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Abstract 

Background Extracorporeal membrane oxygenation (ECMO) is a cutting-edge life-support measure for patients 
with severe cardiac and pulmonary illnesses. Although there are several systematic reviews (SRs) about ECMO, it 
remains to be seen how quality they are and how efficacy and safe the information about ECMO they describe 
is in these SRs. Therefore, performing an overview of available SRs concerning ECMO is crucial.

Methods We searched four electronic databases from inception to January 2023 to identify SRs with or without 
meta-analyses. The Assessment of Multiple Systematic Reviews 2 (AMSTAR-2) tool, and the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) system were used to assess the methodological quality, 
and evidence quality for SRs, respectively. A bubble plot was used to visually display clinical topics, literature size, 
number of SRs, evidence quality, and an overall estimate of efficacy.

Results A total of 17 SRs met eligibility criteria, which were combined into 9 different clinical topics. The methodo-
logical quality of the included SRs in this mapping was “Critically low” to “Moderate”. One of the SRs was high-quality 
evidence, three on moderate, three on low, and two on very low-quality evidence. The most prevalent study used 
to evaluate ECMO technology was observational or cohort study with frequently small sample sizes. ECMO has been 
proven beneficial for severe ARDS and ALI due to the H1N1 influenza infection. For ARDS, ALF or ACLF, and cardiac 
arrest were concluded to be probably beneficial. For dependent ARDS, ARF, ARF due to the H1N1 influenza pandemic, 
and cardiac arrest of cardiac origin came to an inconclusive conclusion. There was no evidence for a harmful associa-
tion between ECMO and the range of clinical topics.

Conclusions There is limited available evidence for ECMO that large sample, multi-center, and multinational RCTs 
are needed. Most clinical topics are reported as beneficial or probably beneficial of SRs for ECMO. Evidence mapping 
is a valuable and reliable methodology to identify and present the existing evidence about therapeutic interventions.
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Introduction
Extracorporeal membrane oxygenation (ECMO) is an 
advanced life-support technique to rescue critically ill 
patients with the severe cardiac and pulmonary disease 
[1]. In 1970, Robert et  al. provided a patient with adult 
respiratory distress syndrome (ARDS) with three days 
of cardiopulmonary support, establishing a record for 
long-term life support [2]. Nonetheless, two randomized 
controlled trials (RCTs) on the clinical application con-
cluded in 1979 [3] and 1994 [4] concluded that ECMO 
did not increase the likelihood of survival in patients 
with severe acute respiratory failure (ARF) or ARDS. This 
conclusion excluded ECMO, primarily used to treat car-
diopulmonary failure in infants. Until 2009, the Lancet 
published the third RCT study result of ECMO technol-
ogy for ARDS [5], which revealed that 63% of the ECMO 
group survived to 6 months without disability, 16% more 
than the conventional management group. In the same 
year, 2009, a clinical study [6] on treating the influenza 
A (H1N1)-associated ARDS published in the JAMA 
demonstrated that approximately one-third of mechani-
cally ventilated patients treated with ECMO had a 79% 
survival rate. However, the results of EOLIA (ECMO to 
Rescue Lung Injury in Severe ARDS) in 2018 showed that 
60-day mortality was not significantly lower with ECMO 
than with a strategy of conventional mechanical ventila-
tion (MV) that included ECMO as rescue therapy among 
patients with very severe ARDS. There is still significant 
controversy over the effectiveness of ECMO.

Due to technological advancements, improved safety, 
and reduced complications [7], especially in the context 
of the coronavirus disease 2019 (COVID-19) pandemic, 
there is a growing demand for treatment techniques for 
ECMO. According to the Extracorporeal Life Support 
Organization (ELSO) [8], an international voluntary reg-
istry founded in 1989, the number of ECMO runs has 
increased by 1137% over the past nearly two decades, 
from 1643 between 1990 and 2021 to over 21,896 to date. 
Similarly, the number of ECMO centers, which increased 
by 125% (from 83 to 187) between 1990 and 2010, rose by 
a staggering 216% (from 187 to 591) between 2010 and 
2021, and reached over 1000 in 2023.

