
Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

406     www.pccmjournal.org May 2023 • Volume 24 • Number 5

DOI: 10.1097/PCC.0000000000003113

*See also p. 430.

Copyright © 2022 by the Society of 
Critical Care Medicine and the World 
Federation of Pediatric Intensive and 
Critical Care Societies

OBJECTIVES: The indication, complications, and outcomes of extracorporeal 
membrane oxygenation (ECMO) in children with COVID-19–related illnesses re-
main unelucidated. Our study aimed to investigate the characteristics and out-
comes of ECMO in children with COVID-19–related illnesses.

DATA SOURCES: We searched PubMed and EMBASE databases in March 
2022.

STUDY SELECTION: We retrieved all studies involving children (age ≤ 18 yr) 
with COVID-19–related illnesses who received ECMO.

DATA EXTRACTION: Two authors independently extracted data and assessed 
the risk of bias. Mortality, successful weaning rate, and complications while on 
ECMO were synthesized by a one-group meta-analysis using a random-effect 
model. Meta-regression was performed to explore the risk factors for mortality.

DATA SYNTHESIS: We included 18 observational studies, four case series, 
and 22 case reports involving 110 children with COVID-19–related illnesses re-
ceiving ECMO. The median age was 8 years (range, 10 d to 18 yr), and the 
median body mass index was 21.4 kg/m2 (range, 12.3–56.0 kg/m2). The most 
common comorbidities were obesity (11% [7/63]) and congenital heart disease 
(11% [7/63]), whereas 48% (30/63) were previously healthy. The most common 
indications for ECMO were multisystem inflammatory syndrome in children (52% 
[47/90]) and severe acute respiratory distress syndrome (40% [36/90]). Seventy-
one percent (56/79) received venoarterial-ECMO. The median ECMO runtime 
was 6 days (range, 3–51 d) for venoarterial ECMO and 11 days (range, 3–71 d) 
for venovenous ECMO. The mortality was 26.6% (95% CI, 15.9–40.9), and the 
successful weaning rate was 77.0% (95% CI, 55.4–90.1). Complications were 
seen in 37.0% (95% CI, 23.1–53.5) while on ECMO, including stroke, acute 
kidney injury, pulmonary edema, and thromboembolism. Corticosteroids and IV 
immunoglobulin therapies were associated with lower mortality.

CONCLUSIONS: The mortality of children on ECMO for COVID-19 was rela-
tively low. This invasive treatment can be considered as a treatment option for 
critically ill children with COVID-19.

KEY WORDS: children; COVID-19; extracorporeal life support; extracorporeal 
membrane oxygenation; mortality; severe acute respiratory syndrome coronavirus-2

COVID-19 has affected all age groups causing over 6 million deaths 
worldwide by March 2022 (1). Although studies have reported that 
children tended to present with milder symptoms after acute infec-

tion than adult patients, certain children develop critical illnesses, such as 
acute respiratory distress syndrome (ARDS), a multisystem inflammatory 
syndrome in children (MIS-C), and fulminant myocarditis, which may re-
quire extracorporeal membrane oxygenation (ECMO) therapy (2, 3). In the 

Atsuyuki Watanabe, MD1

Jun Yasuhara, MD2,3

Takaharu Karube, MD4

Kae Watanabe, MD5

Takuro Shirasu, MD, PhD6

Hisato Takagi, MD, PhD7

Naokata Sumitomo, MD, PhD8

Simon Lee, MD3

Toshiki Kuno, MD, PhD9

Extracorporeal Membrane Oxygenation in 
Children With COVID-19: A Systematic Review 
and Meta-Analysis*

REVIEW ARTICLE



Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Review Article

Pediatric Critical Care Medicine www.pccmjournal.org     407

wake of the COVID-19 pandemic, ECMO has been 
widely used to treat severe ARDS in adults (4, 5). 
Systematic reviews investigating ECMO outcomes in 
adult COVID-19 patients reported that approximately 
5–7% of severe ARDS or ICU-admitted patients re-
ceived ECMO therapy, with mortality rates ranging 
between 37% and 62% (4–7). Older age, pre-ECMO 
cardiac arrest, initial venoarterial mode, shorter run-
time, and later in the pandemic have been associated 
with higher mortality (4, 5).

