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EOLIA trial rationale and objective 
• Recent advances in ECMO technology 

• Encouraging results of ECMO 
• Influenza A (H1N1) associated ARDS 
• CESAR randomized trial, UK   

• Still, efficacy of VV-ECMO in severe ARDS   
• Remains controversial 

• EOLIA trial designed to determine the effect of  
• Early initiation of ECMO  
• In patients with the most severe forms of ARDS 
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Trial Design 
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Trial design 
• Multicenter, international, randomized trial 

• Sequential design  
• With stopping rules according to the two-sided triangular test 

• Randomization was Web-based and Stratified by 
• Center  
• MV Duration (< or ≥72 h) before randomization 

• Randomization possible at Non-ECMO centers with 
• Extensive expertise in managing ARDS  
• ECMO retrieval team within 2 hours  
• Transfer of the patient on ECMO to the ECMO center 
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Patients 
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Inclusion Criteria 
• One of the 3 following disease severity criteria 

• PaO2:FIO2 <50 mmHg for >3 hours 
• Despite potential use of inhaled NO, recruitment maneuvers 

• Prone position, HFO ventilation, almitrine infusion 

• PaO2:FIO2 <80 mmHg for >6 hours 
• Despite similar criteria as above  

• pH <7.25 with PaCO2 >60 mmHg for >6 hours  
• Resulting from MV settings to keep Pplat ≤32 cm H2O  

• Despite respiratory rate increased to 35/minute  
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Exclusion Criteria 
• Age <18 years 

• Mechanical ventilation for >7 days 

• Pregnancy 

• Weight >1 kg/cm,  
• Or BMI>45 kg/m² 

• Chronic respiratory insufficiency  
• Treated with oxygen therapy or NIV 

• Cardiac failure requiring VA-ECMO 

• History of HIT 

• Malignancy with survival <5 years 

 

• Patient moribund with a SAPS II >90 

• Non-drug–induced coma  
• Following cardiac arrest 

• Irreversible neurological injury 

• Decision to withhold or withdraw  
• Life-sustaining therapies 

• Expected difficulty in obtaining 
vascular access for ECMO  

• In the femoral or jugular vein 

• ECMO device  
• Not immediately available 
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Trial Procedures 

mailto:alain.combes@aphp.fr


La Pitié Salpêtrière Paris    www.paris-tcsecmo.org  alain.combes@aphp.fr   
 

Trial procedures 
ECMO Group 
• Percutaneous VV Cannulation 

• Low anticoag. with Heparin  
• aPTT 40–55 seconds 

• MV settings 
• VAC 

• PEEP ≥10, VT set for Pplat ≤24 cmH2O 

• Pressure controlled/APRV 
• PLow ≥10; PHigh ≤24 cmH2O; I:E, 1/2 

• FIO2 30-50%, RR 10–30  

Control Group 
• MV settings 

• Express trial; High recruitment arm  
• VT at 6 ml/kg 
• PEEP to reach Pplat 28–30 cm H2O  

• Strong recommendation for 
• Prolonged periods of prone position 
• Paralyzing agents 

• In case of hypoxemia 
• Recruitment maneuvers  
• iNO, inhaled prostacyclin  
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ECMO device and Cannulas 
CardioHelp, HLS Set Advanced 7.0  HLS Cannulas CardioHelp, HLS Set Advanced 7.0  
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Rescue ECMO for Controls 
• Refractory hypoxemia 

• SaO2 <80% for >6 hours 

• Despite mandatory trial of 
• Prone positioning AND 

• Recruitment maneuver AND 

• iNO or inhaled prostacyclin 

• AND If the treating physician felt that  
• Patient had no irreversible multi-organ failure AND  

• ECMO might change the outcome 
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Statistical Analyses 
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Sample Size 
• 60% expected 60-day mortality for controls 

• 40% expected 60-day mortality with ECMO   

• α=0.05; b=0.20 

• Group sequential analysis every 60 inclusions 

• Two-sided triangular design for early stopping  
• Superiority of ECMO 
• Predicted lack of a significant difference 
• Harm 

• Maximum sample size 331 participants  
• 90% probability stopping before 220 patients enrolled 
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Results 
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Patients 
• Recruitment stopped 

• At the 4th planned 
sequential interim analysis 

• 240 patients 

• April 2017 

• Lower boundary of the 
stopping-rule triangle 

• Crossed 

• Predicting lack of difference  

Stopping for Efficacy

Early Stopping 
for Harm

Stopping for 
Futility

4th Interim
N = 240

Study End
N = 249
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Patients 
Characteristics 
Similar at Randomization 
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Trial Treatments 

mailto:alain.combes@aphp.fr


La Pitié Salpêtrière Paris    www.paris-tcsecmo.org  alain.combes@aphp.fr   
 

VT, ml/kg PBW, P <0.001 

PEEP, cm H2O, P = 0.291 Driving Pressure, cm H2O, P = 0.011 

Plateau Pressure, cm H2O, P <0.001 
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PaO2, mm Hg, P = 0.167 