In the era of evidence-based medicine, it is generally 
accepted that all healthcare decisions should be based on 
the strongest scientific evidence available [9]. Research 
on ECMO effects continues to expand, which has been 
the subject of many primary research studies and sys-
tematic reviews (SRs) of the literature. SR, a critical evi-
dence synthesis method, with or without meta-analysis, 
is widely used in resolving diverse healthcare questions, 
which are the foundation of evidence-based healthcare 
provided evidence to support decision-making [10]. In 
contrast, SR frequently addresses particular concerns, 

preventing them from providing a comprehensive over-
view of a given topic [11]. Moreover, the reliability of SR 
methodological and reporting quality trends to affect 
the correct evaluation of intervention results [12], and 
even fragmentary reports may impact on the selection 
of appropriate intervention measures [13]. Overviews 
of SRs (or umbrella reviews) attempt to systematically 
retrieve and summarize the results of multiple SRs into 
a single document [14]. The number of published over-
views of SRs has increased steadily in recent years, in part 
due to the proliferation of SRs, but methods for conduct-
ing, interpreting and reporting overviews are in their 
infancy [15].

In general, the steps for undertaking an overview 
mirror those of a systematic review, with many of the 
methods used in systematic reviews being directly trans-
ferrable to overviews (e.g., independent study selection 
and data extraction) [16]. However, there are unique 
features of overviews that require the use of different or 
additional methods, for example, methods for assess-
ing the quality or the risk of bias in systematic reviews, 
dealing with the inclusion of the same trial in multiple 
systematic reviews, dealing with out-of-date systematic 
reviews, and dealing with discordant results across sys-
tematic reviews [15]. Evidence maps provide a system-
atic method for mapping the evidence on a particular 
topic, which clarifies the characteristics of the studies in 
this field from multiple dimensions (such as intervention 
type, research population, research conclusions, etc.), 
with the resulting map facilitating identification of gaps 
in the literature, thereby providing decision-makers with 
systematic evidence support [17, 18]. A key strength of 
the evidence mapping method is the use of visuals or 
interactive, online databases.

Increasing numbers of SR for the application of ECMO 
technology in diseases have been currently conducted, 
but a comprehensive systematic summary or visual rep-
resentation of the overall impact of ECMO is lacking, 
which is where the strength of the evidence map lies. 
Consequently, we use evidence mapping to identify, char-
acterize, and organize the currently available evidence on 
ECMO based on the included SRs to provide reliable evi-
dence for ECMO efficacy and safety assessment, as well 
as guidance for clinical application and future research.

Methods
Data sources and search strategy
We searched four electronic databases including Pub-
med, EMBASE, Cochrane Library, Web of Science from 
their inception through January 2023. Search strate-
gies were constructed using combinations of words 
describing the intervention of interest (“Extracorporeal 
Membrane Oxygenation” or “Venovenous ECMOs” or 
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“Venovenous Extracorporeal Membrane Oxygenation” 
or “Venovenous ECMO” or “Venoarterial ECMO” or 
“Venoarterial ECMOs” or “Venoarterial Extracorporeal 
Membrane Oxygenation” or “Extracorporeal Membrane 
Oxygenations” or “ECMO” or “ECMO Treatment” or 
“ECMO Treatments” or “Extracorporeal Life Support” 
or “ECMO Extracorporeal Membrane Oxygenation” or 
“ECLS” or “ECLS Treatment” or “ECLS Treatments” or 
“Extracorporeal Life Supports” or “Extracorporeal Gas 
Exchange”), and the studied type (“meta-analysis” or 
“systematic review”). Depending on characteristics of 
the database, medical subject headings (MeSH) and free 
vocabulary words were combined. No language restric-
tions were imposed.

Inclusion and exclusion criteria
Design
Only SRs with or without meta-analyses on ECMO that 
compiled primary studies for any clinical indication were 
eligible for inclusion. We defined SRs as reviews that self-
identified as a “systematic review”, “systematic review 
and meta-analysis”, or “review” and reported the search 
sources and identified studies. Animal experiments, 
descriptive studies, conference abstracts, case reports, 
reviews, clinical experiences, trial protocols, letters, edi-
torials, and unavailable or duplicate publication papers 
were excluded.

Participants
Adult (age ≥ 16  years old) participants with any disease 
status were included, regardless of gender.

Intervention and comparison
SRs describing the effects of ECMO for any clinical indi-
cation were eligible for inclusion. SRs were still accept-
able if they included other interventions and ECMO 
results were reported separately. Comparisons were 
made with conventional treatments, such as conventional 
MV alone and conventional cardiopulmonary resuscita-
tion (CCPR).

Outcomes
SRs presenting clinical topics were included, whereas 
those focusing on study designs, intervention character-
istics, pharmacokinetics, prevalence, prognostic predic-
tors, and cost-effectiveness unrelated to patient clinical 
topics were excluded.

Timing
SRs that provided a summary of intervention assess-
ments, regardless of their duration and follow-up point, 
were considered eligible for inclusion.

