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Abstract 

Purpose: Extracorporeal membrane oxygenation (ECMO) use for severe coronavirus disease 2019 (COVID‑19) 
patients has increased during the course of the pandemic. As uncertainty existed regarding patient’s outcomes, 
early guidelines recommended against establishing new ECMO centers. We aimed to explore the epidemiology and 
outcomes of ECMO for COVID‑19 related cardiopulmonary failure in five countries in the Middle East and India and to 
evaluate the results of ECMO in 5 new centers.

Methods: This is a retrospective, multicenter international, observational study conducted in 19 ECMO centers in 
five countries in the Middle East and India from March 1, 2020, to September 30, 2020. We included patients with 
COVID‑19 who received ECMO for refractory hypoxemia and severe respiratory acidosis with or without circulatory 
failure. Data collection included demographic data, ECMO‑related specific data, pre‑ECMO patient condition, 24 h 
post‑ECMO initiation data, and outcome. The primary outcome was survival to home discharge. Secondary outcomes 
included mortality during ECMO, survival to decannulation, and outcomes stratified by center type.

Results: Three hundred and seven COVID‑19 patients received ECMO support during the study period, of whom 78 
(25%) were treated in the new ECMO centers. The median age was 45 years (interquartile range IQR 37–52), and 81% 
were men. New center patients were younger, were less frequently male, had received higher PEEP, more frequently 
inotropes and prone positioning before ECMO and were less frequently retrieved from a peripheral center on ECMO. 
Survival to home discharge was 45%. In patients treated in new and established centers, survival was 55 and 41% 
(p = 0.03), respectively. Multivariable analysis retained only a SOFA score < 12 at ECMO initiation as associated with sur‑
vival (odds ratio, OR 1.93 (95% CI 1.05–3.58), p = 0.034), but not treatment in a new center (OR 1.65 (95% CI 0.75–3.67)).

Conclusions: During pandemics, ECMO may provide favorable outcomes in highly selected patients as resources 
allow. Newly formed ECMO centers with appropriate supervision of regional experts may have satisfactory results.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a 
complex, labor-intensive, and high-risk intervention 
that may be considered for patients with acute severe 
respiratory and cardiac failure [1–5]. Early during the 
coronavirus disease 2019 (COVID-19) pandemic, sev-
eral guidelines suggested considering ECMO for selected 
patients with respiratory and cardiac failure refractory to 
conventional therapies [6, 7]. Some of these guidelines 
recommended against establishing new ECMO centers 
[8]. However, with a better understanding of the disease 
and the increasing need for ECMO in regions that lacked 
this service, the updated version of the recommendation 
on this topic was less stringent, allowing for the creation 
of new ECMO centers in selected cases [9]. During the 
current pandemic, several case series and large cohort 
registries were published and discussed ECMO provi-
sion and utility [10–16]. The objective of this study was 
to report the regional epidemiology and outcomes of 
COVID-19 patients receiving ECMO therapy in the 
South Asia, West Asia, and Africa Chapter of Extra-
corporeal Life Support Organization (SWAAC-ELSO) 
region [17] and to evaluate the results of ECMO imple-
mented in new centers.

Methods
Study design
This was a retrospective, multicenter international, 
observational study. We included COVID-19 patients 
who received ECMO between 1 March 2020, and 30 Sep-
tember 2020. After the SWAAC ELSO steering commit-
tee’s authorization, IRB approval was obtained from the 
coordinating center King Saud Medical City in Riyadh. 
The country representatives obtained IRB approval for 
each participating center as well.

Settings
The study was conducted in 19 ECMO centers in five 
countries of the SWAAC ELSO region. These countries 
included Saudi Arabia, Qatar, Kuwait, Egypt, and India, 
which had 14 established ECMO centers prior to the 
pandemic and five new centers instituted during the pan-
demic. Of the 14 established centers, 4 were high-volume 
centers managing more than 20 ECMO patients per year 
before the pandemic. New centers were defined as those 
who started ECMO services after January 2020 to cover 
the demand of COVID-19 patients with severe acute 
respiratory failure and/or acute severe cardiac failure in 
area that lacked this service in select cases with appro-
priate close supervision of regional experts. Physicians, 
perfusionists and nurses who had already been trained 
in ECMO under the close supervision of established 

