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Abstract

Background: Extracorporeal membrane oxygenation (ECMO) has been used extensively for coronavirus disease
2019 (COVID-19)-related acute respiratory distress syndrome (ARDS). Reports early in the pandemic suggested that
mortality in patients with COVID-19 receiving ECMO was comparable to non-COVID-19-related ARDS. However, sub-
sequent reports suggested that mortality appeared to be increasing over time. Therefore, we conducted an updated
systematic review and meta-analysis, to characterise changes in mortality over time and elucidate risk factors for poor
outcomes.

Methods: We conducted a meta-analysis (CRD42021271202), searching MEDLINE, Embase, Cochrane, and Scopus
databases, from 1 December 2019 to 26 January 2022, for studies reporting on mortality among adults with COVID-19
receiving ECMO. We also captured hospital and intensive care unit lengths of stay, duration of mechanical ventilation
and ECMO, as well as complications of ECMO. We conducted random-effects meta-analyses, assessed risk of bias of
included studies using the Joanna Briggs Institute checklist and evaluated certainty of pooled estimates using GRADE
methodology.

Results: Of 4522 citations, we included 52 studies comprising 18,211 patients in the meta-analysis. The pooled
mortality rate among patients with COVID-19 requiring ECMO was 48.8% (95% confidence interval 44.8-52.9%, high
certainty). Mortality was higher among studies which enrolled patients later in the pandemic as opposed to earlier
(1st half 2020: 41.2%, 2nd half 2020: 46.4%, 1st half 2021: 62.0%, 2nd half 2021: 46.5%, interaction p value =0.0014).
Predictors of increased mortality included age, the time of final patient enrolment from 1 January 2020, and the pro-
L portion of patients receiving corticosteroids, and reduced duration of ECMO run.
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Conclusions: The mortality rate for patients receiving ECMO for COVID-19-related ARDS has increased as the pan-
demic has progressed. The reasons for this are likely multifactorial; however, as outcomes for these patients evolve, the
decision to initiate ECMO should include the best contextual estimate of mortality at the time of ECMO initiation.

Keywords: Extracorporeal membrane oxygenation, Coronavirus disease 2019, Severe acute respiratory syndrome

coronavirus 2, Mortality, Meta-analysis

Introduction

Extracorporeal membrane oxygenation (ECMO) has
been used extensively for coronavirus disease 2019
(COVID-19)-related acute respiratory distress syn-
drome (ARDS). However, it is highly resource inten-
sive, leading to challenges in provision during the
pandemic [1]. A systematic review and meta-analysis
examining patients who received ECMO for COVID-
19 in 2020 reported a 37% mortality rate [2]. As the
pandemic progressed, treatment practices and patterns
evolved, and newer variants of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) emerged.
Alongside these changes, contemporaneous studies
reported increasing mortality rates and longer dura-
tion of ECMO runs in patients with COVID-19 ARDS.
The mortality rate reported by the Extracorporeal Life
Support Organisation (ELSO) registry data for the use
of ECMO in COVID-19 increased from 37% in early
2020 to 52% by the end of 2020 [3, 4], demonstrating
the dynamic nature of clinical outcomes during the
course of the pandemic.

While subsequent single-centre studies have shown
similar trends, the mortality rates for patients receiving
ECMO for COVID-19 appear variable globally, with
reports of rates ranging from 17.5% to 68% in the first
18 months of the pandemic [5]. Several reasons related
to patient, disease, and treatment factors have been
postulated for this and include increased virulence of
SARS-CoV-2 variants [5, 6]; changes in patient selec-
tion patterns based, at times, on local resource avail-
ability; changes in interventions, including the need of
using prolonged noninvasive forms of mechanical ven-
tilation and delays in endotracheal intubation due to
the overwhelming number of patients with respiratory
failure; and the use of immunomodulators such as cor-
ticosteroids and interleukin-6 receptor antagonists [3,
7]. Based on this, we performed an updated systematic
review and meta-analysis to summarise outcome data
during the first 2 years of the pandemic, including the
changes in mortality trends, and identify risk factors
for unfavourable outcomes in order to guide clinical
decision-making and further research.