Study selection and data extraction
EndNote X9 (Clarivate Analytics, Spring Garden, Penn-
sylvania, USA) software managed search results and 
deduplication. Two reviewers independently screened 
all potentially relevant studies based on recorded 
titles and abstracts and then cross-checked them. In 
the event of disagreement, the study was provision-
ally included to obtain additional information. After 
an initial selection decision was made, the full texts of 
the chosen studies were downloaded for further review. 
Two independent reviewers then conducted a new 
selection process based on a full-text analysis of eligible 
SRs. An all-researcher meeting was convened to reach 
a definitive decision on disparate related studies. We 
extracted information regarding the population, inter-
vention, comparison, and outcomes (PICO) process, 
certainty of evidence statements, and the number of 
studies included in each SR.

Quality assessment
Methodological quality assessment
Two independent reviewers used the Assessment of 
Multiple Systematic Reviews 2 (AMSTAR-2) tool to 
evaluate the methodological quality of the included 
SRs. Disagreements were resolved by mutual discussion 
with a third reviewer until a consensus was reached. 
AMSTAR-2 consists of 16 items [19], each of which 
was evaluated as “Yes”, “Partial yes”, or “No”, and over-
all methodological quality according to the weaknesses 
in critical domains (items 2, 4, 7, 9, 11, 13 and 15) was 
categorized as high, moderate, low, or critically low. In 
other words, there were four categories in the overall 
assessment results of SRs: “High” was defined as no or 
one non-critical weakness; “Moderate” meant more 
than one non-critical weakness; “Low” was one criti-
cal flaw with or without non-critical weaknesses; and 
“Critically low” was defined as more than one critical 
flaw with or without non-critical weaknesses.

Evidence quality assessment of outcomes
Assessment of the evidence quality used the Grad-
ing of Recommendations Assessment, Development 
and Evaluation (GRADE) system was carried out by 
two reviewers back-to-back. In case of disagreement, 
two reviewers settled it through discussion. If RCTs 
were included in SRs, initial confidence in the result 
would be high. In contrast, the evidence quality for 
observational studies (OS) was low confidence. Then, 
three upgrade factors, including larger effects, dose–
response gradients, and plausible confounding, as well 
as five degradation factors, including inconsistency, risk 
of bias, indirectness, imprecision, and publication bias, 
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were considered. Overall evidence quality was catego-
rized as “High”, “Moderate”, “Low”, or “Very low” [20].

Data synthesis and analysis
The included SRs were classified according to the topic 
of the investigation. If multiple SRs on similar clinical 
topics were identified, we chose the most relevant and 
best-performed SR for each topic based on the results of 
the GRADE assessment. Besides, SRs for each topic were 
depicted only once on the bubble plot. The results of the 
evidence mapping were presented using characteristic 
tables of the included SRs and a bubble plot display. Each 
bubble in the graph represents the evidence evaluated 
by the SRs investigating the efficacy of ECMO for clini-
cal topics. The visual representation or evidence mapping 
displays information on four dimensions using a bubble 
plot: X-axis, Y-axis, bubble size, and color. This enabled 
us to provide the following forms of information regard-
ing each included SR.

X‑axis: effect estimate
The mapping presented depended on the certainty of 
the evidence statement, as reported in each SRs [21]. 
The “beneficial” denoted that conclusions and results 
reported apparent beneficial effects without any major 
concerns regarding supporting evidence. The “prob-
ably beneficial” effect indicated that the conclusions 
did not assert an actual benefit despite a positive treat-
ment effect being reported, or the conclusions reported 
a potential benefit despite the result showing no signifi-
cant difference. The “no effect” showed that the conclu-
sions and results provided evidence of no differences 
between intervention and comparison. The “inconclu-
sive” indicated that the study results were insufficient for 
the authors to conclude whether the intervention had a 
definitive or potential effect. The “harmful” implied that 
the conclusions and results were reported to be a harm-
ful effect. In addition, the primary evaluation criteria 
encompassed long-term prognosis, clinical symptom 
outcomes, laboratory inflammation indicators, descrip-
tion of adverse events, and quality of life.

Y‑axis: literature size estimate
The literature size was defined as the number of primary 
research studies in the selected SR.

Bubble size: numbers of included SRs
The bubble size was used to represent the number of SRs 
on this topic.

Color: evidence quality of the findings
The results of the GRADE system assessment were used 
to determine confidence, which was divided into four 

categories: green circles represent “high” evidence qual-
ity, blue circles symbolize “moderate”, yellow circles con-
vey “low”, along with red circles reflect “very low”.

