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FIGURES

Figure S1: Directed acyclic graph describing associations between pre-ECMO modifiable exposure variables, pre-ECMO confounders and in-hospital mortality (outcome)
Directed acyclic graph describing our model of causal associations between modifiable exposure variables, patient-related confounders, pre-ECMO hospitalization-related confounders and in-hospital mortality, using DAGitty software. Exposure variables are color-coded in green with a right pointing arrow. Outcome is color-coded in blue with a bar. Ancestors of exposure are color-coded in green; ancestors of outcome are color-coded in blue, and ancestors of both exposure and outcome are color-coded in pink. Pre-ECMO modifiable exposures variables were: anticoagulation, antibiotic therapy, antiviral therapy, non-invasive ventilation, selective digestive decontamination, neuromuscular blocking agents, prone position, high-flow oxygen therapy, cannulation mode, inotropes use, vasopressors use, renal replacement therapy, ECMO cannulation, inhaled NO, PEEP, VT at cannulation and ventilation duration before ECMO.  The set of potential confounders sufficient for adjustment was : sex, age, body mass index, diabetes, chronic obstructive pulmonary disease, chronic respiratory failure, congestive heart failure, chronic kidney disease, malignancy (solid cancer or hemopathy), previous corticotherapy, septic shock, total bilirubin at cannulation, pH at cannulation, PaCO2 at cannulation, PaO2/FiO2 ratio at cannulation, driving pressure, left ventricular ejection fraction, ventilator-associated pneumonia, delay from hospitalization to ICU admission.


Figure S2: Geographical distribution of patients included in the ECMOSARS registry according to COVID-19 epidemic spread in France between February 25th, 2020 and October 25th, 2020.

Spatial distribution of the number of patients included in the ECMOSARS registry (A) and the cumulative ICU admissions for COVID-19 (B) between February 25th, 2020 and October 25th, 2020 (database lock) were represented in chloropeth maps of 97 French departments (French administrative divisions), including Reunion Island. Greater Paris (Île-de-France region) is represented in a magnified view (dashed square).

Figure S3: Distribution of patients included in the ECMOSARS registry according to inclusion center.

Patients included in the ECMOSARS registry between February 25th, 2020 and October 25th, 2020 (database lock) were represented according to inclusion center. AP-HP: Assistance Publique-Hôpitaux de Paris ; AP-HM: Assistance Publique-Hôpitaux de Marseille ; HEGP : Hôpital Européen Georges Pompidou.

Figure S4: Survival curve of patients supported by VV-ECMO (Kaplan-Meier)




Table S1- Definition of variables
	Variable
	Definition

	Chronic respiratory failure
	Arterial pO2 on room air less than 60 mmHg for 3 months or more

	Chronic kidney disease
	Glomerular filtration rate (GFR) <60 mL/min/ 1.73 m2 for 3 months or more

	Cancer
	Ongoing carcinologic treatment

	ARDS
	Berlin Criteria for ARDS. JAMA. 2012;307(23):2526-2533. doi:10.1001/jama.2012.5669

	Ventilator-associated pneumonia
	VAP criteria according to Leone et al. PMID: 29155054  DOI: 10.1016/j.accpm.2017.11.006

	SAPS II
	Simplified Acute Physiology Score II according to Le Gall et al. PMID: 8254858  DOI: 10.1001/jama.270.24.2957

	RESP score
	Respiratory Extracorporeal Membrane Oxygenation Survival Prediction (RESP) score, according to Schmidt et al. PMID: 24693864  DOI: 10.1164/rccm.201311-2023OC

	SOFA score
	Sequential-related Organ Failure Assessment score, according to Vincent et al. PMID: 8844239  DOI: 10.1007/BF01709751

	Septic shock
	Sepsis shock according the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) JAMA. 2016;315(8):801-810. doi:10.1001/jama.2016.0287

	Hemorrhagic complications during ECMO
	One or more of the following complications: upper or lower gastro-intestinal hemorrhage, peripheral cannulation site bleeding, retroperitoneal bleeding, pulmonary hemorrhage or massive hemorrhage. Peripheral cannulation site bleeding defined as a bleeding from a peripheral cannulation site requiring PRBC transfusion and/or surgical intervention. Massive Hemorrhage definition required >10U PRBCS/24 hrs.

