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BACKGROUND: This meta-analysis aimed to determine whether extracorporeal
cardiopulmonary resuscitation (ECPR), compared with conventional cardiopulmonary resuscitation
(CCPR), improves outcomes in adult patients with cardiac arrest (CA).

DATA RESOURCES: PubMed, EMBASE, Web of Science, and China Biological Medicine

Database were searched for relevant articles. The baseline information and outcome data (survival,
good neurological outcome at discharge, at 3—6 months, and at 1 year after CA) were collected
and extracted by two authors. Pooled risk ratios (RRs) and 95% confidence intervals (Cls) were
calculated using Review Manager 5.3.

RESULTS: In six studies 2 260 patients were enrolled to study the survival rate to discharge and long-
term neurological outcome published since 2000. A significant effect of ECPR was observed on survival
rate to discharge compared to CCPR in CA patients (RR 2.37, 95%CI 1.63-3.45, P<0.001), and patients
who underwent ECPR had a better long-term neurological outcome than those who received CCPR (RR
2.79, 95%CI 1.96-3.97, P<0.001). In subgroup analysis, there was a significant difference in survival to
discharge favoring ECPR over CCPR group in OHCA patients (RR 2.69, 95%C/ 1.48-4.91, P=0.001).
However, no significant difference was found in IHCA patients (RR 1.84, 95%C/ 0.91-3.73, P=0.09).

CONCLUSION: ECPR showed a beneficial effect on survival rate to discharge and long-term
neurological outcome over CCPR in adult patients with CA.
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INTRODUCTION

Cardiac arrest (CA) is a major health concern, and
the survival rate of such patients remains very low despite
early access to emergency medical care and improvement
in treatment."’ Cardiopulmonary resuscitation (CPR)
has been the treatment of choice for CA with a better
survival.”! Previous studies revealed a low survival to
discharge rate ranging from 7% to 26%, which declines
rapidly if the duration of CPR exceeds 10 minutes and
dramatically after 30 minutes."’

Conventional CPR (CCPR) for patients with CA aims
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to achieve a neurologically intact survival. However, CCPR
provides only 30% to 40% of normal blood flow to the
brain even when delivered according to guidelines."!
In many CA patients, there is a failure to have a return
of spontaneous circulation (ROSC) despite advanced
cardiac life support and this is often in the setting of
severe metabolic acidosis, acute blockage of a coronary
artery or massive pulmonary embolism."”’ In refractory
CA, extracorporeal membrane oxygenation (ECMO)-
assisted CPR 1is used for both in-hospital CA (IHCA) and
out-of-hospital CA (OHCA)."’
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Extracorporeal CPR (ECPR) is a technique to circulate
blood outside the body with extracorporeal oxygenation
and to support the body’s circulation in the absence of
an adequately functioning cardiac pump.” Observation
studies’” "* have shown an improved survival rate and
better neurological preservation after CA in patients
receiving ECPR compared to CCPR. ECPR is a
valuable option for CA and that it should be initiated
as soon as possible when CA is considered to be
refractory to CCPR."”) On the basis of these findings,
the 2015 American Heart Association guidelines for
CPR mentioned that ECPR may be considered for
selecting patients for whom the suspected etiology of
CA was potentially reversible during a limited period of
mechanical cardiorespiratory support (Class IIb).""”!

Thus, this meta-analysis collected and reviewed
previously reported studies to further evaluate the
survival rate and neurological outcome of CA patients
receiving ECPR compared with CCPR.

METHODS

This study was performed according to the guidelines
of the preferred reporting items for systematic reviews and
meta-analysis (PRISMA) statement (S1 PRISMA Checklist).

Study design

This study encompassed a review of the previous
relevant medical literature. The primary end point of this
study was the survival rate to discharge of patients receiving
ECPR or CCPR. The secondary end point was long-term
neurological outcome as determined by the Glasgow-
Pittsburgh cerebral-performance categories (CPC) score.

Data source and search strategy
Potentially relevant studies were identified and screened

for retrieval by a thesaurus search. PubMed, EMBASE,
Web of Science, and China Biological Medicine Database
were searched for relevant articles with search terms
"(Extracorporeal Membrane Oxygenation or ECMO or
Extracorporeal cardiopulmonary resuscitation or ECPR)
and (cardiac arrest or CA or cardiopulmonary arrest)". The
"related citations" option in PubMed, as well as reference
lists of all retrieved studies, was checked to search for other
relevant articles that were not initially identified. The last
research updated on December 19, 2015. The entire literature
search was performed by two independent researchers.

