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Abstract

Background There is inconclusive evidence regarding the effectiveness of extracorporeal cardiopulmonary resusci-
tation (ECPR) for out-of-hospital cardiac arrest (OHCA) patients. We aimed to evaluate the association between ECPR
and neurologic recovery in OHCA patients using time-dependent propensity score matching analysis.

Methods Using a nationwide OHCA registry, adult medical OHCA patients who underwent CPR at the emergency
department between 2013 and 2020 were included. The primary outcome was a good neurological recovery at
discharge. Time-dependent propensity score matching was used to match patients who received ECPR to those at
risk for ECPR within the same time interval. Risk ratios (RRs) and 95% confidence intervals (Cls) were estimated, and
stratified analysis by the timing of ECPR was also performed.

Results Among 118,391 eligible patients, 484 received ECPR. After 1:4 time-dependent propensity score matching,
458 patients in the ECPR group and 1832 patients in the no ECPR group were included in the matched cohort. In the
matched cohort, ECPR was not associated with good neurological recovery (10.3% in ECPR and 6.9% in no ECPR; RR
[95% CI] 1.28 [0.85-1.93)). In the stratified analyses according to the timing of matching, ECPR with a pump-on within
45 min after emergency department arrival was associated with favourable neurological outcomes (RR [95% ClI] 2.51
[1.33-4.75]in 1-30 min, 1.81 [1.11-2.93] in 31-45 min, 1.07 (0.56-2.04) in 46—-60 min, and 0.45 (0.11-1.91) in over

60 min).

Conclusions ECPR itself was not associated with good neurological recovery, but early ECPR was positively associ-
ated with good neurological recovery. Research on how to perform ECPR at an early stage and clinical trials to evalu-
ate the effect of ECPR is warranted.
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Background

Extracorporeal cardiopulmonary resuscitation (ECPR)
using venoarterial extracorporeal membrane oxygena-
tion (VA-ECMO) has been introduced to treat patients
with refractory out-of-hospital cardiac arrest (OHCA)
of a cardiac origin [1]. However, whether ECPR is effec-
tive in the real world is unclear [2]. Meta-analyses and
systematic reviews with pooled results have shown
inconclusive results regarding the benefits of ECPR
over conventional resuscitation in refractory OHCA
[3-5]. Contradictory results have also been obtained
in recent randomised studies [6, 7]. Trials investigating
ECMO-facilitated resuscitation with immediate angi-
ography for patients with refractory ventricular fibrilla-
tion were terminated prematurely due to its superiority
over other interventions [7]. Trials investigating intra-
arrest transport to a cardiac centre for ECPR and
immediate invasive assessment for patients without
return of spontaneous circulation (ROSC) were also
terminated prematurely due to a lack of superiority in
the primary endpoint [6].

Although current evidence for ECPR for cardiac arrest
is mainly based on observational studies, most observa-
tional studies had design limitations and various biases
[8]. It is important to make efforts to reduce the biases
of observational studies on the effect of ECPR before
confirmatory clinical trials. Propensity score matching
analysis is one popular method to reduce bias in observa-
tional studies [9, 10]. Recent systematic review and meta-
analysis of 6 propensity score-matched studies for ECPR
was also inconclusive in that the better 30-day favourable
neurologic outcome of ECPR was revealed in the pooled
analysis, but not in the separate analysis for in-hospital
cardiac arrest and OHCA [8].

For time-sensitive diseases such as OHCA, resus-
citation time bias could be one of the most important
to affect the validity of the analysis [11]. Since specific
interventions such as ECPR could not be given after
ROSC, such interventions are more likely to occur in
non-resuscitated patients. Moreover, as the prolonged
duration of resuscitation is related to worse outcomes
[12], the intervention group is expected to show poorer
outcomes than the non-intervention group. Conven-
tional propensity score-matched analysis could not
overcome this bias [13]. In addition, adjusting the CPR
duration using traditional methods is likely to introduce
biased results, and the direction of this bias can be dif-
ficult to predict [14]. Time-dependent propensity score
matching is a method for risk-set matching to adjust
for potential confounders and address the resuscitation
time bias [12, 13, 15, 16]. If we use time-dependent pro-
pensity matching analysis, we could conduct a retro-
spective analysis with reducing resuscitation time bias.
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To the best of our knowledge, no existing study has
evaluated ECPR using time-dependent propensity score
matching analysis to date.

