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Abstract
Extracorporeal cardiopulmonary resuscitation (eCPR) can improve survival in selected patients with cardiac arrest (CA). 
In this meta-analysis, we evaluated factors associated with short-term survival and favorable neurologic outcome (FNO) 
post-eCPR. In June 2019, we systematically searched electronic databases for studies reporting on survival and predictors 
associated with short-term survival or FNO post-eCPR using multivariable analysis. We meta-analyzed outcomes and pre-
dictors using the inverse variance method with a random-effects model. We identified 92 studies with 13 factors amenable 
to meta-analysis. Pooled short-term survival and FNO were 25% and 16% respectively. Lower lactate, return of spontaneous 
circulation, shockable rhythm, shorter CPR duration, baseline pH, shorter low-flow time, and history of hypertension were 
significantly associated with short-term survival. In addition, shockable rhythm, lower lactate, and use of targeted tempera-
ture management were associated with FNO. The identified factors associated with short-term survival and FNO post-eCPR 
could guide prognosis prediction at the time of CA.
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Introduction

Cardiac arrest (CA) portends a poor prognosis with survival 
rates of 10% in patients suffering an out-of-hospital CA 
(OHCA) [1, 2] and 25–40% in the event of an in-hospital CA 
(IHCA) [3, 4]. Despite the use of conventional cardiopulmo-
nary resuscitation (CPR), only a small proportion of these 
patients achieve return of spontaneous circulation (ROSC), 
and even fewer survive to discharge. Of those that survive, 
many have unfavorable neurologic outcomes [3, 5]. Extra-
corporeal cardiopulmonary resuscitation (eCPR) by means 
of veno-arterial ECMO has the potential to restore circulation 
in patients in whom CPR has been unsuccessful. In matched 
observational studies, eCPR has demonstrated benefit in 
improving survival and neurologic outcomes, in compari-
son to conventional CPR in patients experiencing IHCA and 
OHCA [4, 6, 7], with a 13% increase in survival and a 14% 
increase in favorable neurologic outcomes at 30 days com-
pared to CPR [6].

The potential benefit of eCPR should be balanced against 
its limits. It is important to identify factors that will predict 
outcomes in this patient population. The current Extracor-
poreal Life Support Organization (ELSO) [8] guidelines 
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recommend veno-arterial extracorporeal membrane oxygen-
ation (VA-ECMO) in patients with refractory cardiogenic 
shock but there are no current clear guidelines or consensus 
criteria for the initiation of VA-ECMO in cardiac arrest. In 
a meta-analysis that included 16 studies (1162 patients), 
8 factors associated with adverse outcomes during eCPR 
were identified by pooling effect estimates from univari-
able analysis. This study demonstrated high inconsistency 
in results across studies that lacked a thorough analysis of 
study characteristics [9]. Furthermore, older studies have 
classically only described predictors of survival in patients 
with eCPR without an evaluation of predictors of neurologic 
outcomes. Therefore, this systematic review and meta-anal-
ysis on contemporary studies identified and summarized the 
outcomes of short-term survival and favorable neurologic 
outcome, and independent predictors associated with these 
outcomes in patients undergoing eCPR. This analysis will 
provide evidence to facilitate patient selection and address 
gaps in knowledge to direct future research efforts.

Methods

We prepared this study report based on the PRISMA state-
ment (Appendix A) for.

reporting on systematic reviews and meta-analyses evalu-
ating prognosis or diagnosis [10]. Both the analysis plan and 
study design were defined prior to study execution. As this 
study is a.

systematic review and meta-analysis including aggregate 
data from studies already published,

ethical approval was not required.

Data Sources and Search Strategy

On June 1st, 2019, with the assistance of an experienced 
research librarian, we conducted a systematic search of elec-
tronic databases, specifically Medline, EMBASE, Cochrane, 
Centre for Reviews and Dissemination, Health Technology 
Assessment, and NHS Economic Evaluation databases using 
several related terms: extracorporeal membrane oxygenation 
and mortality. Three additional studies were identified by 
searching the references of included publications and previ-
ously published meta-analyses.

