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OBJECTIVES: The study investigated the impact of prone positioning during 
venovenous extracorporeal membrane oxygenation support for coronavirus  
disease 2019 acute respiratory failure on the patient outcome.

DESIGN: An observational study of venovenous extracorporeal membrane oxy-
genation patients. We used a multistate survival model to compare the outcomes 
of patients treated with or without prone positioning during extracorporeal mem-
brane oxygenation, which incorporates the dynamic nature of prone positioning 
and adjusts for potential confounders.

SETTING: Seventy-two international institutions participating in the Coronavirus 
Disease 2019 Critical Care Consortium international registry.

PATIENTS: Coronavirus disease 2019 patients who were supported by venove-
nous extracorporeal membrane oxygenation during the study period.

INTERVENTION: None.

MEASUREMENTS AND MAIN RESULTS: There were 232 coronavirus di-
sease 2019 patients at 72 participating institutions who were supported with 
venovenous extracorporeal membrane oxygenation during the study period from 
February 16, 2020, to October 31, 2020. Proning was used in 176 patients (76%) 
before initiation of extracorporeal membrane oxygenation and in 67 patients (29%) 
during extracorporeal membrane oxygenation. Survival to hospital discharge was 
33% in the extracorporeal membrane oxygenation prone group versus 22% in 
the extracorporeal membrane oxygenation supine group. Prone positioning during 
extracorporeal membrane oxygenation support was associated with reduced mor-
tality (hazard ratio, 0.31; 95% CI, 0.14–0.68).

CONCLUSIONS: Our study highlights that prone positioning during venovenous 
extracorporeal membrane oxygenation support for refractory coronavirus disease 
2019-related acute respiratory distress syndrome is associated with reduced 
mortality. Given the observational nature of the study, a randomized controlled 
trial of prone positioning on venovenous extracorporeal membrane oxygenation is 
needed to confirm these findings.

KEY WORDS: coronavirus disease 2019; extracorporeal membrane oxygenation; 
prone position; severe acute respiratory syndrome-related coronavirus

Extracorporeal membrane oxygenation (ECMO) has been recommended 
as rescue therapy for coronavirus disease 2019 (COVID-19)-related acute 
respiratory distress syndrome (ARDS) (1–4). In a recent Extracorporeal 

Life Support Organization (ELSO) registry analysis of 1,035 ECMO-supported 
patients with COVID-19, the estimated inhospital 90-day mortality after 
ECMO initiation was 37% (5). Clinical trials have demonstrated a survival 
benefit of early prone positioning for ARDS (6). For COVID-19, multiple ob-
servational reports have suggested that prone positioning of both intubated 

Akram M. Zaaqoq, MD, MPH1

Adrian G. Barnett, PhD2

Matthew J. Griffee, MD3

Graeme MacLaren, MD, MSc4

Jeffrey P. Jacobs, MD5

Silver Heinsar, MD6

Jacky Y. Suen, PhD6

Gianluigi Li Bassi, MD, PhD6,7

John F. Fraser, MD, PhD6,8

Heidi J. Dalton, MD9

Giles J. Peek, MD, FRCS CTh, 
FFICM5

on behalf of the COVID-19 
Critical Care Consortium  
(COVID Critical)

Beneficial Effect of Prone Positioning During 
Venovenous Extracorporeal Membrane 
Oxygenation for Coronavirus Disease 2019*

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 04/23/2023



Copyright © 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Zaaqoq et al

276          www.ccmjournal.org	 February 2022 • Volume 50 • Number 2

and nonintubated patients improves oxygenation and 
decreases the work of breathing. In some patients, the 
use of prone positioning has been suggested to reduce 
the need for escalation of care with intubation and 
mechanical ventilation (7–9). Prone positioning dur-
ing venovenous ECMO has been shown to improve 
hypoxemia in selected patients and can be conducted 
safely (10, 11). However, it is a labor-intensive proce-
dure and, in times of pandemic stress and limited hos-
pital resources, may be challenging to provide.

