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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) has become a worldwide pandemic and
significant public health issue. The effectiveness of extracorporeal membrane
oxygenation (ECMO) in treating COVID-19 patients has been called into question.

AIM

To conduct a meta-analysis on the mortality of COVID-19 patients who require
ECMO.

METHODS

This analysis adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyzes 2020 (PRISMA) and has been registered at the International
Prospective Register of Systematic Reviews (number CRD42020227414). A quality
assessment for all the included articles was performed by the Newcastle-Ottawa
Scale (NOS). Studies with tenor more COVID-19 patients undergoing ECMO were
included. The random-effects model was used to obtain the pooled incidence of
mortality in COVID-19 patients receiving ECMO. The source of heterogeneity was
investigated using subgroup and sensitivity analyses.

RESULTS
We identified 18 articles with 1494 COVID-19 patients who were receiving ECMO.
The score of the quality assessment ranged from 5 to 8 on the NOS. The majority
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of patients received veno-venous ECMO (93.7%). Overall mortality was estimated to be 0.31 [95%
confidence interval (CI): 0.24-0.39; I*= 84.8%] based on random-effect pooled estimates. There were
significant differences in mortality between location groups (33.0% vs 55.0% vs 37.0% vs 18.0%, P <
0.001), setting groups (28.0% vs 34.0%, P < 0.001), sample size (37.0% vs 31.0%, P < 0.001), and NOS
groups (39.0% vs 19.0%, P < 0.001). However, both subgroup analyses based on location, setting,
and sample size, and sensitivity analysis failed to identify the source of heterogeneity. The funnel
plot indicated no evident asymmetry, and the Egger's (P = 0.95) and Begg's (P = 0.14) tests also
revealed no significant publication bias.

CONCLUSION
With more resource assessment and risk-benefit analysis, our data reveal that ECMO might be a
feasible and effective treatment for COVID-19 patients.

Key Words: COVID-19; Extracorporeal membrane oxygenation, SARS-CoV-2; Meta-analysis; Veno-venous
extracorporeal membrane oxygenation; Mortality

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) has become a worldwide pandemic and significant public
health issue. The effectiveness of extracorporeal membrane oxygenation (ECMO) in treating COVID-19
patients has been called into question. Therefore, we conducted this meta-analysis on the mortality of
COVID-19 patients who require ECMO. We identified 18 articles with 1494 COVID-19 patients who
were receiving ECMO. With more resource assessment and risk-benefit analysis, our data reveal that
ECMO might be a feasible and effective treatment for COVID-19 patients.

Citation: Zhang Y, Wang L, Fang ZX, Chen J, Zheng JL, Yao M, Chen WY. Mortality in patients with COVID-19
requiring extracorporeal membrane oxygenation: A meta-analysis. World J Clin Cases 2022; 10(8): 2457-2467
URL: https://www.wjgnet.com/2307-8960/full/v10/i8/2457.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i8.2457

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, has become a global pandemic. As of October 25, 2021, there
have been over 243 million infections and approximately 4.9 million deaths[1]. It was characterized by
rapid disease progression and a high risk of acute respiratory distress syndrome (ARDS) due to severe
or fatal pneumonia[2]. Although the majority of COVID-19 patients have very moderate disease, current
studies suggest that approximately 18% of them have serious disease[3] with a mortality rate of up to
53%-67%[4,5].

Extracorporeal membrane oxygenation (ECMO), which can support gas exchange in patients failing
conventional mechanical ventilation[6], has been proven to be effective in the treatment of severe
respiratory failure and cardiovascular compromise caused by ARDS, based on the experience of
previous viral outbreaks, such as Middle East Respiratory Syndrome and HIN1 influenza[7-9]. There
are two primary ECMO therapy methods: Veno-venous ECMO (VV-ECMO) and veno-arterial ECMO
(VA-ECMO). For the vast majority of COVID-19 patients who need ECMO treatment, we adopted VV-
ECMO. The World Health Organization (WHO) and Chinese experts have recommended that ECMO
can be used as a salvage therapy for severe COVID-19 patients who are not responding to conventional
ARDS treatments[10-14]. Although there are still numerous complications, research has revealed that
63% of patients recovered from ARDS and were weaned from ECMO.