Compared with adults, evidence of ECMO support 
for COVID-19 in children is scarce. The European 
Extracorporeal Life Support Organization (ELSO) 
prospective survey highlighted that ECMO use for 
COVID-19 in children is infrequent (8–10). Although 
various complications, including pneumothorax, gas-
trointestinal bleeding, and stroke, have been identi-
fied, the overall frequency is unknown (8, 10–12). 
Furthermore, reported mortality in children who re-
quired ECMO for severe COVID-19–related illnesses 
also varies due to the small sample size in each study 
(8, 9, 11, 13, 14). In this study, we conducted a sys-
tematic review and meta-analysis with the primary 
outcome to describe the mortality rate in this popula-
tion and the secondary outcomes to describe the rate 

of successful weaning and the frequency of complica-
tions from ECMO.

MATERIALS AND METHODS

This research was conducted under the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis guidelines and registered in the interna-
tional prospective register of systematic reviews 
(CRD42022316543) (15).

Eligibility Criteria

Studies meeting the following criteria were included 
in our review: 1) the study was published in a peer-
reviewed journal, 2) the study design was either pro-
spective trials, observational studies, case series, or 
case reports, 3) the study included children (age ≤ 18 
yr) with COVID-19 (diagnosed by reverse transcrip-
tase-polymerase chain reaction, antigen, or serum an-
tibody test) who received ECMO (either venovenous or 
venoarterial), and 4) the study reported the mortality 
or in-hospital outcomes of the children with ECMO. 
Articles without original patient data (e.g., guidelines, 
correspondence, research letters, and reviews) were 
excluded.

Data Sources and Search

The authors used a two-level strategy to search for all 
prospective trials, observational studies, case series, 
and case reports regarding ECMO in children with 
COVID-19. First, a comprehensive literature search 
was conducted using PubMed and EMBASE data-
bases on March 14, 2022. The search terms included 
(“COVID-19” OR “SARS-CoV-2”) AND (“ECMO” 
OR “Extracorporeal membrane oxygenation” OR 
“Extracorporeal life support”) AND (“children” OR 
“pediatric”). Second, we performed an additional 
manual search of secondary sources, such as references 
from initially identified studies, to collect relevant ar-
ticles comprehensively. We did not apply language 
limitations.

Data Extraction

Two investigators (A.W., J.Y.) reviewed the search 
results independently to select the articles based on 
the inclusion and exclusion criteria and assessed 
the eligibility for the present study. After screening 

 RESEARCH IN CONTEXT

• Extracorporeal membrane oxygenation (ECMO) 
has been widely used to support life-threaten-
ing conditions caused by COVID-19. Although 
evidence of ECMO in adults has been evolving, 
the literature regarding ECMO for children with 
COVID-19–related illnesses is lacking.

• Reported mortality varies with various back-
grounds. Although a range of complications has 
been identified, the overall frequency is uncertain. 
Physicians, patients, and families need more in-
formation to discuss the risk-benefit balance be-
fore the decision to initiate ECMO is made.

• This study collects published articles reporting 
outcomes of children on ECMO for COVID-19–
related illnesses and synthesizes mortality, suc-
cessful weaning rate, and complications. Our 
findings demonstrate the role and expected 
outcomes of ECMO in children with COVID-19.
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the articles based on title and abstract, the full texts 
of potentially eligible studies were retrieved for fur-
ther review. Disagreements were resolved through 
consensus.

Risk of Bias

For observational studies, we used the assessment of 
risk of bias in prevalence studies to review the risk of 
bias in each study (16). A publication bias was assessed 
by Egger’s test and Funnel plots (17).

Data Items

Baseline characteristics, such as age, sex, body mass 
index (BMI), and comorbidities, were extracted. 
Furthermore, indications for ECMO (e.g., ARDS 
and MIS-C), the time interval between mechan-
ical ventilation (MV) and ECMO initiation, ECMO 
mode (venoarterial or venovenous), ECMO run-
time, other treatment for COVID-19 (e.g., corti-
costeroids, tocilizumab, and IV immunoglobulin 
[IVIG]), ECMO-related complications, the rate of 
successful weaning from ECMO, and mortality data 
were collected.