Results
Literature selection
Four electronic databases searches yielded a total of 1933 
records from inception to January 2023. After remov-
ing duplicates, 975 records were screened based on their 
titles and abstracts. The initial screening identified 338 
potentially relevant studies evaluated against eligibility 
criteria. A total of 321 articles were deemed ineligible 
after thoroughly examining of their full text due to non-
compliance with the established eligibility criteria. Ulti-
mately, a total of 17 SRs with or without a meta-analysis 
on ECMO were included for systematic scoping review 
and evidence synthesis [22–38]. Figure  1 displays all 
comprehensive review processes, exclusion numbers, and 
reasons for full-text exclusions.

Characteristics of included SRs
Annual trends in publications
The correlation between the number of studies and the 
year of publication was plotted to visualize the trend of 
ECMO studies published over time. SRs on ECMO first 
appeared in 2010, although our search began with data-
bases construction. Nonetheless, there has been a world-
wide increase in ECMO literature, with a peak in 2020, 
that likely due to the COVID-19 pandemic. Figure  2 
depicts the trend in publication of research studies.

Geographical distribution
SRs exhibited variation in their country of origin, with 
the greatest frequency being observed for Canada [24, 
27, 28, 31, 34] (n = 5). Other nations represented were the 
United States [22, 33, 35, 38] (n = 4), Italy [23, 37] (n = 2), 
China [36] (n = 1), Brazil [30] (n = 1), France [32] (n = 1), 
Korea [25] (n = 1), Netherlands [26] (n = 1), and United 
Kingdom [29] (n = 1).

Primary studies and participants
The number of studies included for ECMO ranged from 
2 to 75, with an average of 14. Ten SRs contained fewer 
than 10 ECMO-related primary studies, five SRs included 
10 to 25 primary studies, and two SRs contained more 
than 25 primary studies. Three SRs only included the 
type of randomized controlled trial (RCT), seven SRs 
included RCT and other study types, and seven SRs were 
limited to study categories other than RCT. The range 
of participants included in SRs was 429 to 38,160, aver-
aging 5168. The majority of SRs (n = 12) included more 
than 1000 participants. There was a wide variety of clini-
cal topics in the included SRs, including acute respiratory 
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Fig. 1 Flow diagram of the literature reviewing process and results

Fig. 2 Annual trends in publications of SRs on ECMO
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distress syndrome (ARDS) [31] (n = 1), dependent ARDS 
[38] (n = 1), severe ARDS [27, 30, 32, 36] (n = 4), acute 
respiratory failure (ARF) [24] (n = 1), ARF due to H1N1 
influenza pandemic [22] (n = 1), acute lung injury (ALI) 
due to H1N1 influenza infection [23] (n = 1), acute liver 
failure (ALF) or acute on chronic liver failure (ACLF) 
[34] (n = 1), cardiac arrest [26, 28, 29, 33, 35, 37] (n = 6), 
and cardiac arrest of cardiac origin [25] (n = 1). The num-
bers of primary studies and participants are shown in 
Table  1. Eligibility criteria for SRs varied across studies 
showed in Table 2.

Methodological quality of included SRs
In terms of methodological quality, the overall quality 
was rated as “Moderate” for six [23, 27, 28, 35–37], seven 
SRs scored “Low” [25, 26, 29, 31–34], four SRs scored 
“Critically Low” [22, 24, 30, 38], and “High” for none SRs 
according to AMSTAR-2 criteria. The most frequent 
flaws were as follows: lack of a reasonable explanation 
for the selection of study design type for inclusion, the 
absence of a report on sources of funding for included 
studies, a lack of a statement regarding potential sources 
of conflict of interest, and the absence of a protocol. Fig-
ure  3 depicts the methodological quality of the 17 SRs 
included in the analysis.

Evidence quality of included SRs
The evidence quality of included one SR was considered 
high, 5 SRs were moderate and low quality respectively, 
while 6 SRs were assessed as having very low quality. The 
results of this evaluation can be found in Table 3.

Evidence mapping
For diseases that overlap, the overall evidence qual-
ity was considered. Individual SRs reflected the conclu-
sions, which were confirmed by an internal review. The 
evidence mapping on ECMO for adults is presented in 
Fig. 4.

Evidence of “beneficial” effect
The effects of ECMO, as indicated by statistically signifi-
cant pooled treatment effects in SRs, were determined 
based on a substantial number of research studies that 
included findings on severe ARDS and ALI due to H1N1 
influenza infection.