Study selection
Observational studies examining at least 15 adult
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patients who received ECPR for CA were included. To
keep the search current, only studies published in 2000
or later were included. Furthermore, studies that did not
include survival to discharge or CPC status as endpoints
were excluded. When institutions published duplicate
studies with accumulating sample size or increased
length of follow-up, only the most recent complete
reports were included. All studies were limited to those
with human subjects and published in the English
language. Case reports, case series, letters, conference
presentations, editorials, and expert opinions were
excluded. Review articles also were excluded due to
potential publication bias and duplication of studies.

Data extraction
All data were extracted from article texts, tables,

and figures. The two of the authors independently
reviewed data from each relevant study. Disagreements
were reconciled through group discussion and a final
consensus was reached on all items. For each study, the
following information was collected: the first author's
name, year of publication, region, location of CA, survival
rate at discharge, long-term neurological outcome, CPR
duration (defined as the interval from initiation of CPR to
ROSC or death in CCPR and as the interval from CPR to
ECMO in ECPR), etiology, and initial cardiac rhythm. The
Newcastle-Ottawa Scale (NOS) was used for assessing
the quality of included observational studies in this meta-
analysis. A "star system" has been developed in which a
study is judged on three broad perspectives: the selection
of the study groups; the comparability of the groups; and
the ascertainment of the outcome of observational studies.
In this system, 9 stars represent the highest level and those
studies that get 6 stars are of high quality.

Statistical analysis
Heterogeneity among studies was quantified with

the I” metric, which is independent of the number of
studies in a meta-analysis. I” takes values between 0%
and 100%, with higher values denoting a greater degree
of heterogeneity, and I’>50% indicates significant
heterogeneity between the studies."” Based on the test
of heterogeneity, along with the 95% confidence interval
(CI) to measure the strength of the effect, the pooled
risk ratio (RR) was calculated using the fixed-effects
model when lacking of heterogeneity while random-
effects modeling was adopted when heterogeneity
existed. All P values were two tailed and P<0.05 was
considered statistically significant. Publication bias was
estimated by the visual inspection of funnel plot, Begg's
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test and Egger's regression test (P<0.05 was considered
representative of statistically significant publication
bias). Data were analyzed and processed using Review
Manager software 5.3 (The Cochrane Collaboration,
Oxford, United Kingdom) and STATA 12.0 software
(StataCorp, College Station, TX, USA).

RESULTS
Eligible studies and characteristics of
included studies

A total of 660 relevant articles were identified by
the literature search, six of which met the inclusion
criteria. Of the 554 excluded studies, 197 were unable to
meet predefined research purposes, 212 were studies of
pediatric patients, 80 were review articles, 131 were case
reports or case series or letters, 24 were animal studies,
4 were lack of detailed description and 6 were duplicate
publications. A flow diagram schematized the process
of selecting and excluding articles with specific reasons
(Figure 1). Finally, 6 studies were included in the meta-
analysis comprising 2 260 CA patients, in which 376 and

Studies excluded:
Unmeet research purposes (n=197)
Studies of pediatric patients (n=212)
Reviews (n=80)
Case reports or case series or letters
(m=131)
Animal studies (n=24)

Potentially relevant studies
identified and screened for
retrieval by the thesaurus
scarch (n=660)

Y

Y

Studies retrieved for more
detailed evaluation (n=16)

_ | Studies excluded for lack of detailed
description (n=4)

Y

Potentially appropriate
studies to be included in
the meta-analysis (n=12)

o| Studies withdrawn for repeated
v ~1 publications (n=6)

Studies included in
qualitative synthesis (n=6)

Figure 1. The flow chart of the selected articles.

Table 1. Characteristics of included studies

1 884 patients received ECPR and CCPR respectively.” '
Those included were all 7-star or 8-star studies according
to the NOS grade, suggesting high literature methodology
quality. The detailed characteristics of the included studies
were shown in Table 1.

Survival rate at discharge
Data on survival rate to discharge were available

from 6 studies, and the primary end point was used to
calculate the overall pooled RR. There was a significant
heterogeneity among included studies (’=51%). Therefore,
the random-effects model was used for calculating the
pooled RR for survival discharge rate. The results indicated
that there was a significant effect of ECPR on survival rate
to discharge compared with CCPR in CA patients (RR 2.37,
95%CI 1.63-3.45, P<0.001) (Figure 2).

