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Abstract

Introduction: In this systematic review and meta-analysis of propensity score-matched
cohort studies, we quantitatively summarize whether venoarterial extracorporeal
membrane oxygenation (VA-ECMO) used as extracorporeal cardiopulmonary resusci-
tation (ECPR), compared with conventional cardiopulmonary resuscitation (CCPR), is
associated with improved rates of 30-day and long-term favorable neurological out-
comes and survival in patients resuscitated from in- and out-of-hospital cardiac arrest.
Methods: We searched MEDLINE via PubMed, Embase, Scopus, and Google Scholar
for eligible studies on January 14, 2019. All searches were limited to studies published
between January 2000 and January 2019. Two investigators independently evaluated
the quality (or certainty) of evidence according to GRADE guidelines. Pooled results are
presented as relative risks (RRs) with 95% confidence intervals (Cls).

Results: Six cohort studies using propensity score-matched analysis were included,
totaling 1108 matched patients. Pooled analyses showed that ECPR was likely asso-
ciated with improved 30-day and long-term favorable neurological outcome in adults
compared to CCPR for in- and out-of-hospital cardiac arrest (RR = 2.02, 95% Cl =
1.29-3.16; 12 = 20%, P = 0.002; very low-quality evidence) and (RR = 2.86, 95% CI| =
1.64-5.01; 12 = 0%, P=0.0002; moderate-quality evidence), respectively. When we ana-
lyzed in- and out-of-hospital cardiac arrest separately, ECPR was likely associated with
improved 30-day favorable neurological outcome compared to CCPR for in-hospital
cardiac arrest (RR = 2.18, 95% Cl = 1.24-3.81; 12 = 9%, P = 0.006; very low-quality
evidence), but not for out-of-hospital cardiac arrest (RR = 2.61, 95% Cl = 0.56-12.20;
12 = 59%, P = 0.22; very low-quality evidence). ECPR was also likely associated with
improved long-term favorable neurological outcome compared to CCPR for in-hospital
cardiac arrest (RR = 2.50, 95% Cl = 1.33-4.71; 12 = 0%, P = 0.005; moderate-quality
evidence) and out-of-hospital cardiac arrest (RR = 4.64, 95% Cl = 1.41-15.25; 12 = 0%,
P =0.01; moderate-quality evidence).
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1 | INTRODUCTION

Despite significant advances in cardiac arrest resuscitation and post-
arrest care, the majority of in- and out-of-hospital post-cardiac arrest
patients will succumb to the sequelae of hypoxic-ischemic brain injury
or death before hospital discharge.! Cardiac arrest is a major adverse
event and a leading cause of morbidity and mortality in the United
States.2# Recent progress in advanced perfusion/reperfusion strate-
gies and early implementation of extracorporeal cardiopulmonary
resuscitation (ECPR) for the management of refractory cardiac arrest
has resulted in increased favorable outcomes.>¢

ECPR was introduced in 19727 and was first suggested in 1976 as
a therapeutic alternative for refractory cardiac arrest unresponsive to
conventional cardiopulmonary resuscitation.®? Since 1989, according
to the Extracorporeal Life Support Organization registry, 8075 adults
have been treated with ECPR, and survival to discharge rate after ECPR
for cardiac arrest that was refractory to conventional treatment was
29%.10 These outcomes in some ways are consistent with recent publi-
cations citing a 2- to 4-fold (8%-15% to 30%-45%) increase in survival
rates.

The current evidence we have on ECPR for cardiac arrest rests pri-
marily in observational or registry studies with design limitations and
potentially confounding selection bias.11-3° The results of these stud-
ies are, by their nature, open to dispute. Furthermore, the lack of ran-
domized controlled studies has resulted in the low-level recommen-
dation for the use of venoarterial extracorporeal membrane oxygena-
tion (VA-ECMO) as ECPR for refractory cardiac arrest in current guide-
lines (Class llb, LOE C-LD).3132 However, the accumulated evidence
for the initiation of ECPR has emerged as a salvage intervention in
patients with cardiac arrest that is refractory to standard therapies and
has introduced significant questions about its role and its potential to
improve outcomes in these patients.

An unexplored outcome of this novel approach is long-term func-
tional and neurologic status following in- and out-of-hospital cardiac
arrest. The primary aim of our study was to conduct a systematic
review and meta-analysis of propensity score-matched cohort stud-
ies to identify whether ECPR, compared with conventional cardiopul-
monary resuscitation, is associated with improved rates of 30-day and
long-term favorable neurological outcomes and survival in patients
resuscitated from in- and out-of-hospital refractory cardiac arrest.
Identifying more effective treatments for cardiac arrest and patient-

Conclusions: Our analysis suggests that VA-ECMO used as ECPR may improve long-
term favorable neurological outcomes and survival when compared to the best stan-
dard of care in a selected patient population. Therefore, it is imperative for well-
designed randomized clinical trials to obtain a higher level of scientific evidence to

ensure optimal outcomes for cardiac arrest patients.

cardiopulmonary resuscitation, extracorporeal membrane oxygenation, extracorporeal life sup-

port, in-hospital cardiac arrest, out-of-hospital cardiac arrest

important outcomes remains a high priority, particularly the role of
ECPR for refractory cardiac arrest.33

2 | MATERIALS AND METHODS

Data reporting in this meta-analysis is consistent with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.3* Our review protocol was drafted by the
research team and revised as necessary, before it was registered in the
PROSPERO registry of systematic reviews (CRD42020158758). The
review question was formulated following the PICO scheme (popula-
tions/people/patient/problem, intervention(s), comparison, outcome).
Our research question, according to this scheme, is as follows: Among
adults resuscitated from in- and out-of-hospital cardiac arrest (P) and
treated with ECPR (l), compared to conventional cardiopulmonary
resuscitation (C), what are the rates of 30-day and long-term favorable
neurological outcome and survival (O)? Because all the analyses were
based on previously published studies, no informed consent or ethical

approval were required.