Data Synthesis and Analysis

The proportions of males, comorbidities, indica-
tions for ECMO, ECMO mode, and other treatments 
for COVID-19 were calculated by dividing the total 
number of events by the number of patients in studies 
wherein the corresponding information was available. 
To synthesize the data of the primary and secondary 
outcomes, we pooled the logit of events per total 
number in each study. We performed a one-group 
meta-analysis by the Wald method for discrete values 
using a random-effect model with OpenMetaAnalyst 
Version 21.11.14 (Brown University; http://www.
cebm.brown.edu/openmeta/) and back-transformed 
the combined logit to the original scale. In addition, to 
explore the source of heterogeneity and the potential 
risk factors for mortality, we performed a univariate 
meta-regression with the following covariates: the pro-
portion of ECMO mode (i.e., venoarterial- and veno-
venous-), the proportion of children with MIS-C, the 
proportion of children with ARDS, the proportion of 
children who received corticosteroids, the proportion 
of children who received IVIG, and the observational 

period of each study (i.e., whether a study included 
patients admitted during either the first-/second-half 
of 2020 or the first-/second-half of 2021) (18).

Studies that only included one ECMO patient were 
excluded from the meta-analysis because those data do 
not yield ses and cannot be synthesized as a meta-anal-
ysis. The I2 statistic was used to quantify heterogeneity, 
with I2 greater than 50% indicating substantial heter-
ogeneity. Publication bias was assessed by Egger’s test 
and Funnel plot of the primary outcomes in each study 
using ProMeta 3.0 (IDoStatistics; https:// idostatistics.
com/prometa3/) (17).

We performed two sensitivity analyses. First, we per-
formed a meta-analysis by excluding studies with less 
than 10 patients in order to assess the effect of survival 
reporting bias. Second, we calculated the outcomes by 
dividing the total event number by the number of all 
patients in the systematic review (including the studies 
with only one patient).

RESULTS

Study Selection and Characteristics

We identified 312 articles through the initial da-
tabase search and the subsequent manual search. 
After removing 207 items based on the title and ab-
stract, we reviewed the full text of 105 articles and 
included 44 studies (total number of ECMO use = 
110) in the systematic review (8, 9, 11–14, 19–56). In 
particular, three studies with relatively large sample 
sizes (number of ECMO use = 42, 31, and 69) were 
excluded because they did not provide clinical data of 
patients on ECMO separately (57–59). Of the 44 arti-
cles, 18 were retrospective observational studies (8, 9, 
14, 19–33), four were case series (11–13, 34), and 22 
were case reports (35–56). Among the total of 22 ob-
servational studies and case series, 10 studies included 
only one ECMO patient (12, 14, 27–34). Therefore, we 
conducted a meta-analysis of the other 12 studies that 
included two or more cases of children who received 
ECMO therapy (Fig. 1) (8, 9, 11, 13, 19–26). There 
were 24 studies from the United States (n = 46), 13 
from Europe (n = 55), four from Turkey (n = 5), and 
three from other countries (Kuwait, Saudi Arabia, and 
South Korea). There were no duplicated cases. The 
risk of bias assessment for the observational studies 
is shown in Supplemental Figure 1 (http://links.lww.
com/PCC/C260).

http://www.cebm.brown.edu/openmeta/
http://www.cebm.brown.edu/openmeta/
https:// idostatistics.com/prometa3/
https:// idostatistics.com/prometa3/
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
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Baseline Characteristics

Supplemental Table 1 (http://links.lww.com/PCC/
C260) summarizes the baseline characteristics and 
COVID-19 therapies other than ECMO in each 
study. Age, sex, BMI, and comorbidities were re-
ported in 35, 34, 9, and 30 studies, respectively. The 
median age was 8 years (range, 10 d to 18 yr), 61% 
(39/64) were boys, and the median BMI was 21.4 kg/
m2 (range, 12.3–56.0 kg/m2). The most frequently 
reported comorbidities were obesity (11% [7/63]) 
and congenital heart diseases (e.g., coarctation of 
the aorta, ventricular septal defects, and tetralogy 
of Fallot) (11% [7/63]; 3: repaired, 1: unrepaired, 
3: unknown), followed by immunodeficiency (e.g., 
chronic granulomatous diseases and deficiency of 
adenosine deaminase 2) (6.3% [4/63]) and asthma 
(4.8% [3/63]). Forty-eight percent of the children 
(30/63), particularly 82% (18/22) of those with MIS-
C, were previously healthy.

Clinical Courses and ECMO Use Details

COVID-19 therapies were described in 35 studies. The 
most frequently administered agent was corticoste-
roids (74% [51/69]), followed by IVIG (49% [34/69]), 
remdesivir (41% [28/69]), anakinra (22% [15/69]), 
convalescent plasma (13% [9/69]), tocilizumab (13% 
[9/69]), and infliximab (8.7% [6/69]).