Four SRs [27, 30, 32, 36] evaluated the effects of ECMO 
on severe ARDS relative to conventional therapy. Among 
them, one SR [30] with moderate evidence quality was 
selected as “probably beneficial” on this mapping, sugges-
tive of the probable efficacy of ECMO in severe ARDS; 
the efficacy of ECMO and severe ARDS in this study was 
likely linked to reducing mortality, treatment failure, and 
the need for renal replacement therapy, but longer ICU 

and hospital lengths of stay. Two SRs [32, 36], including 
2 RCTs with moderate or high evidence quality, were 
selected as “beneficial” on this mapping, suggesting posi-
tive support for ECMO in severe ARDS based on 90-day 
and 30-day mortality outcomes; additionally, there was 
no difference in device-related adverse events compared 
to conventional therapy. The remaining SR [27], with low 
evidence quality, showed an “inconclusive” conclusion in 
survival to hospital discharge, indicative of weak confi-
dence to support the effectiveness of ECMO. In general, 
75% of SRs (comprising 6 RCTs) were classified under 
the categories of “beneficial” or “probably beneficial”. The 
overlapping severe ARDS of four SRs was eventually clas-
sified as a “beneficial” conclusion considering the overall 
evidence quality.

A single SR [23] consisting of eight observational stud-
ies, which were of low evidence quality, evaluated the 
impact of ECMO on ALI due to H1N1 influenza infec-
tion compared to conventional therapy. Results indicated 
that ECMO was feasible and effective in patients with 
ALI due to H1N1 infection; however, subjects with severe 
comorbidities or multiorgan failure remained at high risk 
of in-hospital death if prolonged support (more than one 
week) was required in the majority of cases, which ended 
in a “beneficial” conclusion.

Evidence of “probably beneficial” effect
A considerable number of research studies on clinical 
topics such as ARDS, ALF or ACLF, and cardiac arrest 
were used to determine the promising effects of ECMO, 
as evidenced by statistically significant pooled effects in 
SRs.

One SR [31], with moderate evidence quality, com-
pared the effects of ECMO on ARDS to conventional 
therapy, finding that venovenous ECMO in ARDS adults 
was associated with lower 60-day mortality (relative 
risk [RR] = 0.73, 95% confidence interval [CI] 0.58–0.92, 
P = 0.008, I2 = 0%), but also a moderate risk of bleeding.

One SR [34] with moderate evidence quality compar-
ing extracorporeal life support (ECLS) to usual care 
found that ECLS might decrease mortality (RR = 0.84, 
[95% CI 0.74–0.96], moderate certainty) and improve 
hepatic encephalopathy (RR = 0.71, [95% CI 0.60–0.84], 
low certainty) in patients with ALF or ACLF. The impact 
of ECLS on hypotension (RR = 1.46, [95% CI 0.98–2.2], 
low certainty), bleeding (RR = 1.21, [95% CI 0.88–1.66], 
moderate certainty), thrombocytopenia (RR = 1.62, 
[95% CI 1.0–2.64], very low certainty) and line infec-
tion (RR = 1.92, [95% CI 0.11–33.44], low certainty) was 
uncertain.

Six SRs on cardiac arrest produced controversial results 
[26, 28, 29, 33, 35, 37]. Among them, two SRs [26, 37], 
both low evidence quality, were selected as “beneficial” 
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on this mapping, suggestive of positive support for 
ECMO in cardiac arrest based on a 30-day survival rate 
([95% CI 6–20%], P < 0.001), 30-day favorable neurologi-
cal outcome ([95% CI 7–20%, P < 0.0001), survival with 
the favorable neurological outcome at the longest follow-
up available (OR = 2.11, [95% CI 1.41–3.15], P < 0.001), 
survival at the longest follow-up available (OR = 1.40, 
[95% CI 1.05–1.87], P = 0.02). Three SRs [29, 33, 35] with 
low, moderate, or very low evidence quality showed a 
“probably beneficial” conclusion on this mapping, sug-
gesting the probable efficacy of ECMO in cardiac arrest; 
the efficacy of ECMO and cardiac arrest in these studies 
was likely associated with improved survival, 30-day and 
long-term favorable neurological outcome, and long-
term neurologically intact survival. The remaining SR 
[28] of 63 case series and 12 cohort studies concerning 
out-of-hospital cardiac arrest (OHCA), with very low evi-
dence quality, demonstrated that although a trend toward 
improved survival with good neurologic outcome was 
reported in controlled, low-risk of bias cohort studies, a 
preponderance of low-quality evidence may ascribe an 
optimistic effect size of extracorporeal cardiopulmonary 
resuscitation (ECPR) on survival among OHCA patients, 
rated as “inconclusive” conclusion. On the whole, 83.3% 
of SRs were classified into “beneficial” or “probably ben-
eficial” categories. For the overlapping cardiac arrest of 
six SRs, we ultimately rated it as “probably beneficial” 
conclusion after considering the overall quality of the 
evidence.