	Thrombotic complications during ECMO
	One or more of the following complications: deep vein thrombosis, pulmonary embolism, acute mesenteric ischemia, acute coronary syndrome, intracardiac thrombosis, acute limb ischemia, oxygenator failure requiring change due to clot formation, circuit change due to clot formation.

	Acute kidney injury
	Acute kidney injury according to KDIGO classification kidney International Supplements (2012) 2, 8–12; doi:10.1038/kisup.2012.7

	Neurologic complications during ECMO
	One or more of the following complications: stroke, central nervous system hemorrhage or seizures.

	Infections during ECMO
	One or more of the following complications: bloodstream infection, ventilator-associated pneumonia and cannula-related infection.






Table S2- Multivariable models of pre-ECMO variables associated with in-hospital mortality in patients with severe COVID-19-associated ARDS supported by ECMO

	
	Model 1a
(unadjusted)
	Model 2b
	Model 3c
	Model 4d
(fully adjusted)

	Patient-related confounders

	Sex (Male)
	1.30 [0.91 ; 1.86]
	1.31 [0.87 ; 1.96]
	
	1.31 [0.87 ; 1.98]

	Age (10 years increase)
	1.32 [1.14 ; 1.53]
	1.33 [1.13; 1.56]
	
	1.27 [1.07; 1.50]

	Body mass index — kg/m2
	
	
	
	

	< 25
	1
	1
	
	1

	25 - 30
	1.00 [0.65 ; 1.54]
	1.05 [0.67 ; 1.70]
	
	1.14 [0.70 ; 1.85]

	30 - 35
	0.80 [0.50 ; 1.27]
	0.95 [0.57 ; 1.60]
	
	1.12 [0.66 ; 1.91]

	35 - 40
	0.62 [0.348 ; 1.11]
	0.85 [0.44 ; 1.64]
	
	1.02 [0.52 ; 1.99]

	> 40
	1.04 [0.57 ; 1.88]
	1.47 [0.73 ; 2.97]
	
	1.68 [0.82 ; 3.46]

	Diabetes
	
	
	
	

	No diabetes
	1
	1
	
	1

	No insulin
	1.17 [0.85 ; 1.59]
	1.12 [0.78 ; 1.59]
	
	1.08 [0.74 ; 1.57]

	Insulin
	1.35 [0.74 ; 2.48]
	1.00 [0.50 ; 2.01]
	
	0.99 [0.48 ; 2.02]

	Chronic obstructive pulmonary disease
	1.18 [0.57 ; 2.48]
	1.42 [0.55 ; 3.63]
	
	1.03 [0.387 ; 2.76]

	Chronic respiratory failure
	0.94 [0.43 ; 2.04]
	0.42 [0.154 ; 1.16]
	
	0.44 [0.157 ; 1.26]

	Congestive heart failure
	0.44 [0.062 ; 3.16]
	0.45 [0.058 ; 3.54]
	
	0.390 [0.047 ; 3.21]

	Chronic kidney disease
	1.81 [0.79 ; 4.1]
	2.03 [0.76 ; 5.3]
	
	1.90 [0.70 ; 5.2]

	Malignancy (solid cancer or hemopathy)
	1.56 [0.66 ; 3.68]
	2.06 [0.75 ; 5.7]
	
	1.72 [0.61 ; 4.8]

	Previous corticotherapy
	1.04 [0.54 ; 2.00]
	0.96 [0.44 ; 2.10]
	
	1.01 [0.46 ; 2.22]

	PreECMO hospitalization-related confounders

	Septic shock
	1.47 [0.94 ; 2.30]
	
	1.69 [1.03 ; 2.77]
	1.62 [0.95 ; 2.77]

	Total bilirubin at cannulation
	
	
	
	

	< 1,2 mg/dL 
	1
	
	1
	1

	1,2 - 1,9 mg/dL
	0.79 [0.49 ; 1.28]
	
	0.80 [0.48 ; 1.33]
	0.88 [0.51 ; 1.50]

	2,0 - 5,9 mg/dL 
	1.14 [0.76 ; 1.71]
	
	1.15 [0.73 ; 1.82]
	1.16 [0.72 ; 1.86]

	>= 6,0 mg/dL
	2.56 [1.32 ; 5.0]
	
	2.79 [1.21 ; 6.4]
	2.65 [1.09 ; 6.4]

	pH at cannulation <7.25
	1.68 [1.24 ; 2.28]
	