In this study, we aimed to investigate the associa-
tion between ECPR and neurologic outcomes in OHCA
patients using time-dependent propensity score match-
ing analysis. Because the timing of ECPR has also been
reported to be associated with survival outcomes [17], we
also evaluated the association between ECPR timing and
survival outcomes.

Methods

Study design and setting

This cross-sectional study was conducted using a pro-
spectively collected nationwide emergency medical ser-
vice (EMS)-based OHCA registry from Korea. This study
was approved by the Institutional Review Board (IRB)
of the study institution (IRB No. 1103-153-357). The
requirement for informed consent was waived.

The National Fire Agency operates a prehospital EMS
system exclusively in Korea. In cases of OHCA, all EMS
providers can provide basic life support, and quali-
fied EMS providers can provide advanced life support,
including advanced airway management, intravenous
catheter insertion, or epinephrine use under direct medi-
cal control. EMS providers have no authority to declare
death or stop CPR unless there is ROSC, and all OHCA
patients should be transported to the hospital. There is
no prehospital ECMO programme in Korea; therefore, all
ECPR procedures can be performed in a hospital.

The Korean Ministry of Health has designated the fol-
lowing three levels of emergency department (ED): level
1 (n=36) and level 2 (n=119), which provide the highest
level of emergency care services with emergency physi-
cians on staff all times, and level 3 (#=261), which may
be staffed by general physicians. All EDs generally per-
form acute cardiac care and post-resuscitation care in
accordance with national guidelines national guidelines
that were adapted from the American Heart Association
(AHA) Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care [18, 19]. No major
differences in post-resuscitation care recommendations
were observed between the two guidelines. In 2020, 74
EDs conducted at least one extracorporeal life support
(ECLS) intervention for OHCA patients (median [inter-
quartile range] volume of ECLS for OHCA 4 (2-6). The
decision to perform ECPR is determined by attending
physicians at each centre, and eligibility criteria using
age, comorbidities, and cardiac rhythm can be used
according to the centre [20—22]. In most centres, ECPR
is performed by thoracic surgeons or cardiologists rather
than an emergency physician.
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Data source

The Korean OHCA Registry, which includes all EMS-
assessed OHCA cases, was retrieved from the following
four sources: the EMS run sheets for basic ambulance
operation information, the EMS cardiac arrest registry,
the dispatcher CPR registry for the Utstein factors, and
the hospital medical record review registry for hospital
care and outcomes. Medical record reviewers from the
Korea Disease Control and Prevention Agency extracted
recorded information on hospital care and outcomes
from approximately 700 hospitals. Professional medi-
cal record review experts were trained to use the Utstein
guidelines to conduct a medical record review of vari-
ables related to the aetiology, risks, and outcomes of
OHCA. To ensure the quality of the medical record
review process, a quality management committee of
emergency physicians, epidemiologists, statisticians, and
medical record review experts analysed the data every
month while providing feedback to each medical record
reviewer [23, 24].

Study population

All EMS-treated OHCAs due to a medical cause in
patients aged 18 years or older and received ECPR from
January 2013 to December 2020 were included. Patients
with OHCA due to non-medical causes such as trauma,
poisoning, hanging, hypothermia or drowning were
excluded from the study. Patients who achieved ROSC
upon arrival at the ED, death on arrival (DOA) at the ED,
or those who were not resuscitated (DNR) were excluded.
Patients with missing information on ECPR, ECMO
pump-on time, propensity score-related variables, and
survival outcomes were also excluded.

Outcomes

The primary endpoint of this study was survival with
good neurological recovery, defined as a cerebral per-
formance category score of 1 or 2 [25]. The cerebral per-
formance category score was measured by reviewing the
participants’ medical records at the hospital discharge
points [26]. The secondary endpoint was survival until
discharge.

Variables and measurements

ECPR was the primary exposure and was defined as suc-
cessful venoarterial ECMO implantation and a pump-on
during the cardiac massage; therefore, ECMO pump-on
time was documented as before the last ROSC.