Despite such optimism for a possible role for ECMO in COVID-19, concerns have been raised due to
the high mortality rate observed in studies[15]. Venerable age, late ECMO initiation time, and multiple
complications (diabetes, heart disease, obesity, etc.) are all independent risk factors that increase the 90-d
mortality rate. The role of ECMO in the treatment of diseases caused by this new virus is still uncertain
and controversial. Currently, there is insufficient worldwide evidence to assess the effectiveness of
ECMO. The majority of prior studies were based on retrospective cohort studies and case reports in a
specific population, making it difficult to analyze the impact of ECMO on COVID-19 patients in a
systematic manner[6]. Therefore, we conducted a meta-analysis focusing on the mortality of COVID-19
patients requiring ECMO in order to guide current clinical practice and future research efforts.
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Figure 2 Forest plot of in-hospital or short-term mortality in patients with coronavirus disease 2019 requiring extracorporeal membrane
oxygenation. COVID-19: Coronavirus disease 2019; ECMO: Extracorporeal membrane oxygenation.
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MATERIALS AND METHODS

Search strategy

To identify articles concerning ECMO and COVID-19, a comprehensive literature search was
undertaken utilizing the PubMed, EMBASE, Web of Science, Cochrane Library, and Clinical Trials
databases. On December 9, 2020, all searches were updated, and the search strategy was divided into
two categories: (1) COVID-19; and (2) ECMO. The following keywords were used: “COVID-19”, “2019
novel coronavirus disease”, “2019-nCoV”, and “Extracorporeal membrane oxygenation.” The articles
were limited to English literature. To prevent missing relevant records, reference lists from the selected
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studies and systematic reviews were thoroughly searched. Furthermore, this systematic review adhered
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and Meta-
analysis of Observational Studies in Epidemiology (MOOSE) guidelines, and it was registered at the
International Prospective Register of Systematic Reviews (number CRD42020227414) prior to
submission.

Inclusion and exclusion criteria

Original studies that matched the following criteria were included in the meta-analysis: (1) Studies with
tenor more patients; (2) Patients with laboratory-confirmed COVID-19 receiving ECMO; (3) Studies with
primary data; and (4) Studies with more than 5 points on the Newcastle-Ottawa scale (NOS). The
exclusion criteria were: (1) Duplicate publication or dataset; and (2) Animal and in vitro experiments,
case reports, letters, editorials, comments, conference summaries, meta-analyses, and reviews were
excluded.

Data extraction

Data from the included articles were extracted, including authors' names, publication year, study
location, study design, sample size, patient baseline characteristics, clinical parameters, management,
primary outcome, and complications. The article search, selection, data extractions, and quality
assessment were all conducted independently by two reviewers (ZY and CWY), and any disagreements
were resolved after consensus.

Quality assessment

The NOS was applied for a quality assessment on all of the included papers. All included papers were
classified as poor (scores 0-3), moderate (scores 4-6), or high (scores 7-9) quality studies, with papers
with more than 5 points being considered for further analysis.

Statistical analysis

The pooled estimates of the event rate were obtained using the random-effects model. Each study had
its own underlying effect size. The random-effects model assumes that there is a mean population effect
size that varies depending on the study. We used the inconsistency statistic (I?) to evaluate the extent of
heterogeneity. An I” value greater than 50% was considered to indicate substantial heterogeneity. The
Egger's and Begg's tests were used to assess publication bias and a visual funnel plot for asymmetry was
presented. Sensitivity analysis and subgroup analysis were also utilized to investigate the source of
heterogeneity and a two-sided test at the 5% level was considered statistically significant. Moreover,
Stata 15.1 (Stata Corporation, College Station, TX, United States) was utilized to conduct the meta-
analysis.

RESULTS

In the initial search, 1821 potentially relevant articles were identified. After eliminating duplicates, 1153
studies were assessed based on title and abstract. Following a full-text review of the remaining 56
studies, 38 studies were excluded. Finally, the meta-analysis comprised 18 articles representing 1494
verified COVID-19 patients treated with ECMO (Figure 1). Since EuroELSO was a subset of centers
participating in the international ELSO registry, we eliminated the previous study on EuroELSO to
avoid data duplication[16,17].

Studies characteristics and quality assessment

The characteristics of these studies are summarized in Table 1. All of the studies were observational in
design, with the majority of them being retrospective (94.2%). The score of the quality assessment
ranged from 5 to 8 on the NOS. All studies were rated as “moderate to high quality.” In the majority of
cases, VV-ECMO was utilized (93.8%). Table 2 summarizes the sample characteristics of the included
studies.

