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Abstract

Background

Extracorporeal cardiopulmonary resuscitation (ECPR) is commonly initiated for adults
experiencing cardiac arrest within the cardiac catheterization lab or the intensive care unit.
However, the potential benefit of ECPR for these patients in the emergency department
(ED) remains undocumented. This study aims to assess the benefit of ECPR initiated in the
ED for patients with out-of-hospital cardiac arrest (OHCA).

Methods

We conducted a systematic review and meta-analysis of studies comparing ECPR initiated
in the ED versus conventional CPR. Relevant articles were identified by searching several
databases including PubMed, EMBASE, Web of Science, and Cochrane collaborations up
to July 31, 2022. Pooled estimates were calculated using the inverse variance heterogeneity
method, while heterogeneity was evaluated using Q and F statistics. The risk of bias in
included studies was evaluated using validated bias assessment tools. The primary out-
come was a favorable neurological outcome at hospital discharge, and the secondary out-
come was survival to hospital discharge or 30-day survival. Sensitivity analyses were
performed to explore the benefits of ED-initiated ECPR in studies utilizing propensity score
(PPS) analysis. Publication bias was assessed using Doi plots and the Luis Furuya-Kana-
mori (LFK) index.

Results

The meta-analysis included a total of eight studies comprising 51,173 patients. ED-initiated
ECPR may not be associated with a significant increase in favorable neurological outcomes
(odds ratio [OR] 1.43, 95% confidence interval [Cl] 0.30-6.70, ¥ = 96%). However, this inter-
vention may be linked to improved survival to hospital discharge (OR 3.34, 95% Cl 2.23—
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5.01, P = 17%). Notably, when analyzing only PPS data, ED-initiated ECPR demonstrated
efficacy for both favorable neurological outcomes (OR 1.89, 95% Cl 1.26-2.83, F=21%)
and survival to hospital discharge (OR 3.37, 95% Cl 1.52-7.49, F¥ = 57%). Publication bias
was detected for primary (LFK index 2.50) and secondary (LFK index 2.14) outcomes.

Conclusion

The results of this study indicate that ED-initiated ECPR may not offer significant benefits in
terms of favorable neurological outcomes for OHCA patients. However, it may be associ-
ated with increased survival to hospital discharge. Future studies should prioritize random-
ized trials with larger sample sizes and strive for homogeneity in patient populations to
obtain more robust evidence in this area.

Introduction

Approximately 350,000 individuals die from out-of-hospital cardiac arrest (OHCA) in the
United States [1]. Despite significant advances in treatments such as rapid reperfusion, aggres-
sive post-resuscitation care, and targeted temperature management (TTM), the rates of neuro-
logically intact survival to hospital discharge remain alarmingly low, ranging from 6% to 9%
[2-5].

Extracorporeal cardiopulmonary resuscitation (ECPR), involving the use of veno-arterial
extracorporeal membrane oxygenation (ECMO) during ongoing cardiopulmonary resuscita-
tion (CPR), has been employed for refractory OHCA for several decades [6-8]. However, the
efficacy of EPCR has not been definitively established [9]. Prior studies have reported mixed
findings, with some suggesting that ECPR may lead to improved mortality and neurological
outcomes in OHCA patients compared to conventional CPR [10-12]. Nevertheless, other arti-
cles have demonstrated minimal or no effect on survival, while systematic reviews on this topic
have produced conflicting results [10, 12-15]. These discrepancies are likely attributable to the
included studies’ inherent heterogeneity and selection method variations, resulting in survival
rates ranging widely from 15% to 50% [10, 13, 16, 17].

Effective and safe ECPR necessitates specific medical skills and a well-trained team [18, 19].
Traditionally, EPCR is initiated in the cardiac catheterization lab or the intensive care unit,
given the availability of specialized equipment and experienced physicians [20]. However, the
emergency department (ED) typically serves as the initial point of care for patients undergoing
CPR upon their arrival at the hospital [8]. Innovations in percutaneous vascular cannula inser-
tion, centrifugal pump techniques, and extracorporeal devices have facilitated the application
of ECPR in the ED under the guidance of trained emergency physicians [8, 11, 21-23]. Rapid
stabilization in the ED assumes a pivotal role in sustaining critically ill patients and enables
prompt decision-making for individuals with a limited prognosis [8, 11].

In this study, we aimed to conduct a systematic review and meta-analysis to evaluate the
effectiveness of ED-initiated ECPR for OHCA patients. Our hypothesis posited that ED-initi-
ated ECPR for patients with OHCA would be associated with improved survival and neurolog-
ical outcomes.

Methods

This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statements [24]. The study protocol was registered with the PROSPERO
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website before the data collection (Registration ID: CRD42022343782, http://www.crd.york.ac.
uk/PROSPERO).

