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Abstract

Background Extracorporeal cardiopulmonary resuscitation (ECPR) has been proposed as a rescue therapy

for patients with refractory cardiac arrest. This study aimed to evaluate the association between ECPR and clinical
outcomes among patients with out-of-hospital cardiac arrest (OHCA) using risk-set matching with a time-dependent
propensity score.

Methods This was a secondary analysis of the JAAM-OHCA registry data, a nationwide multicenter prospective study
of patients with OHCA, from June 2014 and December 2019, that included adults (> 18 years) with OHCA. Initial car-
diac rhythm was classified as shockable and non-shockable. Patients who received ECPR were sequentially matched
with the control, within the same time (minutes) based on time-dependent propensity scores calculated from poten-
tial confounders. The odds ratios with 95% confidence intervals (Cl) for 30-day survival and 30-day favorable neuro-
logical outcomes were estimated for ECPR cases using a conditional logistic model.

Results Of 57,754 patients in the JAAM-OHCA registry, we selected 1826 patients with an initial shockable rhythm
(treated with ECPR, n=913 and control, n=913) and a cohort of 740 patients with an initial non-shockable rhythm
(treated with ECPR, n=370 and control, n=370). In these matched cohorts, the odds ratio for 30-day survival

in the ECPR group was 1.76 [95%Cl 1.38-2.25] for shockable rhythm and 5.37 [95%Cl 2.53-11.43] for non-shockable
rhythm, compared to controls. For favorable neurological outcomes, the odds ratio in the ECPR group was 1.11 [95%(Cl
0.82-1.49] for shockable rhythm and 4.25 [95%Cl 1.43-12.63] for non-shockable rhythm, compared to controls.
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Conclusion ECPR was associated with increased 30-day survival in patients with OHCA with initial shockable
and even non-shockable rhythms. Further research is warranted to investigate the reproducibility of the results

and who is the best candidate for ECPR.

Keywords Extracorporeal cardiopulmonary resuscitation, Out-of-hospital cardiac arrest, Time-dependent propensity
score matching, Nationwide database, Japanese, Rescue therapy
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Extracorporeal cardiopulmonary resuscitation (ECPR)
is an advanced procedure used in addition to standard
resuscitation in patients with refractory out-of-hospital
cardiac arrest (OHCA). It involves the implementation of
an extracorporeal circuit through emergent percutane-
ous cannulation of the femoral vein and artery to supply
oxygenated blood and remove carbon dioxide from the
brain and other vital organs [1, 2]. Currently, three ran-
domized controlled trials (RCTs) and observational stud-
ies have been published, and their meta-analysis showed
that ECPR potentially improves clinical outcomes of
patients with OHCA; however, the effect on clinical
outcomes and who is the best candidate of ECPR is still
under discussion [3-11]. Hence, further investigation is
needed to consider the effect of ECPR and who is the best
candidate for ECPR.

While further research on the effects of ECPR is indeed
necessary, conducting an RCT is challenging due to the
practical burdens in clinical settings, costs, and ethi-
cal issues [12]. High-quality observational studies are

conducting RCTs. However, prior observational stud-
ies on ECPR have raised concerns about the risk of bias,
particularly with regard to the resuscitation time bias [10,
13]. To address this bias, some studies related to resus-
citation used sequential risk-set matching with time-
dependent propensity scores to evaluate interventions
such as advanced airway management and adrenaline
administration [14-16]. Previously, one study inves-
tigated the association between ECPR and outcomes
using this time-dependent propensity score; however,
this study did not divide the patients based on the initial
cardiac rhythm, which is crucial for discussing the effec-
tiveness of ECPR, because the patients with initial non-
shockable rhythm have totally different clinical features,
such as potential causes, resuscitation algorithm, risk fac-
tors, predictors and their outcomes among patients with
OHCA treated with ECPR [17-22]. However, no studies
have evaluated the association between ECPR and clini-
cal outcomes considering these issues. This study aimed
to investigate the association between ECPR and clinical
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outcomes among patients with OHCA using sequential
risk-set matching analysis with a time-dependent pro-
pensity score to address resuscitation time bias.