ECMO centers provided the required training, follow-
ing ELSO guidelines and using ELSO education ELSOed 
(previously ECMOed) [18] or equivalent material. Most 
of these new centers were established in tertiary hospi-
tals with prior experience in managing severe acute res-
piratory distress syndrome (ARDS). A maximum of two 
ECMO runs were allowed simultaneously. Patient selec-
tion was carried out by national ECMO experts through a 
central command telemedicine system explicitly designed 
for COVID-19 operational management. In new centers, 
the ECMO machines were monitored by an in-house per-
fusionist with previous ECMO experience and training, 
while the nurse-to-patient ratio was 1:1. The medical staff 
included in-house trained intensivists, and on-call criti-
cal care consultants with previous ECMO experience. 
Ultrasound-guided ECMO cannulation was performed 
by cardiothoracic surgeons or intensivists with previous 
experience and training. For the most severe patients 
treated at non-ECMO centers, an ECMO retrieval team 
was activated to initiate ECMO and to transport patients 
to an established or a new ECMO center. The participat-
ing centers included both ELSO and non-ELSO affiliated 
centers.

Patients
We included all consecutive COVID-19 patients admit-
ted and treated in the participating centers with veno-
venous or venoarterial ECMO for acute respiratory or 
circulatory failure.

Data collection
Data collection included demographic data, patient 
comorbidities, sepsis-related organ failure assessment 
(SOFA) score [19], Murray Score [20], ECMO configu-
ration, complications during ECMO, pre-ECMO patient 
condition, 24  h post-ECMO initiation data, ECMO run 
time, and outcomes (survival to ECMO weaning, home 
discharge). We stratified the cohort into two groups, 
based on whether they received ECMO in established or 
new centers.

Take‑home message 

In this multicenter international cohort in 19 ECMO centers from 
five countries in the Middle East and India, 307 critically ill COVID‑19 
patients received ECMO therapy, of whom 138 (45%) survived to 
home discharge. The current study showed that new satellite ECMO 
centers could be safely implemented with appropriate close super‑
vision of regional experts and may provide favorable outcomes in 
highly selected critically ill patients
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Outcomes measures
The primary outcome was survival to home discharge. 
Secondary outcomes included survival during ECMO 
support and survival to ECMO decannulation. Major 
bleeding was defined as bleeding that required blood 
transfusion and/or required surgical intervention, and 
Infection was defined as positive culture result of blood, 
tracheal aspirate and cannula sites.

Statistical analysis
Continuous variables were reported as medians and 
interquartile ranges and were compared using the Wil-
coxon rank-sum test. Categorical variables were reported 
as frequencies and percentages and were compared using 
χ2 or Fisher’s exact test. Ordinal variables were compared 
using the Kruskal–Wallis test. Kaplan–Meier curves 
were constructed to compare the effect of different vari-
ables on outcomes of interest. Binary logistic regression 
was then used to evaluate the influence of pre-ECMO 
and ECMO day 1 factors on the outcomes. Continuous 
variables were dichotomized using the median value. 
A multivariable logistic regression model was used to 
identify variables independently associated with sur-
vival after ECMO. Variables entered in the multivariable 
model were those with univariable value of p less than 
0.10. We also included variables previously shown to be 
associated with survival after ECMO initiation in previ-
ous series of COVID and non-COVID ECMO patients 

[21]. The results were reported as odds ratio (OR) with 
a 95% confidence interval (CI). The Breusch–Pagan test 
of heteroskedasticity was applied to all logistic models to 
assess the inconsistency of variance across different cent-
ers (intra-class correlation). All statistical tests were two-
tailed, and p values < 0.05 were considered significant. 
All statistical analyses were performed using R software, 
version 4.0.2 (06-22-2020) (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Patient characteristics and demographics
During the study period, 307 COVID-19 patients 
received ECMO at participating sites. Table  1 describes 
the characteristics of new and established centers. Demo-
graphic data and patient characteristics are provided in 
Table 2. Patients’ median age was 45 years (interquartile 
range, IQR 37–52), 81% were men, and 94% received 
venovenous ECMO. Prior to ECMO initiation, the 
median number of days with intubation and mechani-
cal ventilation was 2.5 (IQR 1–5),  PaO2/FiO2 ratio was 
60 (IQR 52–68), Murray score was 3.5 (IQR 3.4–3.7), 
SOFA score was 12 (IQR 9–14), 58% of the patients had 
received vasopressors and 52% had received prone posi-
tioning (Table 2). The median PEEP and driving pressure 
before ECMO and on ECMO day 1 were 13 (IQR 10.5–
15) and 8 (IQR 8–10) cm  H2O and 20 (IQR 17–23) and 