Study Selection

We included observational cohort studies or post hoc analysis 
of randomized controlled trials (RCTs) on adults (≥ 18 years) 
with CA of any etiology reporting on survival and neurologic 
outcomes and evaluating predictors of survival and/or neu-
rologic outcomes by multivariate analysis, at any time point 

after VA-ECMO implantation. We included both IHCA and 
OHCA patients. We included abstracts if they provided suffi-
cient data on the outcomes of interest or predictors. Studies of 
at least 10 patients and those published in 2010 or later were 
included to represent more contemporary data. We excluded 
studies of veno-venous ECMO, VA-ECMO used primarily 
in cardiogenic shock patients who have not suffered a CA, 
post-cardiotomy, primary septic shock, or primary respiratory 
failure. Studies were excluded if they removed patients who 
died within the first 24 h from their analysis, due to the risk of 
bias associated with preferential patient selection.

Using a study eligibility form (Appendix B), independent 
reviewers selected citations by screening titles and abstracts. 
Citations deemed eligible were included for screening of full-
text versions of all articles in duplicate by two independent 
reviewers. In cases of disagreement, consensus was reached 
through discussion or participation of a third reviewer.

Data Abstraction

We abstracted data relating to the study and patient pop-
ulation including study design, recruitment time frame, 
median age, proportion of female patients, creatinine, pH 
and lactate prior to ECMO implant, etiology of CA, car-
diovascular risk factors, location of cardiac arrest (IHCA 
versus OHCA), bystander CPR, shockable rhythm, tar-
geted temperature management, CPR duration, low-flow 
time, no flow time, ROSC, survival during short-term fol-
low-up (survival to discharge or 30 day survival), duration 
of ECMO support, ECMO complications, and neurologic 
outcomes of survivors. Among included studies, cerebral 
performance category (CPC) 1 and 2 was deemed as good 
neurologic recovery, while CPC 3 to 5 was regarded as 
poor neurologic recovery. We also abstracted data on the 
predictors associated with survival or good neurologic 
outcome, including the definition, effect estimate, and 
confidence intervals.

Risk of Bias Assessment

We performed a risk of bias assessment for each study over-
all and for each predictor of survival and favorable neuro-
logic outcome, using a QUIPS (Quality in Prognosis Stud-
ies) tool [11]. Two independent reviewers appraised the risk 
of bias based on the domains of study participation, study 
attrition, prognostic factor measurement, outcome measure-
ment, study confounders, and statistical analysis and report-
ing. For each domain, the risk of bias was judged as low, 
moderate, or high. We judged the overall risk of bias as low 
if all domains were at low risk of bias. Otherwise, the overall 
risk of bias was judged to be high.
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Data Synthesis and Statistical Analysis

Study population characteristics were described using 
median and interquartile range.

(IQR). We summarized the outcomes of survival and 
good neurologic outcome as percentages with 95% con-
fidence intervals (CI) and meta-analyzed the outcomes 
to provide pooled estimates. We meta-analyzed predic-
tors reported in more than 1 multivariate study using a 
similar definition, evaluating the same outcome, using 
the inverse variance method with a random-effects 
model. If a predictor, for example, age, was defined 
per 10-year increase in age vs. per 1-year increase in 
age (i.e., unit change), we calculated the OR and cor-
responding CI associated with the same unit change 
between the studies so that effect estimates could be 
pooled. We converted HR to OR, where applicable as 
previously described [12, 13]. We evaluated inconsist-
ency in results across studies by visual inspection of 
forest plots. A two-sided p-value of 0.05 or lower was 
considered statistically significant. Review Manager 
5 was used as the statistical platform to conduct our 
meta-analysis and to create forest plots for graphical 

representation of meta-analyses. We planned to use fun-
nel plots for representation and assessment of publica-
tion bias; however, the small number of studies (< 10 
studies) in each meta-analysis precluded its use.