Methodology

Search strategy and selection criteria

We  registered the protocol with PROSPERO
(CRD42021271202) and conducted the review in adher-
ence with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) Statement
(Additional file 1: Table S1) [8]. We searched MEDLINE,
Embase, Cochrane and Scopus databases from 1 Decem-
ber 2019 to 26 January 2022 using the following key-
words and their variations: “extracorporeal membrane
oxygenation’, “extracorporeal life support’, “SARS-CoV-2”
and “COVID-19” (Additional file 1: Table S2). We also
reviewed the reference lists of included studies and review
articles on the topic. We included studies or online regis-
tries reporting on at least 10 adult patients with COVID-
19 requiring ECMO. We excluded any studies primarily
reporting on animals or paediatric patients (< 16 years old).
In the case of overlapping patient data, we included the
largest study and excluded any other overlapping studies.

Data collection and risk of bias assessment

We collected data using a prespecified data extraction
form. Authors were contacted for additional data where
necessary (Additional file 1: Table S3). We assessed indi-
vidual study risk of bias using the appropriate Joanna
Briggs Institute checklist for case series or cohort stud-
ies. We assessed certainty of evidence using the Grading
of Recommendations, Assessments, Developments and
Evaluations (GRADE) approach [9]. The screening of stud-
ies, data collection, and risk of bias assessment were con-
ducted independently and in duplicate by RRL and JJLS,
and FA assisted with the risk of bias assessment. Conflicts
were resolved by consensus or by KR. Where there was
missing data, we contacted the corresponding authors of
each study to obtain additional data for analysis.

Data synthesis

The primary outcome was mortality at the long-
est recorded time of follow-up. Secondary outcomes
included ICU and hospital and length of stay, duration of
invasive mechanical ventilation, duration of ECMO, and
complications during ECMO (which we then classified
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according to the broad groups described by ELSO). We
performed random-effects meta-analyses (DerSimonian
and Laird) based on the logit transformation [10-12],
and computed 95% confidence intervals (Cls) using the
Clopper—Pearson method [13]. As inter-study heteroge-
neity in observational studies tends to be overestimated
by I? statistics, we assessed statistical heterogeneity
(inconsistency) as part of the GRADE approach [9], using
I-squared but also the Chi-squared test and visual inspec-
tion of the forest plots [14]. We assessed for publication
bias qualitatively using visual inspection of funnel plots,
and quantitatively using Egger’s regression test. We cor-
rected for small-study effects using the random-effects
trim-and-fill (R, estimator) procedure. As some centres
which published studies on their patient cohort report
that patient data to the ELSO registry, there is a risk of
duplicating patient data when including studies report-
ing on data from the ELSO registry. Hence, we conducted
a sensitivity analysis excluding any studies reporting on
ELSO registry data. We also conducted a second analy-
sis excluding studies with high risks of bias (defined as
JBI score<7) and analysed the mortality among studies
specifically reporting on outcomes of patients receiving
venovenous ECMO (VV-ECMO). We present survival
outcomes as pooled proportions, while continuous out-
comes are presented as pooled means, both with corre-
sponding 95% Cls.

We conducted pre-specified subgroup analysis based
on the geographical region (North America, Latin Amer-
ica, Asia—Pacific, Europe, Southwest Asia and Africa), as
well as by time period (every six months from 1 January
2020, defined by the date of enrolment of the last patient
included in each study). We conducted univariable meta-
regression when at least 6 data points were reported, to
explore potential sources of heterogeneity, or prognosti-
cally relevant prespecified study-level covariates (date
of last patient enrolment [per 100 days from 1 Janu-
ary 2020], age [per year], proportion of male patients,
and patients receiving corticosteroids and interleukin
blockers [percentage], body mass index [per 1 kg/m?],
SOFA score [every increase by 1 point], PaO,/FiO, ratio
[increase by 1], duration of ECMO cannulation, time
from symptoms to mechanical ventilation and time from
mechanical ventilation to ECMO [days]). For continu-
ous variables, we pooled the means from the aggregate
data presented in each study as per Wan et al. [15]. A p
value 0of<0.05 was defined as statistically significant for
our analyses. We performed all statistical analyses using
R 4.0.2.