Evidence of “inconclusive” effect
This mapping contained several SRs that provided evi-
dence of the potential inconclusive effect of ECMO in 
treating clinical topics, including dependent ARDS, ARF, 
ARF due to the H1N1 influenza pandemic, and cardiac 
arrest of cardiac origin.

According to one SR [38] with very low evidence qual-
ity, 30-day mortality (OR = 0.56, [95% CI 0.37–0.84]) 
and 90-day mortality (OR = 0.59, [95% CI 0.41–0.85]) 
were reduced in dependent ARDS patients managed 
with ECMO. However, ECMO management was asso-
ciated with a 7.28-day increase in ICU duration of stay 
(MD = 7.28, [95% CI 2.55–12.02]). In addition, there was 
no statistically significant difference between ECMO 
and conventional therapy in terms of in-hospital mor-
tality (OR = 0.75, [95% CI 0.40–1.41]), ICU mortality 
(OR = 1.00, [95% CI 0.36–2.79]), or hospital duration of 
stay (MD = 3.92, [95% CI − 6.26 to 14.79]).

One SR [24] with very low evidence quality indicated 
that ECLS was not associated with a mortality benefit in 
ARF patients (RR = 1.02, [95% CI 0.79–1.33], I2 = 77%) 
and was associated with an increased risk of bleeding 
(RR = 11.44, [95% CI 3.11–42.06], I2 = 0%). However, a 
significant mortality benefit was observed in venovenous 
ECLS studies of higher quality (RR = 0.62, [95% CI 0.45–
0.8], I2 = 25%).

One SR [22] with very low evidence quality demon-
strated that there was insufficient evidence to recom-
mend for the use of ECMO among patients with ARF due 
to the H1N1 influenza pandemic.

One SR [25] with very low evidence quality indicated 
that ECPR yielded comparable survival (OR = 2.26, [95% 

Items ( critical domains):
1 Did the research questions and inclusion criteria for the review include 
the components of PICO?
2 Did the report of the review contain an explicit statement that the review
methods were established prior to the conduct of the review and did the 
report justify any significant deviations from the protocol?
3 Did the review authors explain their selection of the study designs for 
inclusion in the review?
4 Did the review authors use a comprehensive literature search strategy?
5 Did the review authors perform study selection in duplicate?
6 Did the review authors perform data extraction in duplicate?
7 Did the review authors provide a list of excluded studies and justify the 
exclusions?
8 Did the review authors describe the included studies in adequate detail?
9 Did the review authors use a satisfactory technique for assessing the risk 
of bias (ROB) in individual studies that were included in the review?
10 Did the review authors report on the sources of funding for the studies 
included in the review?
11 If meta-analysis was performed did the review authors use appropriate 
methods for statistical combination of results?
12 If meta-analysis was performed, did the review authors assess the 
potential impact of ROB in individual studies on the results of the meta-
analysis or other evidence synthesis?
13 Did the review authors account for ROB in individual studies when 
interpreting/discussing the results of the review?
14 Did the review authors provide a satisfactory explanation for, and
discussion of, any heterogeneity observed in the results of the review?
15 If they performed quantitative synthesis did the review authors carry 
out an adequate investigation of publication bias (small study bias) and 
discuss its likely impact on the results of the review?
16 Did the review authors report any potential sources of conflict of interest, 
including any funding they received for conducting the review?

Fig. 3 Methodological quality of included SRs
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CI 0.45–11.20]) and neurologic outcomes (OR = 3.14, 
[95% CI 0.66–14.85]) to CCPR in the out-of-hospital car-
diac arrest of cardiac origin patients. However, in cases 
of in-hospital cardiac arrest of cardiac origin patients, 
ECPR demonstrated a significantly higher survival rate 
(OR = 2.40, [95% CI 1.44–3.98]) and improved neurologic 
outcomes (OR = 2.63, [95% CI 1.38–5.02]) compared to 
CCPR.

Evidence of “no effect”
No SR clearly declared that ECMO was harmful to clini-
cal topics.

Evidence of “harmful” effect
No SR clearly declared that ECMO was harmful to clini-
cal topics.

Discussion
Evidence mapping is a relatively new method for summa-
rizing scientific evidence on a specific topic. Despite the 
absence of a standard definition or agreement on its com-
ponents or application methods, these types of reviews 
share certain characteristics [18]. Generally, it involves 
executing a systematic search across various topics to 
identify knowledge gaps and/or future research needs. 
It also presents the findings in an approachable format, 
such as a visual figure, graph, or searchable database 
[18]. Even without research retrieval and data extrac-
tion, evidence mapping can generate a comprehensive list 
of priority research issues in a topic area, which has the 
potential to serve as a foundation for study, policy devel-
opment, and research funding [39].

