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b Faculty of Medicine, Duta Wacana Christian University, Yogyakarta, Indonesia

Abstract

Introduction: Protective pulmonary mechanical ventilation, higher positive end-expiratory pressure, neuromuscular
blockade, prone positioning, and pulmonary recruitment procedures are all strategies in severe COVID-19 cases.
Extracorporeal Membrane Oxygenation (ECMO) can be seen as an alternative to traditional treatment in certain patients
when conventional therapy fails. We present a study that intends to systematically review and meta-analysis ECMO use
in COVID-19 patients.
Methods: We search major medical databases (Cochrane Library, PubMed, EMBASE, MedRxiv) for clinical trials that

were released between January 2020 until February 2021, had full-text availability, were written in English, and humans
studies.
We used National Heart, Lung, and Blood Institute (NHLBI) quality evaluation methods for retrospective cohort and

cross-sectional studies to evaluate the quality of the articles. In addition, we used the ManteleHaenszel random-effects
meta-analysis of using RevMan 5.4.
Results: A total of 33 studies involving 3090 patients were included in the systematic review and six studies in the meta-

analysis. There were 828 patients admitted to the ICU, of which 779 patients had ARDS (94%). Of the total study, 527
patients received ECMO therapy (17%). ARDS incidence was associated with complications during ICU care compared
to non-ICU care (OR 107.98; 95% CI 55.51e210.03; p < 0.00001). Indirect comparisons, the incidence of mortality was
associated with ECMO compared with non-ECMO (OR 15.79; 95% CI 4.21e59.28; p < 0.0001).
Conclusion: The incidence of ARDS was associated with complications during ICU stay, and the incidence of mortality

was associated with ECMO. Further study about mechanisms involving illness and death of patients from COVID-19 is
needed.

Keywords: Acute respiratory distress syndrome, Extracorporeal membrane oxygenation, ECMO, Coronavirus disease,
COVID-19

1. Introduction

C oronavirus disease 2019 (COVID-19) has
spread rapidly in China and many other

countries since the outbreak began person-to-
person transmission and is highly contagious [1].
Until February 2021, there are 110 million people

infected with COVID-19 worldwide [2]. The ma-
jority of patients of COVID-19 suffer from mild
symptoms and recover completely. However,
about 14% of cases fell in severe and critical
conditions with an estimated 2.3e3.83% mortality.
Much is unknown about this virus, including
natural history, the incidence of advanced
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complications, virus persistence, or prognosis in
different patients' subsets [1].
SARS-CoV-2 infection can develop into acute

respiratory distress syndrome (ARDS) [3]. In some
cases, the treatment has been pulmonary mechani-
cal ventilation, neuromuscular blockade, higher
pressure positive end-expiration, pulmonary
recruitment technique, and pronation position. If
conventional therapy fails, extracorporeal mem-
brane oxygenation (ECMO) can be considered an
alternative therapy. ECMO can be considered in
patients who experience severe heart and lung
failure due to COVID-19, refractory to mechanical
ventilation, and other optimal medical therapies [4].
Two basic methods can be used in ECMO ther-

apy: veno-venous (VV-ECMO) or veno-arterial (VA-
ECMO). Regarding respiratory complications of
COVID-19, VV-ECMO is the recommended type. In
principle, ECMO functions as a cardiopulmonary
bypass, exchanging oxygen with carbon dioxide
through the artificial membrane into deoxygenated
veins and then returned to the patient through the
venous or arterial system [5]. In previous pan-
demics, the role of ECMO has been proven to sup-
port recovery from severe respiratory distress and
cardiovascular disorders due to ARDS [6]. However,
the role of ECMO in COVID-19 and its implications
is not yet known and understood.