Long-term neurological outcome
Two studies reported CPC<2 at 3 months as the

long-term neurological outcome,”'"! and another two
studies reported CPC<2 at 6 months" and 1 year”
respectively. All four studies included were used to
calculate the effect of ECPR on long-term neurological
outcome in CA patients. As shown in Figure 3, there
was a lack of significant heterogeneity (I’=41%), and the
fixed-effects model was used. It was found that patients
who underwent ECPR had a significant better long-term
neurological outcome than those who received CCPR
(RR 2.79, 95%CI 1.96-3.97, P<0.001).

Subgroup and sensitivity analysis
In consideration of the significant heterogeneity

observed, the sensitivity analysis was performed to
investigate the influence of a single study on the overall
meta-analysis estimate. Under the sensitivity analysis,
the influence of each study on the pooled RR was
examined by repeating the meta-analysis while omitting
each study, one at a time. This procedure demonstrated

First author, CountryStudy NOS Location];CPR ng?UP Ftioloav Initial (S:CP_R gl;ri)up Ftoloav Tnitalth
; fCA Survival to . . iology Initia urvival to . . ology Initial thythm

year period  grade of C discharge (% )CPR duration (min) CN rthythmSN discharge (% )CPR duration (min) N S/N

Chen YS, 2008 China 20042006 8 IHCA 23.7 52.8437.2 55/4  29/30 10.6 42.7431.1 100/13  36/77

Shin TG, 2011 Korea 20032009 7 IHCA 282 42.1425.7 75/10  25/60 7.8 41.3£36.7 256/65  73/248

Mackawa K, Japan 20002004 7 OHCA 32.1 49 (41-59) — 32/21 64 56 (47-66) — 24/85

2013

ChouTH, 2014 China 20062010 7 IHCA 34.9 59.7+34.1 — 26/17 21.7 49.4+34.6 — 9/14

Kim SJ,2014 Korea 20062013 7 OHCA 145 Pre-hospital 13 (7-17)49/6 3124 8.1 Pre-hospital 13 (8-17) 277/167 85/359

In-hospital 47 (35-80) In-hospital 21 (8-35)
Lee SH, 2015 Korea 20092014 7  Mixed 222 43 (21-60) 69/1  34/38 13.7 30 (15-48) 418/11 129/704