Search strategy and study selection

We systematically searched four databases, including PubMed, EMBASE, Web of Science, and
Cochrane Collaboration, from their inception until July 31, 2022. Our search strategy did not
impose any language restrictions. We employed a combination of the Medical Subject Heading
(MeSH) terms, along with different spellings and endings, to identify relevant articles pertain-
ing to “extracorporeal,” “extracorporeal life support,” “ECPR,” “ELS,” “emergency depart-
ment,” “emergency room,” “cardiac arrest,” “heart arrest,” and “cardiopulmonary
resuscitation”. Supplementary files provide a detailed account of our search strategy. Addition-
ally, we searched websites, organizations, relevant reviews, and references to identify addi-
tional eligible studies. Furthermore, we searched for unpublished trials registered at
ClinicalTrials.gov using similar search terms. We also searched for citations from relevant arti-
cles. The search results from these databases were extracted, and duplicate studies were
removed. The remaining studies were added to the Rayyan QCRI website.

Inclusion criteria and outcome of interest

The inclusion criteria were as follows:

1. Any study included adults over 18 for whom CPR was performed at the ED.

2. Atleast one arm includes patients who underwent ECPR or ECLS initiated at the ED.
3. Atleast one arm compared with conventional or standard CPR.

4. Reporting of outcome or endpoint on the favorable neurological outcome at hospital dis-
charge or survival to hospital discharge.

Favorable neurological outcome was defined by a Cerebral Performance Category (CPC) of
1-2 or a modified Rankin Scale (mRS) of 0-2. We excluded pre-clinical studies, review articles,
and studies without a control group (i.e., case reports, case series, etc.). Two authors (W.W.
and S.K.) independently scanned and reviewed study titles and abstracts to identify potentially
eligible studies. Full-text articles of the retrieved studies were extracted and independently
assessed by two authors against the pre-specified criteria. Any discrepancies were discussed
with another author (W.T.) and resolved through consensus.

The primary outcome was a favorable neurological outcome at hospital discharge. We
selected it as a primary outcome since the current Utstein-style guidelines recommended it for
uniform reporting of cardiac arrest [25]. The secondary outcome included survival to hospital
discharge/30-day survival [26].

Data extraction and assessment of the study risk of bias

We extracted data from the included articles using a structured data extraction form, which
included information such as the first author, publication year, study location, setting, enroll-
ment period, study type, participant characteristics, criteria for intervention allocation, and
outcomes of interest. In cases where specific variables of interest were missing, we attempted
to contact the corresponding authors for additional details. All extracted data were entered
into a data spreadsheet (Microsoft Excel). Two authors (W.W. and S.K.) independently
assessed the risk of bias in the included studies, and any disagreements were resolved by dis-
cussion between authors. Quality assessment of the observational trials will be evaluated using
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the Good Research for Comparative Effectiveness (GRACE) [27], and quality assessment for
randomized controlled trials (RCT) will be evaluated using the Cochrane Risk of Bias 2 (RoB-
2) tool [28].

Statistical analysis

We collected the relevant information and organized it in a 2x2 contingency table in the data
spreadsheet. We calculated the pooled odds ratios (ORs) and corresponding 95% confidence
intervals (CIs) of the outcomes between groups using the inverse variance heterogeneity
(IVhet) method. The IVhet model is known for its accuracy in estimating pooled odds ratios,
especially in meta-analyses characterized by high heterogeneity [29-31]. Cochrane Q and I?
statistics were used to examine the presence of heterogeneity between studies. Statistical het-
erogeneity among included trials was estimated using the percentage of the total variability
across the studies (I statistics). Low, moderate, and high heterogeneity were defined as values
less than 25%, 25-50%, and more than 50%, respectively [32]. Sensitivity analyses were per-
formed to investigate the benefits of ED-initiated ECPR by exclusively considering random-
ized controlled trials (RCTs) or studies employing propensity score (PPS) analysis.

Visual examination of Doi plots and the Luis Furuya-Kanamori (LFK) index was used to
examine publication bias that may result from small-study effects [33]. MetaXL version 5.3
was used for statistical analysis (EpiGear International Pty Ltd, Australia). All tests were two-
tailed, with a p-value of less than 0.05 considered statistically significant.

Results
Characteristics of included study and study risk of bias

Our search initially yielded a total of 1,541 articles. After removing duplicates and abstract
screening, eight studies met the inclusion criteria for the meta-analysis [13-16, 34-37] (Fig 1).
The included studies recruited participants between 2000 and 2020, totaling 51,173 individu-
als. The average age of participants ranged from 46 to 71. Notably, the ECPR group exhibited a
higher prevalence of initial shockable rhythms than the conventional CPR group in almost all
studies. Seven studies were conducted in Asia [13-16, 34, 35, 37], while one study was con-
ducted in Europe [36]. All were observational studies [13-16, 34-37]. Four studies applied PPS
matching to adjust for potential confounders. Three studies explicitly stated that emergency
physicians initiated and performed ECPR [35-37]. In terms of the risk of bias, the included
observational studies demonstrated a range from low to moderate risk, with two studies meet-
ing all criteria and six studies exhibiting a moderate risk of bias. The characteristics of included
studies and the risk of bias are included in Tables 1 and 2, respectively.