Methods

The study protocol and retrospective analysis was
approved by the Ethics Committees of Kyoto Univer-
sity (approval ID: R1045), Osaka University (approval
ID: 21304), and each participating institution, and the
requirement for written informed consent was waived for
this observational study.

Data source and management

This study was a retrospective analysis of the JAAM-
OHCA registry, a prospective, multicenter, nationwide
database established by the steering committee of the
Japanese Association of Acute Medicine. Details of the
registry have been previously published [23, 24]. This
database combines pre-hospital and in-hospital informa-
tion and outcomes of patients with OHCA transported to
the emergency departments of 93 institutions (69 univer-
sity hospitals and/or tertiary critical care centers). Ter-
tiary critical care centers are certified by the Ministry of
Health, Labor, and Welfare in Japan and are required to
provide highly specialized treatments such as ECPR, per-
cutaneous coronary intervention, and intensive care 24 h
a day. The other 24 hospitals were not critical care centers
or university hospitals; they provided emergency medi-
cal services to the community. Pre-hospital information
based on the standardized Utstein format was collected
by paramedics [25] and verified by the Fire and Disaster
Management Agency in Japan. In-hospital information,
such as treatment in the emergency department and after
admission to the ICU, was registered by clinicians or clin-
ical data administrators using an electronic data capture
system with a standardized reporting form [23, 24]. The
JAAM-OHCA registry committee checked the logic and
quality of the data, and anonymized data were provided
to the researchers by the committee.

Participants

This study included all consecutive patients with OHCA
registered in the JAAM-OHCA registry between June
2014 and December 2019 based on the following inclu-
sion criteria, adult with OHCA aged >18 years due to
medical causes, resuscitation attempted by paramedics
at the scene, and cardiac arrest sustained and confirmed
upon hospital arrival. The exclusion criteria were opting
out of the study, absence of a pre-hospital record, not
receiving resuscitation attempts, age less than 18 years,
cardiac arrest due to external causes (such as trauma,
drowning, and choking), absence of cardiac arrest at
the time of initial evaluation by paramedics, and ROSC
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before/on hospital arrival, which means that we excluded
ECMO implementation for cardiogenic shock after
ROSC. ROSC was defined as the presence of palpable
pulses for more than 30 s [26]. Further, we also excluded
those who were transferred to a hospital in which the
ECPR cases were not registered in the database because
those hospitals were assumed to lack the capacity to pro-
vide ECPR, those whose final disposition in the emer-
gency department (ROSC, termination of resuscitation,
or ECPR) was missing, and those whose time to final
disposition, such as time from hospital arrival to termi-
nation of resuscitation, was zero. The study participants
were stratified by initial cardiac rhythm into shockable
and non-shockable groups as confirmed by paramedics at
the scene, as the current international guidelines propose
two different algorithms according to the initial rhythm
[27, 28]. A shockable rhythm was defined as VF or pulse-
less ventricular tachycardia, and a non-shockable rhythm
was defined as pulseless electrical activity or asystole.

Exposure

ECPR is defined as emergency cannulation and veno-
arterial extracorporeal membrane oxygenation for
patients with OHCA who sustained cardiac arrest upon
arrival at the hospital. The decision to perform ECPR
was determined by the individual physicians attending to
each patient. Generally, pre-hospital ECPR was not avail-
able during the study period in Japan.

Outcome

The primary outcome was 30-day survival. The second-
ary outcome was 30-day survival with favorable neu-
rological outcomes, defined as Cerebral Performance
Category (CPC) 1 or 2. It is commonly used to evaluate
the neurological status after OHCA as follows: category
1, good cerebral performance; category 2, moderate cer-
ebral disability; category 3, severe cerebral disability; cat-
egory 4, coma or vegetative state; and category 5, death/
brain death [25]. The CPC was evaluated by clinicians or
research assistants in each hospital and registered to the
database.