We collected information on age, sex, medical his-
tory (diabetes mellitus, hypertension, heart disease, and
stroke), place of cardiac arrest (public or others), and
bystander CPR (yes or no). We also collected information
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on the type of initial cardiac rhythm (shockable or pulse-
less electrical rhythm, asystole), prehospital management
(defibrillation, fluid administration, mechanical CPR, and
advanced airway management [endotracheal intubation
or supraglottic airway management] by EMS providers),
response time interval (call to the arrival of the ambu-
lance at the scene), scene time interval (arrival to depar-
ture from the scene), transport time interval (departure
from the scene to arrival at the ED), any prehospital
ROSC prior to ED arrival, percutaneous coronary inter-
vention, and targeted temperature management. For tar-
geted temperature management, only the data from the
cases where an explicit body temperature control method
and target body temperature were specified with core
body temperature monitoring, were collected. ECPR-
related variables, including the location of ECPR (ED,
catheterisation laboratory, or others) and total ECLS
duration (time from ECMO pump-on to ECMO turn-off
time), were also collected.

Statistical analysis

Categorical variables were compared using the x* test or
Fisher’s exact test, and continuous variables were com-
pared using the t-test or Wilcoxon rank-sum test, as
appropriate.

We used a time-dependent propensity score and risk-
set matching analysis to assess the association between
ECPR and survival outcomes [13, 27, 28]. We calcu-
lated the propensity score based on a Cox proportional
hazards model. In the Cox regression model, the time
to ECMO pump-on time was the dependent variable,
and we considered patients as censored when CPR was
stopped for patients who did not receive ECPR. Time 0
was defined as the arrival of the patient to the hospital
because the patients were at risk of receiving ECPR after
this time point. The covariates included in the propensity
score-predicting model were age (continuous), sex, past
medical history (diabetes mellitus, heart disease, stroke),
region, call time to EMS (year, weekday, hour), witnessed
status, public place, bystander CPR, bystander defibril-
lation, insurance, region category, EMS time variable
(response time interval, scene time interval, total time
interval), initial rhythm measured by EMS, intravenous
route, EMS epinephrine injection, mechanical CPR by
EMS, advanced airway, defibrillation by EMS, and any
prehospital ROSC prior to ED arrival.

Based on the predicted time-dependent propensity
scores, sequential optimal 1:4 matching without replace-
ment was performed using the optmatch package [13, 16,
29]. Patients who started ECMO at any given time inter-
val after time 0 were sequentially matched with patients
who were ‘at risk’ of receiving ECPR within the same
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minute. Since the number of patients at both extremes of
the time to ECMO pump-on time was small, cases with
0-10 min, 11-13 min, 75-120 min, and 121 min or more
were combined into group in this matching, resulting in
a total of 70 time intervals (min 0-10, 11-13, each min-
ute of 14-70, 75-120 with intervals of 5 min, longer than
120 min). In the entire cohort and time-dependent pro-
pensity score-matched cohort, we determined the stand-
ardised mean differences for each covariate to assess the
balance of covariates between the groups according to
ECPR. We considered a standardised mean difference of
less than 0.25, which is a well-matched balance between
matched cohorts after propensity score matching [30,
31].

After matching, a generalised estimating equation
(GEE) model with a log link function was constructed to
calculate risk ratios (RRs) with 95% confidence intervals
(CIs) for ECPR and each outcome [27, 32]. GEEs were
used to address potential within-pair correlation risk-
set matching. As the effect of ECPR can vary according
to the timing of ECPR [33], we additionally performed
analyses stratified by the timing of ECPR (divided into 4
groups including 1-30 min, 31-45 min, 46—60 min, and
61-min groups). In the stratified analyses, the RRs and
95% Cls were estimated to determine the outcomes in
the matched cohorts.

The study’s main analysis were stratified based on the
initial cardiac rhythm because initial cardiac rhythm
could differently affect the effectiveness of ECPR. For
stratified analysis, we selected patients with the corre-
sponding characteristics from the matched cohort and
then picked the already matched pairs of ECPR and no
EPCR groups. Therefore, sequentially matched pairs in
each time stratum were not collapsed after the stratifica-
tion [28]. Sensitivity analysis including additional adjust-
ment for EMS arrival at scene to ED arrival time was
also performed because those prehospital times which
reflects low flow time could significantly affect survival
outcomes. Statistical significance was set at P<0.05,
and all analyses were performed using R version 4.0.4
(www.r-project.org).