Post hoc analysis
We investigated the impact of time of last patient enrol-
ment from Jan 1, 2020 on the duration of ECMO, ICU
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and hospital lengths of stay using study-level meta-
regression. In addition, given the disparity in sample
sizes, we conducted an exploratory meta-regression of
sample size with mortality rates. As studies might recruit
patients over a period of time, we conducted a meta-
regression of the mean date of patient enrolment (defined
as the midpoint between the date of first and last patient
enrolment within each study) and mortality. Finally, we
conducted an exploratory subgroup analysis based on the
duration of follow-up reported by each study.

Role of the funding source
There was no funding source for this study.

Results

Study selection and characteristics

Of 4522 citations, we reviewed 222 full-texts and
included 52 studies totalling 18,211 patients receiving
ECMO for COVID-19, in the meta-analysis (Fig. 1, Addi-
tional file 1: Table S4) [3, 5, 16—65]. All studies were ret-
rospective and observational in nature; 22 studies were
conducted by studies centres from Europe [5, 17, 19, 23,
27,29, 31-34, 36, 39, 42, 43, 45, 46, 50, 55, 56, 60, 63, 65],
17 from North America [16, 18, 20-22, 24, 25, 37, 40, 47,
48, 52-54, 57, 58, 61], 6 from the Asia—Pacific [26, 28, 35,
38, 41, 44], 2 from South-West Asia and Africa,[51, 62]
2 from Latin America [30, 64], and 3 were studies con-
ducted by centres from multiple ELSO regions [3, 49, 59],
of which 2 were based on registry data [3, 49]. The pooled
age was 52.5 years (95% CI 50.7 to 54.3), and the majority
of patients were male (75.0%, 95% CI 72.4% to 77.4%) and
obese (BMI: 31.0, 95% CI 30.2 to 31.8). The pooled PaO,/
FiO, ratio at the time of ECMO initiation was 72.4 (95%
CI 68.8 to 76.0), and the pooled sequential organ failure
assessment (SOFA) score was 9.24 (95% CI 8.27 to 10.23).
The time from onset of clinical symptoms or hospitalisa-
tion to initiation of invasive mechanical ventilation was
7.3 days (95% CI 4.1 to 10.5), and ECMO cannulation
occurred after an additional 4.89 days (95% CI 4.26 to
5.53) of invasive mechanical ventilation.

From 43 studies, 13,422 of 14,022 patients (95.9%, 95%
CI 94.2% to 97.1%) were supported with venovenous
(VV)-ECMO. Of the remaining patients, 489 (3.5%)
patients were supported with veno-arterial (VA)-ECMO,
97 (0.7%) patients were supported with veno-veno-
arterial or veno-arterio-venous ECMO, and 14 (0.1%)
patients converted from VV-ECMO to another form of
ECMO. The study characteristics, patient demograph-
ics, and patient outcomes are summarised in Additional
file 1: Table S4a, while the pre-ECMO ventilatory param-
eters are tabulated in Additional file 1: Table S4b. The
intra-study risk of bias is summarised in Additional file 1:
Table S5, while the GRADE assessment can be found in
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Additional file 1: Table S6. Most studies were of good
quality, scoring>7 on the appropriate JBI checklist.

Primary meta-analysis

The pooled mortality rate among patients requiring
ECMO for COVID-19 was 48.8% (95% CI 44.8% to 52.9,
high certainty evidence, peg,,: 0.23, Fig. 2). Sensitivity
analysis excluding studies with high risk of bias (48 stud-
ies, 14,884 patients, 48.8%, 95% CI 44.4% to 53.2%) and
ELSO registry data (48 studies, 8965 patients, 48.6%,
95% CI 44.1% to 53.1%) were consistent with the overall
results and conclusions. Sensitivity analysis limited to
patients receiving VV-ECMO was also similar with mor-
tality of 47.1% (95% CI 42.2% to 52.1%, Additional file 1:
Fig. S1). Mortality after correction of small-study effects
using the random-effects trim-and-fill analysis (R, esti-
mator) was 52.5% (95% CI 47.9% to 57.0%, Fig. 3).