Data measurement, collection, and handling of missing
data

The following clinical information was obtained from the
database: sex, age, witnessed status, CPR performed by
a bystander, pre-hospital initial cardiac rhythm, cardiac
rhythm on hospital arrival, resuscitation time course,
final disposition in the emergency department (ED), and
outcome. Final disposition in the ED is defined as the
situation on termination of chest compression which
can be classified as ROSC, death (terminate the resus-
citation effort), or the start of ECPR. The details of the
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other variables are provided in the Additional file (Addi-
tional file 1: Method S1). Missing data were imputed by
a random forest-based imputation procedure using the
“missForest” package for eligible study participants [29].
We describe the details of this imputation method in the
Additional file (Additional file 1: Method S2).

Statistical analysis

Patient and hospital characteristics

We described the patients’ characteristics and hospital
information. Data are shown as median and interquartile
range (IQR) for continuous variables and as numbers and
percentages for categorical variables. We used standard-
ized mean differences to describe the data in both the
original and matched cohorts.

Time-dependent propensity scores and sequential risk-set
matching

We performed time-dependent propensity score and
risk-set matching analysis in each cohort of the ini-
tial cardiac rhythm to evaluate the association between
ECPR and outcomes. The details of the time-dependent
propensity scores and sequential risk-set matching are
explained in the Additional file (Additional file 1: Method
3). To estimate the time-dependent propensity score
of receiving ECPR after hospital arrival, we applied the
fine-gray regression model in the presence of competing
risk with time-dependent covariates [30]. In this model,
we dealt with ROSC and death (termination of resusci-
tation) before ECPR as the competing risk. We also set
120 min after arrival at the hospital as censoring in the
model. Time-dependent covariates were defibrillation,
intubation, and adrenaline administration in the hospi-
tal. The time-independent covariates in the calculation
of the propensity score were as follows: patient charac-
teristics (sex and age), pre-hospital information (witness,
bystander CPR, initial cardiac rhythm, defibrillation by
bystander, physician-staffed ambulance or helicopter,
defibrillation by paramedics, type of advanced airway,
number of administrations of adrenaline, pre-hospital
ROSC, and time from call to hospital), and hospital capa-
bility of ECPR. Hospital capability for ECPR was defined
as “high,” “middle,” or “low;” according to the tertiles of
the number of patients who received ECPR in the last
two years. Although we adopted the same variables to
calculate the time-dependent propensity score for both
shockable and non-shockable cohorts, the scores were
calculated separately for each rhythm cohort.

Based on the time-dependent propensity scores, we
performed 1:1 sequential matching of the patients who
received ECPR at any given minute from minute 0 to
minute 120 (patients treated with ECPR) to a patient who
was at risk of receiving ECPR within the same minute
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(control) with replacement. In this sequential match-
ing, at-risk patients (controls) included those who were
still undergoing resuscitation at the emergency depart-
ment and had not received ECPR before or within the
same minute. Matching with replacements of unexposed
patients meant that matched controls with no ECPR at
each time were allowed to match again later until they
received ECPR. Therefore, at-risk patients also included
those who received ECPR later, as matching was not
dependent on future events. In sequential matching, we
set the caliper width for nearest-neighbor matching at 0.2
standard deviations of the propensity score, as recom-
mended in previous literature [31]. We calculated stand-
ardized differences to evaluate the balance of variables in
each propensity score-matched cohort. We considered
a standardized mean difference of<0.25, as suggested in
the literature [31].

Estimation of association between ECPR and outcomes

To evaluate the association between ECPR and each out-
come, we fitted a conditional logistic regression model to
estimate odds ratios (ORs) with 95% confidence intervals
(ClIs) to compare to those at risk of receiving ECPR (con-
trol). All tests were two-sided; we regarded p<0.05 as
statistically significant. Data analysis was conducted from
March 2022 to July 2022. All statistical analyses were per-
formed using R software, version 4.1.2 (R Foundation for
Statistical Computing).