Certainty in the Evidence

To assess the certainty or confidence of pooled effect esti-
mates across all studies reporting on a given predictor, we 
used the Grades of Recommendation, Assessment, Devel-
opment and Evaluation (GRADE) approach to rate the 
certainty of the evidence as high, moderate, low, or very 
low; based on risk of bias, imprecision, inconsistency, 
indirectness, and publication bias [14]. The presence of 
risk of bias, inconsistency, imprecision, indirectness, and 
reporting bias were all factors that reduced confidence 
in the overall body of evidence for a certain predictor. 
The presence of a large effect (e.g., arbitrarily chosen 
OR > 1.5 or < 0.7) and gradient response in the case of 
multi-categorical predictors increased the confidence in 
effect estimates.

Fig. 1  Study selection flow
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Results

Study Selection and Characteristics

Our systematic search identified 17,305 citations. After 
screening, a total of 92 studies (52 full text articles and 
40 abstracts) on 6793 patients were included (Fig. 1). Of 
these, 92 studies reported on short-term survival, 61 stud-
ies reported on favorable neurologic outcome, 29 studies 
including 3331 patients reported on 57 predictors and 13 
predictors were amenable to meta-analysis.

The baseline characteristics are summarized in Table 1. 
The median sample size was 74 (IQR 31–101) patients. 
A minority of patients were female (median 28%, IQR 
21–34%) and the median average population age was 56 
(IQR 52–60) years. The median frequency of cardiovascu-
lar risk factors was 46% (IQR 37–54%) for hypertension, 
28% (IQR 21–38%) for smoking, 24% (IQR 16–34%) for 
diabetes, and 33% (IQR 19–54%) for known history of 
coronary artery disease.

The frequency of IHCA was 44% (IQR 0–84%). The 
etiology was myocardial infarction (MI) in nearly half of 
cases (median 51%, IQR 32–65%) and a coronary angio-
gram was performed for 86% (IQR 53–100%) of patients. 
Bystander CPR was performed in a median of 73% (IQR 
48–83%) of cases. Cardiac arrest was witnessed in a major-
ity of cases (median 83%, IQR 73–92%). Nearly half of 
patients presented with a shockable rhythm (median 43%, 
IQR 35–58%) and only a median of 37% were treated with 
targeted temperature management (IQR 29–81%). In a vast 
majority of cases, ROSC was attained (median 80%, IQR 
44–94%). The median (IQR) duration of ECMO support 
was 70 (IQR 45–93) hours.

Risk of Bias of Individual Studies

Of the 92 studies identified overall, 62 performed univari-
ate analysis and were excluded for the meta-analysis. The 
30 remaining studies involved multivariate analysis. Of 
these, 7 studies (23%) were judged to have a high risk of 
bias, 5 (17%) were judged to have a moderate risk of bias, 
and 18 (60%) were judged to have a low risk of bias. All 
studies were retrospective cohort studies. Full text was 
available for 77% of the studies. The main reason for high 
risk of bias was related to the use of non-consecutive sam-
pling (5 studies). There was no missing data or loss to 
follow-up on short-term mortality.

Table 1  Baseline study and patient characteristics of all studies

**Population type unknown in 6 studies

Characteristics eCPR

Studies included 92 (n = 6793)
Study sample size 74 (31–101)
Age (years) 56.3 (52–59.9)
Female (%) 28 (20.8–34)
Single Center 78 (84%)
Continent
 - Europe 35 (38%)
 - Asia 38 (41%)
 - North America 16 (18%)
 - South America 0 (0%)
 - Australia 2 (2%)
 - Multiple 1 (1%)

Lower recruitment 2008 (2005–2011)
Upper recruitment 2014 (2012–2016)
Recruitment rate (patients/year) 15 (6–17)
Lactate 11 (9.4–14)
pH 7.1 (6.96–7.17)
Cardiac risk factors
 - Prior CAD 33% (19.1–54.2%)
 - Prior HF 14% (12.3–22%)
 - Hypertension 46% (37–53.6%)
 - Dyslipidemia 25.4% (16.3–36.5%)
 - Smoker 28% (20.7–38%)
 - Diabetes 24% (16.1–33.5%)

