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Abstract

Background Extracorporeal cardiopulmonary resuscitation (ECPR) may reduce mortality and improve neurological
outcomes in patients with cardiac arrest. We updated our existing meta-analysis and trial sequential analysis to further
evaluate ECPR compared to conventional CPR (CCPR).

Methods We searched three international databases from 1 January 2000 through 1 November 2023, for randomised
controlled trials or propensity score matched studies (PSMs) comparing ECPR to CCPR in both out-of-hospital car-
diac arrest (OHCA) and in-hospital cardiac arrest (IHCA). We conducted an updated random-effects meta-analysis,
with the primary outcome being in-hospital mortality. Secondary outcomes included short- and long-term favour-
able neurological outcome and survival (30 days—1 year). We also conducted a trial sequential analysis to evaluate

the required information size in the meta-analysis to detect a clinically relevant reduction in mortality.

Results We included 13 studies with 14 pairwise comparisons (6336 ECPR and 7712 CCPR) in our updated meta-anal-
ysis. ECPR was associated with greater precision in reducing overall in-hospital mortality (OR 0.63, 95% Cl 0.50-0.79,
high certainty), to which the trial sequential analysis was concordant. The addition of recent studies revealed a newly
significant decrease in mortality in OHCA (OR 0.62, 95% Cl 0.45-0.84). Re-analysis of relevant secondary outcomes
reaffirmed our initial findings of favourable short-term neurological outcomes and survival up to 30 days. Estimates
for long-term neurological outcome and 90-day-1-year survival remained unchanged.

Conclusions We found that ECPR reduces in-hospital mortality, improves neurological outcome, and 30-day survival.
We additionally found a newly significant benefit in OHCA, suggesting that ECPR may be considered in both IHCA
and OHCA.
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Introduction

Despite advances in research, prognosis following cardiac
arrest remains grim [1, 2]. Extracorporeal cardiopulmo-
nary resuscitation (ECPR) in refractory cardiac arrest can
potentially be considered, yet the utility of ECPR in out-
of-hospital cardiac arrest (OHCA) remains to be seen,
with three randomised controlled trials (RCTs) reporting
differing outcomes [3—6]. Our group recently conducted
a systematic review and meta-analysis of randomised
clinical trials (RCTs) and propensity score matched
studies on ECPR in cardiac arrest [7]. While we found
a reduction in mortality with ECPR for in-hospital car-
diac arrest (IHCA), we did not observe this same finding
in OHCA, although this latter conclusion may have been
impacted by ongoing imprecision. We concluded that
more studies were needed assessing the role of ECPR,
specifically in OHCA.

The publication of a new propensity score matched
study by Okada et al. [8] evaluating ECPR in over 2000
patients with OHCA is a timely addition to the litera-
ture, along with a similar study by Choi et al. [9]. We
believe that the publication of these new studies stands
to enhance our understanding of this topic. As the evi-
dence has expanded, we updated the systematic review
and meta-analysis based on our previous study to evalu-
ate the ECPR among OHCA patients.

Methods

The original protocol was registered with PROSPERO
(CRD42022332623). We adhered to the Preferred Report-
ing Items for Systematic reviews and Meta-Analysis
(PRISMA) statement (Additional file 1: PRISMA Check-
list) [10], and the prespecified methodology and ana-
lytical plan from our original meta-analysis. Briefly, we
updated our literature search and screened the literature
through 1 November 2023. We followed the prior inclu-
sion criteria of either RCTs or propensity score matched
studies comparing ECPR against conventional cardio-
pulmonary resuscitation (CCPR) in cardiac arrest. We
did a random-effects meta-analyses (Mantel-Haenszel
method) of binary outcomes using the DerSimonian—
Laird model [11, 12] and present outcomes as pooled
odds ratios (OR) with 95% confidence intervals (Cls). We
adhered to the Grading of Recommendations, Assess-
ment, Development, and Evaluations approach when
assessing the certainty of evidence [13]. We assessed risk
of bias via the Cochrane Risk of Bias 2 Tool for RCTs and
Newcastle Ottawa Score for PSMs.