Subgroup analysis

There was a significant difference in mortality based
on the timing of last patient enrolment (interaction p
value =0.0014, Fig. 4). Patients enrolled during 2020 had
a comparatively lower mortality rate (1st half: 41.2%; 2nd
half: 46.4%) than those enrolled in the 1st half (62.0%)
and 2nd half of 2021 (46.5%). However, mortality was not
different across regions (interaction p value =0.096, Fig. 5

and Additional file 1: Fig. S2). Studies from South West
Asia and Africa (71.3%) reported the highest mortality
rates, followed by studies from the Asia—Pacific regions
(58.6%) and Europe (50.7%). Finally, relatively lower mor-
tality rates were reported by studies from North America
(41.2%), Latin America (43.9%) and those across multiple
ELSO regions (47.9%). Details of the subgroup analyses
are summarised in Additional file 1: Table S7.

Meta-regression analysis

Univariable meta-regression (Figs. 6 and 7) found that the
date of last patient enrolment (regression coefficient [B]
for every 100 days from 1 January 2020:+0.16, 95% CI
+0.04 to +0.29, p=0.012) was associated with increased
mortality. Patient factors including age (B:40.04, 95%
CI +0.02 to+0.07, p=0.0014), and the proportion of
patients receiving corticosteroids (B:41.22, 95% CI
+0.25 to+2.19, p=0.014) was also associated with
increased mortality. However, the duration of ECMO
was inversely associated with mortality (B: —0.03, 95%
CI —0.07 to —0.0001, p=0.049). Other factors such as
body mass index, proportion of male patients, SOFA
score, PaO,/FiO, ratio, proportion of patients receiving
other immunomodulators, duration from clinical symp-
toms to mechanical ventilation, and duration between
mechanical ventilation to ECMO were not associated



Ling et al. Critical Care

(2022) 26:147

Page 5 of 13

2019

Study Nonsurvivors Total Mortality (%)

Agerstrand 2020 10 22 :

Akhtar 2021 4 18

Alnababteh 2020 6 13 —_—

Arachchillage 2021 45 152 ==

Barbaro 2021 2411 4812

Bergman 2021 16 46 R —

Bermea 2021 13 33 —

Bohman 2021 6 22 @ —8F—

Broman 2021 1046 1723 §

Cain 2021 2 18 —=—

Chandel 2021 5 24 —8—

Cheng 2021 53 74 o —E—

Correa 2021 1 20 ——

Cousin 2020 16 30 ——

Daviet 2021 37 78 E—

Diaz 2021 33 85 —=—

Dognon 2021 32 50 ——

Dreier 2021 5 16 —8——

Durak 2021 23 39 ——

Falcoz 2020 6 17 —

Fang 2021 52 70 o ——

Hermann 2022 44 101 ——

Huette 2020 4 12 @ —s—

Jacobs 2021 110 200 —

Jang 2020 10 19 ——

Jozwiak 2020 6 11 :

Karagiannidis 2021 2310 3397

Kon 2021 1 27 +——

Lai 2021 29 50 —a—

Lazzeri 2021 18 35 ——

Lebreton 2021 164 302 s »

Li 2021 20 34 ——

Loforte 2021 45 71 e

Lorusso 2021 672 1531

Murthy 2021 9 13 —

Nguyen 2021 542 1182 '

O'Neil 2021 540 1180 ]

Olivier 2021 29 56 —_—

Rabie 2021 169 307 =

Raff 2021 21 32 —

Rajajee 2021 8 23 ——

Rhoades 2021 13 31 _

Riera 2021 156 338 =

Roed| 2021 35 52 ——

Saeed 2021 113 292 =

Shah 2021 19 40 —i—

Supady 2021 58 127 —

Suwalski 2021 59 78 P B

Tabatabai 2021 15 40 —

Takeda 2020 427 1190 :