The COVID-19 Critical Care Consortium (COVID 
Critical) is an international registry enrolling COVID-19 
patients admitted to ICUs from more than 370 hospitals 
in 53 countries (12, 13). The purpose of this study is to 
report a global assessment of the use and the outcome of 
prone positioning during venovenous ECMO in patients 
with COVID 19-related acute respiratory failure.

METHODS

Study Design, Settings, and Patients

All participating hospitals obtained approval from 
their local Institutional Review Boards and waivers of 
informed consent were granted because the study was 
observational, data recorded in the central repository 
were de-identified, and there was minimal risk to par-
ticipants. The full study protocol for the wider COVID 
Critical study is available (13, 14).

Site investigators and study coordinators received 
detailed instructions and used a data dictionary to 
gather and enter data. The International Severe Acute 
Respiratory and Emerging Infection Consortium 
(14) and the Short PeRiod IncideNce sTudy of Severe 
Acute Respiratory Infection network (15) case re-
port forms were completed on hospital admission. 
Additional case report forms were completed for 
patients receiving mechanical ventilation and ECMO. 
De-identified data were entered in the Research 
Electronic Data Capture hosted by the University of 
Oxford, United Kingdom.

This study used data from February 16, 2020, to 
October 31, 2020. The enrollment eligibility criteria were 
age of 18 years old or greater, confirmed COVID-19,  
and need for invasive mechanical ventilation and veno-
venous ECMO support. The primary outcomes were 
survival to hospital discharge and mortality through 
90 days from ECMO initiation.

Data Collection

The collected data included demographics, comorbid 
conditions, date of admission and discharge from the 
ICU, the Acute Physiology Score II, and the Sequential 
Organ Failure Assessment (SOFA), relevant laboratory 
tests, mechanical ventilation settings and the time of 
initiation and discontinuation of invasive mechanical 
ventilation, and adjunctive therapies including prone 
positioning before and during ECMO support. For 
patients supported with ECMO, the time of cannula-
tion and decannulation, mode of ECMO support, and 
ECMO complications were recorded. Center-specific 
data included the country and location, and the 
number of patients on ECMO support.

Statistical Analysis

The number of ECMO patients in the sample was plot-
ted over calendar time, together with the proportion 
in prone position. The average proportion of patients 
in prone position on ECMO over time was esti-
mated using a locally estimated scatterplot smoothing 
smoother (online supplement, http://links.lww.com/
CCM/G711).

The study population characteristics were described 
as counts (%) for categorical variables and medians 
(interquartile ranges [IQRs]) for continuous variables.

To examine the key changes in patients’ position 
during ECMO support, a multistate survival anal-
ysis was used to examine patient outcomes over time. 
A four states model was used where patients started 
in the state of “ECMO prone” or “ECMO supine” 
based on their position on the day of ECMO initia-
tion (Supplement Fig. 1, http://links.lww.com/CCM/
G699; legend, http://links.lww.com/CCM/G710). 
Patients could move between the prone and supine 
states during their ECMO run and then be discharged 
alive from the hospital or die in hospital. The multistate 
survival analysis allowed us to examine the transitions 
between states that many patients experienced during 
their hospital stay. We plotted the modeled number of 
patients over time in each state (16).

A Weibull survival model was used in the mul-
tistate model to examine the instantaneous cause-
specific hazards of death or hospital discharge and 
whether this depended on prone positioning, while 
adjusting for potential confounders. In an alternative 
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survival model, the effect of prone position was mod-
eled as a time-dependent variable that accumulated 
during a patient’s time on ECMO (0, 1, 2 d, etc.). We 
assumed prone position had a nonlinear cumulative 
effect. Hence, we tried four nonlinear transforma-
tions of the cumulative prone variable (squared in-
verse, inverse, log, and squared) and a linear version. 
We compared the five alternative models using the 
Akaike Information Criterion, which is a measure of 
model fit. To visualize the cumulative effect of prone 
position, we plotted the estimated hazard ratios by 
cumulative days on prone. We also examined the 
timing of initiation of prone position during ECMO 
run (either early or late) by highlighting the inter-
action between cumulative prone and the day of 
ECMO run.