Table 1 SWAAC COVID‑19 ECMO patients and centers characteristics

Data are median (IQR) unless specified otherwise. Established center: active ECMO program established before COVID-19 pandemic

SWAAC  South Asia, West Asia, and Africa Chapter, ECMO extracorporeal membrane oxygenation, VV veno-venous, VA veno-arterial, VA-V veno-arterial venous

Center’s characteristic All patients (n = 307) Established (n = 229) New (n = 78)

Country, n (%)
Saudi Arabia 125 (40.7) 100 (43.6) 25 (32)

Kuwait 64 (20.9) 14 (6) 50 (64)

Qatar 45 (14.7) 54 (23.5) 0

India 69 (22.5) 66 (28.8) 3 (3.8)

Egypt 4 (1.3) 4 0

Number of Centers in each country
Saudi Arabia 9 6 3

Kuwait 2 1 1

Qatar 3 3 0

India 4 3 1

Egypt 1 1 0

Type of ECMO, n (%)
VV 288 (93.5) 217 (70.6) 71 (23.1)

VA 10 (3.3) 10 (3.2) 0

VA‑V 9 (2.9) 8 (2.6) 1 (0.3)
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19 (IQR 14–20) cm  H2O, respectively. Patients treated 
in new centers were younger, less frequently male, had 
received higher PEEP, more frequent inotropes, and more 
prone positioning before ECMO and were less frequently 
retrieved from a peripheral center on ECMO (Table 2).

Outcomes and complications
138/307 (45%) patients were discharged home alive, while 
178 (58%) patients survived ECMO (Table  3, Fig.  1). 
No therapeutic limitations were made in this series of 
patients. The home discharge survival rate of patients 
treated in new and established centers was 55 and 41%, 
p = 0.03, respectively (Table  3). However, this difference 

Table 2 Pre ECMO patients’ general characteristics, condition, and 24 h post ECMO initiation by type of center

Data are median (IQR) unless specified otherwise

HFNC high flow nasal cannula, MV mechanical ventilation, NIV non-invasive ventilation, ECMO extracorporeal membrane oxygenation, PC pressure control, PCV 
pressure control ventilation, VC volume control, PRVC pressure-regulated volume control, PIP peak inspiratory pressure, PEEP positive end-expiratory pressure, FiO2 
fraction of inspired oxygen, PaO2 partial pressure of oxygen, PaCO2 partial pressure of carbon dioxide, P/F ratio  PaO2/FiO2, HR heart rate, MAP mean arterial pressure, 
BMI body mass index, BSA body surface area, SOFA score sequential organ failure assessment score, DM diabetes mellitus, HTN hypertension, COPD chronic obstructive 
pulmonary disease, IHD ischemic heart disease, ECCO2r extra corporeal  CO2 removal

Patients’ characteristics All patients (n = 307) Established (n = 229) New (n = 78) p value

General characteristic
Age (years) 45 (37–52) 46 (38–54) 42 (33–51) 0.0266

Male gender, n (%) 248 (81) 194 (84.7) 54 (69.2) 0.0027

BMI (Kg/m2) 28.6 (25.4–33.3) 29 (25.5–33.2) 27.8 (24.8–33.7) 0.743

Murray Score 3.5 (3.4–3.7) 3.5 (3.3–3.6) 3.6 (3.5–3.7) 0.0107

SOFA Score 12 (9–14) 12 (8–14) 12 (10–13) 0.0997

Retrieval, n (%) 96 (31.3) 85 (37.1) 11 (14.1) 0.0002

Comorbidity, n (%)
DM 98 (31.9) 71 (31) 27 (34.6) 0.555

HTN 47 (15.3) 36 (15.7) 11 (14.1) 0.732

COPD or asthma 18 (5.9) 16 (7) 2 (2.6) 0.261

IHD 8 (2.6) 5 (2.2) 3 (3.8) 0.424

Pre ECMO patient condition
Pre ECMO‑intubation days 2.5 (1–5) 2 (1–5) 3 (2–6) 0.315