Results

Study flowchart and original cohort

Of the 57,754 patients registered in the JAAM-OHCA
registry, 3,050 patients with OHCA with initial shock-
able rhythm (942 patients treated with ECPR and 2,108
cases without ECPR) and 30,231 patients with OHCA
with initial non-shockable rhythm (376 cases treated
with ECPR and 29,855 cases without ECPR) were
included in the analysis (Fig. 1). Details of the missing
variables are described in the Additional file (Additional
file 1: Table S1). The characteristics before matching are
described in Table 1 and the Additional file (Additional
file 1: Table S2).

Matched cohort

Through matching using a time-dependent propensity
score, 1,826 initially shockable cases (913 cases treated
with ECPR and 913 controls) and 740 initially non-shock-
able cases (370 cases treated with ECPR and 370 controls)
were included in the primary analysis. In the matched
cohort with initial shockable rhythm, ECPR versus con-
trol, median (IQR) ages were 59 [48—68] and 59 [48-70]
years and males were 86% (784/913) and 85% (778/913),
respectively. In the non-shockable matched cohort, ECPR
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Total patients of the database (n = 57,754)

Not in cardiac arrest at the initial contact by paramedics (n = 1,989)

No Resuscitation attempt (n = 1,348)
No pre-hospital record (n = 5,207)
Age younger than 18 years old (n = 1,064)
External cause (n = 11,302)

Already ROSC status at Hospital arrival (n = 3,077)
Transfered to Hospital without ECPR case (n = 95)
Missing disposition data (n = 358 )

ECPR Candidate (n = 33,314)

4

Time to Censor =0 (n = 33)

Eligible For Main Analysis (n = 33,281)

/

.

Initial Shockable Rhythm (n = 3,050)

Initial Non-Shockable Rhythm (n = 30,231)

o\

TN

With ECPR Control With ECPR Control
(n =942) (n=2,108) (n = 376) (n =29,855)

With ECPR Control With ECPR Control
(n=913) (n=913) (n =370) (n =370)

Matched Cohort with Initial Shockable Rhythm

Matched Cohort with Initial Non-Shockable Rhythm

Fig. 1 Study flowchart. ECPR, Extracorporeal cardiopulmonary resuscitation, ROSC, Return of spontaneous circulation

versus control, median (IQR) ages were 60 [47-69] and
58 [45-69] years and males were 77% (284/370) and 75%
(278/370), respectively. In the ECPR group, the median
(IQR) time to ECPR initiation was 25 [6, 18] minutes
in patients with initial shockable rhythm and 28 [3, 20]
minutes in patients with initial non-shockable rhythm.
Among the control groups, ECPR was performed in 389
(43%) and 60 (16%) patients in the initial shockable and
non-shockable groups, respectively. Additional details
of the characteristics are described in Table 2 and the
Additional file (Additional file 1: Tables S3-S5). Overall,
patient characteristics were well-balanced.

Outcomes in the initially shockable rhythm matched
cohort

The 30-day survival rate in the cohort with initial shock-
able rhythm was 24.6% (225/913) in the ECPR group and
16.3% (149/913) in the control group (Fig. 2). The OR by
the conditional logistic regression model for 30-day sur-
vival with ECPR was 1.76 [95%CI 1.38-2.25] compared

with the control. However, in the matched cohort with
initial shockable rhythm, 30-day favorable neurological
outcomes accounted for 11.9% (109/913) in the ECPR
group and 11.0% (100/913) in the control group. The
OR for 30-day favorable neurological outcome was 1.11
[95%CI 0.82-1.49] for ECPR compared with the control
(Fig. 2).