The primary outcome was in-hospital mortality. We
also re-analysed relevant secondary outcomes where
reported by any of the newly included studies. These were
favourable short-term (discharge to 30 days) neurological
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outcome (defined by a cerebral performance category
(CPC) score of 1-2), as well as post-discharge survival of
30 days. We repeated the prespecified subgroup analyses
and the trial sequential analysis.

Further details on the original methodology, along
with their references, can be found in Additional file 1:
Original Methods and References for Original Methods.
As both shockable and non-shockable cohorts in Okada
et al. [8] were matched separately, we have included these
cohorts separately in this updated analysis. We used
p-values of less than 0.05 as the threshold for statistical
significance. We did all meta-analyses analyses using R
(version 4.0.5) and trial sequential analyses using TSA
v0.9.5.10 (www.ctu.dk/tsa).

Results

Updated primary outcomes

We updated our search until 1 November 2023, including
13 studies (three RCTs and 10 PSMs) with 14 pairwise
comparisons comprising 14,048 patients (6336 ECPR
and 7712 CCPR, references in Additional file 1: PRISMA
Flowchart and References for Included Studies). Study
characteristics for individual studies are noted in Table 1.
All RCTs were noted to be either at ‘low risk’ or ‘some
concerns’ for bias, while all PSMs were noted to be of
‘high quality’ (Additional file 1: Table S1a and S1b). ECPR
was associated with lower mortality (OR 0.63, 95% CI
0.50-0.79), with high certainty based on GRADE (Addi-
tional file 1: Table S2). Due to concerns regarding pos-
sible overlaps in Korean OHCA data [14], we conducted
sensitivity analysis excluding Choi et al. [9]; the pooled
estimate did not substantially change.

Subgroup analysis examining mortality based on type
of study, geographical region, location of arrest (OHCA
vs in-hospital cardiac arrest [IHCA]), and study qual-
ity did not demonstrate significant differences (p;erac.
tion > 0.05 for all subgroup comparisons). As compared to
the previous analysis, the overall findings were very simi-
lar. However, for patients with OHCA, while ECPR pre-
viously had no association with mortality reduction, the
updated analysis, including these two new studies, now
demonstrated a reduction in mortality with ECPR (OR
0.67, 95% CI 0.51-0.88, Fig. 1). Trial sequential analysis
for mortality found that the cumulative Z-curve passed
the required information size and TSA-adjusted bound-
ary for benefit affirmed our results.

Updated secondary outcomes

Updated analysis of relevant secondary outcomes found
that ECPR was associated with favourable neurologi-
cal outcomes at short-term follow-up (OR 1.57, 95% CI
1.14-2.15, high certainty) and survival up to 30 days (OR
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ECPR
Study Events Total Events
Belohlavek 2022 84 124 101
Jeong 2022 226 271 218
Kim 2020 2873 3826 3080
Maekawa 2013 15 24 21
Yannopoulos 2020 9 15 14
Suverein 2023 56 70 51
Okada 2023 (Shockable) 688 913 764
Okada 2023 (Nonshockable) 326 370 361
Choi 2023 391 458 1578
Random effects model 6071

Heterogeneity: 12 = 74%, ©* = 0.0866, p < 0.01
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CCPR
Total OHCA mortality OR 95%-Cl Weight
132 —= 0.64 [0.37;1.12] 11.2%
271 ‘= 122 [0.79;1.89] 13.5%
3826 : 0.73 [0.66;0.81] 20.7%
24 _— 0.24 [0.06;1.03] 2.9%
15 ; 0.11 [0.01;1.04] 1.3%
64 ——=—— 1.02 [0.44;2.37] 6.8%
913 = 0.60 [0.47;0.75] 18.4%
370 —_— 0.18 [0.09;0.38] 8.2%
1832 4 094 [0.70;1.26] 17.0%
7447 < 0.67 [0.51; 0.88] 100.0%
[ I Tl
0.01 051 2

Fig. 1 Forest plot for OHCA. CCPR, conventional cardiopulmonary resuscitation, ECPR, extracorporeal cardiopulmonary resuscitation, OHCA,

out-of-hospital cardiac arrest, OR, odds ratio, and Cl, confidence interval

1.70, 95% CI 1.29-2.26, high certainty), for which trial
sequential analyses demonstrated that required informa-
tion size was met, and TSA-adjusted boundaries were
consistent. These findings were both similar to what we
had previously demonstrated.