The duration of MV before ECMO initiation was re-
ported in 13 studies (8, 9, 33, 34, 40, 42, 44, 45, 50–53, 
55), and 76% (32/42) underwent ECMO within 48 
hours of MV initiation, whereas the longest case was 
26 days after MV initiation. ECMO use details are 
summarized in Supplemental Table 2 (http://links.
lww.com/PCC/C260). The indications for ECMO 
were specified in 36 studies (8, 9, 11–13, 20–23, 27, 
29–31, 33–48, 50–56). The two major indications for 
ECMO were MIS-C (52% [47/90]) and ARDS (42% 
[38/90]). Other indications included septic shock 
(2/90), Stevens-Johnson syndrome (1/90), massive 

Figure 1. Flowchart of study selection.

http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
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pulmonary embolism (1/90), and pulmonary hyper-
tensive crisis (1/90).

Among the 31 studies that reported the ECMO 
mode, 71% (56/79) received venoarterial-ECMO (8, 9, 
11–13, 20, 21, 29, 32–41, 44–56). Thirty-four studies 
reported the ECMO duration; the median days were 
7 (interquartile range, 5–13 d), with 71 days being the 
longest. The median duration of venoarterial-ECMO 
was shorter than venovenous-ECMO (6 [range, 3–51] 
vs 11 [range, 7–71]).

Outcomes

The primary outcome was estimated with the 12 stud-
ies (n = 78) that contained two or more cases using a 
one-group meta-analysis (8, 9, 11, 13, 19–26). A signif-
icant publication bias was not detected by Egger’s test 
(p = 0.329) (Supplemental Fig. 2, http://links.lww.com/
PCC/C260). The overall mortality rate among chil-
dren with COVID-19 who received ECMO was 26.6% 
(15/78; 95% CI, 15.9–40.9; I2 = 10.2%) (Fig. 2). Five 
studies reported a mortality rate of 19.8% (4/33; 95% CI, 
5.4–51.3; I2 = 40.2%) for children who received veno-
arterial-ECMO (Supplemental Fig. 3, http://links.lww.
com/PCC/C260). The mortality rate of children who re-
ceived venovenous-ECMO could not be calculated by a 
meta-analysis because only one study with two or more 
cases reported the mortality rate of patients on veno-
venous-ECMO (8). We thus calculated the mortality 
rate of patients on venovenous-ECMO by summation, 
which was 10.0% (2/20). The mortality rate of children 

receiving ECMO for MIS-C and ARDS was 24.0% (3/17; 
95% CI, 9.0–50.4; I2 = 0%) (Supplemental Fig. 4, http://
links.lww.com/PCC/C260) and 13.4% (2/21; 95% CI, 
1.9–55.5; I2 = 44.1%) (Supplemental Fig. 5, http://links.
lww.com/PCC/C260), respectively.

In the meta-regression analysis, corticosteroids and 
IVIG were associated with lower mortality. No other 
covariates were associated with mortality, including 
the observational periods (Table  1). The sensitivity 
analysis excluding studies with less than 10 patients 
showed a mortality of 10.5% (4/46; 95% CI, 2.6–34.2;  
I2 = 43.4%) (Supplemental Fig. 6, http://links.lww.
com/PCC/C260). When studies with only one patient 
were included in the summation, the mortality was 
23.6% (26/110).

For the secondary outcomes, the successful wean-
ing rate from ECMO and complications while on 
ECMO was reported in eight (8, 9, 11, 13, 20, 21, 23, 
24) and five (8, 9, 11, 13, 22) studies out of the 12, re-
spectively. The successful weaning rate was estimated 
to be 77.0% (49/58; 95% CI, 55.4–90.1; I2 = 33.5%) 
(Fig. 3A). Complications were seen in 37.0% (15/40; 
95% CI, 23.1–53.5; I2 = 0%) (Fig. 3B). The most prev-
alent complication while on ECMO was intracranial 
hemorrhage or infarction (16% [10/62]), followed by 
acute kidney injury (11% [7/62]), pulmonary edema 
or hemorrhage (8.1% [5/62]), circuit thrombi (6.5% 
[4/62]), and venous thromboembolism (6.5% [4/62]). 
The definitions of complications while on ECMO in 
each study are shown in Supplemental Table 3 (http://
links.lww.com/PCC/C260).