Outcomes in the initially non-shockable rhythm matched
cohort

The 30-day survival rate in the matched cohort with ini-
tial non-shockable rhythm was 11.9% (44/370) for the
ECPR group and 2.4% (9/370) for controls. The OR for
30-day survival was 5.37 [95%CI 2.53-11.43] for ECPR
compared with the control (Fig. 2). The 30-day favorable
neurological outcomes in the matched cohort with initial
non-shockable rhythm accounted for 4.6% (17/370) in
the ECPR group and 1.1% (4/370) in the control group.
The OR for 30-day favorable neurological outcome was
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Table 1 Patient characteristics in the original cohort
Initial shockable rhythm Initial non-shockable rhythm

Characteristics ECPR (N=942) Without ECPR SMD ECPR (N=376) Without ECPR SMD

(N=2,108) (N=29,855)
Sex (men) 811 (86%) 1,652 (78%) 0.20 289 (77%) 17,167 (58%) 042
Age 59 (48, 68) 69 (58, 79) -0.68 60 (47,69) 79 (68, 86) -1.2
Witnessed 738 (78%) 1,465 (69%) 0.20 290 (77%) 11,232 (38%) 0.87
Bystander CPR 522 (55%) 1,076 (51%) 0.09 164 (44%) 14,350 (48%) -0.09
Initial cardiac rhythm 0.00 0.80
Initial VF/VT 942 (100%) 2,108 (100%) - -
PEA - - 241 (64%) 8,141 (27%)
Asystole - - 135 (36%) 21,714 (73%)
Bystander AED 79 (8.4%) 114 (5.4%) 0.12 22 (5.9%) 260 (0.9%) 0.28
Physician-staffed heli/ambulance 249 (26%) 383 (18%) 0.20 87 (23%) 2,723 (9.1%) 039
Shock by paramedic 936 (99%) 2,046 (97%) 0.17 135 (36%) 1,315 (4.4%) 0.85
Advanced airway 0.12 0.03
Intubation 122 (13%) 201 (9.5%) 36 (9.6%) 3,084 (10%)
None 364 (39%) 905 (43%) 153 (41%) 12,361 (41%)
SGA 456 (48%) 1,002 (48%) 187 (50%) 14,410 (48%)
Number of IV adrenaline 0.10 0.17
0 554 (59%) 1,356 (64%) 231 (61%) 21,534 (72%)
1 123 (13%) 255 (12%) 38 (10%) 2474 (8.3%)
2 102 (119%) 197 (9.3%) 45 (12%) 2,094 (7.0%)
3 91 (9.7%) 157 (7.4%) 36 (9.6%) 1,943 (6.5%)
4 36 (3.8%) 73 (3.5%) 21 (5.6%) 927 (3.1%)
5 36 (3.8%) 70 (3.3%) 5(1.3%) 883 (3.0%)
Pre-hospital ROSC 73 (7.7%) 238 (11%) -0.12 30 (8.0%) 1,048 (3.5%) 0.19
Time from call to hospital 31 (26, 39) 32 (26, 40) -0.08 33 (27, 40) 33 (27,40) 0.00
Initial cardiac rhythm on arrival 0.72 1.1
Asystole 154 (16%) 770 (37%) 111 (30%) 22,622 (76%)
PEA 167 (18%) 658 (31%) 172 (46%) 6,776 (23%)
VFNT 621 (66%) 680 (32%) 93 (25%) 457 (1.5%)
Shock in hospital 724 (77%) 991 (47%) 0.65 200 (53%) 2,014 (6.7%) 1.2
Adrenaline in hospital 855 (91%) 1,915 (91%) 0.00 351 (93%) 26,191 (88%) 0.19
Intubation in hospital 809 (86%) 1,679 (80%) 0.17 334 (89%) 19,236 (64%) 0.60
ECPR case volume 0.51 0.55
High volume 688 (73%) 1,122 (53%) 274 (73%) 15,765 (53%)
Middle volume 209 (22%) 579 (27%) 85 (23%) 7,874 (26%)
Low volume 45 (4.8%) 407 (19%) 17 (4.5%) 6,216 (21%)