In-hospital cardiac arrest 44% (0–84%)
Post-MI 51% (31.9–65%)
Post-PCI 41% (8.7–60%)
Bystander CPR 73% (48–83%)
Witnessed arrest 83% (73–92%)
Public location 52% (35–63%)
Private location 38% (22–55%)
Coronary angiogram 86% (53–100%)
Shockable rhythm (VT/VF) 43% (35–58%)
TTM 37% (29–81%)
ROSC 80% (44–94%)
Cardiac etiology of arrest 74% (56–93%)
CPR duration (mins) 43.8 (35–57)
Low-flow time (mins)**
All studies included
IHCA (7/19 studies)
OHCA (12/27 studies)
Studies with mixed IHCA/OHCA (28/40 stud-

ies)

60.6 (47.1–78.6)
41.3 (23.2–59.5)
78.6 (60.2–101)
59.5 (35.5–88)

No flow time (mins)**
 All studies included
 IHCA (0/19)
 OHCA (7/27 studies)
 Studies with mixed IHCA/OHCA (14/40 

studies)

2 (1.2–4.3)
No data
3.6 (0–7.4)
2 (0.85–4.8)

Mean ECMO duration (hours) 69.6 (45.4–93.1)
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Short‑Term Survival and Favorable Neurologic Outcome

Pooled short-term survival was 25% in eCPR patients 
across multivariate studies (95%CI, 22–28%, Fig. 2) and 
pooled favorable neurologic outcome was 16% (95%CI, 
13–19%, Fig. 3). Meta-regression analysis showed that 
recruitment year did not explain variation in results across 
studies for mortality (0.02, 95%CI0.01–0.04) or favorable 
neurologic outcome (0.01, 95%CI − 0.04–0.02), suggesting 
no significant changes in event rate over time (Fig. 4, 5).

Factors Associated with Short‑Term Survival

A total of 13 potential predictors of short-term survival 
evaluated in multivariate analysis were meta-analyzed. 

Table 2 summarizes the characteristics of studies evaluating 
predictors of outcomes using multivariate analysis in eCPR 
patients. Figure 6 illustrates the pooled effect estimates of 
the predictors meta-analyzed. Factors that were significantly 
associated with improved short-term survival were lower 
lactate (OR 0.84 per mmol/L increase, 95%CI 0.73–0.98, 
low confidence, 3 studies), shockable rhythm (OR 3.22, 
95%CI 1.43–7.28, high confidence, 7 studies), shorter CPR 
duration (OR 0.96 per-min increase, 95%CI 0.95–0.98, high 
confidence, 2 studies), higher baseline pH (OR 8.02, 95%CI 
5.97–10.76, high confidence, 2 studies), history of hyper-
tension (OR 1.98, 95%CI 1.18–3.3 moderate confidence, 2 
studies), ROSC (OR 10.03, 95%CI 3.45–31.55, moderate 
confidence, 3 studies), and shorter low-flow time (OR 0.98 
per 1-min increase, 95%CI 0.97–0.99, moderate confidence, 

Fig. 2  Meta-analysis of pooled 
short-term survival among car-
diac arrest patients treated with 
eCPR in multivariate studies
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3 studies). An OR < 1 suggests a reduction in short-term 
survival as predictor level increases; an OR > 1 suggests an 
increase in short-term survival as predictor level increases. 

Other factors not significantly associated with short-term 
survival: older age (OR 0.98 per 1-year increase, 95%CI 
0.96–1.0 moderate confidence, 7 studies), female sex (OR 

Fig. 3  Meta-analysis of pooled 
favorable neurologic outcomes 
(FNO) among cardiac arrest 
patients treated with eCPR in 
multivariate studies

Fig. 4  aMeta-regression of mortality for median recruitment year 
across all studies. bMeta-regression of favorable neurologic outcomes 
for median recruitment year across all studies

Fig. 5  Meta-regression of favorable neurologic outcomes for median 
recruitment year across all studies
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2.96, 95%CI 1.00–8.82, moderate confidence, 5 studies), 
location of arrest (IHCA vs. OHCA) (OR 1.42, 95%CI 
0.66–3.04, moderate confidence, 6 studies), revasculariza-
tion (OR 2.99, 95%CI 0.67–13.29, low confidence, 2 stud-
ies), and ACS (OR 2.64, 95%CI 0.79–8.88, low confidence, 
2 studies) (Fig. 6, Table 3).