2.1 | Inclusion and exclusion criteria

All studies that were published in English as full-text articles in indexed
journals, and which used propensity score-matched analysis as part of
the study design and reported neurological outcomes in adults (>18
years old) who were resuscitated from in- and out-of-hospital car-
diac arrest and received ECPR, were considered for inclusion. Stud-
ies that included both in- and out-of-hospital cardiac arrest were con-
sidered if data could be extracted as well as computed separately and
either subpopulation was >75% of the total. Publications such as let-
ters, opinions, case reports, case series, review articles, meta-analyses,
and studies that reported insufficient data were excluded. Studies
conducted on pediatric populations, pregnancy, presumed pregnancy,
or patients with a pulse (eg, cardiogenic shock) were also excluded
from the study. Two investigators independently evaluated the crite-
ria for inclusion. Any disagreements regarding inclusion or exclusion
were resolved via discussion or by the decision of a third independent

investigator.
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2.2 | Search strategy and study selection

We conducted a comprehensive literature search using MEDLINE via
PubMed, Embase, Scopus, and Google Scholar on January 14, 2019,
followed by a supplementary search on March 25, 2019, to ascer-
tain that no new literature was published in the interim. We used
the PRESS (Peer Review of Electronic Search Strategies) checklist to
develop the research strategy.3> Keywords used in the search were
based on the implemented PICO model, which was first defined for
use in MEDLINE via PubMed and subsequently adapted for the other
databases. All searches were limited to studies published between
January 2000 and January 2019. The primary search strategy was in
great part limited to English language publications, but key non-English
articles were reviewed at the discretion of the authors. The refer-
ence lists of relevant studies were screened to identify other studies
of interest. We used EndNote to remove internal (within a database)
and external (between databases) duplicates. To identify ongoing clin-
ical trials, we searched the International Clinical Trials Registry Plat-
form (ICTRP) (http://www.who.int/ictrp/en/) that includes entries in
http://ClinicalTrials.gov on March 25, 2019.

Medical subject headings (MeSH) were combined with non-indexed
relevant search terms to create a comprehensive search strategy.
Our PubMed search strategy included: (((((((cardiac® OR heart) AND
arrest®)) OR heart attack) OR cardiopulmonary arrest) OR (OHCA
OR IHCA)) OR out-of-hospital cardiac arrest OR in-hospital cardiac
arrest OR out of hospital arrest OR in hospital arrest) OR ((refrac-
tory) AND ((ventricular arrhythmia) OR (((tachycardia) OR fibrilla-
tion) AND ventricular))))) AND ((((((extracorporeal oxygenation) OR
((“extra corp*”) AND (“membran* oxygenat™” OR “life support*”))) OR
(ECPR OR E-CPR) OR (ECMO OR E-CMO OR ECLS OR E-CLS))
OR ((((heart assist devices) OR resuscitation)) AND (((“extra corp*”))
AND ((((cardiopulmonary resuscitation) OR cardiopulm* AND resus-
cit*) OR cardio-pulm* AND resuscit*) OR conventional cardiopul-
monary resuscitation OR CCPR OR CPR))) AND ((“2000/01/01”[PDat]:
“2019/01/14”[PDat]) AND Humans[Mesh] AND adult[MeSH]).

2.3 | Data extraction and analysis

Two investigators independently assessed potentially eligible studies.
Data extraction was performed by 2 investigators using a standardized
Excel form (Microsoft, Redmond, WA). Disagreements between inves-
tigators were resolved via discussion or by the decision of a third inde-
pendent investigator. Data were extracted for the unmatched groups,
as well as for the propensity-matched groups. Extracted information
included: first author, year of publication, country, study design, enroll-
ment period, location of arrest, follow-up period, number of patients,
age, sex, witnessed arrest, bystander cardiopulmonary resuscitation
(CPR), initial rhythm, time from collapse to initiation of CPR, duration
of CPR, recent acute myocardial infarction, reperfusion therapy, and
use of ECPR. The primary outcome measures were 30-day and long-
term favorable neurological outcomes. The secondary outcome mea-
sures were 30-day and long-term survival.

2.4 | Grading

Two investigators independently assessed the methodological quali-
ties of each study using a modified version of the Newcastle-Ottawa
Quality Assessment Scale for Cohort Studies.3¢ The Newcastle-
Ottawa Quality Assessment Scale for Cohort Studies quality scores
were based on sample selection, comparability between study groups,
and assessment of outcome. The quality (or certainty) of evidence for
outcomes was assessed according to the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) Working Group
criteria and each outcome was classified as having high, moderate,
low, or very low quality of evidence.37:38 We used the methods and
recommendations described in Chapter 12 of the Cochrane Handbook
for Systematic Reviews of Interventions, employing GRADEpro GDT
software. Inconsistencies across studies was graded as serious when
heterogeneity was significant (P < 0.10 or 12 > 50%). Imprecision was
graded as serious when either the lower or the upper bound of the
confidence interval (Cl) was <20% or >20% less or more than the point
estimate. Two investigators performed the assessment independently,
and any conflict or disagreement was resolved via discussion or by the
decision of a third independent investigator.

2.5 | Strategy for data synthesis

We combined studies using the Review Manager software version 5.3
(RevMan).3? Dichotomous variables and pooled statistics were calcu-
lated as relative risks (RRs) with 95% Cls. Data were pooled using the
Mantel-Haenszel method. We used a random-effect model for data
synthesis and assessed heterogeneity using the Chi? test and the 12
statistic. We considered a Chi? test for heterogeneity with a P value
of < 0.10 to be indicative of significant heterogeneity. We calculated
the 12 statistic to describe the proportion of variability due to hetero-
geneity and considered statistical heterogeneity relevant with 12 statis-
tic > 50%.4% We did not include a funnel plot due to the inclusion of
only 6 studies. We planned to perform the following subgroup analy-
ses if sufficient data were available: Indications, time periods, and risk
factors (age, sex, time on ECMO). A meta-regression or subgroup anal-
ysis to examine the relationship between treatment effects and 1 or
more study-level characteristics was not conducted because few stud-

ies were available for inclusion.

3 | RESULTS
3.1 | Study selection

The initial search was conducted on MEDLINE via PubMed, Embase,
and Scopus. The electronic searches of the databases yielded 3021
related articles. Six additional records were identified through forward
search. Google Scholar was also used to provide increased access to
gray literature, and reference lists of relevant papers were examined
to identify additional studies. After duplicate removal, the titles and
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FIGURE 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study flow diagram.