Results

Baseline characteristics

Among the 222,554 EMS-treated OHCA patients
enrolled from January 2013 to December 2020, 104,163
were excluded because they were under 18 years of age,
with non-medical causes, patients who achieved ROSC
upon arrival at the ED, DOA, DNR, or missing ECPR-
related variables or other matching variables. After
exclusion, 118,391 patients with OHCA were included
in the final analysis (Fig. 1). Among them, 484 (0.04%)
underwent ECPR. Of the 118,391 patients, 2290 (458
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in the ECPR group and 1832 in the no ECPR group)
were matched after time-dependent propensity score
matching.

The baseline characteristics of the original cohort
according to ECPR and those of the matched cohort are
presented in Table 1. Within the matched cohort, 252
(55.0%) and 1011 (55.2%) of patients were witnessed by
laypersons, and 84 (18.3%) and 296 (16.2%) patients were
witnessed by EMS in the ECPR group and no ECPR
groups, respectively. The arrest occurred in a public place
in 180 (39.3%) of the ECPR group and 686 (37.4%) of
the no ECPR group. Bystander CPR was performed for
248 (54.1%) of the ECPR group and 1025 (55.9%) of the
no ECPR group. Initial cardiac rhythm was shockable in
271 (59.2%) and 1052 (57.4%) of the ECPR and no ECPR
groups, respectively. Any ROSC before to ED arrival was
52 (11.4%) in the ECPR group and 237 (12.9%) in the no
ECPR group. Both groups were well-balanced in all the
included variables (Table 1).

The characteristics of ECPR patients in the entire
cohort and matched cohort were similar in both groups.
In the matched cohort, the time from the EMS call to
turn on the ECMO pump took a median of 74.0 min, and
357 (77.9%) ECPRs were done in the ED. Additionally,
176 (38.4%) of ECPR patients received reperfusion ther-
apy and 77 (16.8%) received targeted temperature man-
agement (Table 2).

Main analysis

ECPR was positively associated with good neurologi-
cal recovery (ECPR: 9.9% [48/484] vs. no ECPR: 1.3%
[1568/117,907]; RR 7.46 [95% CI 5.68-9.80]) and survival
to discharge (ECPR: 14.3% [69/484] vs. no ECPR: 4.0%
(4707/117,907); RR 3.57 [95% CI 2.87—4.45]) in the entire
cohort. However, in the matched cohort, ECPR was not
associated with good neurological recovery (ECPR: 10.3%
[47/458] vs. no ECPR: 6.9% [127/1832]; RR 1.28 [95%
CI 0.85-1.93]) or survival to discharge (ECPR: 14.6%
[67/458] vs. no ECPR: 13.9% [254/1832]; RR 1.05 [95% CI
0.82-1.35]) (Table 3).

Table 4 presents the results of the stratified analyses of
the matched cohorts according to the timing of match-
ing. Earlier ECPR within 45 min was associated with
favourable neurological outcomes (ECPR: 17.3% [13/75]
vs. no ECPR: 7.0% [21/300]; RR 2.51 [95% CI 1.33-4.75]
in the 1-30 min group, ECPR: 13.3% [21/158] vs. no
ECPR: 7.4% [47/632]; RR 1.81 [95% CI 1.11-2.93] in the
31-45 min group). A similar tendency was observed for
the point estimates of survival to discharge, but no differ-
ences were statistically significant according to the strati-
fied timing of matching.

In stratified analysis with initial cardiac rhythm, ECPR
showed a positive effect on good neurological recovery
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Total N=222,554

EMS treated OHCA (2013-2020),

Age<18 years old

N=4,107

Adults
N=218,447

Not-medical cause

N=54,476

Medical cause
N=163,971

ROSC upon arrival at the ED,

DOA or DNR

Ongoing CPR at ED arrival

N=38,650

N=125.321 Missing at ECPR or matching
related variables
Eligible patients N=6,930
N=118,391
I
\V/ \
ECPR No ECPR
N=484 N=117,907

Time dependent 1:4 propensity score matching

\/ \
ECPR No ECPR
N=458 N=1,832

Fig. 1 Patient flow. EMS Emergency medical service; OHCA Out-of-hospital cardiac arrest; ROSC Return of spontaneous circulation; DOA Death on
arrival; DNR Do not resuscitate; ECPR Extracorporeal cardiopulmonary resuscitation

in shockable rhythm (RR 1.70 [95% CI 1.10-2.62]). How-
ever, there was no significant difference in good neuro-
logical recovery between the ECPR and the no ECPR
groups in non-shockable rhythm (RR 1.31 [95% CI
0.32-5.31]) (Table 5). Sensitivity analysis with additional
adjustment for EMS arrival at the scene to ED arrival
time showed a similar result (data not presented).