	1.56 [1.05 ; 2.31]
	1.44 [0.95 ; 2.19]

	PaCO2 at cannulation (10 mmHg increase)
	1.08 [0.99 ; 1.18]
	
	1.03 [0.93 ; 1.15]
	1.04 [0.93 ; 1.16]

	[bookmark: _GoBack]PaO2/FiO2 ratio at cannulation (10 units increase)
	0.99 [0.71 ; 1.38]
	
	0.97 [0.69 ; 1.38]
	0.98 [0.68 ; 1.40]

	Left ventricular ejection fraction <50% 
	0.91 [0.57 ; 1.47]
	
	0.92 [0.56 ; 1.51]
	0.88 [0.52 ; 1.50]

	Ventilator-associated pneumonia before ECMO
	1.14 [0.81 ; 1.62]
	
	0.95 [0.64 ; 1.41]
	0.91 [0.60 ; 1.39]

	Delay from hospitalization to ICU admission 
	
	
	
	

	<24 hours
	1
	
	1
	1

	24-48 hours
	1.26 [0.84 ; 1.89]
	
	0.10[0.62 ; 1.57]
	0.98 [0.60 ; 1.59]

	>72 hours
	0.77 [0.48 ; 1.25]
	
	0.68 [0.40 ; 1.16]
	0.75 [0.43 ; 1.30]

	Driving pressure <15 cmH2O
	1.06 [0.76 ; 1.48]
	
	1.06 [0.75 ; 1.51]
	1.02 [0.70 ; 1.47]

	Modifiable exposure variables

	Anticoagulation before ECMO
	
	
	
	

	No
	1
	1
	1
	1

	Yes, therapeutic
	1.10 [0.61 ; 2.00]
	1.12 [0.58 ; 2.18]
	1.26 [0.67 ; 2.36]
	1.25 [0.64 ; 2.46]

	Yes, prophylactic
	1.35 [0.75 ; 2.46]
	1.48 [0.76 ; 2.87]
	1.46 [0.78 ; 2.76]
	1.54 [0.78 ; 3.03]

	Antibiotic therapy before ECMO
	0.74 [0.326 ; 1.66]
	0.79 [0.316 ; 1.98]
	0.70 [0.283 ; 1.71]
	0.72 [0.282 ; 1.83]

	Antiviral therapy before ECMO
	0.81 [0.59 ; 1.11]
	0.84 [0.59 ; 1.20]
	0.76 [0.54 ; 1.08]
	0.77 [0.54 ; 1.11]

	Non-invasive ventilation
	1.28 [0.93 ; 1.75]
	1.14 [0.79 ; 1.64]
	1.21 [0.85 ; 1.72]
	1.17 [0.81 ; 1.69]

	Selective Digestive Decontamination
	0.99 [0.47 ; 2.10]
	0.80 [0.356 ; 1.78]
	0.95 [0.44 ; 2.03]
	0.80 [0.353 ; 1.83]

	Neuromuscular blocking agents
	0.43 [0.173 ; 1.09]
	0.311 [0.113 ; 0.86]
	0.333 [0.123 ; 0.90]
	0.286 [0.101 ; 0.81]

	Prone position 
	0.77 [0.42 ; 1.39]
	0.69 [0.346 ; 1.36]
	0.72 [0.362 ; 1.43]
	0.65 [0.318 ; 1.33]

	High-flow oxygen therapy
	1.16 [0.84 ; 1.60]
	1.23 [0.86 ; 1.77]
	1.21 [0.85 ; 1.71]
	1.24 [0.86 ; 1.79]

	Cannulation mode
	
	
	
	

	Femoro-jugular
	1
	1
	1
	1

	Femoro-femoral
	1.57 [0.360 ; 6.9]
	1.21 [0.249 ; 5.9]
	1.61 [0.340 ; 7.6]
	1.24 [0.246 ; 6.2]

	Bicaval dual lumen 
	1.26 [0.70 ; 2.27]
	1.14 [0.59 ; 2.19]
	1.31 [0.72 ; 2.37]
	1.25 [0.65 ; 2.40]

	Inotropes
	1.03 [0.41 ; 2.61]
	1.19 [0.399 ; 3.54]
	0.94 [0.319 ; 2.77]
	1.00 [0.322 ; 3.12]

	Vasopressors
	1.18 [0.85 ; 1.64]
	1.27 [0.88 ; 1.82]
	1.14 [0.80 ; 1.63]
	1.23 [0.84 ; 1.80]