Notes: Adapted from Moher et al.34

abstracts of the remaining records were screened for inclusion. Thirty-
four studies were considered for full-text screening. Among these, 28
studies were excluded because they did not fulfill the inclusion crite-
ria. Ultimately, 6 studies were deemed eligible for the systematic lit-
erature review.11-16 Figure 1 shows the PRISMA flow diagram of the
bibliographic search strategy and the results.

Table 1 provides an overview of the studies selected for inclusion.
All studies were observational (non-randomized) and used propensity
score-matched analysis. For the purposes of this study, we did not
identify any set of records describing a controlled clinical study design
(randomized controlled trials and non-randomized controlled trials).
All records, identified through http://ClinicalTrials.gov, were indexed
by the United States National Library of Medicine and were in progress
(ie, had not been completed). We did not identify any specific study
that assessed the cost-effectiveness of ECPR for cardiac arrest, includ-
ing implementation cost, device/equipment costs, hospital stay costs,
costs of treating complications, and long-term follow-up after hospital

discharge.

A funnel plot did not show skewed distribution, suggesting that pub-
lication bias was not likely involved. However, it is important to note
that funnel plots are not recommended if there are < 10 studies in a
meta-analysis, hence in this review, the potential impact of publication
bias was considered without statistical analysis.*? Given that the body
of evidence was from observational studies, it was initially classified
as low quality evidence (ie, permitting low confidence in the estimated

effects).

3.2 | Study characteristics

The studies included were published from 2008 to 2016, while patient
enrollment periods extended from 2000 to 2013. Eligibility criteria for
ECPR varied across primary studies. Three studies were performed
in South Korea, 1 in Taiwan, 1 in Japan, and 1 in Germany. Regarding
confounding variables, 3 papers described prospective cohorts, 121516

and the remaining described retrospective cohorts.1113.14 propensity
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score-matched analysis was used in all studies to balance observed
covariates in the 2 treatment groups. Three studies enrolled patients
with in-hospital cardiac arrest,11-13 and the remaining studies enrolled
patients with out-of-hospital cardiac arrest.141¢ The sample sizes of
the unmatched ECPR group ranged from 52-320 and from 109-
36,227 in the conventional cardiopulmonary resuscitation group. The
mean age of patients in the unmatched ECPR group ranged from 53-
72 years and from 60-79 years in the conventional cardiopulmonary
resuscitation group; the percentage of male patients in the unmatched
ECPR group ranged from 54%-83% and from 61%-73% in the con-
ventional cardiopulmonary resuscitation group. The patient population
differed mainly between studies in terms of location of the arrest.

Five studies reported the incidence of witnessed arrest among sur-
vivors and non-survivors. The in-hospital cardiac arrest studies did not
report the time from collapse to initiation of CPR, although it was
considered minimal, as per inclusion criteria. The out-of-hospital car-
diac arrest studies reported no-flow time. All studies reported the inci-
dence of bystander-CPR and initial shockable cardiac rhythms but did
not include data regarding the timing from collapse to initiation of
ECPR. Most of the out-of-hospital cardiac arrests (72%) in the ECPR
group were witnessed,41> even though < 50% of all patients in the
ECPR group received bystander-CPR before emergency medical ser-
vices (EMS) arrival.1416 |n the largest study (n = 36,547), cardiac arrest
was witnessed in only 71% of patients in the ECPR group and 54%
in the control group, only 29% of the patients in the ECPR group had
shockable rhythm, and only 30% received bystander-CPR. Minimizing
the time from collapse to restoration of perfusion with ECPR is critical
forimproving the chances for a good outcome. This study did not report
collapse-to-ECPR time. Furthermore, ECPR was performed in 29% of
unwitnessed cardiac arrest which is not recommended as per current
guidelines. These points likely biased the estimate of survival outcomes
and suggest that the ECPR group included many patients who would
have not benefited from the intervention.1* Considering that a short
or no-flow time, bystander CPR, and an initial shockable rhythm are
among of the most crucial predictors for survival.131825 Tables 2 and 3
outline details and baseline clinical characteristics of the unmatched
groups.

ECPR patients were more likely to suffer from acute myocardial
infarction and to have received primary reperfusion therapy than
patients in the control arm in the unmatched groups of the in-hospital
cardiac arrest studies. Specifically, in the unmatched groups, none of
the studies of out-of-hospital cardiac arrest reported the percentage
of patients who suffered acute myocardial infarction, although ECPR
patients were more likely to receive primary reperfusion therapy than
patients in the control arm. None of the patients received mechanical
cardiopulmonary resuscitation. CPR duration was defined as the inter-
val between initiation of CPR and return of spontaneous circulation or
death in the conventional cardiopulmonary resuscitation group, and as
the interval between initiation of CPR and extracorporeal life support
(ECLS) implantation in the ECPR group. Return of spontaneous heart-
beat was identified by echocardiography in the ECPR group and by a
palpable central pulse in the conventional cardiopulmonary resuscita-
tion group.

Data in terms of invasive vascular access complications, includ-
ing risks of bleeding or hematoma with a need for transfusion and
leg ischemia, were poorly reported. Peripheral vessel complications
were only reported by 2 studies.11¢ One study reported renal fail-
ure and sepsis/systemic inflammatory response syndrome.!! The same
study was the only one that reported a bridge to long-term ven-
tricular assist device or heart transplantation. None of the studies
included reported specific data about stroke, blood transfusions, or
adverse events. One publication mentioned that several related com-
plications were reported during the study period.!3 According to this
study, bleeding and hematoma of insertion sites were relatively com-
mon; other rare complications mentioned were catheter infection, vas-
cular injury, limb ischemia, gastrointestinal bleeding, hemolysis, and
stroke. ECPR patients were more likely to have more complications
related to bleeding or hematoma in the leg with the need for trans-
fusion compared to patients in the control arm.1? It is notable that
therapeutic hypothermia was not applied as a standard treatment in 2
studies, 1213 but it was carried out if deemed necessary by the other 4
studies.11.14-16

The sample sizes of the 1:1 matched groups ranged from 24-320.
The mean age of patients in the matched ECPR group ranged from
54-72 years and from 54-73 years in the conventional cardiopul-
monary resuscitation group, and the percentage of male patients in the
matched ECPR group ranged from 54%-81% and from 60%-81% in
the conventional cardiopulmonary resuscitation group. Patient popu-
lations differed between studies in terms of location of the arrest, wit-
nessed or unwitnessed arrest, presumed cardiac origin, and the length
of time CPR was conducted. In the matched group, ECPR patients were
almost as likely to suffer from acute myocardial infarction as patients
in the control arm, and more likely to receive primary reperfusion ther-
apy than patients in the control arm. Only 1 study included percuta-
neous coronary intervention as a matching variable in the propensity
score matching analysis.1é All studies reported favorable neurological
outcome and survival to discharge; 3 studies reported 30-day, 3-month,
and long-term favorable neurological outcome and survival. All of the
studies defined favorable neurological outcome as a Cerebral Perfor-
mance Category score of 1-2, except one, which defined it as a Glasgow
Outcome Scale of 4-5.4242 Tables 4 and 5 outline details and baseline

clinical characteristics of the propensity score-matched groups.