2. Method

Article search, quality assessment of each article,
data extraction, and analysis, as well as summary and
interpretation of results, were all done following the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes) guidelines. We
searched all articles assessing ECMO as a therapy in
COVID-19. The search was carried out on various
major medical databases (PubMed, Cochrane Li-
brary, EMBASE, and medRxiv) systematically using
keywords: “extracorporeal membrane oxygenation”,
AND/OR “ECMO”, AND/OR “Sars-Cov-2”, AND/
OR “COVID-19”, AND/OR “Coronavirus Disease”,
in the title, abstract, and medical subject heading
(MeSH). Search parameters were limited to English,
human studies, clinical trials, and fully published
studies or studies in progress if preliminary results
were published. Reference lists from the literature
that met the inclusion criteria were also manually
screened to identify additional relevant studies.
We included all studies regarding ECMO as a

therapy in COVID-19. The inclusion criteria are; (i)
studies in humans (i) adults (>18 years) with an indi-
cation of ECMO insertion, namely, hypoxic respira-
tory failure despite adequate ventilation therapy

(Extracorporeal Life Support Organization/ELSO
Guidelines on ARDS), severe hypercapnia (pH < 7,2
and PaCO2> 80 over 6 h), prolonged ventilation <7
days, cardiogenic shock refractory to conventional
therapy, Murray score> 3, or 1 organ failure with or
without comorbidity in COVID-19 patients; (iii) ob-
tained output data in the form of ICU care or death
with the use of ECMO; (iv) obtained data on COVID-
19 patients and complications in the form of ARDS
and non-ARDS complications; or (v) data on the
number of patients treated in ICU and non-ICU with
COVID-19 will be obtained. The exclusion criteria
were; (i) the population is not COVID 19; (ii) is a re-
view study, editorial, or conference paper; and (iii)
have incomplete data.
A total of 494 articles were selected after a

comprehensive search, yielded 459 articles and 35
related articles were added to the main journal
reference list. We found 287 full-text studies and,
after removing duplicates leaving with 73 publica-
tions. Furthermore, reviewing the title and abstracts
against the inclusion and exclusion criterion elimi-
nated 29 papers and left 44 articles. A thorough
reading of the entire articles resulted in the exclusion
of 11 articles due to a lack of complete data on out-
comes and incomplete text, so 33 studies were con-
ducted for the systematic review report. The final
meta-analysis contained a total of six articles (Fig. 1).
Researchers assessed each article's methodolog-

ical quality for the meta-analysis using quality
assessment tools from the National Heart, Lung,
and Blood Institute (NHLBI) for observational co-
horts and cross-sectional studies with poor, fair, and
good quality results.
Meta-analysis was conducted using the Mantel-

Haenszel fixed-effects model and the Review Man-
ager (RevMan v5.4.1 2020). The outcome assessment
was measured using the odds ratio (OR). The
sensitivity analysis was carried out by excluding
studies judged to have a high risk of bias. The chi-

Abbreviations

ARDS acute respiratory distress syndrome
CDC centers for disease control and prevention
COVID-19 coronavirus disease 2019
ECMO extracorporeal membrane oxygenation
ELSO extracorporeal life support organization
ICU intensive care unit
NHBLI national heart, lung, and blood institute
VV-ECMO veno-venous extracorporeal membrane

oxygenation
VA-ECMO veno-arterial extracorporeal membrane

oxygenation
WHO world health organization (WHO)

178 JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:177e185

O
R
IG

IN
A
L
A
R
T
IC

L
E



square test and I2 were used to evaluate heteroge-
neity between and within the sample. If the I2 sta-
tistic revealed more significant than 50% variability,
a random-effects model analysis was performed.
Continuous data were shown as mean ± SD, and
dichotomous variables were shown as percentages
(%). If the p-value was less than 0.05, the statistical
significance was considered significant.