PaCO2, mm Hg, P <0.001 

pH, P <0.001 

SaO2, P = 0.007 
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Characteristic  

ECMO 

group 

(N = 124) 

Control 

group 

(N = 125) 

Absolute Risk 
Difference 

(95% CI) 

Prone positioning — no. (%) 82 (66) 113 (90) -24 (-34 to -14) 

Neuromuscular blockade — no. (%) 122 (98) 125 (100) -2 (-6 to 1) 

iNO or prostacyclin — no. (%) 75 (60) 104 (83) -23 (-33 to -12) 

Recruitment maneuvers — no. (%) 27 (22) 54 (43) -21 (-32 to -10) 

Corticosteroids — no. (%) 80 (65) 82 (66) -1 (-13 to 11) 
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Primary Endpoint 
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Hazard Ratio, 0.70; 95% CI, 0.47-1.04, P=0.074 by log-rank test 
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Key Secondary Endpoint 
Death in ECMO group patients 

Death or Crossover to ECMO in controls 
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Hazard ratio, 0.48; 95% CI, 0.34-0.70, P <0.001 by log-rank test 
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Rank-Preserving Structural-Failure Time Analysis 
Controlling for crossover in controls  

Hazard ratio, 0.51; 95% CI, 0.24-1.02 
P = 0.055 by log-rank test 
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Other Endpoints 
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Mean duration of ECMO 15±13 days 

Patients Under ECMO 
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Endpoint at D60 
ECMO Group 

(N = 124) 
Control Group 

(N = 125) 

Median 
Difference 

(95% CI) 

Days alive and free of vasopressor use  49 [0–56] 40 [0–53] 9 (0 to 51) 

Days alive and free of cardiac failure (SOFA) 48 [0–56] 41 [0–53] 7 (0 to 51) 

Days alive and free of dialysis 50 [0–60] 32 [0–57] 18 (0 to 51) 

Days alive and free of renal failure (SOFA) 46 [0–60] 21 [0–56] 25 (6 to 53) 

Days alive and free of prone position 59 [0–59] 46 [0–57] 13 (5 to 59) 

Days alive and free of NO/prostacyclin 59 [0–60] 39 [0–58] 20 (4 to 59) 
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Crossover to ECMO 
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Crossover to ECMO in Controls 
• 28% (35/125) of controls received rescue ECMO  

• Refractory hypoxemia, 6.5±9.7 days postrandomization  

• These patients had more severe ARDS at baseline 
• Higher Plateau pressure:  

• 31.7±5.5 vs 28.5±4.1 cm H2O 

• Higher Driving pressure:  
• 20.2±6.1 vs 16.6±5.3 cm H2O   

• Lower Respiratory system compliance:  
• 21.3±9.2 vs 27.1±11.0 ml/cm H2O 

• More quadrants with infiltrate on chest Xray:  
• 3.7±0.6 vs 3.3±0.9 
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H-24-18 H-18-12 H-12-6 H-6-3 H-3-0 H-24-18 H-18-12 H-12-6 H-6-3 H-3-0 

H-24-18 H-18-12 H-12-6 H-6-3 H-3-0 H-24-18 H-18-12 H-12-6 H-6-3 H-3-0 

Inotropic Score, P < 0.001 Pao2, P < 0.001 

Arterial lactate, P < 0.001 Pao2:Fio2, P < 0.001 
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Crossover to ECMO in Controls 
• Before crossover, of the 35 controls who had ECMO 

• 9 had cardiac arrest  

• 7 had severe right heart failure 

• 11 developed renal failure requiring dialysis 

• Venoarterial ECMO applied to 7 patients 
• 6 under cardiopulmonary resuscitation 
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Adverse Events 
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Conclusion 
• Among patients with very severe ARDS 

• 60-day mortality (35% vs. 46%) 

• Was not significantly lower with ECMO 

• Than with a strategy of conventional MV  
• That included ECMO as rescue therapy 

• Rescue crossover to ECMO in 28% of Controls 
• Extremely sick before crossover 

• 57% died 
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Why EOLIA should be 
considered a positive 
trial… 
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OSCILLATE and OSCAR… 

Hosp Mort 47% vs. 35% Hosp Mort 42% vs. 41% 

PaO2/FIO2 = 113 PaO2/FIO2 = 121 
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PaO2/FIO2 = 119 

Hosp Mort 55% vs. 49% 
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Sensitivity Analyses  
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Bayesian Model 
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JAMA. October 22, 2018, doi:10.1001/jama.2018.14276 
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Bayesian Analysis of EOLIA… 
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Bayesian Analysis of EOLIA… 
Dead space and static compliance 
determine the effect of ECCO2R 

on driving pressure and 
mechanical power 

Posterior Probability of Positive 
Effect of ECMO in  

Severe ARDS Patients 
88% to 99% 
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Clinicians and researchers should no longer ask  

“Does ECMO work?” because that question appears to be 

answered...  

Instead, the key question that should now be asked is “By 

how much does ECMO work, in whom, and at what cost?” 
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And now the Meta-
Analyses… 
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UICP Center Paris

June 27-28 2019
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