NOS: Newcastle-Ottawa Scale; CA: cardiac arrest; IHCA: in-hospital CA; OHCA: out-of-hospital CA; CPR: cardiopulmonary resuscitation;
ECPR: extracorporeal CPR; CCPR: conventional CPR; C/N: cardiac/non-cardiac etiology; S/N: shockable/non-shockable cardiac rhythm.
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ECPR CCPR Weight (%) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95%CI M-H, Random, 95%CI
Chen YS 2008 14 59 12 113 155 2.23[1.11,4.52] ——
Chou TH 2014 15 49 5 23 119 1.60 [0.67, 3.85] -
Kim SJ 2014 8 55 36 444 153 1.79 [0.88, 3.66] T
Lee SH 2015 18 81 120 874 232 1.62 [1.04,2.51] Bl
Maekawa K 2013 17 53 7 109  13.0 4.99[2.21, 11.30] —
Shin TG 2011 24 85 25 321 21.0 3.63 [2.18, 6.02] ——
Total (95%CI) 376 1884 100.0 2.37[1.63, 3.45] . 4
Total events 96 205 | | | |
. 2. 2, o 2.
Heterogeneity: Tau'=0.11; Chi'=10.15, df=5 (P=0.07); I'=51% 0.'01 0"1 ) 1'0 10'0
Test for overall effect: Z=4.50 (P<0.00001) CCPR  ECPR
Figure 2. Forest plot of the comparison of ECPR with CCPR in CA patients on the survival rate to discharge.
ECPR CCPR Weight (%) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95%CI M-H, Random, 95%CI
Chen Y'S 2008 9 59 10 113 256 1.72[0.74, 4.01] T
Kim SJ 2014 8 55 36 444 296 1.79 [0.88, 3.66] T
Maekawa K 2013 8 53 3 109 7.3 5.48 [1.52,19.84] I —
Shin TG 2011 24 85 24 321 375 3.78 [2.26, 6.31] -
Total (95%CI) 252 987 100.0 2.79[1.96, 3.97] <
Total events 49 73
Heterogeneity: Chi’=5.13, df=3 (P=0.16); ’=41% 0.501 01 A 1 5 " (;0
Test for overall effect: Z=5.69 (P<0.00001) CCPR ECPR
Figure 3. Forest plot of the comparison of ECPR with CCPR in CA patients on the long-term neurological outcome.
ECPR CCPR Weight (%) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Random, 95%C]I M-H, Random, 95%CI
2.1.1 THCA
Chen YS 2008 14 59 12 113 143 2.23[1.11, 4.52] —a—
Chou TH 2014 15 43 5 23 12.1 1.60 [0.67, 3.85] T
Lee SH 2015 13 61 47 191 164 0.87[0.50, 1.49] —.—
Shin TG 2011 24 85 25 321 169 3.63[2.18, 6.02] —u—
Subtotal (95%CI) 248 648  59.8 1.84 [0.91, 3.73] o
Total events 66 89
Heterogeneity: Tau’=0.40; Chi’=14.75, df =3 (P=0.002); I'=80%
Test for overall effect: Z=1.70 (P=0.09)
2.1.2 OHCA
Kim SJ 2014 8 55 36 444 142 1.79 [0.88, 3.66] =
Lee SH 2015 5 20 73 683 132 2.34[1.06, 5.15] =
Maekawa K 2013 17 53 7 109 129 4.99[2.21, 11.30] —
Subtotal (95%CI) 128 1236 40.2 2.69[1.48,4.91] >
Total events 30 116
Heterogeneity: Tau’=0.13; Chi’=3.63, df =2 (P=0.16); I'=45%
Test for overall effect: Z=3.23, (P=0.001)
Total (95%CI) 376 1884 100.0 2.16 [1.35,3.45] <&
Total events 96 205
Heterogeneity: Tau’=0.27; Chi>=19.71, df =6 (P=0.003); '=70% I I I I
Test for overall effect: Z=3.20 (P=0.001) 0.01 0.1 ! 10 100
CCPR ECPR

Test for subgroup differences: Chi’=0.65; df =1 (P=0.42); '=0%
Figure 4. Forest plot of subgroup analysis of the comparison of ECPR with CCPR in CA patients on the survival rate to discharge.

that our results were reliable and robust (data not shown).
A predefined subgroup analysis was performed according
to the location of CA (IHCA or OHCA). Four studies
were selected from the subgroup of IHCA"*'*'"* and
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three studies from the subgroup of OHCA."” '>'* There
was a significant difference in survival to discharge
favoring ECPR over CCPR group in OHCA patients (RR
2.69, 95%CI 1.48-4.91, P=0.001) (Figure 4). However,
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Figure 5. Funnel plot for studies of the comparison of ECPR with CCPR in CA patients on the survival rate to discharge (A), and the long-term
neurological outcome (B). The horizontal and vertical axes correspond to the RR and confidence limits. RR: risk ratio; SE: standard error.

no significant difference was found in IHCA patients (RR
1.84, 95%C1 0.91-3.73, P=0.09).

Publication bias

Funnel plot for studies of the comparison of ECPR
with CCPR in CA patients on the survival rate to
discharge and the long-term neurological outcome failed
to denote significant bias (Figure 5). Begg's test revealed
that there was no statistical evidence of publication
bias among studies (P=0.851 for survival discharge
rate and P=1.000 for long-term neurological outcome,
respectively). Egger's regression test showed that there
was no publication bias in the statistical results either
(P=0.725 and 0.880, respectively).

DISCUSSION

Despite advances in management, outcomes for
both THCA and OHCA remain poor. IHCA treated with
CCPR typically has a survival rate of 15%—-17% and
OHCA survival is even lower than 8%-10%."" The
worst outcomes are in patients with prolonged time
to ROSC. Several factors are related to the outcomes,
including immediate recognition of CA, early CPR, rapid
defibrillation, initial rhythm, underlying cause of CA,
duration of CPR and initial resuscitation effort as well as
integrated post-CA care."” Because cerebral blood flow is
insufficient during CPR, there is the possibility of ECPR
using a cardiopulmonary support device for the recovery
of neurological function. ECPR was introduced in the
1960s to improve neurological outcomes."'” Recently,
observational studies have reported an association
between ECPR and improved survival. The present study
provides a current review of survival to discharge and
long-term neurological outcome for CA patients who
have received ECPR compared with CCPR.