The potential confounders were identified based 
on previously published studies, the clinically rel-
evant factors for decision making, and differences 
in baseline characteristics (17, 18). We adjusted for 
each ICU using a random intercept, which allowed 
ICUs to vary in their baseline risks of death and dis-
charge. We scaled continuous variables so that the 
hazard ratios were more clinically relevant, for ex-
ample, age per 10-year increase. The Weibull sur-
vival models examined a patients’ instantaneous risk 
of death and discharge, and to give a complete pic-
ture of risk, we also used multiple variable models 
of the subdistribution hazard to examine cumula-
tive risks while adjusting for the same potential con-
founders (19).

The Weibull survival model estimates were made 
using a Bayesian framework, and so results are pre-
sented with a 95% credible interval (20). We used 
standard statistical modeling for the cumulative risk 
models, and hence these are presented using CIs. We 
used intervals instead of p values because this allows 
us to focus on the size of the estimated effects and their 
uncertainty, which is more clinically relevant than 
tests of statistical significance (21). We handled miss-
ing data in the confounding variables by conducting 
multiple imputation. Patients still alive at 90 days were 
censored and so still contributed to the estimates of 
risk for death and discharge.

We used R Version 4.0.2 (2020-06-22) (R Core Team 
2020) and WinBUGS Version 1.4.2 for all analyses (20). 
The cumulative frequency models were fitted using 
the “cmprsk” package (https://www.r-project.org/).  

and the Cox models using the “survival” package (22, 
23). All the R and WinBUGS code used in the analysis 
is available online (24).

RESULTS

A total of 232 COVID-19 patients received venove-
nous ECMO for respiratory support at 72 collaborat-
ing sites from February 16, 2020, to October 31, 2020. 
Most cases were in the United States, Italy, Germany, 
or Japan (Supplement Table 1, http://links.lww.
com/CCM/G700). Patients were commonly males 
(69%) and White (41%). The median (IQR) age was 
53 years (43–60 yr) (Table  1). The overall frequency 
of proning during ECMO was 29% (67/232 patients). 
Comorbidities, the severity of illness as reflected by the 
Acute Physiology Score II and SOFA, and the time of 
onset of symptoms were comparable between those 
who received prone positioning during venovenous 
ECMO and those who did not. Pre-ECMO positive 
end-expiratory pressure was higher in the prone po-
sition group with median (IQR) 14 cm H2O (10–16 cm 
H2O) versus 12 cm H2O (10–16 cm H2O) cm H2O in 
the supine group (Table 2). The respiratory compliance 
was lower in the prone position group with median 
(IQR) 21 mL/cm H2O (20–29 mL/cm H2O) in com-
parison to those in the supine group 29 mL/cm H2O 
(22–37 mL/cm H2O). The median (IQR) Pao2/Fio2 
was 85 (70–136) in the prone position group versus 83 
(61–124) in the supine group.

The number of patients receiving ECMO peaked 
in late April, followed by a decrease in the number of 
cases in mid-summer of the Northern hemisphere. 
The percentage of ECMO patients receiving prone 
positioning decreased over time from a high of just 
under 50% in February to a nadir of under 25% in 
June (Supplement Fig. 2, http://links.lww.com/CCM/
G701; legend, http://links.lww.com/CCM/G710).