Continuous variables are expressed as medians and interquartile ranges, and categorical variables are expressed as number and percentage (%)

SMD, standardized mean difference; ECPR, extracorporeal cardiopulmonary resuscitation; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT,
ventricular tachycardia; PEA: pulseless electrical activity; ROSC, return of spontaneous circulation; AED, automated external defibrillator; SGA, supraglottic airway; IV,

intravenous

4.25 [95%CI 1.43-12.63] for ECPR compared with the

control (Fig. 2).

Discussion

Key observations and strengths

This observational study using risk-set matching by
time-dependent propensity score indicated that ECPR

was associated with higher survival rates among adult
patients with OHCA with both initial shockable and
non-shockable rhythms. Furthermore, ECPR was asso-
ciated with favorable neurological outcomes in patients
with OHCA with non-shockable rhythm. Although
some previous observational studies investigated the
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Table 2 Patient characteristics in the matched cohort
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Initial shockable rhythm

Initial non-shockable rhythm

Characteristics ECPR (N=913) Control (N=913) SMD ECPR (N=370) Control (N=370) SMD
Sex (men) 784 (86%) 778 (85%) 0.02 284 (77%) 278 (75%) 0.04
Age 59 (48, 68) 59 (48, 70) —0.04 60 (47,69) 58 (45, 69) 0.08
Witnessed 714 (78%) 7 (79%) - 001 285 (77%) 296 (80%) —-0.07
Bystander CPR 506 (55%) 510 (56%) —0.01 160 (43%) 178 (48%) -0.10
Initial cardiac rhythm 0.00 0.01

Initial VF/VT 913 (100%) 913 (100%) - -

PEA - - - 237 (64%) 239 (65%)

Asystole - - - 133 (36%) 131 (35%)
Bystander AED 77 (8.4%) 74 (8.1%) 0.01 20 (5.4%) 20 (5.4%) 0.00
Physician-staffed heli/ ambulance 237 (26%) 246 (27%) —-0.02 86 (23%) 105 (28%) —-0.12
Shock by paramedic 907 (99%) 896 (98%) 0.11 133 (36%) 114 (31%) (OA N
Advanced airway 0.08 0.09

Intubation 121 (13%) 26 (14%) 35(9.5%) 41 (11%)

None 349 (38%) 379 (42%) 151 (41%) 160 (43%)

SGA 443 (49%) 408 (45%) 184 (50%) 169 (46%)
Number of IV adrenaline 0.02 —-0.05

0 533 (58%) 538 (59%) 226 (61%) 2 (57%)

1 21 (13%) 135 (15%) 38 (10%) (15%)

2 99 (11%) 93 (10%) 44 (12%) 48 (13%)

3 91 (10.0%) 72 (7.9%) 36 (9.7%) 22 (5.9%)

4 33 (3.6%) 4 (3.7%) 21 (5.7%) 0(2.7%)

>5 36 (3.9%) 41 (4.5%) 5(1.4%) 2(5.9%)
Pre-hospital ROSC 70 (7.7%) 67 (7.3%) 0.01 30 (8.1%) (6 8%) 0.05
Time from call to hospital 31 (26, 39) 31 (25, 38) 0.06 33 (27, 40) 4.(27,41) -0.03
Initial cardiac rhythm on arrival 0.09 0.1

Asystole 151 (17%) 33 (15%) 110 (30%) 104 (28%)

PEA 162 (18%) 43 (16%) 169 (46%) 188 (51%)

VENT 600 (66%) 637 (70%) 91 (25%) 78 (21%)
Shock in hospital 472 (52%) 551 (60%) -0.17 133 (36%) 133 (36%) 0.00
Adrenaline in hospital 776 (85%) 838 (92%) -021 332 (90%) 346 (94%) -0.14
Intubation in hospital 1 (78%) 761 (83%) -0.14 303 (82%) 323 (87%) -0.15
ECPR case volume 0.12 0.19