Outcomes

Among the included studies, seven reported favorable neurological outcomes. The overall neuro-
logical outcome in the ECPR group did not significantly differ from that of the conventional CPR
group (pooled OR 1.43, 95% CI 0.30-6.70, I’ = 96%). However, when analyzing only PPS data,
ECPR demonstrated a modest benefit (OR 1.89, 95% CI 1.26-2.83, I = 21%). This finding was
observed for studies involving emergency physician-initiated ECPR and those without (Fig 2).

Three studies provided data on survival to hospital discharge. ECPR patients had a higher
chance of survival to hospital discharge than CCPR patients in all studies and PPS-selected
data (OR 3.34, 95% CI 2.23-5.01, I = 17% and OR 3.37, 95% CI 1.52-7.49, I* = 57%, respec-
tively). These results were consistent across studies investigating emergency physician-initi-
ated ECPR and those that did not (Fig 3).
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Fig 1. PRISMA study diagram.

https://doi.org/10.1371/journal.pone.0289054.9001

Publication bias

Doi plot analyses indicated that less precise studies carry higher increases in favorable neuro-
logical outcomes after CPR in OHCA patients (Fig 4A). Furthermore, major asymmetry was
identified in the survival to hospital outcomes (Fig 4B).

Discussion

Our systematic review and meta-analysis provide insights into the effectiveness of ECPR initi-
ated in the ED compared to conventional CPR. While the findings regarding favorable neuro-
logical outcomes were inconclusive, there is evidence suggesting that ECPR may improve
survival to hospital discharge in OHCA patients. It is important to note the presence of publi-
cation bias, which may influence the interpretation of the results.

ECMO was originally introduced to support patients with severe respiratory failure and
adult respiratory distress syndrome in intensive care settings. Subsequently, it was widely
applied in various life-threatening conditions, including ongoing CPR. However, due to the
complex resource requirements, ECMO programs are typically limited to academic centers.
Emergency physicians in many countries may be the only ones instantly available for emergent
ECMO/ECPR cases. Previous evidence revealed that emergency physicians could successfully
initiate ECPR in the ED with a comparable survival and neurological outcome compared to
the routine ECPR conducted in the intensive care unit or cardiac catheterization laboratory [8,
10, 11, 23]. Recent evidence suggests that the faster the ECPR application, the better the resus-
citation outcomes [10]. ECPR has been increasing use for patients with refractory OHCA in
the past decade due to potentially improved mortality and neurological outcomes compared to
conventional CPR [12, 13, 15]. Nonetheless, the efficacy and effectiveness of ECPR remain
subjects of debate, with conflicting findings reported in previous research [10, 12-15].
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Table 2. Risk of bias assessment of included studies using the Good Research for Comparative Effectiveness (GRACE) checklist and Risk of Bias assessment 2

(RoB-2).

Study Adequate | Adequate | Objective
treatment | outcome | outcomes

D1 D2 D3
Choi 2016

Jeong + + +
2022

Kim 2014

Maekawa
2013

Sakamoto + + +
2014

Schober + + +
2017

Shin 2020

Yamada -
2021

https://doi.org/10.1371/journal.pone.0289054.t002

Observational studies

Valid Similar | Covariates New Concurrent | Covariates | Immortal | Sensitivity K Overall

outcomes | outcomes | recorded | initiators | comparators | accounted | time bias analysis | score
for (out of

D4 D5 D6 M1 M2 M3 M4 M5 |10

9

+ + + + + + + 10

- 10

+ + 11

+ + + + + + 9

+ + + + + + + + 11

- - 7

- + + 9

Despite the observed increase in favorable neurological outcomes in PPS data, the survival
rate to hospital discharge for OHCA patients who underwent ECPR remains relatively low at
20.1%. These results highlight the need for further improvement, considering the expected sur-
vival rate of around 40-50% [38, 39]. The high heterogeneity observed in the forest plots sug-
gests the presence of confounding factors. To mitigate these biases, we employed the IVhet
statistical model, which gave more precise information than a conventional random-effects
model [29]. However, some selection biases may persist due to the wide range of recruitment
periods spanning over 20 years, during which advancements in resuscitation technologies and
updated CPR guidelines were introduced. Furthermore, publication bias was identified
through Doi plots and the corresponding LFK index, emphasizing the need for cautious inter-
pretation of the pooled effect size of our findings.