Models of Death and Discharge

The number of patients on ECMO decreased during 
the first 40 days after ECMO initiation as patients died 
or were discharged from hospital (Supplement Fig. 3,  
http://links.lww.com/CCM/G702; legend, http://
links.lww.com/CCM/G710). During the ECMO run, 
patients in prone position were often moved to su-
pine (Fig. 1), and this occurred mainly in the first 40 
days (Fig. 1, dotted line), while transitions from supine 
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TABLE 1. 
Patients Characteristics Comparing Patients Who Experienced Prone Positioning Post-
Extracorporeal Membrane Oxygenation Initiation Versus Those Who Were Always Supine

Variable 
All Patients  

(n = 232)
Prone Position  

(n = 67)
Supine Position  

(n = 165)

Age, yr 53 (43–60) 52 (43–60) 53 (44–60)

Sex

  Male 160 (69%) 47 (70%) 113 (68%)

  Female 72 (31%) 20 (30%) 52 (32%)

Race/ethnicity

  White 95 (41%) 34 (51%) 61 (37%)

  Hispanic 50 (22%) 15 (22%) 35 (21%)

  Asian 30 (13%) 8 (12%) 22 (13%)

  Black 29 (12%) 4 (6%) 25 (15%)

  Others 28 (12%) 6 (9%) 22 (13%)

Body mass index, kg/cm2 30 (27–36) 29 (26–33) 31 (27–36)

Acute Physiology Score II 19 (12–25) 19 (12–24) 19 (12–26)

Sequential Organ Function Assessment 8 (5–10) 7 (4–9) 8 (5–10)

Pregnancy 3 (1%) 0 3 (2%)

Comorbidities

  Obesity 114 (49%) 33 (49%) 81 (49%)

  Immunocompromised 113 (49%) 34 (51%) 79 (48%)

  Hypertension 96 (41%) 31 (46%) 65 (39%)

  Diabetes 58 (25%) 19 (28%) 39 (24%)

  Active smoker 42 (18% 13 (19%) 29 (18%)

  Chronic cardiac disease 18 (8%) 4 (6%) 14 (8%)

  Chronic kidney disease 6 (4%) 2 (3%) 8 (3%)

  Alcohol abuse 7 (3%) 4 (6%) 3 (2%)

  Malignancy 5 (2%) 3 (4%) 2 (1%)

Time from first symptoms to hospital  
  admission, d

10 (6–16) 10 (6–16) 10 (6–16)

Time from intubation to extracorporeal  
  membrane oxygenation, d

4 (2–6) 4 (2–8) 4 (2–6)

Duration of mechanical ventilation, d 24 (14–36) 28 (16–42) 24 (14–34)

Hospital length of stay, d 32 (20–47) 36 (24–58) 30 (19–44)

Data are median (interquartile range) or n (%).

position to prone were mainly in the first 2 weeks 
(Fig. 1, dashed gray line). There was a steady accumu-
lation of deaths among patients in the supine position 
that slowed after 40 days (Fig. 1B, solid line).

Using the Weibull survival model, which predicts the 
instantaneous effect of proning during ECMO, prone 
position was not associated with reduced mortality 
(hazard ratio, 0.85; 95% credible interval, 0.34–1.95) 

(Supplement Table 2, http://links.lww.com/CCM/
G703). In the cumulative outcome model, however, 
prone positioning was associated with significant 
reduced mortality (hazard ratio, 0.31; 95% CI, 0.14–
0.68) and reduced discharge (hazard ratio for discharge, 
0.03; 95% CI, 0.00–0.21) (Table 3). The higher proba-
bility of discharge from the supine position on ECMO 
state is expected because the model allows the natural 
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progression from the prone 
position to the supine 
position on ECMO as 
patients recover and are 
removed from ECMO  
(Fig. 1B). It is less likely for 
patients in the prone posi-
tion on venovenous ECMO 
to be discharged from pro-
ning without crossing to 
the supine state. The cu-
mulative predicted proba-
bility of death and hospital 
discharge for a patient 
of average age and body 
mass index (BMI) diverged 
quickly over time and had 
substantial separation be-
tween prone and supine 
(Supplement Fig. 4, http://
links.lww.com/CCM/G704; 
legend, http://links.lww.
com/CCM/G710).