Factors Associated with Favorable Neurologic Outcome

A total of 6 potential predictors of favorable neurologic 
outcome were reported in multivariate analyses and meta-
analyzed. Factors significantly associated with favorable 
neurologic outcome were shockable rhythm (OR 3.14, 
95%CI 1.69–5.81, high confidence, 5 studies), lower lactate 
(OR 0.91 per mmol/l increase, 95%CI 0.85–0.97, high con-
fidence, 2 studies), and targeted temperature management 
(OR 4.45, 95%CI 3.58–5.54, moderate confidence, 2 stud-
ies). Other factors not significantly associated with favorable 
neurologic outcome included age per year increase (OR 1.00 
per year increase, 95%CI 0.93–1.07, moderate confidence, 2 
studies), female sex (OR 1.39, 95%CI 0.44–4.42, moderate 
confidence, 2 studies), and shorter CPR duration (OR 1.0 per 
minute increase, 95%CI 0.97–1.02, moderate confidence, 2 
studies) (Fig. 6, Table 3).

ECMO Complications

Of the 92 studies included, 44 studies reported on ECMO com-
plications. Requirement for dialysis (median 39%, IQR 29–52%) 
and multi-organ failure (median 36%, IQR 13–77%) were the 
most frequently reported complications followed by bleed-
ing (median 36%, IQR 18–48%) and hemolysis (median 32%, 
median 23–47%). Other reported complications include periph-
eral vascular complications (median 11.2%, IQR 4.3–20%) and 
stroke/transient ischemic attack (11%, IQR 3–20%).

Discussion

In this meta-analysis of 92 studies including 6836 patients, 
the pooled estimate of short-term survival was 30% and 
favorable neurologic outcomes was 18% in patients who had 
a CA (both IHCA and OHCA), treated with VA-ECMO. 
These event rates have remained stable over time. Lower 
lactate, the presence of a shockable rhythm, shorter CPR 
duration, higher pH, history of hypertension, shorter low-
flow time, and ROSC were factors associated with improved 
short-term survival while shockable rhythm, lower lactate, 
and use of targeted temperature management (TTM) were 

Fig. 6  Summary of meta-analysis of predictors of short-term survival and favorable neurologic outcomes among cardiac arrest patients treated 
with eCPR
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factors associated with favorable neurologic outcomes. Age 
and sex were not associated with outcomes.

Relation to Previous Work

Advances in therapies have improved the outcomes in 
patients with CA though survival rates remain low; 10% 
in an OHCA and 25–40% in the event of an IHCA. [1–4]. 
These improvements are not seen uniformly. Between 2006 
and 2013, in patients experiencing an OHCA, survival to 
hospital discharge doubled (4.8 to 9.4%; P < 0.0001), and 
survival with good neurologic outcome increased (6.2 to 
8.5%; P = 0.005) [15]. Furthermore, results from the Resus-
citation Outcomes Consortium demonstrated similar find-
ings with survival rates increasing from 8.2 to 10.4% [1]. 
On the other hand, reports in patients with IHCA have simi-
larly shown that survival to discharge has increased from 
3.7% in 2000 to 22.3% in 2009 and rates of clinically sig-
nificant neurologic disability have decreased over time with 
a risk-adjusted rate of 32.9% in 2000 and 28.1% in 2009 
[16]. Functional and neurologic outcomes are of the utmost 
importance when predicting patient prognosis and when 
considering a very resource-intensive and costly interven-
tion such as VA-ECMO [17]. This underlines the importance 
of identifying predictors that determine not only who will 
survive, but also who will have a good functional recovery. 
Conventional CPR can provide 25 to 30% of baseline car-
diac output [18] whereas eCPR can provide 60–80% of rest-
ing cardiac output, which is sufficient to perfuse all organs, 
including the brain [19, 20]. Thus, rapid initiation of VA-
ECMO in selected candidates is key to increase the chance 
of favorable neurologic outcomes.