3.3 | Primary outcomes

Figure 2 shows a forest plot of the comparison of 30-day favorable
neurological outcome in patients with cardiac arrest. The pooled
data from adults with in- and out-of-hospital cardiac arrest showed
that ECPR compared to conventional cardiopulmonary resuscitation
was likely associated with increased 30-day favorable neurological
outcome (RR = 2.02, 95% Cl = 1.29-3.16; 12 = 20%, P = 0.002; 1060
participants, 5 studies; very low-quality evidence). When we pooled
the data for in- and out-of-hospital cardiac arrest separately, ECPR
compared to conventional cardiopulmonary resuscitation was likely
associated with improved 30-day favorable neurological outcome for
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TABLE 4 Details and baseline clinical characteristics of the propensity score-matched analysis of ECPR assisted cardiac arrest

Weaning from
ECPR (%)
ECPR

Bystander CPR

(%)

Witnessed arrest

(%)

Patients

(n)

Male (%)
ECPR
54

Mean age (y)

ECPR
72

Patient groups (n)

ECPR
52

CCPR

ECPR CCPR ECPR CCPR
100

100

CCPR
60

CCPR
73

CCPR
52

Matching Totals
104

1:1

Author, year, country

Blumenstein et al.

2016,

Germany
Chen et al. 2008,12

100

100

87

85

55

57

46

46

92

1:1

Taiwan
Shin et al. 2013,13

100

100

68

60

61

61

60

60

120

1:1

South Korea
Choietal. 2016,14

31

30

73

71

81

81

58

56

320

320

640

1:1

(47-68)
54

(45-68)
54

South Korea
Kim et al. 2014,15

31

42

81

81

73

77

52

52

104

1:1

South Korea
Maekawa et al. 2013,16

58

54

79

79

57

57

24

24

48

MIRAGLIAET AL.

Japan

..), data not available; CCPR, conventional cardiopulmonary resuscitation; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation.

(..), not applicable; (.

Notes: Total percentages refer to studies with available data and continuous variables are reported as mean + SD or as median interquartile range. Propensity score matching analysis was performed to minimize

the effect of selection bias and balance observed covariates in the 2 treatment groups.

in-hospital cardiac arrest (RR = 2.18, 95% Cl = 1.24-3.81; 12 = 9%, P =
0.006; 316 participants, 3 studies; very low-quality evidence), but not
for out-of-hospital cardiac arrest (RR = 2.61,95% Cl =0.56-12.20; 12 =
59%, P = 0.22; 744 participants, 2 studies; very low-quality evidence).
There was low-to-moderate heterogeneity in the 30-day favorable
neurological outcome data. We are uncertain of the effects of ECPR on
30-day favorable neurological outcome, as the quality of the evidence
has been assessed as very low (downgraded 1 level for inconsistency).

Figure 3 shows a forest plot of the comparison of long-term favor-
able neurological outcome in patients with cardiac arrest. The pooled
data from adults with in- and out-of-hospital cardiac arrest showed
that ECPR compared to conventional cardiopulmonary resuscitation
was likely associated with increased long-term favorable neurological
outcome (RR = 2.86, 95% Cl = 1.64-5.01; 12 = 0%, P = 0.0002; 468
participants, 5 studies; moderate-quality evidence). When we pooled
the data for in- and out-of-hospital cardiac arrest separately, ECPR
compared to conventional cardiopulmonary resuscitation was likely
associated with improved long-term favorable neurological outcome
for in-hospital cardiac arrest (RR = 2.50, 95% Cl = 1.33-4.71; 12 = 0%,
P =0.005; 316 participants, 3 studies; moderate-quality evidence) and
for out-of-hospital cardiac arrest (RR = 4.64,95% Cl = 1.41-15.25; 12 =
0%, P = 0.01; 152 participants, 2 studies; moderate-quality evidence).
The choice of model for the pooled analysis did not affect the esti-
mate of effect, as the statistical heterogeneity was 0%. We are quite
confident that the effect of ECPR on long-term favorable neurological
outcome is close to the true effect. However, it is also possible that it is
substantially different as the quality of the evidence has been assessed
as moderate (upgraded 1 level due to large magnitude of the effect: RR
> 2).

3.4 | Secondary outcomes

Figure 4 shows a forest plot of the comparison of 30-day survival
in patients with cardiac arrest. The pooled data from adults with in-
and out-of-hospital cardiac arrest showed that ECPR compared to
conventional cardiopulmonary resuscitation was likely associated with
increased 30-day survival (RR = 1.54, 95% Cl = 1.03-2.30; 12 = 48%, P
=0.04; 1108 participants, 6 studies; very low-quality evidence). When
we pooled the data for in- and out-of-hospital cardiac arrest separately,
ECPR compared to conventional cardiopulmonary resuscitation was
likely associated with improved 30-day survival for in-hospital cardiac
arrest (RR = 2.03, 95% Cl = 1.03-3.18; 12 = 0%, P = 0.002; 316 partici-
pants, 3 studies; very low-quality evidence), but not for out-of-hospital
cardiac arrest (RR = 1.18,95% Cl =0.71-1.97; 12 = 40%, P = 0.53; 792
participants, 3 studies; very low-quality evidence). There was low to
moderate heterogeneity in the 30-day survival outcome data. We are
uncertain of the effects of ECPR on 30-day survival, because the quality
of the evidence has been assessed as very low (downgraded 1 level for
inconsistency).