Ulukan 2021 19 22 o

Zhang 2021 16 56 ——

Random effects model 18211 <

Heterogeneity: /12 = 94%, 12 = 0.2580, p < 0.01 ' ' ' ' ' '
0 20 40 60 80

Mortality

455
222
46.2
296
50.1
34.8
39.4
273
60.7
11.1
20.8
71.6
55.0
53.3
47.4
38.8
64.0
31.2
59.0
35.3
74.3
43.6
33.3
55.0
52.6
54.5
68.0

3.7
58.0
51.4
54.3
58.8
63.4
43.9
69.2
459
45.8
51.8
55.0
65.6
34.8
41.9
46.2
67.3
38.7
47.5
457
75.6
37.5
35.9
86.4
28.6

95%-Cl Weight
[24.4;67.8] 1.6%
[6.4;47.6] 1.2%
[19.2;74.9] 1.2%
[22.5;37.5] 2.4%
[48.7:51.5] 2.7%
[21.4;50.2] 2.0%
[22.9;57.9] 1.8%
[10.7,50.2] 1.4%
[58.4;63.0] 2.7%
[1.4;347] 0.8%
[7.1;422] 1.4%
[59.9; 81.5] 2.1%
[31.5,76.9] 1.5%
[34.3:71.7]  1.8%
[36.0; 59.1]  2.2%
[28.4;50.0] 2.3%
[49.2;77.1] 2.0%
[11.0;58.7] 1.3%
[42.1:74.4]  1.9%
[14.2,61.7] 1.3%
[62.4;84.0] 2.1%
[33.7,53.8] 2.3%
[9.9,65.1] 1.1%
[47.8,62.0] 2.5%
[28.9;75.6] 1.5%
[23.4;83.3] 1.1%
[66.4;69.6] 2.7%
[0.1;19.0] 0.5%
[43.2;71.8] 2.0%
[34.0;68.6] 1.9%
[48.5;60.0] 2.6%
[40.7;75.4]  1.8%
[51.1; 74.5]  2.2%
[41.4;46.4] 2.7%
[38.6;90.9] 1.1%
[43.0;48.7] 2.7%
[42.9:48.7]  2.7%
[38.0;65.3] 2.1%
[49.3;60.7] 2.6%
[46.8;81.4] 1.8%
[16.4;57.3] 1.5%
[24.5;60.9] 1.8%
[40.7;51.6] 2.6%
[52.9;79.7]  2.0%
[33.1;44.5] 2.5%
[31.5,63.9] 1.9%
[36.8;54.7] 2.4%
[64.6;84.7] 2.1%
[22.7,54.2] 1.9%
[33.2;38.7] 2.7%
[65.1;97.1] 1.1%
[17.3;42.2] 2.0%

48.8 [44.8; 52.9] 100.0%

100
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Fig. 3 Funnel plot post random-effects trim-and-fill (R, estimator) analysis. Bubbles that are black in fill represent the studies included in the
meta-analysis, bubbles that are hollow represent filled-in studies based on the trim-and-fill estimator

with mortality. Details of the meta-regression are sum-
marised in Additional file 1: Table S7.

Secondary outcomes

On average, patients received ECMO for 16.4 days (95%
CI 14.9 to 17.9, 35 studies, moderate certainty). The
length of ICU stay was 33.5 days (95% CI 29.4 to 37.6, 14
studies, moderate certainty), and the length of hospital
stay was 39.2 days (95% CI 33.0 to 45.5, 15 studies, mod-
erate certainty). A total of 10,249 ECMO complications
were reported among 37 studies; from 10 studies (5360
patients), 45.7% (95% CI 26.7% to 65.4%) of patients expe-
rienced at least one complication while receiving ECMO.
The secondary outcomes are presented in Additional
file 1: Figs. S3 to S5, and complications are tabulated in
Additional file 1: Table S8.