Additional file 1: Table S3 summarises these updated
findings for all updated analyses, including subgroup
analysis. While reported in our previously published
meta-analysis, there were no new data evaluating long-
term (3 months, 6 months, and 1 year) survival and
long-term neurological outcomes in the newly included
studies. As such, these outcomes were not updated and
presented in this paper. These outcomes can be found in
the initial report [7]. We have also indicated the result of
post hoc sensitivity analysis in Additional file 1: Table S4.

Discussion

The most pertinent change in findings from this updated
analysis were improvements in mortality when using
ECPR for patients with OHCA, which represents a
change from our previously published results [7]. This
change in findings is likely a result of improvements in
precision achieved with including additional studies and
therefore larger number of patients and events.

Although both new studies had large sample sizes, it
was Okada et al. [8] which included both shockable and
non-shockable cohorts that primarily led to improve-
ments in precision and generalisability of results, and
an improved estimate in the OHCA cohort. The other
new study, Choi et al. [9], did not see any significant
differences in mortality with ECPR, with results being
imprecise.

In our previously published report, we discussed dif-
fering conclusions between the three RCTs examining
this topic and proposed that varying times to cannula-
tion between these studies might explain their differing

results, with the RCT having the shortest time to can-
nulation having the greatest benefit seen in ECPR. We
posit that this same variable may also explain the shift in
these updated results, particularly with reference to the
inclusion of Okada et al. [8]. Okada and colleagues were
able to achieve extremely fast time to ECPR cannulation,
with a median time of under 30 min in both shockable
and non-shockable cohorts, which corroborates with the
findings from our prior meta-regression that mortality
increases with low-flow time (HR [hazard ratio] per min:
1.01, 95% CI 1.00-1.01). In Japan, ECPR is often initi-
ated at the emergency department, without the need to
involve inpatient services, unlike in other regions [21].
This would result in faster cannulation than if the patient
had to be transported to the operating theatre or other
procedural rooms in order to achieve cannulation. This
decrease in low-flow time likely reduces multiorgan fail-
ure and brain injury after cardiac arrest, thereby aug-
menting the survival benefits of ECPR [3, 22].

These studies supplement our prior analysis, with the
addition of additional OHCA cohorts now demonstrat-
ing the benefit of ECPR in both OHCA and IHCA. Nev-
ertheless, factors such as the preparedness of pre-hospital
ECMO programmes and the speed at which ECMO can-
nulation is achieved affect outcomes, and it remains a
highly labour- and resource-intense intervention. ECPR
can only be as effective as the team that is providing it,
with effectiveness likely only seen in high-volume centres
able to achieve expeditious cannulation.

This study has limitations that should be considered.
Importantly, residual confounding remains an issue in
PSMs, with factors outside the propensity model not
accounted for and potentially confounding the analysis.
Furthermore, there are no clear, unified eligibility crite-
ria for ECPR. Each study in this meta-analysis reported
variable selection criteria, which necessitates a cautious
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interpretation of the results. Furthermore, it is noted
that among the RCTs included in this analysis, two were
terminated early and did not reach the pre-defined sam-
ple size [5, 6], one had a number of post-randomisation
exclusions [4], and others had protocolised features that
may have impacted maintenance of blinding [4, 5]. Also,
there is some variability in our risk of bias assessments
and those of previously published systematic reviews, and
while we are confident in our assessments (Additional
file 1: Table Sla and S1b), this highlights the subjectivity
that can be associated with these ratings [25]. Addition-
ally, we used mortality as the primary outcome, which
although patient important, does not provide informa-
tion related to quality of life. This was prespecified in our
protocol, and based on the fact that we thought more
of the included studies would report on this endpoint,
that being said, we have included survival with favour-
able neurological outcome as a secondary outcome in the
analysis.

Conclusion

In conclusion, we found that ECPR was associated with
significant reductions in mortality for patients with car-
diac arrest, with a significant reduction in patients with
OHCA upon addition of new studies. Compared with
CCPR, ECPR also improves short-term neurological out-
comes and 30-day survival, affirming our prior analysis.
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