High volume 668 (73%) 664 (73%) 269 (73%) 277 (75%)

Middle volume 202 (22%) 181 (20%) 85 (23%) 64 (17%)

Low volume 43 (4.7%) 68 (7.4%) 16 (4.3%) 29 (7.8%)

Continuous variables are expressed as medians and interquartile ranges, and categorical variables are expressed as numbers and percentages (%)

SMD, standardized mean difference. ECPR, Extracorporeal cardiopulmonary resuscitation; CPR, Cardiopulmonary resuscitation; VF, Ventricular fibrillation; VT,
Ventricular tachycardia; PEA: Pulseless electrical activity; ROSC, Return of spontaneous circulation; AED, Automated external defibrillator; SGA, Supraglottic airway; IV,

intravenous. Variables were included in the model to generate propensity scores

association between ECPR and clinical outcomes, they
did not adequately address resuscitation time bias and
time-dependent confounding [10]. The strength of this
study is to show the association between ECPR and
outcomes using the robust methodology to address
resuscitation time bias among patients with OHCA
with and without initial shockable rhythm.

Interpretation and clinical implications

ECPR was associated with improved survival and favora-
ble neurological outcomes among patients with OHCA
with an initial non-shockable rhythm. The potential
mechanism explaining this finding may be that ECPR
allows time to address the treatable causes of non-shock-
able rhythms, such as dialysis for hyperkalemia or anti-
coagulation therapy for pulmonary embolization, which
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may improve outcomes in selected patients with OHCA
with initial non-shockable rhythms [19]. Accordingly, the
appropriate selection of ECPR candidates can lead to bet-
ter outcomes even the patients with OHCA initially had
non-shockable rhythms.

In contrast, although patients with OHCA with shock-
able rhythm are recognized as the target population for
ECPR, this study indicated that ECPR was not associated
with favorable neurological outcomes among patients
with OHCA with an initial shockable rhythm. We guess
the reason that ECPR was administered to some of these
patients even if their brains had already been hypoxi-
cally injured. These patients may have had better survival
with ECPR but not improved neurological outcomes.
In Japan, ECPR is commonly implemented according to
the criteria suggested by the SAVE-] study; [7] however,
the final decision of using ECPR is made by the physi-
cian in charge of the patient, and the indications for
ECPR vary between institutions [32]. This study included
patients from a wide range of institutions and time peri-
ods, including cases where the time from call to hospital
arrival was longer than 40 min or the time from hospi-
tal arrival to start of ECPR was more than 60 min. Worse
neurological outcomes have been reported with longer
durations to ECPR initiation [21]. We opine that some
of the patients received ECPR after the “golden period”;
hence, the effect of ECPR might has been diluted. The
RCT recently published investigating the effect of ECPR
among patients with OHCA with an initial shockable
rhythm also did not show the favorable effect of ECPR

on the neurological outcome, and in this trial, the dura-
tion between the emergency call and the start of ECPR
in most cases was more than 60 min (median 74 [IQR:
63—87] minutes) [5]. We did not analyze the time to hos-
pital or time to start ECPR because of the limited sample
size; however, future studies should investigate the heter-
ogeneity of the effect of ECPR based on the time to deter-
mine the optimal timing for ECPR.