Ventilator settings
PIP  (cmH2O) 36 (34–43) 36 (34–45) 35 (35–40) 0.0615

Plateau Pressure  (cmH2O) 32 (30–35) 32 (30–35) 31 (28–33) 0.574

PEEP  (cmH2O) 13 (10.5–15) 12 (10–14) 15 (14–18)  < 0.001

Driving Pressure  (cmH2O) 20 (17–23) 20 (18–23) 17 (16–20) 0.242

Static Compliance 19.5 (15.2–22.8) 19 (15.8–22) 24 (17.2–24) 0.271

PaCO2 (mmHg) 58 (47–68) 55 (45–62) 68 (60–83)  < 0.001

PaO2/  FiO2 (mmHg) 60 (52–68) 60 (52–68) 62 (53–70) 0.003

HR 103 (88–116) 103 (88–112) 109 (89–120) 0.6

MAP 78 (69–82) 78 (69–82) 75.5 (69–82) 0.689

Vasopressors, n (%) 179 (58.3) 124 (54.1) 55 (70.5) 0.011

Prone, n (%) 160 (52.1) 112 (48.9) 48 (61.5) 0.0538

24 h post ECMO initiation
PIP  (cmH2O) 30 (25–34) 30 (25–34) 30 (25–33) 0.79

Plateau pressure  (cmH2O) 27 (23–30) 27 (23–30) 27 (23–30) 0.966

Driving pressure  (cmH2O) 19 (14–20) 18.5 (14–21) 19 (14–20) 0.402

Static compliance 16.4 (9.7–22.8) 16.2 (9.1–22.5) 16.9 (12–23.7) 0.581

Tidal volume ((ml/kg)) 3.36 (2.25–4.5) 3.46 (2.27–4.62) 3.3 (2.08–4.25) 0.486

PEEP  (cmH2O) 8 (8–10) 8 (8–10) 10 (8–10) 0.145

PaCO2 (mmHg) 48.2 (43–54) 48.2 (43–54) 48.6 (42.1–54) 0.846

PaO2/FiO2 (mmHg) 154 (111–200) 152 (102–188) 156 (112–222) 0.598

HR 100 (84–116) 100 (85–114) 100 (84–117) 0.858

MAP 75 (64–82) 75 (64–82) 73.5 (64.8–86) 0.897
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was no longer significant (OR 1.65 (95% CI 0.75–3.67)) 
after adjusting for confounders (Table  4). The median 
duration of ECMO support was 15 days. Complications 
included infections in 69.7% of patients; major bleeding 
in 23.8%, renal failure with renal replacement therapy 
in 31.9%, and pulmonary embolism in 4.9% of patients 
(Table 3).

Pre‑ECMO predictors of survival
Table S1 reports the characteristics of survivors and non-
survivors. Patients who survived had lower SOFA scores 
and less need for vasopressors at ECMO initiation. In 
addition, on ECMO day 1, survivors had lower plateau 
and driving pressures and higher respiratory system com-
pliance with no difference in the level of PEEP. Multivari-
able analysis (Table  4) retained only a SOFA score < 12 
at ECMO initiation as associated with survival (OR 1.93 
(95% CI 1.05–3.58), p = 0.034).

Discussion
We report that the application of ECMO for COVID-
19 led to an overall survival rate of 45% in a large series 
of patients treated in the SWAAC-ELSO region. Newly 
formed ECMO centers with appropriate supervision of 
regional experts had satisfactory results.

The published ELSO registry reported 1035 COVID-
19 patients who received ECMO in 36 countries with 
an estimated cumulative incidence of 37.4% in-hospital 
mortality 90  days after ECMO initiation [22]. However, 
the actual day-90 mortality may markedly exceed the 
reported estimated mortality, since no data on long-term 
survival existed for many of these patients, with greater 
than 30% being discharged to another hospital or a long-
term acute care or a rehabilitation center. Another pub-
lished cohort from France by Schmidt et  al. showed an 
estimated 31% probability of day-60 mortality [23]. While 
the outcome was promising, and comparable to non-
COVID-19 respiratory ECMO as reported in the EOLIA 
trial [4], given the high experience of the centers reported 
by Schmidt and colleagues, observations’ generalizability 
of outcome may be limited. [24] The Steering Commit-
tee of the European chapter of the Extracorporeal Life 
Support Organization (Euro-ELSO) initiated prospective 
data collection of COVID-19 patients were supported on 
ECMO. The first 1531 cases were recently published, of 
whom 841 patients (55%) were weaned from ECMO with 
a reasonable 44% overall in-hospital mortality [25, 26]. 
Unlike these reports on severe COVID-19 patients on 
ECMO, our patients received all their care in one hospi-
tal, including rehabilitation and long-term care, making 
this cohort unique in reporting patient’s final disposition. 
More recently, Lebreton et  al. [27] reported the greater 
Paris experience during the COVID-19 pandemic, in 