This review provides the results in contrast with the previous meta-analysis [12]. Ahn et al.,
published in 2016, included only three OHCA studies [15, 16, 37] which found similar survival
and neurological outcomes between ECPR and conventional CPR. The discrepancy can be
attributed to the evolving inclusion criteria for ECPR, which have become more refined over
time. Specific patient selection criteria, such as younger age, witnessed cardiac arrest with
bystander CPR, initial shockable rhythm, and presumed cardiac etiology of arrest, have been
proposed and likely contributed to the positive outcomes observed in subsequent studies [13,
14, 36, 40]. Moreover, patients with refractory shockable cardiac arrest have been linked with
higher chances of having coronary artery disease [41, 42]. As a result, early ECPR for these
patients will promote a temporary return of perfusion, mitigate the magnitude of cardiac ische-
mia, and provide protection from deteriorating myocardial functions to support additional
resuscitation efforts until definitive interventions are delivered [43]. Therefore, emergency phy-
sician-initiated ECPR, which reduced collapse-to-ECPR time, may improve outcomes; however,
optimal results would be expected when ECPR was combined with reperfusion therapy.

Limitation
Several limitations need to be mentioned in this study. First, all included in our meta-analysis
were observational studies, which may introduce selection bias, confounding, and lack of
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Primary outcome: Favorable neurological outcome at hospital discharge
(A) All studies

Study or Subgroup . OR (95% CI) % Weight
Non-specific
Sakamoto 2014 = 8.94 ( 2.69,29.64) 27
Choi 2016 —— 6.26 ( 4.23, 9.25) 2538
Shin 2020 = 6.91 ( 1.35,3548) 15
Yamada 2021 | 0.26 ( 0.18, 0.37) 33.2
Jeong 2022 u 1.93 ( 1.34, 2.76) 30.1
Non-specific subgroup {E=— 1.39 ( 0.24, 8.01) 934
Q=164.42, p=0.00, 12=98% :
EP-initiated :
Kim 2014 i — 193 ( 0.85, 440) 538
Schober 2017 | —+—= 2.81 ( 0.31,25.08) 0.8
EP-initiated subgroup <> 2.02 ( 0.94, 437) 66
Q=0.10, p=0.75, 12=0%
Overall | <4{—— 1.43 ( 0.30, 6.70) 100.0
Q=165.35, p=0.00, 12=96% :
0 10 20 30
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Fig 2. Forest plots comparing favorable neurological outcomes at hospital discharge between extracorporeal cardiopulmonary resuscitation initiated
at ED and conventional cardiopulmonary resuscitation. (A) included all observational studies, and (B) selected only propensity score matching cohorts.
Abbreviations: EP, emergency physician; PPS, propensity score matching; RCT, randomized controlled trial; OR, odds ratio.
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Fig 3. Forest plots survival to hospital discharge between extracorporeal cardiopulmonary resuscitation initiated at ED and conventional
cardiopulmonary resuscitation. (A) included all observational studies, and (B) selected only propensity score matching cohorts. Abbreviations: EP, emergency

physician; PPS, propensity score matching; RCT, randomized controlled trial; OR, odds ratio.
https://doi.org/10.1371/journal.pone.0289054.9003

control groups. Furthermore, most of the studies were conducted at single centers, limiting the
generalizability of the findings to other settings. The observed heterogeneity among the
included studies also poses challenges in drawing definitive conclusions. Future studies should
prioritize conducting randomized controlled trials with larger sample sizes and aim to achieve
homogeneity in selected patient populations and coexisting treatments. Second, included stud-
ies did not provide information on logistics and human resources, which are known to have a
strong impact on the survival rate of CPR. It is commonly known that important CPR-related
parameters include the time for an ambulance to arrive and the time to administer the first
shock from an automated external defibrillator. Still, only some studies included in the review
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report this information. Additionally, the review did not provide insight into other important
factors, such as the willingness of the general public to perform CPR or the training of hospital
teams. Third, complications arising from ECPR (i.e., significant bleeding, coagulopathy, meta-
bolic derangements, etc.), which can influence neurologically intact survival and survival to
discharge, were only reported in one study. Finally, the geographical restriction of the included
studies to South Korea and Japan raises concerns regarding the generalizability of the findings
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to other regions and populations. Race and ethnicity issues and low multi-center studies could
contribute to restrict the representativeness of the results. Future studies should strive to
include larger and more diverse samples to ensure more robust conclusions.

Conclusion

In conclusion, our systematic review and meta-analysis demonstrated conflicting results
regarding the effectiveness of ECPR initiated in the ED. While there is limited evidence sup-
porting improved neurological outcomes, ECPR may confer benefits in terms of survival to
hospital discharge for OHCA patients. Future studies should focus on randomized controlled
trials with larger sample sizes and aim to achieve homogeneity in patient populations.
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