Discussion

In this study, using a prospective, nationwide, popula-
tion-based OHCA registry with time-dependent propen-
sity score matching analysis, we found that ECPR was not
associated with good neurological recovery at discharge;
however, stratified analysis by the timing of matching
showed that early ECPR (ECPR with a pump-on within
45 min after ED arrival) was positively associated with
good neurological recovery in adults with OHCA of a
medical cause.

We could not confirm the positive effects of ECPR.
Although controversial, some previous studies have
reported the effectiveness of ECPR [34, 35]. Since ECPR
is performed in highly selected patients, it would be dif-
ficult to sufficiently adjust for the different characteris-
tics between the ECPR and no ECPR groups. In addition,
because of the time-sensitive nature of OHCA, resusci-
tation time bias can affect the results of the study. The
overall effect of time-sensitive intervention for OHCA
such as ECPR could be diluted when analysed over all
resuscitation times. After reducing these biases through
time-dependent propensity score matching analysis, we
found that only early ECPR was associated with good
neurological recovery. The favourable outcome of early
ECMO initiation is consistent with previous findings [36,
37]. The benefits of earlier procedure initiation in time-
sensitive interventions are also known for other diseases
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Table 1 Patient characteristics of the entire cohort and matched cohort
Entire cohort Matched cohort
No ECPR ECPR SMD No ECPR ECPR SMD
N=117,907 N=484 N=1832 N=458
Demographics
Age, mean (SD) [years] 70.1 (15.0) 55.2(14.2) 1.022 564 (16.1) 555 (14.1) 0.059
Female sex 43,296 (36.7) 88(18.2) 0425 358 (19.5) 84 (183) 0.031
Urbanisation level of residence 0.586 0.067
Metropolitan 70,077 (59.4) 407 (84.1) 1538 (84.0) 382 (83.4)
Urban 34,241 (29.0) 65 (13.4) 229(12.5) 64 (14.0)
Rural 13,589 (11.5) 2(25) 65 (3.5) 12 (2.6)
Year of arrest 0277 0.107
2013-2014 23,093 (19.6) 90 (18.6) 292 (15.9) 87 (19.0)
2015-2016 27,763 (23.5) 72 (14.9) 266 (14.5) 71(15.5)
2017-2018 04 (26.4) 139 (28.7) 575(314) 132 (28.8)
2019-2020 35,947 (30.5) 183 (37.8) 699 (38.2) 168 (36.7)
Past medical history
Diabetes 54(23.9) 112 (23.1) 0.017 405 (22.1) 108 (23.6) 0.035
Hypertension 1,693 (35.4) 178 (36.8) 0.029 708 (38.6) 170 (37.1) 0.032
Heart disease 20,402 (17.3) 95 (19.6) 0.060 328(17.9) 90 (19.7) 0.045
Stroke 10,789 (9.2) 18 (3.7) 0.223 69 (3.8) 18 (3.9) 0.009
Circumstance of arrest
Day of arrest, weekend 34,500 (29.3) 103 (21.3) 0.184 342 (18.7) 100 (21.8) 0.079
Time of arrest, night 76,565 (64.9) 277 (57.2) 0.159 1035 (56.5) 262 (57.2) 0.014
Witness status 0499 0.065
No 58,537 (49.6) 128 (26.4) 525(28.7) 122 (26.6)
Layperson 47,409 (40.2) 269 (55.6) 1011 (55.2) 252 (55.0)
EMS 11,961 (10.1) 87(18.0) 296 (16.2) 84 (18.3)
Place of arrest, public 20,118 (17.1) 193 (39.9) 0.523 686 (37.4) 180 (39.3) 0.038
Bystander characteristics
Bystander CPR 64,455 (54.7) 268 (55.4) 0014 1025 (55.9) 248 (54.1) 0.036
Bystander defibrillation 581(0.5) 8(1.7) 0.113 29 (1.6) 8(1.7) 0.013
EMS characteristics
Multi-tier response 58,158 (49.3) 254 (52.5) 0.063 1029 (56.2) 235(51.3) 0.098
Response time 7.01[5.0,9.0] 6.0 [5.0,9.0] 0.173 6.0 [5.0,8.0] 6.0 [5.0,9.0] 0.046
Scene time 13.0[9.0,17.0] 13.0[9.0,18.0] 0.011 13.0[9.0,18.0] 13.0[9.0, 18.0] 0.064
Transport time 6.0 [4.0,10.0] 7.0[5.0,9.0] 0.064 6.0 [4.0,9.0 7.0(5.0,9.0] 0.007
Initial cardiac rhythm 1.248 0.037
Shockable 16,057 (13.6) 292 (60.3) 1052 (57.4) 271(59.2)
PEA 23,270 (19.7) 100 (20.7) 394 (21.5) 96 (21.0)
Asystole 78,580 (66.6) 92 (19.0) 386 (21.1) 91 (19.9)
EMS managements
[V-line insertion 46,917 (39.8) 254 (52.5) 0.257 1047 (57.2) 238 (52.0) 0.104
Mechanical CPR device use 15,018 (12.7) 79 (16.3) 0.102 324(17.7) 72 (15.7) 0.053
Advanced airway management 73,537 (62.4) 337 (69.6) 0.154 1341 (73.2) 316 (69.0) 0.093
EMS defibrillation 24,199 (20.5) 328 (67.8) 1.082 1204 (65.7) 304 (66.4) 0.014
Any ROSC prior to ED arrival 4603 (3.9) 57(11.8) 0.296 237 (12.9) 52(114) 0.048

