

Schmidt et al. ICM 2013  

 



The ECLS system 
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60% of CO 



CLINICAL and PATHOPHYSIOLOGICAL CRITERIA 

FOR EXTRACORPOREAL GAS EXCHANGE 

Lancet Respir Med 2014;2:154-164 



Anesthesiology 2009;111:826-35 

VT LOWER 6ml/Kg 

ENHANCES LUNG 

PROTECTION. ROLE OF 

EXTRACORPOREAL CO2 

REMOVAL 



Anesthesiology 2009;111:826-35 

VT LOWER 6ml/Kg ENHANCES LUNG PROTECTION. 

ROLE OF EXTRACORPOREAL CO2 REMOVAL 



Lancet Respir Med 2014;2:154-164 

CLINICAL TRIALS OF ECLS TO 

PREVENT VILI 



ADVERSE EVENTS 



ECMO PRESERVE SCORE 

Intensive Care Med 2013;39:1704-1713 



ECMO PRESERVE SCORE 

Intensive Care Med 2013;39:1704-1713 



Am J Respir Crit Care Med 2014;189;1374-1382 

Original Cohort 

Discrimination  (C=0.73) 

Calibration  (HLC 12.81, P=0.12) 

External Validation 

Discrimination  (C=0.92) 



PROGNOSTIC FACTORS ECMO H1N1 ARDS: 

Multivariate Analysis 

• Age (OR 1.09, 95% CI 1.04-1.15; p<0.01) 

 

• Higher Pplat (OR 1.33, 95% CI 1.14-1.59; P<0.01) 

 

• Lactate under ECMO (OR 1.42, 95% CI 1.18-1.82; P<0.01) 

 

•MV days pre-ECMO (<7 days) 

 

• Co-morbidities (OR 1.42) 

 

• Initial response (24 h): PaO2/FIO2, Pplat 

 

• Referral to an ECMO center 

 
Am J Respir Crit Care 2013;187:276-285 



INFLUENCE OF ECMO ON ICU MORTALITY: 

French Study 

• Propensity-matched analysis 

 

• 52/103 (ECMO MV<7 days) matched to 52 non-  

   ECMO comparable severity 

 

• ICU mortality 40% vs 50% (OR 1.48, p=0.32) 

 

• 51 ECMO not matched  (younger, lower PaO2,  

  higher Pplat) lower mortality (22%) vs ECMO     

  matched (50%) p<0.01 

 

 

 

Am J Respir Crit Care Med 2013;187:276-285 



Clinical Evidence ECMO – H1N1 

Noah M, et al. JAMA 2011 

JAMA 2011;306:1659-1668 



Clinical Evidence ECMO – H1N1 

JAMA 2011;306:1659-1668 

Sensitivity analysis: 

Mortality ECMO patients vs. non-ECMO 

controls 

 

25% vs. 50% 



ECLS ALGORYTHM IN H1N1  



Where to perform VV-ECMO? 

• 5 – 10 potential indications per million 

inhabitants / year 

• Experienced centers in both ARDS and 

ECMO 

• Minimum of 15 - 20 total ECMO runs per 

year 

• Should include a mobile ECMO referral 

team 

 



CONCLUSIONS 

• Prevention and protective MV 

• Prone position adjuntive standard treatment 

• ECMO-CO2R may prevent VILI 

• ECMO may improve survival in refractory 

hypoxemia 

• Experienced referral ECMO centers and mobile 

team 

• Future RCT are needed: EOLIA, SUPERNOVA 
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