The in-hospital or short-term mortality ranged between 0.04 and 0.57. Overall pooled mortality was
estimated to be 0.31 [95% confidence interval (CI): 0.24-0.39; I* = 84.8%] using random-effect pooled
estimates (Figure 2). Two studies found that the mortality rate in the ECMO group was lower than that
in the mechanical ventilator group (57.1% vs 63.2% and 46.2% vs 47.8%).

Subgroup analysis

Figure 3 depicts the outcomes of the random effects model and subgroup analysis. There were
significant differences in mortality between location groups (Figure 3A; 33.0% vs 55.0% vs 37.0% vs
18.0%, P < 0.001), setting groups (Figure 3B; 28.0% vs 34.0%, P < 0.001), sample size group (Figure 3C;
37.0% vs 31.0%, P <0.001), and NOS groups (Figure 3D; 39.0% vs 19.0%, P < 0.001). There was no source
of heterogeneity in any of the subgroups.
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Table 1 Characteristics of included studies

Ref. Year Location Study design Sample size Type of ECMO (VV%) Follow-up NOS score
Zhang et al[31] 2020 United Kingdom  Retrospective/Single center 43 100% In-hospital 7
Yang et al[21] 2020 China Retrospective/Multicenter 21 NA In-hospital 8
Barbaro et al[16] 2020 ELSO Retrospective/Multicenter 1035 94.49% 3 mo 7
Alnababteh et al[32] 2021  United States Retrospective/Single center 13 100% In-hospital 8
Le Breton et al[27] 2020 France Retrospective/Single center 13 100% In-hospital 5
Guihaire et al[33] 2020  France Retrospective/Single center 24 100% In-hospital 5
Jackel et al[34] 2020 Germany Retrospective/Single center 15 100% 1mo 8
Jang et al[19] 2020 Korea Retrospective/Multicenter 19 84.21% In-hospital 7
Schmidt et al[35] 2020 France Retrospective/Multicenter 83 97.59% 3mo 7
Riera et al[36] 2020  Spain Retrospective/Single center 19 100% In-hospital 5
Jacobs et al[24] 2020 United States Retrospective/Multicenter 32 78.13% In-hospital 6
Bemtgen et al[37] 2021 German Prospective/ Single center 11 100% 28d 8
Cousin et al[20] 2021 France Retrospective/Multicenter 30 100% 3 mo 8
Sultan et al[28] 2020  United States Retrospective/Multicenter 10 100% 26 d )
Yankah et al[38] 2021 German Retrospective/Multicenter 42 100% 1mo 5
Kon et al[29] 2021  United States Retrospective/Single center 27 100% In-hospital 6
Zayat et al[39] 2021 German Retrospective/Single center 17 94.12% In-hospital 7
Mustafa et al[40] 2020  United States Retrospective/Multicenter 40 100% In-hospital 7

ECMO: Extracorporeal membrane oxygenation; NOS: Newcastle-Ottawa Scale; NA: Not available.
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Publication bias and sensitivity analysis

Funnel plots showed no obvious asymmetry. The Egger’s (P = 0.95) and Begg’s tests (P = 0.14) further
revealed no significant publication bias. The recalculated pooled results did not change significantly
after removing each study sequentially, showing that there was no outlier study that influenced the
overall result.

DISCUSSION

ECMO is an essential instrument for treating severe respiratory and heart failure, and it was widely
employed in the treatment of critically ill patients during the COVID-19 pandemic. However, previous
research found that the impact of ECMO in critically ill COVID-19 patients was controversial due to the
high mortality rate. Therefore, we conducted this meta-analysis that included 18 original independent
studies to examine the effectiveness of ECMO in the treatment of COVID-19. The mortality rate of
COVID-19 patients treated with ECMO in our investigation was 31%, which was lower than the
mortality rate of severe COVID-19 patients in the prior study. These data imply that ECMO treatment
may decrease the mortality rate of COVID-19 patients who are severely ill.