Figure 2. Forest plot showing the mortality of children with COVID-19 who underwent extracorporeal membrane oxygenation. Ev = event, 
Trt = total.

http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
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The sensitivity analysis excluding studies with less 
than 10 patients showed a successful weaning rate 
from ECMO, 95.7% (33/34; 95% CI, 81.3–99.1; I2 = 
0%) (Supplemental Fig. 7, http://links.lww.com/PCC/
C260) and the frequency of complications, 29.2% 
(7/24). When studies with only one patient were in-
cluded in the summation, the successful weaning rate 
and the frequency of complications were 77.8% (70/90) 
and 38.7% (24/62), respectively.

DISCUSSION

The present study comprehensively reviewed published 
articles and described the mortality and outcomes of 
children receiving ECMO support for COVID-19–
related illnesses. Venoarterial-ECMO was more fre-
quently used than venovenous-ECMO in this group, 
possibly reflecting MIS-C as the most common indi-
cation. Venovenous-ECMO tended to be continued 
longer but was associated with lower mortality than 
venoarterial-ECMO. In most cases, ECMO was ini-
tiated promptly after MV initiation, and the overall 
mortality was estimated to be 26.6%. Although more 
than half of the patients were weaned from ECMO 

successfully, various complications were identified 
during the ECMO treatment.

The mortality and successful weaning rates reported 
in previous studies varied. Outcomes of ECMO can be 
affected by many factors, including the indication for 
ECMO, the severity of the COVID-19–related illness, 
the presence of underlying comorbidities, and compli-
cations during ECMO treatment (8, 9, 13, 19, 20, 23). 
Although some observational studies highlighted the 
favorable outcomes of children receiving ECMO for 
COVID-19 with a 0% mortality rate (13, 20, 26), oth-
ers reported no survival of children on ECMO (19, 23). 
However, we integrated those studies and provided a 
crude estimate of mortality rates in patients with var-
ious backgrounds. According to the last 5 years of ELSO 
data, the survival to discharge or transfer in neonatal 
and pediatric patients on ECMO was 61% and 59%, 
respectively (60). In addition, an international registry 
and a meta-analysis regarding COVID-19 showed that 
the adult mortality rate of those receiving ECMO was 
37–62% (4, 5, 10). Compared with these reports, our 
study showed relatively favorable outcomes of ECMO 
in children with COVID-19 and may endorse ECMO 
as a treatment option for severe COVID-19 and 
COVID-19–related illnesses in children.

Our meta-regression showed that corticosteroids 
and IVIG were associated with lower mortality. This 
finding is in line with previous retrospective studies 
that, using a propensity score matching, demonstrated 

TABLE 1. 
Univariate Meta-Regression for Mortality 
Rate

Covariate Coefficient 
Lower Bound–
Upper Bound p  

First-half 2020 0.182 –3.279 to 3.642 0.918

Second-half 2020 0.692 –0.805 to 2.190 0.365

First-half 2021 –0.726 –2.541 to 1.089 0.433

Second-half 2021 2.443 –1.290 to 6.176 0.200

Venoarterial 
ECMO

1.524 –3.573 to 6.622 0.558

Venovenous 
ECMO

–1.524 –6.622 to 3.573 0.558

Multisystem 
inflammatory 
syndrome in 
children

1.356 –1.827 to 4.540 0.404

Acute respiratory 
distress  
syndrome

–1.899 –5.318 to 1.520 0.276

Corticosteroids –2.487 –4.688 to –0.285 0.027

IV immunoglobulin –3.681 –7.095 to –0.267 0.035

ECMO = extracorporeal membrane oxygenation.

 AT THE BEDSIDE

• This meta-analysis synthesized outcomes in 
children on ECMO for COVID-19–related ill-
nesses and demonstrated the mortality and 
complications rate, which might be favorable.

• In addition to the mortality, understanding the 
expected recovery timeline according to the in-
dication for ECMO (acute respiratory distress 
syndrome or multisystem inflammatory syn-
drome in children) could play an important role.

• Future comparative studies with prospec-
tive designs will help validate our findings and 
assess the benefit of ECMO for children with 
COVID-19 more precisely.

http://links.lww.com/PCC/C260
http://links.lww.com/PCC/C260
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a lower risk of cardiac dysfunction or shorter stay in 
PICUs among children who received corticosteroids 
plus IVIG therapy than those who received IVIG alone 
(61, 62). Due to the nature of our study design, where 
we extracted data from published articles, our analysis 
could not assess the impact of corticosteroids and IVIG 
separately. However, our study involved sicker chil-
dren than the aforementioned studies and may suggest 
using corticosteroids and/or IVIG in this population.