	Renal replacement therapy
	1.58 [1.07 ; 2.34]
	1.44 [0.93 ; 2.22]
	1.29 [0.83 ; 2.02]
	1.19 [0.75 ; 1.90]

	ECMO cannulation
	
	
	
	

	Referral center
	1
	1
	1
	1

	Mobile ECMO unit, no transfer
	0.81 [0.57 ; 1.15]
	0.90 [0.60 ; 1.33]
	0.89 [0.60 ; 1.33]
	0.93 [0.61 ; 1.40]

	Mobile ECMO unit, transfer to referral center
	1.07 [0.64 ; 1.79]
	1.05 [0.58 ; 1.91]
	0.96 [0.53 ; 1.72]
	1.04 [0.57 ; 1.91]

	Inhaled NO
	1.18 [0.88 ; 1.58]
	1.12 [0.81 ; 1.55]
	1.18 [0.85 ; 1.65]
	1.16 [0.82 ; 1.62]

	PEEP < 10cmH2O
	1.04 [0.71 ; 1.52]
	1.18 [0.77 ; 1.81]
	1.14 [0.74 ; 1.76]
	1.17 [0.74 ; 1.86]

	VT at cannulation 
	
	
	
	

	< 6 mL/kg IBW
	1
	1
	1
	1

	6-8 mL/kg IBW
	0.93 [0.68 ; 1.26]
	0.93 [0.67 ; 1.31]
	0.96 [0.69 ; 1.35]
	0.94 [0.67 ; 1.34]

	> 8 mL/kg IBW
	0.78 [0.230 ; 2.66]
	0.86 [0.225 ; 3.27]
	0.69 [0.190 ; 2.49]
	0.81 [0.207 ; 3.14]

	Ventilation duration before ECMO
	
	
	
	

	< 2 days
	1
	1
	1
	1

	2-7 days
	1.14 [0.79 ; 1.64]
	1.27 [0.84 ; 1.89]
	1.31 [0.86 ; 1.97]
	1.37 [0.89 ; 2.10]

	> 7 days
	1.51 [1.02 ; 2.24]
	1.60 [1.03 ; 2.46]
	1.71 [1.08 ; 2.71]
	1.74 [1.07 ; 2.83]


Results are expressed as hazard ratio with 95% confidence interval
ECMO= extracorporeal membrane oxygenation, ICU= Intensive Care Unit, PEEP= positive end-expiratory pressure.
a,b,c,d Outcome, exposure variables, patient-related confounders and pre-ECMO hospitalization-related confounders were selected based on available literature using a Directed Acyclic Graph (Appendix 1 Supplementary Figure SXX). All models were applied after multiple imputation.
a Model 1 was a univariable Cox model.
b Model 2 was a multivariable Cox model of modifiable exposure variables, adjusted for patient-related confounders.
c Model 3 was a multivariable Cox model of modifiable exposure variables, adjusted for pre-ECMO hospitalization-related confounders.
d Model 4 was a multivariable Cox model of modifiable exposure variables, fully adjusted for all confounders.

Table S3- Missing values for all variables included in Cox models

	
	Missing data

	Sex
	0 (0)

	Chronic obstructive pulmonary disease
	0 (0)

	Chronic respiratory failure
	0 (0)

	Prone position 
	0 (0)

	Age
	1 (0,2)

	Delay from hospitalization to ICU admission 
	1 (0,2)

	Ventilation duration before ECMO
	1 (0,2)

	Neuromuscular blocking agents
	2 (0,5)

	Non-invasive ventilation
	3 (0,7)

	ECMO cannulation (referral vs mobile unit)
	3 (0,7)

	Diabetes
	4 (0,9)

	Cannulation mode
	4 (0,9)

	Renal replacement therapy
	6 (1)

	Body mass index 
	16 (4)

	Total bilirubin at cannulation
	20 (5)

	pH at cannulation
	21 (5)

	PaCO2 at cannulation 
	23 (5)

	PaO2/FiO2 ratio at cannulation 
	25 (6)

	Inhaled NO
	28 (7)

	PEEP 
	44 (10)

	VT at cannulation 
	76 (18)

	Driving pressure
	102 (24)

	Ventilator-associated pneumonia before ECMO
	111 (26)

	Septic shock
	117 (27)

	Chronic kidney disease
	120 (28)