However, we believe that it is not appropriate to con-
clude that ECPR is not suitable for patients with OHCA
with an initial shockable rhythm based on our results
that ECPR was not associated with good neurologi-
cal outcomes. A previous RCT (the ARREST trial) and
meta-analysis of some RCTs had already indicated a
favorable effect of ECPR on neurological outcomes of
selected OHCA patients with initial shockable rhythm
[3, 6, 33]. Rather, the results in this study suggested that
all the patients with OHCA with an initially shockable
rhythm treated with ECPR in this database may not be
the best target population for ECPR in terms of neuro-
logical outcomes and it might be better to reconsider the
current criteria among the institutions included in this
database. We previously developed a clinical score for
predicting the probability of favorable outcomes among
patients with OHCA with a shockable rhythm treated
with ECPR [34, 35] based on the following criteria: age
less than 65 years, shockable rhythm at hospital arrival,
time from call to hospital shorter than 25 min, and pH
higher than 7.0 in the initial blood gas assessment. If the
score is more than three, the probability of a favorable
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neurological outcome is predicted as approximately
20-30%. Therefore, ECPR may be more effective in the
selected population. Here, we were unable to perform a
subgroup analysis to investigate the population that may
benefit from ECPR because risk-set matching would have
been disturbed if the study population was divided by
these factors. However, further observational research is
needed to suggest the appropriate patients with OHCA
for ECPR to inform further RCTs.

Limitations

This study has some limitations: first, it has a potential
risk of selection bias. The indication to perform ECPR
was decided not based on unified criteria but on each
clinician’s judgment. Most patients in this study were
reasonable candidates for ECPR based on their charac-
teristics; however, imperfect inclusion criteria may lead
to concerns about generalizability. The estimated asso-
ciation was the average treatment effect on the treatment
group, and the results may be influenced by patient selec-
tion. Second, the JAAM-OHCA database did not include
complete clinical details, such as the clinical course after
admission or details of the ECPR procedures. Third,
although we addressed potential confounding factors,
there may be a risk of unmeasured confounding factors,
such as patients’ comorbidities or the quality of care in
each facility. Fourth, since the control group was a com-
bination of patients who never had undergone ECPR or
who had ECPR performed later than the ECPR group, the
effect estimate would more likely be closer to null (dilu-
tion of the effect) compared to that of a randomized trial
that would strictly compare ECPR treatment policy to no
ECPR. This corresponds to an intention-to-treat analy-
sis with several protocol deviations that patients end up
having ECPR later in the “no ECPR” group. In the initial
shockable group, the magnitude of this dilution effect
might be larger because the proportion of patients who
underwent ECPR later in the control group was high
(43%). Furthermore, favorable neurological outcomes in
the control group were relatively high (11%) compared to
those in a previous study in Japan (SAVE-]J study), where
it was approximately 2% among patients with OHCA
who had an initial shockable rhythm, did not obtain
ROSC, and ECPR was not performed [36]. Dilution of
effect might be caused by sequential matching. Fifth,
although evaluating CPC was reported to have substan-
tial inter-rater reliability, there might be a risk of bias of
misclassification in outcome assessment [4]. Sixth, we set
survival as the primary outcome of this study, when plan-
ning our analysis, we observed that several pivotal stud-
ies on ECPR mainly considered survival as their primary
outcome [3, 37]. Nonetheless, from a patient’s perspec-
tive, neurological outcomes hold greater significance.
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Therefore, we recommend a cautious interpretation and
application of our findings. Seventh, this study was not
conducted based on the pre-registered analysis plan or
protocol; thus, this study may be assessed as having some
risk of bias, especially in the domain of selection of the
reported results [38]. Finally, although this study included
study participants from nationwide data in Japan, there
are some concerns about generalizability to other settings
such as countries that have different emergency medical
systems. The reproducibility of the results should be con-
firmed in other settings to address these issues.

Conclusion

Although there are several limitations, this observational
study using risk-set matching by time-dependent pro-
pensity score suggested that ECPR was associated with a
higher 30-day survival among patients with OHCA with
both initial shockable and even non-shockable rhythms.
Furthermore, this study indicated ECPR was also asso-
ciated with favorable neurological outcomes among
patients with OHCA with initial non-shockable rhythms;
however, not among patients with OHCA with initial
shockable. Further research is warranted to investigate
the reproducibility of the results and who is the best can-
didate for ECPR.
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