3. Results

Thirty-three studies with a total of 3090 patients
(66% male and 34% female) were included in the
systematic review. The baseline characteristics of
article inclusion presented in Table 1. Of the 33
studies, there were 11 case report studies, seven case
series studies, five cross-sectional studies, and ten
retrospective cohort studies (Table 1). Study locations
vary fromEurope,America, andAsia.Only 23 studies
have data on the number of patients treated in the
ICU, 828 patients and 779 patients experiencedARDS
(94%). Five hundred twenty-seven patients received
ECMO therapy (17%). The studies that listed the type

of ECMO contained 16 VV ECMO and 12 VA ECMO.
There was an average of 20.1% of total deaths from
the total population of 17 studies.
Six studies were included in the inclusion criteria

for the meta-analysis (two cross-sectional studies
and four studies were retrospective cohort studies)
(Table 2). All studies published in 2020 and located
in China. The comorbid factors attached are hy-
pertension, cardiovascular disease, chronic
obstructive pulmonary disease, and diabetes melli-
tus. Although all articles published in peer-
reviewed journals, we assessed the six studies'
methodological quality that was mapped using the
NHLBI score. Overall, all studies in this study were
of good methodological quality.
Of the total patients, 247 patients (14.7%) admitted

to the ICU, and 233 patients (13.9%) were diagnosed
with ARDS. Four studies presented ARDS compli-
cations in ICU and non-ICU care, with a total of 95
patients experiencing ARDS in ICU (84%) and 17
patients experiencing ARDS during follow-up in
non-ICU care (16%). The number of deaths due to
all complications was 233 patients (13.9%). The use

Fig. 1. Flowchart of literature search based on PRISMA.
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Table 1. Basic characteristic of research.

No Author/year Study Type Country N (3090) Age Sex
M/F (n)

Admitted
to ICU
(n ¼ 829)

ARDS
(n ¼ 779)

On ECMO
(n ¼ 527)

Type of
ECMO

Overall
mortality (%)

ECMO
Outcome

1 Abou-Arab
et al./2020 [7]

Case report France 2 59
67

F
M

2 2 2 N/A
VV

N/A N/A

2 Barrasa
et al./2020 [8]

Retrospective Spain 48 63 (median) M (27)
F (21)

48 48 1 VV 6 (15) N/A

3 Bemtgen
et al./2020 [9]

Case report Germany 1 52 M 1 1 1 VA to VV N/A on ECMO

4 Chen
et al./2020 [10]

Retrospective China 99 55.5 (mean) M (67)
F (32)

23 17 3 N/A 11 (11) 1 death

5 Firstenberg
et al./2020 [11]

Case report USA 1 51 M 1 1 1 VV N/A discharged day 28

6 Giani
et al./2020 [12]

Case report Italy 1 66 M 1 1 1 VV N/A N/A

7 Guan
et al./2020 [13]

Cross sectional China 1099 47 (median) M (640)
F (459)

55 37 5 N/A 14 (1.4) 5 on ECMO meet
primary endpoints

8 Hartman
et al./2020 [14]

Case report USA 1 44 M N/A N/A 1 VV N/A taken off ECMO day 7

9 Huang
et al./2020 [15]

Cross sectional China 41 49 (median) M (30)
F (11)

13 12 2 N/A 6 (14.6) N/A

10 Jacobs
et al./2020 [16]

Cross sectional USA 32 52.4 (mean) M (22)
F (10)

N/A N/A 32 VA
VAV
VV

10 (31.3) 10 deaths, 5 weaned off,
17 on ECMO

11 Japan ECMsOne/
2020 [17]

Cross sectional Japan 26 71 (mean) N/A N/A N/A 26 N/A N/A 16 weaned off, 6
extubated and referred
for rehabilitation,
10 on ECMO.

12 Kato et al./
2020 [18]

Case series Japan 70 67 (mean) M (47)
F (23)

N/A N/A 2 VV 2 (14.8) 2 weaned off

13 Li et al./2020 [1] Case series China 8 65 (mean) M (6)
F (2)

N/A N/A 8 VV
VA

N/A 4 deaths, 3 weaned off,
1 on ECMO

14 Loforte et al./
2020 [19]

Observational Italy 59 49 (mean) M (4)
F (55)

59 59 4 VV 1 (25) 1 death, 3 weaned off

15 Marullo et al./
2020 [3]

Retrospective Europe 333 51.8 (mean) M (285)
F (48)