	Congestive heart failure
	121 (28)

	Previous corticotherapy
	122 (28)

	High-flow oxygen therapy
	122 (28)

	Malignancy (solid cancer or hemopathy)
	123 (29)

	Vasopressors
	123 (29)

	Antibiotic therapy before ECMO
	124 (29)

	Antiviral therapy before ECMO
	124 (29)

	Selective Digestive Decontamination
	125 (29)

	Inotropes
	125 (29)

	Anticoagulation before ECMO
	135 (31)

	Left ventricular ejection fraction 
	238 (55)


Results are expressed as n (%)
ECMO= extracorporeal membrane oxygenation, ICU= Intensive Care Unit, PEEP= positive end-expiratory pressure.

Table S4- Outcomes and complications on ECMO according to mobile ECMO unit cannulation
	
	In-Hospital mobile ECMO unit cannulation
(n = 192)
	Referral ECMO center cannulation
(n = 234)
	P-Valuea

	
	No.
	
	No.
	
	

	Hemorrhagic complications
	192
	61 (32)
	232
	108 (47)
	0.002

	Cannula site bleeding
	
	22 (36)
	
	55 (501)
	

	Gastro-intestinal bleeding
	
	8 (13)
	
	18 (17)
	

	Pulmonary hemorrhage
	
	11 (18)
	
	26 (24)
	

	Massive hemorrhage
	
	7 (12)
	
	13 (12)
	

	Retroperitoneal bleeding 
	
	0 (0)
	
	4 (4)
	

	Thrombotic complications	
	192
	63 (33)
	233
	95 (41)
	0.091

	Deep vein thrombosis
	
	9 (14)
	
	24 (25)
	

	Pulmonary embolism
	
	24 (38)
	
	23 (24)
	

	Circuit Clot
	
	19 (30)
	
	47 (50)
	

	Circuit change
	
	23 (37)
	
	33 (35)
	

	Membrane lung failure
	
	11 (18)
	
	24 (25)
	

	Neurologic complications
	191
	29 (15)
	232
	18 (8)
	0.016

	Seizures
	
	1 (4)
	
	1 (6)
	

	Ischemic stroke
	
	5 (19)
	
	0 (0)
	

	Hemorrhagic stroke
	
	21 (78)
	
	17 (94)
	

	Ventilator associated pneumonia
	190
	138 (73)
	233
	137 (59)
	0.003

	Timing of ventilator associated pneumonia
	45
	
	122
	
	0.773

	Before ECMO 
	
	21 (47)
	
	60 (49)
	

	After ECMO
	
	24 (53)
	
	62 (51)
	

	Infectious complications
	192
	136 (71)
	234
	99 (42)
	< 0.001

	Bacteremia 
	
	88 (65)
	
	88 (89)
	

	Cannula site infection
	
	29 (21)
	
	7 (7)
	

	Acute limb ischemia
	190
	0 (0)
	232
	4 (2)
	0.131

	Acute mesenteric ischemia
	192
	1 (0.5)
	233
	3 (1)
	>0.999

	Acute kidney injury
	190
	87 (46)
	232
	104 (45)
	0.843

	Renal replacement therapy
	84
	72 (86)
	103
	76 (74)
	0.046

	Prone position
	191
	138 (72)
	232
	161 (69)
	0.521

	ICU duration — days
	185
	30 (16-45)
	223
	28 (16-45)
	0.612

	Hospitalization duration — days
	171
	36 (15-55)
	221
	34 (19-53)
	0.779

	In-hospital mortality
	189
	88 (47)
	233
	128 (55)
	0.087

	Mortality at day 28
	190
	69 (36)
	230
	109 (47)
	0.022

	Mortality at day 90
	147
	87 (59)
	208
	126 (61)
	0.792


Results are presented as n (%) or median (IQR). 
a P-values for comparisons between mobile ECMO unit versus referral center cannulation.
[image: ][image: ]Figure S1: Directed acyclic graph describing associations between modifiable exposure variables, confounders and in-hospital mortality (outcome)
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Figure S2: Geographical distribution of patients included in the ECMOSARS registry according to COVID-19 epidemic spread in France between February 25th, 2020 and October 25th, 2020.



[image: ]Figure S3: Distribution of patients included in the ECMOSARS registry according to inclusion center.
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Figure S4: Survival curve of patients supported by VV-ECMO (Kaplan-Meier)
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