Figure 5 shows a forest plot of the comparison of long-term survival
in patients with cardiac arrest. The pooled data from adults with in-
and out-of-hospital cardiac arrest showed that ECPR compared to
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ECPR Traditional CPR

Risk Ratio

Risk Ratio

Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
In-hospital cardiac arrest

Blumenstein 2016 1" 52 7 52 37.3% 1.57(0.66, 3.74] T

Chen 2008 14 46 7 46 42.0% 2.00[0.89, 4.50] T——

Shin 2013 14 60 3 60 20.7% 467[1.41,15.41) S —
Subtotal (95% CI) 158 158 100.0% 2.18[1.24,3.81] <@

Total events 39 17

Heterogeneity: Tau*= 0.02; Chi*= 2.20, df=2 (P=0.33); F=9%

Test for overall effect: Z= 2.73 (P = 0.006)

Out-of-hospital cardiac arrest

Choi 2016 29 320 19 320 67.7% 1.53[0.87, 2.67) -

Kim 2014 8 52 1 52 323% 8.00[1.04,61.71) — —
Subtotal (95% CI) 372 372 100.0% 2.61[0.56, 12.20] *
Total events 37 20

Heterogeneity. Tau*= 0.84; Chi*= 2.43,df=1 (P=0.12), F= 59%
Test for overall effect. Z=1.22 (P = 0.22)

In- and out-of-hospital cardiac arrest

Blumenstein 2016 1M 52 7 52 21.0% 1.57(0.66, 3.74] -
Chen 2008 14 46 7 46 23.3% 2.00[0.89, 4.50] T
Choi 2016 29 320 19 320 39.0% 1.53(0.87, 2.67] T
Kim 2014 8 52 1 52  46% 8.00[1.04,61.71]
Shin 2013 14 60 3 60 12.2% 467[1.41,15.41) —
Subtotal (95% Cl) 530 530 100.0% 2.02[1.29, 3.16] L3
Total events 76 37
Heterogeneity: Tau*= 0.05; Chi*= 4.98, df= 4 (P=0.29); F= 20%
Test for overall effect: Z= 3.09 (P = 0.002)
0.01 04 10 100

FIGURE 2 Forest plot of comparison of 30-day favorable neurological outcome in adults with cardiac arrest. Squares or diamonds to the right
of the solid vertical line favor the intervention group (ECPR) over the control group (conventional cardiopulmonary resuscitation), but this is
conventionally significant (P < 0.05) only if the horizontal line or diamond does not overlap the solid line. The result and its 95% confidence interval
(Cl) are presented by a diamond, with the risk ratio (95% Cl) and its statistical significance given alongside. Squares indicate study-specific risk
ratios (RRs). Horizontal lines indicate 95% Cls. A diamond indicates the pooled RR with 95% Cl. 12 indicates the percentage of total variations
across the studies that are due to heterogeneity rather than change. The weight indicates how much an individual study contributes to the pooled
estimate. M-H stands for the Mantel-Haenszel method in meta-analysis. Random indicates that a random-effects method was adopted for
generating the meta-analysis results. The certainty of evidence for this outcome was graded as very low-quality based on the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) criteria.

conventional cardiopulmonary resuscitation was likely associated with
increased long-term survival (RR = 2.17, 95% Cl = 1.37-3.44; 12 = 0%,
P =0.001; 468 participants, 5 studies; low-quality evidence). When we
pooled the data for in- and out-of-hospital cardiac arrest separately,
ECPR compared to conventional cardiopulmonary resuscitation
was likely associated with improved 30-day survival for in-hospital
cardiac arrest (RR = 1.99, 95% Cl = 1.16-3.41; 12 = 0% P = 0.01; 316
participants, 3 studies; low-quality evidence), and for out-of-hospital
cardiac arrest (RR = 2.47, 95% Cl = 1.13-6.67; 12 = 0%, P = 0.03; 152
participants, 2 studies; low-quality evidence). The choice of model
for the pooled analysis did not affect the estimate of effect as the
statistical heterogeneity was 0%. The true effect of ECPR on long-term
survival may differ significantly from the estimate as the quality of the
evidence has been assessed as low.

4 | LIMITATIONS

This study should be interpreted in the context of certain limitations.
The review was based on non-randomized, non-blinded, observational

cohort studies that performed propensity score-matched analysis and

were published in English, which may have led to selection bias. Even
though propensity score-matched studies were used to reduce selec-
tion bias and confounding factors, an important limitation of our analy-
sis is that bias could remain if there were unmeasured or unknown con-
founders that were not incorporated into the propensity score anal-
ysis. Additionally, of 28 full-text articles excluded, 2 were associated
with cardiac arrest and used propensity score-matched analysis.*344
All of the 6 studies used in this review listed at least 1 limitation in
the discussion section of the article, with most studies listing 3 or 4
limitations. The most common limitation was a small sample size, fol-
lowed by missing measures, meaning the authors felt additional mea-
sures would have enhanced their research and sample generalizability,
and that sample heterogeneity was low.

Furthermore, all studies had different inclusion criteria and
methods of intervention. Therefore, subjective selection of ECPR
participants likely biased the estimate of survival outcomes. Unfortu-
nately, the vast majority of the studies of in- and out-hospital cardiac
arrest, and most certainly those of ECPR, are observational, with the
accompanying potential for confounding selection bias. ECMO use
cannot be blinded, thus observer bias may confound the interpretation

of results. Second, subsequent interventions after ECPR (eg, primary
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ECPR Traditional CPR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
In-hospital cardiac arrest
Blumenstein 2016 10 52 4 52 33.6% 250(0.84,7.47) T
Chen 2008 9 46 5 46 391% 1.80[0.85, 4.96) T
Shin 2013 12 60 3 60 27.3% 4.00[1.19,13.46) .
Subtotal (95% Cl) 158 158 100.0% 2.50[1.33,4.71] B
Total events A 12
Heterogeneity: Tau*= 0.00; Chi*= 0.99, df= 2 (P = 0.61), = 0%
Test for overall effect Z= 2.83 (P = 0.005)
Out-of-hospital cardiac arrest
Kim 2014 8 52 1 52 34.0% 8.00[1.04,61.71) ————
Maekawa 2013 7 2 24 66.0%  350(0.81,15.16] ——
Subtotal (95% Cl) 76 76 100.0% 4.64 [1.41,15.25) ~l—
Total events 15 3
Heterogeneity: Tau?= 0.00; Chi*= 0.43, df=1 (P = 0.51); *= 0%
Test for overall effect Z= 2.52 (P=0.01)
In- and out-of-hospital cardiac arrest
Blumenstein 2016 10 52 4 52 26.2% 2.50(0.84,7.47) L
Chen 2008 g 46 5 46 305% 1.80[0.65, 4.96] T
Kim 2014 8 52 1 52 7.5% 8.00[1.04,61.71] et
Maekawa 2013 T4 2 24 146% 3.50(0.81,15.16] T
Shin 2013 12 60 3 60 21.3% 4.00[1.19,13.46) —_—l
Subtotal (95% CI) 234 234 100.0% 2.86 [1.64, 5.01] <P
Total events 46 15
Heterogeneity: Tau*= 0.00; Chi*= 2.26, df= 4 (P = 0.69); F= 0%
Test for overall effect: Z= 3.69 (P = 0.0002)