In this study, there were significant effects of ECPR

on survival rate to discharge and long-term neurological
outcome compared with CCPR in CA patients, and
the survival rate to discharge overall was 25.5%. This
finding is comparable to previous studies. According to
the Extracorporeal Life Support Organization (ELSO)
registry, the survival rate of adult patients receiving
ECPR for CA was 27% between 1990 and 2012."" And
a recent meta-analysis in 135 patients from 1990 to 2007
showed a hospital survival rate to discharge with ECPR
of 40%."

In our study, ECPR represents a treatment option in
CA adults rescuing 19.4% of patients with good long-
term neurological outcome. The field of CPR-assisted
with more invasive strategies is currently investigated
regarding different aspects, including ECMO,
hypothermia, mechanical CPR with chest compression
systems and also early reperfusion in the catheterization
laboratory.”” Stub et al” presented the CHEER-trial
(mechanical CPR, hypothermia, ECMO and early
reperfusion) showing the feasibility of such an invasive
protocol in a single center with high survival rates
(54%). Also the SAVE-J study revealed an improved
neurological outcome in patients with OHCA with
shockable rhythm treated by a treatment bundle including
ECPR, therapeutic hypothermia and intra-aortic balloon
pump."” Further large studies implementing such
strategies are warranted.

The present study demonstrated a better survival to
discharge outcome using ECPR for OHCA compared
with CCPR. However, beneficial effects were not
found in IHCA patients receiving ECPR. Survival
rates for ECPR for IHCA were higher than OHCA
(26.6% vs. 23.4%). This finding is in line with several
recent retrospective studies presenting survival rates
of 26%-39% for IHCA. Expectedly, survival for
OHCA is inferior with a reported rate of 4%-39%.""
Distinct differences between the subgroup analyses
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were evident: patients following IHCA were older
and had more comorbidities but patients with OHCA
had more initial shockable rhythm indicating that the
comparability of these groups is limited. Also patients
post-surgery or post-interventional were characterized
by a worse prognosis.” Furthermore, this difference
is probably related to the duration of CA, which seems
to be more important than the location of CA. IHCA
patients are much more likely to have witnessed CA
with a shorter duration to achieve advanced cardiac life
support, and with a shorter time until start of ECPR and
that comorbidities are known to the treating physician
implicating a bias in decision for ECMO implantation."”

Several observational studies have found variable
improvements in mortality with the use of ECPR. Haneya
et al®" compared ECPR initiated in the ED for OHCA
with ECPR initiated for IHCA, and found a survival rate
of 42% for IHCA patients versus only 15% for OHCA
patients. While an optimistic estimate of survival from
OHCA with the use of ECPR may be in the 15%-20%
range, the critical factor that determines success appears
to be the duration from the onset of arrest to achieving
ECMO flow.""” This may be why THCA studies have
generally reported better outcomes.”” When ECPR can
be initiated rapidly, the outcomes for OHCA may be
similar to those seen with IHCA patients.””! Moreover,
the present study demonstrated survival with a favorable
CPC score in 19.4% of those with ECPR versus 7.4%
with CCPR. ECPR may provide a tool to improve
survival with good neurologic outcomes when initiated
early in selected patients.

The present meta-analysis should be interpreted
within the context of its limitations. Firstly, we present
data of comparably cohorts with different long-
term outcomes but with retrospective data collection.
However, some data regarding CPR circumstances
such as exact etiology of CA are incomplete. Secondly,
although there were clear in- and exclusion criteria
regarding patient selection, these criteria were ignored in
several patients on an individual basis. Data collection
following ECPR initiation was heterogeneous. Further
meta-regression will be required to explore the source of
heterogeneity. Thirdly, although no publication bias was
found in Begg's test and Egger's regression test from the
present meta-analysis, we cannot exclude this probability
because some null and unexpected results may not be
published. As any other meta-analysis of published
results, the quality of the present meta-analysis depends
on that of individual studies.
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CONCLUSION
The present meta-analysis suggested that ECPR

showed a survival benefit both on survival rate to
discharge and on long-term neurological outcome over
CCPR in patients with CA. Future randomized studies
need to determine the role of ECPR in different settings
and multicenter registries need to explore long-term
neurological prognosis and risk prediction possibilities.
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