ECPR Extracorporeal cardiopulmonary resuscitation; SD Standard deviation; SMD Standardised mean difference; EMS Emergency medical service; CPR
Cardiopulmonary resuscitation; PEA Pulseless electrical activity; IV Intravenous; ED Emergency department; ROSC Return of spontaneous circulation
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Table 2 ECPR patient characteristics of the entire cohort and matched cohort

Entire cohort Matched cohort
Total ECPR N=484 N=458
Time from EMS call to ECMO pump-on, median (IQR) [min] 74.0161.0,92.0] 74.0161.0,91.0]

Time from EMS call to ED arrival, median (IQR) [min]

Time from ED arrival to ECMO pump-on, median (IQR) [min]
Total ECLS duration, median (IQT) [days]

ECPR location
ED
CAG room
Others
Other hospital care
Reperfusion therapy

Targeted temperature management

28.0[22.0,34.0]
45.5[35.0,62.0]

28.0[22.0,34.0]
44.0[35.0,61.8]

0910.2,3.0] 1.0[0.2,3.0]
375(77.5) 357(77.9)
101 (20.9) 93(20.3)
8(1.7) 8(1.7)

187 (38.6) 176 (384)
83(17.1) 77 (16.8)

ECPR Extracorporeal cardiopulmonary resuscitation; ECMO Extracorporeal membrane oxygenation; EMS Emergency medical service; ED Emergency department; ECLS

Extracorporeal life support; CAG Coronary angiography

Table 3 Patient outcomes by ECPR in the entire cohort and matched cohort

Entire Cohort Matched Cohort
No ECPR ECPR RR (95% Cl) No ECPR ECPR RR (95% Cl)
n/N (%) n/N (%) n/N (%) n/N (%)

Primary outcome

Good neurological recovery  1568/117,907 (13%)  48/484 (9.9%) 746 (5.68-9.80)  127/1832 (6.9%) 47/458 (10.3%)  1.28 (0.85-1.93)

Secondary outcome

Survival to discharge 4707/117,907 (4.0%)  69/484 (14.3%)

3.57(2.87-4.45)

254/1832(13.9%)  67/458 (14.6%)  1.05(0.82-1.35)

ECPR Extracorporeal cardiopulmonary resuscitation; RR Risk ratio; C/ Confidence interval

Table 4 Stratified analyses by the timing
matched cohort

of matching in

No ECPR ECPR Risk ratio (95% Cl)
n/N (%) n/N (%)
Good neurological recovery
Timing: 21/300 (7.0%) 13/75(17.3%) 2.51(1.33-4.75)
01-30 min
Timing: 47/632 (74%)  21/158 (13.3%) 1.81(1.11-2.93)
31-45 min
Timing: 41/604 (6.8%)  11/151(7.3%) 1.07 (0.56-2.04)
46-60 min
Timing: 61- min 18/296 (6.1%) 2/74 (27%) 045 (0.11-1.91)
Survival to discharge
Timing: 48/300 (16.0%)  20/75(26.7%) 1.78 (0.50-6.43)
01-30 min
Timing: 94/632 (14.9%) 29/158 (18.4%) 1.23(0.85-1.79)
31-45min
Timing: 75/604 (12.4%) 13/151(8.6%) 0.69 (0.39-1.21)
46-60 min

Timing: 61- min 37/296 (12.5%) 5/74 (6.8%) 0.54(0.22-1.33)

ECPR Extracorporeal cardiopulmonary resuscitation; C/ Confidence interval

[17, 38—40]. Identifying a specific time window for which
interventions are beneficial is also important.