0.01 0.1 10 100

FIGURE 3 Forest plot of comparison of long-term favorable neurological outcome in adults with cardiac arrest. Squares or diamonds to the
right of the solid vertical line favor the intervention group (ECPR) over the control group (conventional cardiopulmonary resuscitation), but this is
conventionally significant (P < 0.05) only if the horizontal line or diamond does not overlap the solid line. The result and its 95% confidence interval
(Cl) are presented by a diamond, with the risk ratio (95% Cl) and its statistical significance given alongside. Squares indicate study-specific risk
ratios (RRs). Horizontal lines indicate 95% Cls. A diamond indicates the pooled RR with 95% Cl. 12 indicates the percentage of total variations
across the studies that are due to heterogeneity rather than change. The weight indicates how much an individual study contributes to the pooled
estimate. M-H stands for the Mantel-Haenszel method in meta-analysis. Random indicates that a random-effects method was adopted for
generating the meta-analysis results. The certainty of evidence for this outcome was graded as moderate-quality based on the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) criteria.

percutaneous coronary intervention, therapeutic hypothermia) or
complications could affect the survival and neurological outcome of
patients. However, not all patients received primary percutaneous
coronary intervention or therapeutic hypothermia, and complications
were poorly reported. Consequently, the efficacy of ECPR may be
attributed, to some extent, to observer bias and subsequent interven-
tions rather than extracorporeal support. Third, because all patients
had cardiac arrest, some important pre-and post-resuscitation param-
eters were incomplete or not reported (eg, no-flow time, low-flow
time, collapse-to-ECPR time). Fourth, inclusion and exclusion criteria
of VA-ECMO used as ECPR for cardiac arrest to identify appropriate
candidates have not been established and a protocol has been not
standardized; it differs according to the EMS in the out-of-hospital
setting and medical personnel in the in-hospital setting, so our results
may not be generalizable and should be interpreted with caution in a
clinical setting.

In addition to the limitations listed above are those addressed in
each individual article; therefore, there is a risk for bias if the authors

of any articles included in this review did not include all the true limi-

tations of their studies. Since completing the first literature search, in
January 2019, we searched for recent studies on the topic (results are
not included in Tables 1-5) that have been published after the cut-off
day of our prior searches. We identified at least 1 observational study
that has been recently published and was therefore not included in
our analysis.*® This study either provides additional evidence for ECPR
outcomes in cardiac arrest or evidence supporting our review. It is pos-
sible that there are similar unpublished primary studies that we were
not able to find, despite our attempt to identify unpublished studies.
Finally, no single study, whether meta-analytic or not, will provide a
definitive understanding of responses to treatment. Despite this limita-
tion, meta-analytic approaches have demonstrable benefits in address-

ing many of the above-mentioned limitations.

5 | DISCUSSION

In our systematic review and meta-analysis we both separated and
pooled the data from the studies that used propensity score matching
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ECPR Traditional CPR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
In-hospital cardiac arrest
Blumenstein 2016 14 52 9 52 36.4% 1.56 [0.74, 3.27] N
Chen 2008 15 46 8 46 35.4% 1.88[0.88, 3.99] &
Shin 2013 19 60 6 60 28.2% 3.17[1.36,7.37] —a—
Subtotal (95% ClI) 158 158 100.0% 2.03 [1.30, 3.18] <
Total events 48 23
Heterogeneity: Tau®*= 0.00; Chi*=1.61, df= 2 (P =0.45); F=0%
Test for overall effect: Z= 3.09 (P = 0.002)
Out-of-hospital cardiac arrest
Choi 2016 57 320 52 320 57.5% 1.10([0.78,1.54) . o
Kim 2014 9 52 11 52 27.2% 0.82[0.37,1.81] i
Maekawa 2013 9 24 3 24 153% 3.00[0.92,9.74] T
Subtotal (95% Cl) 396 396 100.0% 1.18[0.71,1.97] i
Total events 75 66
Heterogeneity: Tau®= 0.09; Chi*=3.31, df=2 (P = 0.19); F= 40%
Test for overall effect: Z= 0.63 (P = 0.53)
In- and out-of-hospital cardiac arrest
Blumenstein 2016 14 52 9 52 16.4% 1.56[0.74, 3.27] T
Chen 2008 15 46 8 46 16.1% 1.88[0.88, 3.99] T
Choi 2016 57 320 52 320 29.4% 1.10(0.78,1.54) -
Kim 2014 9 52 11 52 15.2% 0.82[0.37,1.81] I
Maekawa 2013 9 24 3 24 8.9% 3.00[0.92,9.74)
Shin 2013 19 60 6 60 14.1% 3.17[1.36,7.37] —_—
Subtotal (95% ClI) 554 554 100.0% 1.54 [1.03, 2.30] <
Total events 123 89
Heterogeneity: Tau*= 0.11; Chi*= 9.52, df= 5 (P = 0.09); F= 48%
Test for overall effect: Z= 2.10 (P = 0.04)