Post hoc analysis

We conducted a post hoc study-level meta-regression,
which demonstrated that the time of last patient enrol-
ment from 1 January 2020 was associated with a longer
hospital stay (15 studies, B:+7.59, 95% CI +1.51
to+13.7, p=0.014), but was not significantly associated
with the duration of ECMO (35 studies, B: +0.74, 95% CI
—0.43 to+1.91, p=0.22) or ICU length of stay (14 stud-
ies, B: 2.02, 95% CI —0.89 to 4.93, p=0.17, Additional

file 1: Fig. S6). Sample size was not significantly associ-
ated with mortality (52 studies, B: 0.00, 95% CI —0.0001
to 0.0001, p=0.93). The average date of patient enrol-
ment (defined as the midpoint between the first and
last date of patient enrolment within each study) was
significantly associated with mortality (52 studies, B:
0.29, 95% CI 0.04 to 0.54 p=0.021, Additional file 1: Fig.
S7). 30 studies (8240 patients) reported the duration of
follow-up. In-hospital mortality was reported in 15 stud-
ies (50.6%, 95% CI 43.4% to 57.8%), and ICU mortality
(57.0%, 95% CI 46.1% to 67.2%) and 90-day mortality
(52.3%, 95% CI 44.7% to 59.8%) were reported by 4 stud-
ies each. 60-day and 180-day mortality were reported in
2 studies, and 30-day, 70-day and 120-day mortality were
reported in 1 study each. Additional file 1: Figure S8 sum-
marises the details of this subgroup analysis.

Discussion

This systematic review and meta-analysis reported a
pooled mortality rate of 48.8% (95% CI 44.8% to 52.9%)
among patients receiving ECMO for COVID-19, which
were robust in a number of sensitivity analyses. Mortal-
ity was positively associated with age, time of last patient
enrolment from 1 January 2020, and the proportion of
patients receiving corticosteroids, while mortality was
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inverse-variance weighted and correspond to the variances of each study, i.e. as the variance decreases, bubble size increases. The 3-dimensional
sheet follows a rainbow palette: dark red represents a higher mortality rate, while dark blue represents a lower mortality rate

negatively associated with ECMO duration. The pooled
ECMO duration was approximately 16 days, and patients
remained in the ICU for 33.5 days, and in the hospital for
39 days.

Consistent with previous analyses, this review found
that age was associated with increased mortality [3].
An important evolution in the management of severe
COVID-19 was the use of corticosteroids and interleu-
kin-6 receptor (IL-6R) antagonists [66]. While corticos-
teroids reduce mortality in COVID-19 [67], some studies
have suggested that there exist steroid-responsive and
-resistant phenotypes [68]. It is possible that a subgroup
of patients receiving this treatment, who would other-
wise progress to severe ARDS, eventually improved and
did not require ECMO. As such, the increase in mortal-
ity might stem from selection bias for patients with more
severe ARDS refractory to adjunctive therapies than ear-
lier on in the pandemic. Even amongst those who even-
tually require ECMO, a study of 40 patients found that

mortality rates of patients receiving ECMO after a full
10-day course of dexamethasone was 100% compared
to 57% where ECMO was instituted before completing
the course of dexamethasone [69]. In addition to this,
immunomodulatory treatment might be associated with
increased rates of secondary infections, which itself is
associated with increased mortality rates [70], though
this is not confirmed by all the available evidence [71].
In addition, other possible factors that might also con-
found patient selection longitudinally include the evo-
lution of the SARS-CoV-2 virus, the more common and
prolonged use of noninvasive ventilation, and changes
in patient selection based on local resource availability
changes. Interestingly, a longer duration of ECMO was
associated with reduced mortality. This has previously
been described and is partially attributable to immortal
time bias—patients need to survive a certain duration of
time while supported with ECMO to fulfil the criteria for
weaning, while patients who had early life-threatening
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complications might have had their ECMO stopped
earlier for futility or died [2, 72]. Another possible fac-
tor to consider is the potential conversion of ECMO as
a bridge to recovery to a bridge to lung transplant. This
siphons off some of the sickest patients who have the
longest ECMO runs and would not have survived with-
out ECMO and the lung transplant. This could have
skewed the data, resulting in an increased mean duration
of ECMO reported at the study level.