In contrast, the observational periods were not as-
sociated with mortality in our study. Adult studies 
showed that the mortality of patients on ECMO was 
higher later in the pandemic, even after adjusting for 
known and potential risk factors (4, 5). As the large 
number of patients with critical COVID-19 necessi-
tated many institutes to treat them with ECMO, the 
widespread implementation of ECMO for adults at 
low-volume centers may explain this trend (4, 63). 
Conversely, since the number of children who prog-
ress to the severe condition of COVID-19 is lower 

than adults (2, 3), ECMO for children may still be used 
only at high-volume centers throughout the pandemic. 
Nevertheless, the statistical power of our meta-regres-
sion might be insufficient; further investigations are 
warranted.

ECMO may be required in severe MIS-C and ARDS 
in addition to anti-inflammatory treatment to pro-
vide cardiopulmonary rest while the therapies take 
effect (64). Our study revealed a higher proportion 
of venoarterial-ECMO use in children with COVID-
19 compared with what has been reported in adults 
(< 5%) (5, 65), possibly reflecting the most common 
indication in children (i.e., MIS-C). MIS-C remains 
one of the most severe COVID-19–related illnesses 
that affect children, often presenting with severe car-
diovascular manifestations, including significant left 
ventricular dysfunction and cardiogenic shock that 
may require venoarterial-ECMO to maintain adequate 
systemic blood flow (3). Interestingly, this severe car-
diovascular impairment often recovers, resulting in a 

Figure 3. A, Forest plot showing the successful weaning rate from extracorporeal membrane oxygenation in children with COVID-19. B, Forest 
plot showing the rates of complication while on extracorporeal membrane oxygenation in children with COVID-19. Ev = event, Trt = total.



Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2022 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Review Article

Pediatric Critical Care Medicine www.pccmjournal.org     413

relatively short duration of support to allow for end-
organ recovery (66). This may explain our finding of 
a shorter median venoarterial-ECMO runtime than 
venovenous-ECMO. Although some patients with 
MIS-C recovered promptly and were decannulated 
within 1 week after venoarterial-ECMO initiation (11, 
13, 29, 33, 34, 39, 51, 52, 54), one patient with ARDS 
remained on venovenous-ECMO for 71 days (35). It 
is not uncommon that pulmonary function takes a 
month or more to recover in adult COVID-19 cases as 
well (67, 68). In the face of critically ill children with 
COVID-19 necessitating ECMO support, recognizing 
the difference in possible recovery timelines according 
to ECMO indications and modes will play a crucial 
role in assessing the treatment courses appropriately.

This study had several limitations. First, due to the 
one-group design, we could not assess the survival 
benefit of ECMO or the effective timing of ECMO 
initiation. Since initiating ECMO in critically ill 
patients is always a challenging decision, further stud-
ies are needed to identify the factors affecting those 
patients’ outcomes. Second, each study contained a 
small number of patients, potentially leading to het-
erogeneity. However, we performed several sensitivity 
analyses, which showed that our primary analysis 
was not underestimating the outcomes due to sur-
vival reporting bias. Given these results, the relatively 
low mortality of children on ECMO for COVID-19 
should be informed to patients, families, and clinicians 
to discuss the expected prognosis and share the deci-
sion-making process. Third, the retrospective designs 
of the included studies might have underestimated 
the complications. In an adult systematic review, 
35% (559/1,583) experienced renal complications, as 
opposed to 11% (7/62) in this study (69). Furthermore, 
reported complications, such as acute kidney injury or 
pulmonary edema, can simply be conditions associ-
ated with severe illness, whereas stroke, bleeding, and 
limb ischemia are generally considered complications 
due to ECMO (70). Since these complications can hap-
pen due to multifactorial reasons and it is difficult to 
confirm if a complication is attributable to ECMO, 
prespecified protocols will help identify complica-
tions related to ECMO more accurately and assess its 
risk-benefit balance. Fourth, several variables were not 
available. For example, whereas ECMO duration and 
BMI were significantly associated with mortality in an 
adult study (69), these variables were not obtainable 

across the included studies; the influence of these fac-
tors in COVID-19 children remains uncertain.

In conclusion, our systematic review and meta-anal-
ysis described the overall clinical courses and outcomes 
in children receiving ECMO for COVID-19–related 
illnesses, which might be favorable. Comparative stud-
ies to examine the ECMO’s benefit in children with se-
vere COVID-19 are warranted.
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