0.01 0.1 10 100

FIGURE 4 Forest plot of comparison of 30-day survival in adults with cardiac arrest. Squares or diamonds to the right of the solid vertical line
favor the intervention group (ECPR) over the control group (conventional cardiopulmonary resuscitation), but this is conventionally significant (P
< 0.05) only if the horizontal line or diamond does not overlap the solid line. The result and its 95% confidence interval (Cl) are presented by a
diamond, with the risk ratio (95% Cl) and its statistical significance given alongside. Squares indicate study-specific risk ratios (RRs). Horizontal
lines indicate 95% Cls. A diamond indicates the pooled RR with 95% Cl. 12 indicates the percentage of total variations across the studies that are
due to heterogeneity rather than change. The weight indicates how much an individual study contributes to the pooled estimate. M-H stands for
the Mantel-Haenszel method in meta-analysis. Random indicates that a random-effects method was adopted for generating the meta-analysis
results. Notes: The certainty of evidence for this outcome was graded as very low-quality based on the Grading of Recommendations Assessment,

Development and Evaluation (GRADE) criteria.

analysis for in- and out-of-hospital cardiac arrest. We limited our
inclusion criteria to studies that used propensity score matching
analysis in order to use the best available and most relevant evidence
on ECPR for in- and out-of-hospital cardiac arrest. We identified 6
observational studies relating to the research purpose, of which 3
studies were in adults who had suffered in-hospital cardiac arrest,11-13
and 3 studies were in adults who had suffered out-of-hospital cardiac
arrest,14-16 totaling 38,133 patients, of which 1.6% (n = 624) received
VA-ECMO as ECPR for refractory cardiac arrest. Of these, 1080
patients (554 patients in the ECPR group and 554 patients in the con-
ventional cardiopulmonary resuscitation group) were compared using
propensity score-matched analysis. The results of the ECPR group and
the conventional cardiopulmonary resuscitation group were compared
further in our quantitative analysis to evaluate our outcomes of inter-
est. Overall, ECLS patients were more likely to have been witnessed
by bystanders who performed CPR. In addition, patients were likely to
be younger, to be male, to have presented an initial shockable cardiac
rhythm, to have suffered from acute myocardial infarction, and to

have undergone primary percutaneous coronary intervention. The

confounding factors of the characteristics evaluated in the propensity
score-matched analysis were balanced and there were no significant
differences between the matched groups. However, in the matched
ECPR group, patients were more likely to receive primary reperfusion
therapy than patients in the control arm, and only 1 study included
primary percutaneous coronary intervention as a matching variable.
The GRADE quality of evidence for the majority of the outcomes was
graded as low or very low. Table 6 outlines the GRADE summary of
findings. There was low to moderate heterogeneity and imprecision in
several of the pooled study estimates, which limited confidence in the
results, and was reflected in the generally low quality of evidence.

Our analysis showed that ECPR is likely associated with an
improved 30-day survival (RR = 2.03, 95% Cl = 1.03-3.18; |12 = 40%,
P = 0.002) and 30-day favorable neurological outcome (RR = 2.18,
95% Cl = 1.24-3.8; 12 = 9%, P = 0.006) for in-hospital cardiac arrest.
However, ECPR had no effect on 30-day survival (RR = 1.18,95% Cl =
0.71-1.97; 12 = 40%, P = 0.53) or favorable neurological outcome (RR
=2.61, 95% Cl = 0.56-12.20; 12 = 59, P = 0.22) for out-of-hospital

cardiac arrest. ECPR was associated with an improved long-term
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ECPR Traditional CPR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
In-hospital cardiac arrest
Blumenstein 2016 12 52 6 52 358% 2.00([0.81, 4.93] —
Chen 2008 10 46 6 46 33.9% 1.67 [0.66, 4.21] — -
Shin 2013 12 60 5 60 30.3% 2.40(0.90, 6.39) — -
Subtotal (95% CI) 158 158 100.0% 1.99 [1.16, 3.41] L
Total events 34 17
Heterogeneity. Tau*= 0.00; Chi*=0.28, df=2 (P=0.87), F=0%
Test for overall effect: Z= 2.49 (P=0.01)
Out-of-hospital cardiac arrest
Kim 2014 8 52 4 52 61.1% 2.00(0.64,6.23] —il—
Maekawa 2013 9 24 2 24 38.9% 4.50[1.08, 18.69] —
Subtotal (95% CI) 76 76 100.0% 2.74 [1.13,6.67) <l
Total events 17 6
Heterogeneity: Tau*= 0.00; Chi*= 0.77, df=1 (P=0.38); P= 0%
Test for overall effect: Z= 2.23 (P = 0.03)
In-and out-of-hospital cardiac arrest
Blumenstein 2016 12 52 6 52 26.2% 2.00[0.81, 4.93] —
Chen 2008 10 46 6 46 24.8% 1.67 [0.66, 4.21] — -
Kim 2014 8 52 4 52 16.4% 2.00(0.64,6.23) -
Maekawa 2013 9 24 2 24 10.5% 4.50(1.08, 18.69] e —
Shin 2013 12 60 5 60 221% 2.40(0.90, 6.39] —
Subtotal (95% Cl) 234 234 100.0% 217 [1.37, 3.44) L
Total events 51 23
Heterogeneity: Tau*= 0.00; Chi*=1.42, df= 4 (P = 0.84), F= 0%
Test for overall effect. Z= 3.29 (P = 0.001)

0.01 0.1 10 100

FIGURE 5 Forest plot of comparison of long-term survival in adults with cardiac arrest. Squares or diamonds to the right of the solid vertical
line favor the intervention group (ECPR) over the control group (conventional cardiopulmonary resuscitation), but this is conventionally significant
(P < 0.05) only if the horizontal line or diamond does not overlap the solid line. The result and its 95% confidence interval (Cl) are presented by a
diamond, with the risk ratio (95% Cl) and its statistical significance given alongside. Squares indicate study-specific risk ratios (RRs). Horizontal
lines indicate 95% Cls. A diamond indicates the pooled RR with 95% ClI. 12 indicates the percentage of total variations across the studies that are
due to heterogeneity rather than change. The weight indicates how much an individual study contributes to the pooled estimate. M-H stands for
the Mantel-Haenszel method in meta-analysis. Random indicates that a random-effects method was adopted for generating the meta-analysis
results. Notes: The certainty of evidence for this outcome was graded as low-quality based on the Grading of Recommendations Assessment,

Development and Evaluation (GRADE) criteria.

survival, (RR = 1.99, 95% Cl = 1.16-3.41; I2 = 0%, P = 0.01) and long-
term favorable neurological outcome (RR = 2.50, 95% Cl = 1.33-4.71;
12 = 0%, P = 0.005) for in-hospital cardiac arrest. ECPR was likely asso-
ciated with improved long-term survival (RR = 2.47, 95% Cl = 1.13-
6.67;12 = 0%, P=0.03) and favorable neurological outcome (RR = 4.64,
95% Cl = 1.41-15.25; 12 = 0%, P = 0.01) for out-of-hospital cardiac
arrest. These differences in outcome can certainly be attributed, to
some extent, to the studies selected for our meta-analysis. These find-
ings should be interpreted in the context of the quality of evidence, the
pooled estimates of reported outcome measures, and the limitations
of the individual studies included in our analysis.