Table 3 Outcomes and complications in ECMO

ECMO extracorporeal membrane oxygenation, RF renal failure, RRT  renal replacement therapy, DVT deep venous thrombosis, PE pulmonary embolism

Patients’ outcomes All patients (n = 307) Established (n = 229) New (n = 78) p value

Mortality on ECMO, n (%) 128 (41.7) 96 (41.9) 32 (41) 0.89

Survive ECMO, n (%) 178 (58) 132 (57.6) 46 (59) 0.837

Discharged home, n (%) 138 (45) 95 (41.5) 43 (55.1) 0.036

ECMO duration in days median (IQR) 15 (9.5–24) 15 (9–24) 15 (11–23) 0.265

Major bleeding 73 (23.8) 53 (23.1) 20 (25.6) 0.655

Minor bleeding 36 (11.7) 25 (10.9) 11 (14.1) 0.45

RF requiring RRT 98 (31.9) 73 (31.9) 25 (32.1) 0.977

Cardiac arrest 49 (16) 38 (16.6) 11 (14.1) 0.604

Infection 214 (69.7) 151 (65.9) 63 (80.8) 0.014

Pneumothorax 24 (7.8) 18 (7.9) 6 (7.7) 0.962

DVT 2 (0.7) 2 (0.9) 0 NA

PE 15 (4.9) 13 (5.7) 2 (2.6) 0.271

Membrane lung failure 29 (9.5) 25 (10.9) 4 (5.1 0.131

Fig. 1 Kaplan–Meier estimation of 60 day home discharge for 
COVID‑19 patients who received ECMO
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which 138/302 (46%) patients were alive 90  days after 
ECMO initiation. Interestingly, patient pre-ECMO char-
acteristics in this cohort were similar to those observed 
in our series and the other recently reported studies [28, 
29].

In the COVID-19 ELSO registry, independent factors 
of mortality were temporary circulatory support (venoar-
terial ECMO support), increasing age, lower  PaO2/FiO2, 
acute kidney injury, chronic respiratory insufficiency, an 
immunocompromised status, and pre-ECMO cardiac 
arrest [22]. In the latest report from the greater Paris 

ECMO group, factors associated with improved survival 
were younger age (≤ 48 vs.  ≥ 57  years), a shorter time 
between intubation and initiation of ECMO, a lower 
renal component of the pre-ECMO SOFA scores, and a 
higher case volume for venovenous ECMO in the pre-
vious year (i.e.,  ≥ 30 ECMOs) [27]. While, in our series 
of patients, we evaluated many pre-ECMO patient-level 
factors and found that higher SOFA score, use of vaso-
pressors before ECMO, and treatment in an established 
center were associated with higher mortality in the uni-
variable analysis. Of note, higher plateau and driving 

Table 4 Pre‑ECMO predictors of 60 day discharge home using logistic regression with medians

COPD chronic obstructive pulmonary diseases, ECMO extracorporeal membrane oxygenation, MV mechanical ventilation, PaCO2 partial pressure of carbon dioxide, 
PaO2/FiO2 partial pressure of oxygen to fraction inspired oxygen ratio

Univariate logistic regression Multivariate logistic regression

Patients’ characteristics OR (95% CI) p value OR (95% CI) p value

Age (years)

 ≤ 45 Reference Reference

 > 45 0.84 (0.53–1.32) 0.431 1.06 (0.56–2.01) 0.847

Gender

 Female Reference Reference

 Male 0.7 (0.39–1.23) 0.232 1.04 (0.46–2.34) 0.914

BMI (kg/m2)