TABLE 2. 
Patients Pre-Extracorporeal Membrane Oxygenation Respiratory Support Characteristics 
and Outcomes, Comparing Patients Who Experienced Prone Positioning Post-
Extracorporeal Membrane Oxygenation Initiation Versus Those Who Were Always Supine

Variable 
All Patients  

(n = 232)
Prone Position  

(n = 67)
Supine Position  

(n = 165)

Ventilatory parameters

  Fio2 100 (60–100) 100 (92–100) 99 (50–100)

  Positive end-expiratory pressure, cm H2O 12 (10–16) 14 (10–16) 12 (10–16)

  Static compliance, mL/cm H2O 27 (21–36) 21 (20–29) 29 (22–37)

  Pao2/Fio2 84 (61–126) 85 (70–136) 83 (61–124)

  Pco2 49 (37–59) 49 (39–62) 48 (35–58)

Pre-ECMO prone positioning 176 (76%) 49 (73%) 127 (77%)

Duration of prone positioning on ECMO, d 0 (0–2) 6 (2–14) 0

Outcome    

  Discharged from hospital alive 59 (25%) 22 (33%) 37 (22%)

  Discharged to other facilities 40 (17%) 12 (18%) 28 (17%)

  Remain in the hospital 9 (4%) 4 (6%) 5 (3%)

  Inhospital death 90 (39%) 23 (34%) 67 (41%)

  Unknown 34 (15%) 6 (9%) 28 (17%)

ECMO = extracorporeal membrane oxygenation.
Data are median (interquartile range) or n (%).

Figure 1. Cumulative probabilities over time for the four states. The plots show the cumulative 
probability over time of moving between states. A, The probabilities for patients in the “ECMO and 
prone” state. B, The probabilities for patients in the “ECMO and supine” state. There is a steady 
accumulation of deaths in patients in the supine group (solid line [B]), although this slows after 
around 40 d. The movement of patients from the supine to the prone group greatly reduces after 
around 12 d (dashed gray line [B]). ECMO = extracorporeal membrane oxygenation.
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Timing and Duration  
of Prone Position

To visualize the nonlinear effect of timing of initia-
tion of proning on death and discharge, we included 
the interaction between cumulative prone and the day 
of ECMO run. There is gradual decrease in the prob-
ability of death associated with the duration of prone 
position (Fig. 2). Also, prone positioning is associ-
ated with the probability of discharge. Prone position-
ing continued to be associated with lower mortality 

(hazard ratio, 0.95; 95% CI, 0.92–0.98) (Supplement 
Table 3, http://links.lww.com/CCM/G705).

Patient Characteristics Associated With Prone 
Positioning

A cumulative probability plot was used to examine 
the timing of the initial prone position during ECMO 
(Supplement Fig. 5, http://links.lww.com/CCM/
G706; legend, http://links.lww.com/CCM/G710). 
Many patients were treated with prone position from 
the day of ECMO initiation. Older age and higher BMI 
were associated with a reduced probability of experi-
encing proning (Supplement Table 4, http://links.lww.
com/CCM/G707). By contrast, gender, date of ECMO 
initiation during the pandemic, and prone positioning 
before ECMO did not clearly affect the probability of 
receiving prone positioning during ECMO.

Potential Confounders

Prone positioning prior to ECMO was associated with an 
increased likelihood of hospital discharge (Supplement 
Table 2, http://links.lww.com/CCM/G703). Older age 
was associated with an increased hazard of death and 
a decreased hazard of hospital discharge (increasing 
length of stay). Date of ECMO initiation (by increments 
of advancing forward an additional 30 d in the pan-
demic) had a strong effect on hospital discharge, leading 
to longer ECMO times (and reduced discharge hazard) 
over calendar time (Table 3). ICU effects were explored 
to determine whether the decision to prone during 
ECMO was dependent on the ICU. Across 72 ICUs, five 
ICUs were identified as being prolific users (increased 
hazard) of prone positioning (Supplement Fig. 6, 
http://links.lww.com/CCM/G708; legend, http://links.
lww.com/CCM/G710). Hazard ratios for death associ-
ated with proning were similar across countries in the 
leave-one-country-out sensitivity analysis, indicating 
that the reduced hazard of death for prone positioning 
was not dependent on one country (Supplement Fig. 7, 
http://links.lww.com/CCM/G709; legend, http://links.
lww.com/CCM/G710). The one patient discharged in 
prone position was influential in the estimated hazard 
of discharge for prone patients, and without that pa-
tient, the hazard of discharge became even smaller 
(Supplement Fig. 7, http://links.lww.com/CCM/G709;  
legend, http://links.lww.com/CCM/G710). Because 
most patients move into a supine state on ECMO as 