N/A N/A 333 VA
VAV
VV
VVV

57 (17.1) 57 deaths, 54 weaned off

16 Nakamura et al./
2020 [20]

Case report Japan 1 45 M 1 1 1 VV N/A discharged

17 Ruan et al./
2020 [21]

Retrospective China 150 67 (median) M (102)
F (48)

41 62 7 N/A 68 (48.3) 7 deaths

18 Schmiady et al./
2020 [22]

Case report Swiss 1 54 F 1 1 1 VV N/A N/A

19 Shen et al./
2020 [23]

Case series China 5 60 (mean) M (3)
F (2)

5 5 1 N/A N/A weaned off

20 Sultan et al./
2020 [24]

Case series USA 10 31e62 M (7)
F (3)

N/A 10 10 VV 1 (10) 1 death, 3 weaned off

21 Takeda et al./
2020 [25]

LTE Japan 26 71 N/A N/A N/A 26 N/A N/A 16 weaned off,
10 on ECMO
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of ECMO in the total population is insufficient
compared to support without ECMO (nasal cannula,
non-invasive ventilation/high flow nasal cannula, or
invasive ventilation), which was only 27 patients
(1.6%). During follow-up, of the 27 patients who
were given ECMO support, 21 patients experienced
death (77.8%).
Funnel plot analysis shown in Fig. 2. Visually on

the funnel plot, we obtain a symmetrical model,
which indicates no visible publication bias from the
four studies analyzing mortality on ECMO use
(Fig. 2a). The other four studies that analyzed the
outcome of ARDS incidence in patients admitted to
the ICU also presented an asymmetrical model
indicating no apparent publication bias (Fig. 2b).
The outcome of this meta-analysis was to seek an

association between the incidence of ARDS in ICU
care and mortality from ECMO use in ARDS pa-
tients. Four studies involving 1476 patients reported
156 patients admitted to the ICU (10.5%). In direct
comparison, ARDS incidence was associated with
complications during ICU stay compared with
ARDS incidence in non-ICU care (OR 107.98; 95%
CI 55.51e210.03; p < 0.00001). There was no signifi-
cant heterogeneity (I2 ¼ 0%; P < 0.00001) for the
entire population (Fig. 3).
Four studies involving 1491 patients reported 21

patients who received ECMO support (1.4%). On a
direct comparison, the incidence of mortality asso-
ciated with ECMO compared with non-ECMOs (OR
15.79; 95% CI 4.21e59.28; p < 0.0001). However,
there was no significant substantial heterogeneity
(I2 30%; p < 0.0001) for the entire population (Fig. 4).

4. Discussion

Many COVID-19 patients have only minor
symptoms and eventually recover. On the other
hand, some advance to severe disease conditions,
including spasms and hypoxemia, around a week
after onset. Such patients develop ARDS rapidly,
leading to multiple organ failure or death [31]. The
World Health Organization (WHO) and the Centers
for Disease Control and Prevention (CDC) have
published recommendations indicating the likeli-
hood of ECMO care in patients with severe/critical
respiratory failure and heart involvement who have
failed to respond to traditional treatment [17].
ECMO is indicated in patients who have a high

risk of mortality. Patients who have refractory hyp-
oxemia with oxygen partial pressure (PaO2)/
inspired oxygen fraction (FiO2) 50 mmHg for 3 h or
PaO2/FiO2 80 mmHg for >6 h are candidates for
ECMO [22]. In more than 95% of cases, severe and
refractory hypoxemia results in death. In this22
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scenario, conventional mechanical ventilation
cannot increase the minimal blood oxygenation
required by the body. ECMO techniques can be
used until the lungs recover and regain their basic
function [23].
From our systematic review, 11 studies showed