Although some studies reported that the mortality rate of COVID-19 patients treated with ECMO is
as high as 53%-83.3%[18-22], which is substantially higher than the results of this study, we believe such
high mortality may be due to other reasons rather than the ECMO treatment being ineffective. For
example, many previous studies conducted in the early stage of the COVID-19 outbreak used a small
sample size with a high proportion of patients having pre-existing comorbidities, which may be an
important factor contributing to the high mortality[23]. Additionally, due to a lack of experience in
treating COIVD-19 at the beginning of the outbreak, ECMO treatment may have been initiated too late.
The secondary infection and other complications may also lead to high mortality. These possible reasons
of increased mortality are consistent with prior results obtained by certain researchers who discovered
that variables such as advanced age (> 65 years old), gender (male), pre-existing diseases, and acute or
chronic organ failure may contribute to a poor prognosis[24-26]. Considering these factors, our findings
may provide evidence for the future application of ECOM in treating severe COVID-19 patients.
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Table 2 Patient characteristics, clinical parameters, management, and primary complications of the included studies

. . ECMO Pre-
Proportion of PaO,/FiO, i . o
Ref. Age (yr) 0 Smoke SOFA PH Comorbidities duration = ECMO  Complications
male (%) (mmHg)
(d) MV (d)

Zhangetal 46 (35.5- 76.7% NA 7 (4-10) 730 67.5 1), 2, (3), @),  13(8-20) 5 (2-6) 1,2,4,5
[31] 52.5) (7.19-7.36)  (58.9-77.8)  (5)
Yangetal[18] 452+  57.1% NA 65 (48- 7.30 60 (55.6-72.0) (3), (4), (6) 9.1 (5.9- 1505 1,26

145 8.0) (7.19-7.41) 24.8) 3.5)
Barbaro etal 49 73.8% NA NA NA 72(5994)  (2,0),4),(5), 139(78  4(1864) 1,378
[16] (41-57) ©) 23.3)
Alnababteh 445+  61.5% 1 93+45 732(723- 813£203 (1), (2) 12 (10.4- NA 1,2,6
et al[32] 95 7.39) 16.2)
LeBretonet  49.3 69.2% 4 9.9 7.28 59 @ 13 (3-34) 6 1,2
al[27]
Guihaireetal 488+  83.3% 2 NA NA 67 (52-78) (1), (2) 19+10.1 63(1-11) 1,3
[33] 8.9
Jickeletal — 60.8 26.7% 3 10(8- 730(723- NA 1),2),0),@ 11378 NA NA
[34] (54.1- 11) 7.40) 23.8)

67.0)
Jangetal[19] 63 (60-  79.0% 3 NA 7.30 (7.20- 92 (624- 1),2),0),@, 159@77- 3108 14568

66) 7.40) 138.7) ©), (6) 28.2) 5.5)
Schmidtetal 49 (41-  73.5% 2 1209- 732 60 (54-68) (1), (3), (4),(5), NA 4(3-6) 1,2,3,58
[35] 56) 13) (7.24-7.38) ©), (7)
Riera et al[36] 50.5 (31- 84.2% NA NA 7.2 70.8 (57-118) (1), (3) 107 (233) NA 1,3

64) (6.9-7.4)
Jacobsetal — 524%  68.8% NA NA NA NA 2),03), 4,6  73%33 43+24 NA
[24] 125
Bemtgen et al 59.4 63.6% NA 14 NA NA NA 17.9(7.8-  NA NA
[37] (49.8- (13-16) 23.8)

61.1)
Cousinetal 57 (47-  80.0% 1 10 (7-  7.37(732-  69(63-75) (1), (3), @), (5), 11 (7-14) 6 (4-9) 1,2,3,6,8
[20] 62) 12) 7.41) @)
Sultanetal  NA 70.0% 2 NA NA NA ©), 4 11 (4-14) NA 6
[28]
Yankahetal 51 (25- NA NA NA NA NA NA 10.6 NA NA
[38] 73)
Konetal[29] 40 (30.5- 85.2% NA NA 7.28(7.22- 84(70-118)  (1),(3), ), (5),  11(10-14)  2(1-4) 3,4,6

47) 7.39) ©), (7)
Zayatetal 57 (39-  64.7% 4 119+  73(72-74) 5375 1), @), (), ), 16(1121) 3315 1,358
[39] 73) 9.4 @
Mustafaetal 484 (22- 75% 7 NA NA NA 1),(),0), @, 130£26 4005 NA
[40] 62) ®), (6)

NA: Not available; SOFA: Sequential Organ Failure Assessment score; MV: Mechanical ventilation; CNS: Central nervous system.

Mean + SD or median (interquartile range).

Comorbidities: (1)-Hypertension; (2)-Diabetes; (3)-Lung disease; (4)-Obesity; (5)-Heart disease; (6)-Kidney disease; (7)-Immunosuppression.

Complications: 1-Hemorrhage; 2-Infection; 3-Thrombosis; 4-Pneumothorax; 5-Cardiovascular complications; 6-Renal complications; 7-Respiratory failures;

8-Neurological complications.