In the only published RCT reporting standard CPR versus 
eCPR use in 30 patients with OHCA, 43% of the eCPR group, 
compared to only 7% of the standard CPR group, survived to 
hospital discharge [21]. In this study, all patients who survived 
had a favorable neurologic outcome. This study was stopped 
early due to the significant benefit demonstrated. Patients in 
the intervention arm supported with eCPR showed higher rates 
of survival compared to our meta-analysis (43% vs 25%) as 
well as neurologic recovery (43% vs 16%), which may be due 
to best practices at a center of excellence, the contemporary 
nature of the data or possibly a refined patient population.

In our meta-analysis, we found that shockable rhythm is sig-
nificantly associated with more than twice the odds of short-term 
survival (OR 2.18, 95%CI 1.03–4.62) post-CA. This is congru-
ent with the literature on CA survival dichotomized by shock-
able vs non-shockable rhythms. The American Heart Associa-
tion’s Resuscitation Registry of 45,567 patients (2001–2011) 
with IHCA reported unadjusted 1-year survival rates of 6.2% in 
those with a non-shockable rhythm and 21.8% in those with a 
shockable rhythm [22]. There was significant inconsistency of 
the effect estimate between studies which may be explained by 

the fact that the comparator used in the different studies (e.g., 
asystole or non-shockable rhythm or other) varied in definition.

An increase of 1 min in CPR duration was associated with 
a relative 4% decrease in survival. This finding is in keeping 
with the published literature which quotes a survival of < 5% 
in OHCA patients after 20 min of CPR and < 1% in OHCA 
patients after 30 min of CPR [23]. As low-flow time (during 
CPR) increases, end-organ dysfunction ensues, pH drops, 
and the chances of cardiac recovery are lower [24]. A higher 
pH was associated with a significant increase in survival 
(OR 8.02, 95%CI 5.97–10.76). Mechanistically, a lower pH 
correlates with the length of time in cardiogenic shock, as 
described by the Society for Cardiovascular Angiography 
and Interventions scoring system [25].

Patients on VA-ECMO, who had ROSC after CA, had 10 
times the odds of short-term survival. This could be explained 
by the fact that patients who attain ROSC are illustrating signs 
of regained cardiac function and thus potential recovery. The 
three studies meta-analyzed for ROSC had varying definitions 
of this factor including: “any ROSC during ACLS [26], any 
ROSC before eCPR [27], signs of life before eCPR [28].” The 
study with the most liberal definition of ROSC (any ROSC 
during ACLS) had the smallest risk estimate, suggesting that 
the meta-analysis effect estimate is conservative.

Despite a positive association in prior published studies 
[29], our meta-analysis did not find a significant relationship 
between location of arrest (IHCA vs OHCA) and short-term 
survival (OR 1.42, 95%CI 0.66–3.04). One of the hypotheses 
for the favorable survival in IHCA is the shorter cannula-
tion time for IHCA vs OHCA. However, the study by Den-
nis et al. specifically compared cannulation time between 
IHCA and OHCA, with no significant difference, which 
would reduce the impact of location on survival between 
these two groups [30]. Moreover, patients with OHCA 
were significantly younger (median age 56, IQR 49–64; 77 
patients) as compared to IHCA patients (median age 68, 
IQR 58–73, p < 0.01) and had a higher percentage of shock-
able rhythms (VF 49% vs 26%, p = 0.04), which would favor 
better outcomes in this group. Moreover, patients admitted 
to hospital who then suffer a CA tend to have more comor-
bidities, which may increase their risk of mortality. Finally, 
the median rate of bystander CPR across studies was very 
high at 73%, which is greater than the current rate in North 
America (45% as per the American Heart Association). 
These findings could have mitigated the expected survival 
benefit of IHCA over OHCA in this meta-analysis.