TABLE 3. 
Hazard Ratios and 95% CIs Using a 
Cumulative Probability Regression Model

Variable

Death
Hospital 

Discharge

HR (95% CI) HR (95% CI)

Male 1.19 (0.77–1.86) 0.73 (0.48–1.12)

Age (+10 yr) 1.46 (1.19–1.78) 0.78 (0.66–0.93)

Date of ECMO 
initiation (+30 d)

1.10 (0.99–1.23) 0.74 (0.63–0.87)

Body mass index 
(+5 kg/m2)

1.13 (0.98–1.29) 0.99 (0.86–1.13)

Prone position 
during ECMO

0.31 (0.14–0.68) 0.03 (0.00–0.21)

Prone position 
before ECMO

1.17 (0.7–1.95) 1.26 (0.77–2.07)

ECMO = extracorporeal membrane oxygenation, HR = hazard ratio.

Figure 2. Estimated risk of death and discharge by time in prone 
position. There is gradual decrease in the probability of death 
associated with the duration of prone position.
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they recover before they get discharged. This patient 
did not influence the estimated reduced hazard of death 
associated with prone positioning.

DISCUSSION

The main finding of this analysis of 232 COVID-19 
ECMO patients is that prone positioning while on 
venovenous ECMO was associated with a substantially 
decreased mortality in the cumulative regression anal-
ysis. Randomized controlled trials and meta-analyses 
suggest a mortality benefit of early prone positioning 
of 12 hours or greater duration for patients with mod-
erate to severe ARDS (25–28). Similarly, observational 
studies of COVID-19 patients have demonstrated that 
prone positioning is associated with improved lung 
recruitment and oxygenation (7, 29, 30). Our large, 
multicenter report provides novel data on the poten-
tial benefits of prone positioning during ECMO. These 
results add to the evidence that COVID-19–associated 
respiratory failure may be particularly responsive to 
prone positioning.

Other investigators have reported observations 
based on combining prone positioning with ECMO for 
severe ARDS. Several case reports and retrospective 
studies demonstrated the safety and the feasibility of 
prone positioning during ECMO support (31–33). In 
an observational analysis of 25 patients with COVID-19  
pneumonia who required venovenous ECMO support 
(34), prone positioning led to the improvement of oxy-
genation without a change in lung mechanics. Notably, 
the prone group had a higher mortality rate that was 
attributed to the severity of illness (34). In the multi-
national COVID Critical ECMO data, prone position-
ing was often done at the commencement of ECMO. 
By contrast, the patients selected for proning by Garcia 
et al (34) had more severe hypoxemia compared with 
the patients who did not have prone positioning dur-
ing ECMO. In another observational analysis of 83 
patients with COVID-19 and venovenous ECMO 
support, prone positioning was implemented in 80% 
of the study population without reported complica-
tions, and the estimated probability of death 60 days 
post-ECMO initiation was 31% (35). Finally, in a mul-
ticenter propensity-matched study, prone positioning 
during venovenous ECMO support was associated 
with improved oxygenation and reduction of inhospi-
tal mortality (10).