Jaishideng®

According to the studies with a low mortality rate among patients who received ECMO treatment, we
recommend that ECMO should be combined with the use of other therapies, such as antiviral,
immunosuppressive, anticoagulant, and supportive therapies, as well as the collaboration of profes-
sional multidisciplinary teams and professional nursing[27-29]. Additionally, the timing of ECMO
intervention may also be a critical factor affecting the prognosis. Previous studies have confirmed that
early ECMO intervention after mechanical ventilation can enhance the survival rate of patients with
HINI pneumonia and ARDS[26]. The majority of patients with severe ARDS and severe SARS-CoV-2
pneumonia received delayed treatment and rapidly worsened. Yang ef al[21] showed that among
COVID-19 patients treated with ECMO, the average time from mechanical ventilation to ECMO in the
survival group was shorter than that in the death group. The use of early ECMO may be associated with
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Figure 3 Subgroup forest plot of in-hospital or short-term mortality in patients with coronavirus disease 2019 requiring extracorporeal
membrane oxygenation. There were significant differences in mortality between location, study setting, sample size, and Newcastle-Ottawa scale (NOS) score
groups. A: Location; B: Study setting; C: Sample size; D: NOS score groups.COVID-19: Coronavirus disease 2019; ECMO: Extracorporeal membrane oxygenation;
NOS: Newcastle-Ottawa Scale.

a better prognosis[18]. Despite the fact that the PaO,/FiO, ratio is less than 80 mm Hg and the MV
treatment has been administered, we believe that ECMO should be initiated as soon as possible.
Moreover, research has shown that prolonged ECMO treatment may be associated with an increased
risk of death and multiple organ failure[30]. Therefore, both the timing and duration of ECMO
treatment are critical to consider when treating critically ill patients with COVID-19.

We acknowledge that our study has several limitations. To begin with, the power of the study is
limited by the small sample size. Biases in patient selection and indication may have existed due to the
small sample size. Additionally, the majority of the included studies were observational with
retrospective designs, and more than half of the studies were single-center ones, which may lead to
selection and reporting bias. Finally, the survival analyses for mortality were based on a short-term
follow-up and varied death observation time, which might have underestimated the reported
prevalence of mortality and complications.
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CONCLUSION

Despite the fact that ECMO is approved as a rescue treatment for severe COVID-19, its application
during the COVID-19 pandemic is currently restricted due to high treatment costs and an unclear usage
procedure. Our findings suggested that ECMO might be a feasible and effective treatment for COVID-19
patients with more resource evaluation and risk-benefit analysis. Further research with a large sample
size and multi-center designs is needed to examine the effectiveness of ECMO in the treatment of
COVID-19 patients.

ARTICLE HIGHLIGHTS

Research background

Patients with moderate to severe coronavirus disease 2019 (COVID-19) infection often have severe acute
respiratory distress syndrome, with a poor prognosis, limited treatment options, and high mortality.
Extracorporeal membrane oxygenation (ECMO) has been proven to have the advantages of improving
symptoms and reducing mortality in previous studies. However, existing studies lack strong evidence
and disagreement whether ECMO can reduce the mortality of patients with moderate to severe COVID-
19 infection. This article intends to summarize the mortality of COVID-19 patients treated with ECMO
in order to evaluate the efficacy of ECMO in COVID-19 patients.

Research motivation

To summarize the mortality and comorbidities of COVID-19 patients treated with ECMO, to evaluate
the efficacy and adverse reactions of ECMO inCOVID-19 patients, and to clarify the effectiveness of
ECMO treatment, in order to provide a basis for future treatment options for patients with moderate to
severe COVID-19.

Research objectives
To evaluate the efficacy and adverse reactions of ECMO inCOVID-19 patients.

Research methods
This research was conducted through the method of meta-analysis. A random effects model was
adopted to assess the mortality of COVID-19 patients treated with ECMO.

Research results

The mortality rate of COVID-19 patients treated with ECMO was 31%, which was lower than the
mortality rates of severe COVID-19 patients in previous studies, suggesting that ECMO treatment can
reduce the mortality rate of severe COVID-19 patients. Previous studies have not yet given clear
answers to when ECMO should be used and the duration of ECMO treatment.

Research conclusions
ECMO may be a feasible and effective treatment for COVID-19 patients.

Research perspectives
Prospective, large-sample, multi-center studies are needed to have a more comprehensive under-
standing of the effectiveness and safety of ECMO treatment.
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