A shorter low-flow time was significantly associated with 
short-term survival in this meta-analysis (OR 0.98, 95%CI 
0.97–0.99). This is congruent to prior reports whereby low-
flow time was associated with survival [29]. In a contem-
porary eCPR tool developed by Ryu et al., low-flow time 
(CPR duration) > 30 min was one of the strongest predictors 
of poor outcome [31].
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CPR duration was not associated with FNO. Since low-
flow time has been previously associated with survival, 
patients with prolonged low-flow time may not survive at 
all, making neurologic assessment irrelevant.

Implications for Clinical Practice

Given the scarcity of RCTs evaluating the outcomes in 
patients with CA and VA-ECMO with one RCT published 
to date [21], our study identified predictors that can optimize 
patient prognostication following eCPR. This is particularly 
important as patients can have a wide range of neurologic 
outcomes post eCPR. Both factors associated with favora-
ble neurologic outcomes identified in our study, shock-
able rhythm and the use of TTM, have been shown in prior 
studies to portend a favorable outcome [32, 33]. Despite 
the contemporary nature of our study selection, neurologic 
outcomes were only reported in 43% of studies. Reporting 
of neurologic outcomes in trials evaluating patients with 
VA-ECMO has increased but the paucity of predictors for 
favorable neurologic outcomes compared to those for sur-
vival likely stems from a delay in reporting. Larger RCTs are 
needed to evaluate the impact of VA-ECMO on survival and 
neurologic outcomes in patients with cardiac arrest given the 
poor prognosis despite current therapies. These studies can 
help identify predictors and assist with the development of 
prediction models from high-quality evidence. While await-
ing a large RCT, large multicenter registries and data from 
meta-analyses, such as this one, can identify patients who 
may have increased rates of survival or good neurologic 
outcomes post eCPR. There are currently several ongoing 
RCTs evaluating eCPR in cardiac arrest patients. The larg-
est being the INCEPTION trial, which is a multicenter RCT 
that evaluates the effect of eCPR on survival and neuro-
logic outcomes in patients in refractory OHCA presenting 
with ventricular fibrillation or tachycardia [34]. Other trials 
include Emergency Cardiopulmonary Bypass for Cardiac 
Arrest (ECPB4OHCA), NCT01605409.

Limitations

There are several limitations to our study. All of the data 
collected was observational and retrospective in nature. We 
attempted to mitigate confounders associated with these 
types of studies by utilizing data from only multivariate 
models in our analysis. Even with these attempts, we identi-
fied several articles that derived their multivariate data from 
using only univariate predictors that were determined to be 
significant. Due to the limited number of studies per pre-
dictor (on average 2–7 studies), especially with predictors 
of favorable neurologic outcomes, we could not evaluate 
for potential publication bias. This could, as a result, lead 

to effect overestimation. Furthermore, we pooled different 
definitions of short-term survival together (including both 
survival to discharge and 30-day survival) due to the lim-
ited studies and varied definitions in the literature available, 
which prevented us from being able to assess mortality at 
specific time points. However, we performed a subgroup 
analysis of studies looking at 30-day survival (74% median 
survival, IQR 63–38%) vs survival to discharge (73% median 
survival, IQR 63–81%) which showed no significant differ-
ence in mortality estimates; therefore, we pooled studies 
together.

Conclusion

This meta-analysis identified several factors associated with 
short-term survival and favorable neurologic outcomes in 
patients treated with eCPR for both IHCA or OHCA. These 
factors are important prognostically as they can guide clini-
cal decision-making amongst this population of patients 
with historically poor prognosis. Further research evaluat-
ing the combined prognostic value of these factors along 
with large RCTs evaluating eCPR benefit based on patient 
characteristics are required to create and validate predictive 
models and evaluate their impact on guiding patient care.
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