Our study is a multicenter, international study, 
which enhances its generalizability. The use of a dy-
namic survival analysis has the advantage of studying 
the events of interest in the context of time on ECMO 
and is appropriate for the situation that the decision 
to use prone positioning depended on clinician discre-
tion at each ICU throughout the course of critical care. 
Furthermore, the multistate survival model avoids 
biases from simple comparisons of any versus no pro-
ning. These comparisons will be biased if prone posi-
tioning is eventually tried for patients with long ICU 
stays, which would mean that an “any vs none” prone 
position binary variable is then confounded with time 
and potentially also with patient severity. Survival 
models examine patients over time and account for 
the changing make-up of the cohort over time when 
patients either die or are discharged. Finally, by apply-
ing such a model, we could focus on the possible as-
sociation between prone positioning and the clinical 
outcome of interest. This model has been shown to be 
useful in determining resource needs and mortality for 
critically ill COVID-19 patients (16). Nevertheless, the 
model is not a substitute or a surrogate for a random-
ized trial of proning during ECMO.

There are multiple observations from our analysis. 
The rate of prone positioning on venovenous ECMO 
is 31%, which is higher than previously reported (18).  
As we progress into the pandemic and with the 
increased number of patients on ECMO, there has 
been a reduction in the rate of proning on ECMO, 
which could be attributed to staff shortage, burnout, or 
limited resources (Fig. 2). Our model indicates more 
patients in the supine position group get discharged; 
however, that might reflect an improvement in pa-
tient condition. As a patient improves clinically, they 
move from a prone position on ECMO to the supine 
position and subsequently removed from ECMO and 
discharged. The Weibull survival model of proning did 
not show a reduction in the hazard of death, but this 
model is reflective of the instantaneous effect of prone 
position on the patient outcome that can be strongly 
influenced by competing risks, and in particular, the 
instantaneous hazard of discharge is very different in 
prone and supine. Prone position appears particu-
larly protective (relative to supine) before 40 days of 
support. According to an analysis from the ELSO reg-
istry, the majority of deaths happen during the first 40 
days on ECMO (5). Many prone patients in our study 
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were later moved to supine and then discharged, but 
while they were in prone position, they were relatively 
“static” with no discharges and fewer transitions to 
death. Hence the final cumulative probability of death 
in the prone group is much lower, with no reduction in 
the instantaneous hazard of death.

Our study has several limitations related to its ob-
servational nature and the presence of residual and 
unmeasured confounders. Furthermore, our esti-
mates for the hazard of death associated with prone 
position had wide 95% CIs indicating uncertainty in 
the effect size. There are more missing outcome data 
in the supine versus prone group. We attempted to 
overcome this limitation by applying multiple im-
putation and censoring patients at 90 days. Prone 
position on ECMO might be an indication of the 
institutional expertise in ECMO and ARDS man-
agement. We tried to account for these institutional 
variations by examining the ICU effect. In addition, 
we ran sensitivity analyses without site effects and 
obtained similar results. Also, tolerance of prone 
position could be a marker of lower severity of ill-
ness, which could have contributed to the mortality 
benefit we found. However, in our analysis, the se-
verity of illness scores (SOFA and Acute Physiology 
and Chronic Health Evaluation II) was similar in 
the prone position group. The multistate survival 
model does not include the expected clinical pro-
gression from prone position on ECMO to supine 
and then discharge or death. We did not account for 
those transitional states (e.g., non-ECMO supine or 
non-ECMO prone) to avoid added complexity of 
the model by creating small groups and losing the 
statistical power of the study design. Also, patients 
in the supine position group are more likely to be 
discharged from the hospital, which is a reflective 
of a degree of lung recovery and transitioning from 
prone position. However, the probability of death re-
mains high in the supine group.

CONCLUSIONS

Our study demonstrates that prone positioning during 
venovenous ECMO for COVID-19 associated severe 
ARDS is associated with 90-day improved survival. 
A strong association between prone positioning and 
reduced risk of death was suggested by a multistate sur-
vival model in an international registry of critically ill 

COVID-19 patients. A randomized controlled trial of 
prone positioning during venovenous ECMO support 
should be performed in patients with severe ARDS due 
to COVID-19.
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