The presence of an initial shockable cardiac rhythm,184647 |ow-
flow time, and collapse-to-ECPR time are the most crucial predic-
tors of good outcomes in patients treated with ECPR for cardiac
arrest.1318:25.47 Therefore, the location of cardiac arrest is of great sig-
nificance for this subgroup of patients. Patients with in-hospital car-
diac arrest tend to have shorter time from collapse to initiation of CPR,
duration of resuscitation, collapse-to-ECPR time, and percutaneous

coronary intervention, and are more likely to have rapid access to

a highly specialized response team.141¢ Patients treated with ECPR
for refractory in-hospital cardiac arrest are more likely to be asso-
ciated with better survival rates and favorable neurological outcome
than patients with refractory out-of-hospital cardiac arrest.*8 ECPR is
not readily available for out-of-hospital use, and patients who expe-
rience refractory out-of-hospital cardiac arrest are reliant on EMS
response time and transportation to ECPR and cardiac catheterization
laboratory-capable hospitals. As such, optimizing EMS response time
and the time frame between ECPR attempts may improve outcomes
for out-of-hospital cardiac arrest.® Two different approaches have
been implemented to reduce time to initiation of ECPR in patients with
refractory out-of-hospital cardiac arrest. The first approach uses rapid
EMS response time and transportation to the closest highly equipped
emergency department or cardiac catheterization laboratory-capable
hospital. The second approach mobilizes ECPR-equipped emergency
response units and the initiation of ECMO in the field.>¢%:27.49

Studies have shown that patients resuscitated from ventricular fib-
rillation/pulseless ventricular tachycardia cardiac arrests have clini-

cally significant coronary stenosis due to coronary artery disease.50-54
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Patients with refractory ventricular fibrillation/pulseless ventricular
tachycardia have been shown to have significantly higher rates of coro-
nary artery disease.2123.25 Therefore, early implementation of ECPR
for refractory cardiac arrest will facilitate temporary return of per-
fusion, minimize the severity of cardiac injuries, including ischemia,
and provide protection from progressive myocardial dysfunction to
support further resuscitation efforts until definitive therapy, including
coronary angiography and percutaneous coronary intervention when
indicated.*5 Interventions aimed at reducing collapse-to-ECPR initi-
ation for refractory cardiac arrest may lead to improved outcomes;
however, best results have occurred when ECPR has been combined
with reperfusion therapies. Furthermore, ECPR should be viewed as a
bridge to definitive treatment for cardiac arrest from reversible cardiac
etiologies, so rigorous patient selection may be a way to significantly
improve the care of this patient population.*>

Although this paper did not delve into details about patient selec-
tion, indication, risk of complications, adverse events, and prognosti-
cation related to ECPR for cardiac arrest,47>5-58 it did make efforts
to report the survival rates and functional outcomes of the stud-
ies that used propensity score-matched analysis as part of the study
design, to adjust for confounding variables and to reduce treatment
selection bias.11"1¢ Additionally, this paper did not evaluate the cost-
effectiveness of VA-ECMO used as ECPR for refractory cardiac arrest.
It is important to note that 5 studies conducted cost-effectiveness
analyses for ECPR in non-cardiac arrest patients;>?¢3 1 of them par-
tially conducted economic analysis about the cost-effectiveness of VA-
ECMO used as ECPR for refractory cardiac arrest.®3 Understanding
the benefits of this therapy relative to hospital resource utilization and
patient outcomes are particularly important given the recent increased
use of VA-ECMO as ECPR for refractory cardiac arrest. Furthermore,
we did not provide recommendations on when to establish and main-
tain an ECPR program for patients with cardiac arrest. This therapy is
a complex intervention and its outcomes require a well-designed pro-
tocol and an experienced and dedicated multi-disciplinary team nec-
essary to sustain a reliable program that is beyond the scope of this
paper. 464

Currently, there is insufficient evidence to recommend routine use
of ECPR for patients with cardiac arrest.3! In settings where it can be
rapidly implemented, ECPR may be considered for selected patients
for whom the suspected etiology of the cardiac arrest is potentially
reversible during a limited period of mechanical cardiorespiratory sup-
port (class Ilb, LOE C-LD).3931 The differences in outcome are likely to
disappear after we get a better understanding of the patients that are
most likely to benefit from this intervention.® The Advanced Reperfu-
sion Strategies for Refractory Cardiac Arrest (the ARREST Trial) under
the Center for Resuscitation Medicine at the University of Minnesota
Medical School is the largest ongoing randomized clinical trial in the
United States evaluating the role of ECPR in patients with out-of-
hospital cardiac arrest (NCT03880565). This randomized clinical trial
is necessary to develop better practices and will address survival to
hospital discharge (time frame: 1 week) as a primary outcome mea-
sure, as well as survival to discharge with modified Rankin Scale Score
(mRS) <3 along with functional status (time frame: 1 week, 3 months,

6 months), cost per patient, and cost per life saved (time frame: 6
months). However, the outcomes will be not available until January
2023.

6 | CONCLUSIONS

Our meta-analysis suggests that VA-ECMO used as ECPR may improve
long-term favorable neurological outcomes and survival compared to
the best current standard of care in a select patient population. Nev-
ertheless, there is inconclusive evidence to either support or refute
the use of ECPR for in- and out-of-hospital cardiac arrest. We fur-
ther conclude that future research has large potential for reducing
uncertainty and is very likely to have an important impact on the esti-
mated effect of VA-ECMO used as ECPR for refractory cardiac arrest.
Therefore, it is imperative for well-designed randomized clinical trials
to obtain a higher level of scientific evidence in order to develop best
clinical practices and to ensure optimal outcomes for cardiac arrest

patients.
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