 ≤ 29 Reference Reference

 > 29 1.33 (0.83–2.1) 0.253 1.31 (0.69–2.49) 0.412

Chronic respiratory disease

 No Reference Reference

 Yes 2.1 (0.79–5.72) 0.149 2.23 (0.68–7.67) 0.184

Center type

 Established Reference Reference

 New 1.79 (1.79–3.02) 0.036 1.65 (0.75–3.67) 0.215

Pre‑ECMO MV days

 ≥ 2.5 days 1.3 (0.79–2.14) 0.293 1.68 (0.9–3.19) 0.104

Vasopressors

 No Reference Reference

 Yes 1.55 (0.91–2.54) 0.107 1.55 (0.82–2.92)

PaO2/FiO2 (mmHg)

 ≤ 60 Reference Reference

 > 60 1.52 (0.91–2.54) 0.107 1.55 (0.82–2.92) 0.174

PaCO2 (mmHg)

 > 58 Reference

 ≤ 58 0.67 (0.41–1.1) 0.123 0.79 (0.39–1.57) 0.499

SOFA Score

 ≥ 2 Reference Reference

 < 12 4.98 (3.07–8.2) <0.001 1.93 (1.05–3.58) 0.034

24 h post‑ECMO MV

Driving pressure  (cmH2O)

 ≥ 19 Reference Reference

 < 9 1.61 (0.97–2.68) 0.066 1.43 (0.78–2.66) 0.245
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pressures, higher  PaCO2, and lower  PaO2/FiO2 on ECMO 
day 1 were associated with higher mortality. The multi-
variable model only retained SOFA > 12 as independent 
predictor of mortality. Different case mixes of patients 
and variable clinical management both before and after 
ECMO may have contributed to the differences observed 
in predictors of the outcomes. Indeed, ventilator settings 
under ECMO may also strongly impact patient outcomes 
[30–34]. In our series, PEEP was markedly decreased 
after ECMO, while it was previously shown that a PEEP 
less than 12  cmH2O on the first days of ECMO was sig-
nificantly associated with poorer survival [31]. Similarly, 
the driving pressure remained unchanged on ECMO, 
while a previous study suggested that it was the only ven-
tilator setting after ECMO initiation with an independent 
association with in-hospital mortality [35]. Ultraprotec-
tive ventilation permitted by ECMO was, therefore, not 
applied in a sizeable proportion of our patients and might 
partly explain the observed lower survival rate compared 
to other cohorts of COVID-19 patients.

During the H1N1 pandemic new ECMO centers were 
established in the UK to respond to a surge of severe viral 
ARDS [36]. In preparedness for the anticipated surge of 
COVID-19 patients, an early initiative was made to start 
5 new centers in key geographical areas. This initiative 
was fueled by the lack of ECMO capacity to cover the 
anticipated need of extracorporeal support and projected 
aviation transport restrictions. The thorough supervision 
and training provided by experienced ECMO physicians 
and more conservative selection criteria allowed these 
newly developed centers to flatten their learning curve. 
Our results showing satisfactory results after ECMO 
initiation in these newly formed centers are reassuring. 
Accordingly, the most recent ELSO guideline recom-
mending starting new ECMO centers in selected cases 
and under appropriate supervision [9] is supported by 
our findings.

This study has important limitations. First, it is retro-
spective and included patients treated only in the Mid-
dle East and India. Second, we did not collect the number 
of eligible patients not initiated on ECMO. Third, we did 
not collect data regarding patient’s illness severity such 
as the RESP score, lung CT scan, ventilatory ratio, use 
of nitric oxide, viral load, specific COVID-19 treatments 
and other specific ECMO-specific data such as sweep 
gas flow, pump flow rate and cannula types. Fourth, the 
rate of prone positioning prior to ECMO was globally 
low (52%) in our patients and slightly lower in the estab-
lished centres (49%) compared with the new centres 
(61%). It was lower compared with previous published 
large cohorts of COVID19 patients (94% for Schmidt 
et  al. [22] and 61% for Barbaro et  al. [23]). As such, we 
cannot exclude that some patients would have responded 

to prone positioning [37] and might have avoided ECMO 
and its associated complications. Finally, less patients 
were included in new centers than in established ones, 
and we cannot exclude that selection criteria might have 
differed between these centers.

In conclusion, ECMO may provide favorable out-
comes in highly selected patients as resources allow 
during pandemics. In  situations demanding the provi-
sion of new ECMO beds in geographically challenging 
areas and where trained specialists are available, newly 
formed ECMO centers with appropriate supervision of 
regional experts may have satisfactory results.
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