An individual participant data meta-analysis of ran-
domised controlled trials (RCTs) investigating ECMO in
ARDS showed that ECMO can significantly reduce mor-
tality in a well-selected and defined population [73]. Prior
to 2021, observational studies reported that the mortality
of patients receiving ECMO for COVID-19-related ARDS
was similar to those enrolled in these prior RCTs [2]. Yet,
the rise in mortality raised concerns regarding the role of
ECMO as a management strategy for COVID-19-related
ARDS as the pandemic progressed. It is difficult to ascer-
tain to what extent the temporal increase in mortality is
an evolving outcome with respect to COVID-19. This is
further compounded by the challenges in determining
the mortality benefit conferred by ECMO in the absence
of randomised controlled trials (RCTs), which have
their own inherent challenges in the context of ECMO
and the pandemic [74-76]. Nonetheless, our analysis of
study-level data supports the hypothesis that younger
patients, and those with shorter durations of mechanical
ventilation prior to ECMO are more likely to benefit, as
elucidated by previous studies in and outside of COVID-
19 ARDS [77, 78]. Finally, decision-making regarding
ECMO candidacy should evolve alongside these chang-
ing outcomes [7, 79].

This study has important strengths. First, this meta-
analysis of more than 18,000 patients summarises the
largest and most comprehensive cohort of patients
requiring ECMO for COVID-19 to date. While previ-
ous reviews were limited by the number of studies [80],
our analysis is with a larger sample size, allows for more
precision in the pooled estimate, and allows us to more
clearly elicit factors that are associated with mortality.
In addition to being concordant with previous studies
[3, 5], our study provides confirmation of the increase
in mortality from a much larger sample size and from
multiple studies throughout the world. In addition, we
included data reported by registries and studies which
were not captured by the ELSO registry. Second, the
use of subgroup and meta-regression analyses allowed
us to account for certain factors which might have con-
tributed to the heterogeneity of the pooled estimate.
Third, we carried out careful risk of bias evaluation of
the included studies and used the GRADE approach to

Page 10 of 13

assess the certainty of evidence. There are, nonetheless,
several limitations which we recognise. First, there is a
risk of overlapping patient data as some centres which
published studies on their patient cohort report that
patient data to the ELSO registry. We mitigated this via
a sensitivity analysis excluding ELSO registry reviews,
which showed that the pooled estimate remained very
similar. Second, the variability in systems of care and
indications of ECMO for COVID-19, in the lack of
adjustment methods for confounders, resulted in sig-
nificant heterogeneity of the pooled estimate. While
this may partially be accounted for using subgroup and
meta-regression analyses, our analyses are limited by
study-level data which does not allow us to investigate
associations at the patient level, or longitudinally over
time. In addition, not all the data are described by all the
included studies. In situations where very few studies
reported on a covariate for subgroup or meta-regression
analysis, the analysis is limited in terms of generalisabil-
ity and power. Third, the limited sample size of studies
included in the second half of 2021 (157 patients) is not
sufficient to draw any conclusions about the mortality
rates during this time period. Finally, our meta-analysis
is only applicable to current practices and is based on
patients who were enrolled predominantly through the
first half of 2021. Much remains to be known about the
long-term impact of COVID-19 and ECMO in these
patients [81, 82]. As such, the findings of this review
need to be interpreted in context and clinical practice
may evolve further.

Conclusions

In conclusion, our review summarising the updated
literature on the use of ECMO for COVID-19 dem-
onstrated an increase in mortality in 2021, likely due
to a combination of demographic, disease, and inter-
vention factors. It is evident that a one-size fits all
protocolised approach to ECMO, used earlier in the
pandemic, may not be as applicable as newer vari-
ants emerge, clinical patterns vary and management
for severe COVID-19 changes. Despite the increase in
mortality over time, ECMO still serves an important
role as supportive therapy for select patients. Physi-
cians should carefully weigh the potential benefits
and harms of ECMO for each patient in the context
of resource availability, the individual’s disease course,
and local experience and mortality rates in order to
decide on ECMO candidacy [7].
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