high mortality rates in patients with COVID-19. The
main risk factors associated with high mortality
include age �60 years, various comorbidities (such
as cardiovascular disease and diabetes), low
lymphocyte count <0.8 ( � 10*9/L), and D-dimer>
1 mg/L. In contrast, 12 studies showed a positive
outcome for ECMO (weaning/discharge) adminis-
tration. These results could be related to earlier
ECMO administration. For example, Taniguchi et al.
and Zhan et al. reported that earlier ECMO
impacted patient outcomes. The oxygen supply
remained sufficient to avoid lung injury due to
mechanical ventilator damage.
In the meta-analysis, less than half of the patients

analyzed used ECMO. The results showed that
mortality when using ECMO was very high. There
are several ways to measure mortality risk in
ARDS. All include PaO2/FiO2 below 100, despite
and after optimal care. The recently published
EOLIA trial contains three indications that define
severe ARDS where ECMO may be helpful for
adult respiratory failure. Many standardized algo-
rithms for ARDS therapies. When patients meet
indications, ECMO should be initiated immediately
in an experienced centre, not days later. In addi-
tion, ECMO should be prioritized given to partic-
ular patient groups, namely younger patients with
a relatively low prevalence of comorbidities and an
acceptable probability of reversing pulmonary
failure [2].
Several factors must be considered, such as old

age, comorbidities that indicate a poor prognosis
(diabetes, heart disease, hypertension, and COPD).
If the patient experiences intracranial bleeding or
multiorgan failure will increase the risk of death
when given ECMO therapy [38]. Other factors like
disruption in coagulation pathways can further raise
the risk of thrombotic and hemorrhagic conse-
quences. This might be due to the use of anticoag-
ulants during ECMO delivery, as well as systemic
inflammation. As a result, coagulability levels in
patients receiving ECMO need to be monitored
more closely [39,40].
Certain patients may be given antiviral, antibac-

terial, steroids, immunoglobulins, chloroquine,
vasoconstrictor agents, or medications as alternative
medicines or concurrent therapies such as kidney
replacement. It would all depend on the patient's
concerns, which is also an alternative. AmongTa
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COVID-19 patients with ECMO, several study re-
ports found a strong positive correlation between
mortality and high levels of cytokines, especially IL-
6 [41]. So that in the future, studies are needed on
cytokine analysis that can explain the high mortality
of patients undergoing ECMO and other treatments
that would be ideal for assisting inpatient recovery
[9].
It is important to note that the role of ECMO in

treating diseases caused by this new virus is still
uncertain because of the lack of a concurrent control
group. It is difficult to draw any confirmed conclu-
sion regarding effectiveness as it is difficult to
ascertain any observed effect is a “true” intervention
effect, as we cannot rule out the contribution of the
natural course of the condition, placebo/Hawthorne

effect, or the effect of other concurrent treatment.
Meanwhile, new studies by a variety of authors are
constantly proposed. It should also be noted that
extracorporeal ventilation as a treatment modality is
not yet widely used. This scenario may be because
ECMO is an expensive technology that uses many
resources, making it difficult for certain countries
affected by COVID-19 to pay. Another essential
argument is that it can be conducted in the health
care centre with experienced staff, qualified pro-
fessionals, and a multidisciplinary approach [1].
Based on the description above, it is evident that
much more research is needed to be done with a
larger population concerning the use of ECMO in
COVID-19 patients, especially since this is an
alternative to conventional treatment that failed of

Fig. 2. Funnel plot (a) Mortality in ECMO use in COVID-19 patients (b) COVID-19 patients with ARDS in ICU care.

Fig. 3. Forest plot of COVID-19 patients who become diagnosed with ARDS during ICU care and non-ICU care.

Fig. 4. Forest plot of mortality of ECMO use in COVID-19 patients.
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some critical patients, so it needs to be re-analyzed
at ECMO timing initiation and patient selection
criteria to reduce mortality.

5. Conclusions

The incidence of ARDS in COVID-19 patients was
higher during ICU care than non-ICU care, and the
incidence of mortality was higher with ECMO use.
Thus, it can be seen that with follow-up studies, the
mechanisms involving illness and death of patients
due toCOVID-19 canbebetter demonstrated, and the
use of ECMO in patients can be considered earlier.
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