Principal findings
There are several SRs for ECMO based on available evi-
dence, with only 17 SRs centered on various diseases 
meeting the criteria. Most SRs contain a small number of 
primary studies, indicating limited evidence for this issue. 
RCT is the most reliable evidence to evaluate the efficacy 
and safety of interventions [40]. However, the majority of 
the main studies used to support the efficacy and safety 
of ECMO were not RCT, according to the SRs included 
in this evidence mapping, which might be a phenomenon 
with significant ethical implications.

SR, an essential component of evidence-based medi-
cine, has become the highest level of evidence as it syn-
thesizes all available evidence on a given topic [41]. 
However, if the quality and criteria of SR differ widely, 
the findings of reviews may be exaggerated. Although 
methodological quality assessment is not a core task of 
evidence mapping, it has been recommended that any 
review should include this process to assess the consist-
ency of their conclusions [42]. The AMSTAR-2 tool has 
been used extensively as an effective method to evaluate 
the methodological quality of SR [43]. Increasing num-
bers of SR have been conducted on ECMO, but we used 
the AMSTAR-2 tool to assess methodological quality to 
ascertain the validity of their conclusions. Unfortunately, 
we discovered no “High” methodological quality of SRs, 
but rather six “Moderate” SRs, seven “Low” SRs, and four 
“Critically Low” SRs. The most frequent shortcomings 
were as follows: lack of a reasonable explanation for the 
selection of study design type for inclusion, the absence 
of a report on sources of funding for included studies, a 
lack of a statement regarding potential sources of conflict 

Fig. 4 The evidence mapping on ECMO. X-axis, effect estimate on the certainty of the evidence statement; Y-axis, the number of primary research 
studies in the selected SR; bubble size, the number of SRs on this topic; bubble color, evidence quality of the findings by GRADE system assessment. 
ARDS adult respiratory distress syndrome, ALI acute lung injury, H1N1 influenza A, ALF acute liver failure, ACLF acute on chronic liver failure, ARF acute 
respiratory failure
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of interest, and the absence of a protocol, all of which 
would require the attention of future researchers.

Our evidence mapping emphasizes the areas where SRs 
have reported “beneficial”, “probably beneficial”, “incon-
clusive”, “no effect”, or “harmful” effects while simultane-
ously displaying the research concentration and volume. 
ECMO was beneficial for some clinical topics, such as 
severe ARDS and ALI due to H1N1 influenza infection. 
It is probably beneficial for certain clinical topics, such 
as ARDS, ALF or ACLF, and cardiac arrest. Conclusions 
regarding dependent ARDS, ARF, ARF due to the H1N1 
influenza pandemic, and cardiac arrest of cardiac origin 
were inconclusive. Significantly, we found no evidence of 
a harmful association between ECMO and various clini-
cal topics, which may be due to the fact that few RCTs 
with negative conclusions have been published [44]. The 
fact that the efficacy and safety outcome of ECMO in 
treating severe ARDS is not only concluded as having a 
“beneficial” effect but also supported by “high” quality 
evidence, indicating that ECMO is a potentially prom-
ising support technique for severe ARDS and is also 
consistent with the ARDS management guidelines, is par-
ticularly noteworthy. According to the formal manage-
ment guidelines of ARDS [45], severe cases of ARDS with 
 PaO2/FiO2 < 80  mmHg and/or dangerous MV, despite 
optimization of ARDS management including high PEEP, 
neuromuscular blocking agents and prone positioning, 
should probably be considered for venovenous ECMO. 
The decision to use ECMO should be evaluated early 
by contacting an expert center with the strong agree-
ment. Being distinct from severe ARDS, ECMO dem-
onstrated a probably beneficial effect in another SR that 
did not differentiate the severity of ARDS, suggesting 
that ECMO may have a more effective therapeutic effect 
in severe ARDS, which requires further research to con-
firm. The current estimated mortality rate for ARDS is 
approximately 30–40%, with severe forms of ARDS hav-
ing higher mortality rates than mild or moderate forms 
of ARDS [46]. It is highly promising to assert that using 
ECMO technology will significantly contribute to reduc-
ing mortality rates, especially associated with severe 
ARDS. The continuous advancements in ECMO technol-
ogy are expected to achieve such a favorable effect.

An additionally interesting finding was that ECMO 
outcome indicators tend to focus on survival, mortal-
ity, and a favorable neurological outcome. However, 
none of the studies evaluated the quality of life as an 
outcome or conducted an economic evaluation. In the 
past few decades, quality of life has emerged as a sig-
nificant concept and objective for research and practice 
in the fields of health and medicine, which can inform 
clinicians and policymakers about how to prioritize and 

allocate healthcare resources when assessing the benefits 
of different treatment options [47]. Similarly, economic 
evaluation contributes to the most efficient allocation of 
societal resources [48]. ECMO is an essential technology 
for critically ill patients with cardiopulmonary failure; 
consequently, evaluations of the quality of life and eco-
nomic impact are particularly crucial.

Cardiopulmonary failure is a condition that the major-
ity of critically ill patients may experience, indicating that 
ECMO may be increasingly required for a prolonged 
time in the future. According to searched studies, high-
quality design research was absent on the adverse effects 
of long-lasting ECMO use. Four of the 17 included SRs 
reported potential adverse effects of prolonged ECMO 
use, including bleeding, barotrauma, sepsis, and circuit-
related complications. Specifically, two SRs [24, 31] sug-
gested that ECMO may increase the risk of bleeding in 
ARDS or ARF patients, and ALI due to H1N1 infection 
patients with severe comorbidities or multiorgan failure 
remained at high risk of in-hospital death if prolonged 
support (over one week) was required in most cases [23]. 
Having said that, only a few studies on the adverse effects 
of ECMO were included in this mapping, and most pri-
mary studies are not RCTs, so the findings were not 
entirely accurate. Thus, related RCTs ought to concen-
trate on developing high-quality studies to evaluate the 
adverse effects of ECMO.

Evidence gaps and future directions
This evidence mapping has described the research focus, 
reported in the existing SRs, and identified the gaps in 
evidence to identify clinical topics that should be prior-
itized for future research [49]. However, it can not answer 
more specific questions, such as the optimal parameter 
selection, application timing and duration for ECMO in a 
particular specific health topic. To advance our evidence-
based understanding of ECMO, we should acquire addi-
tional data on the efficacy and safety of ECMO across 
and within each clinical condition and patient population 
using meta-analyses of primary studies. In addition, the 
large number of clinical topics classified as lacking con-
clusive evidence calls for additional primary research. In 
some of the clinical topics included in the category of the 
inconclusive evidence, additional studies have been pub-
lished, necessitating an update of the present SRs.

Strengths and limitations
This evidence mapping, unlike previous ones, provides 
a comprehensive summary of the current evidence for 
all categories of clinical topics associated with ECMO 
without restrictions. Moreover, our study conducted a 
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systematic and exhaustive search of four databases and 
utilized a relatively dependable study design, SR. Then, 
we used the AMSTAR-2 tool to assess the methodo-
logical quality of inclusion in SRs, and the GRADE sys-
tem to assess the quality of evidence for inclusion in SR 
outcomes, visually presenting the results of the existing 
evidence in the form of a bubble plot based on multi-
ple significant dimensions. In addition, we determine 
the rating of conclusions based on the description of 
research results and conclusions, which may avoid the 
uncertainty caused by policy recommendations deter-
mined solely based on research results or conclusions 
in a certain sense [50], which are not only instructive 
for future research and important for preventing the 
waste of academic resources, but also essential for poli-
cymakers. Nonetheless, it is important to note that this 
research does have a few limitations. First, we excluded 
other study designs (such as RCT, case report, cohort 
study, or cross-sectional study, etc.), even though the 
fact that SRs generally could provide the highest qual-
ity evidence for decision-making. Second, only four fre-
quent literature databases were searched, but literature 
from other sources, such as clinical trial registration 
websites, was not focused on, so literature omission was 
inevitable. Especially since I was unable to find any infor-
mation related to ECMO and pregnancy. Third, most of 
the included SRs were based on observational or cohort 
studies with poor methodological quality, which might 
have led to bias and affected the intrinsic authenticity of 
SR to some extent.

Conclusions
In conclusion, observational or cohort studies, frequently 
with small sample sizes, have been the most common 
types of study to evaluate ECMO. AMSTAR-2 tool rated 
the methodological quality of the included SRs in this 
mapping as “Critically Low” to “Moderate”. The most 
beneficial clinical topics of ECMO therapeutic interven-
tion reported by authors for patients are severe ARDS 
and ALI due to H1N1 influenza infection. However, 
ECMO for dependent ARDS, ARF, ARF due to H1N1 
influenza pandemic, and cardiac arrest of cardiac origin 
shows an inconclusive effect. These outcomes empha-
size the need for future research on new clinical topics 
and knowledge gaps in this field. Increased efforts are 
required to improve the methodology quality and report-
ing process of SRs on ECMO.
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