The recent ARREST trial, a single-centre randomised
controlled trial directly comparing ECPR and CPR,
showed a higher survival rate in the ECPR group (43%)
than in the CPR group (7%) [7]. This study applied
strict inclusion and exclusion criteria for the start of
ECMO (patients with a shockable rhythm, no ROSC
after the defibrillation shock, estimated transfer time
of less than 30 min). Another recent randomised clini-
cal trial was conducted at a single centre in the Czech
Republic and compared invasive strategies, includ-
ing mechanical CPR, ECPR, and immediate invasive
treatment, in the management of refractory OHCA.
The study found no statistically significant difference
in survival outcomes between the invasive strategy
and standard strategy groups [41]. In this study, 66%
of patients undergoing an invasive strategy received
ECPR and 8% of those undergoing a standard strategy
received ECPR. Various biases can affect the analysis
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Table 5 Patient outcomes by ECPR in the matched cohort according to the initial cardiac rhythm

Survival outcomes Initial cardiac rhythm No ECPR ECPR RR (95% Cl)
n/N (%) n/N (%)

Good neurological recovery

Shockable rhythm 64/440 (14.5%) 27/110 (24.5%) 1.70 (1.10-2.62)

Non-shockable rhythm 3/208 (1.4%) 1/52 (1.9%) 1.31(0.32-5.31)

Survival to discharge

Shockable rhythm 104/440 (23.6%) 33/110 (30.0%) 1.27 (091-1.77)

Non-shockable rhythm 117208 (5.3%) 1/52 (1.9%) 0.36 (047-2.75)

ECPR Extracorporeal cardiopulmonary resuscitation; RR Risk ratio; C/ Confidence interval

of the effectiveness of ECPR across studies. Regarding
the two previous randomised controlled trials, only
patients with a shockable rhythm were included in the
ARREST trial, as opposed to the Czech study, which
was known to show a greater effectiveness of ECPR
[42]. In the ARREST trial, patients were randomised
after arrival at the hospital, in contrast to the Czech
study, in which randomisation was performed in the
prehospital stage. Including only patients who arrived
at the hospital might affect the generalisability of study
findings.

It is crucial to reduce the time required for ECPR in
eligible patients. In the Czech study, close cooperation
of the EMS dispatch centre would have contributed to
the hospitals preparing ECMO earlier than usual set-
tings [41]. The time of implantation (door to ECPR) in
the intervention group was 12 (9-15) min in the study.
Prehospital ECPR implementation is another promising
strategy for reducing the time to ECPR. Feasibility stud-
ies showed that the ECPR time could be reduced to less
than 30 min in the prehospital stage [43, 44]. Reducing
the duration of ECPR can also contribute to increasing
the number of ECPR targets because the beneficial effect
of ECPR can be increased when applied early.

Our study included significant proportion of patients
with pulseless electrical activity (21.5% in the no ECPR
group and 20.2% in the ECPR group), asystole (21.1% in
the no ECPR group and 19.9% in the ECPR group), and
unwitnessed OHCA (28.7% in the no ECPR group and
26.6% in the ECPR group), which is less common in
other studies [6, 7, 34, 35]. Although the entire cohort
included 484 ECPR patients and 458 patients were
included in the matched cohort, the characteristics of
patients who received ECPR were similar between the
entire ECPR cohort and matched ECPR cohort (Tables 1
and 2). Diverse characteristics of the study population
of this study might form some basis for extending the
indications for ECPR. Although we found that the ben-
efit of ECPR was more prominent in shockable patients,
recent studies have shown that ECPR might be effective

even in non-shockable patients [45, 46]. Because ECPR
is resource-intensive, further research is warranted to
reduce the time to ECPR and explore target OHCA
patient populations that can benefit [47].

Limitations

This study had several limitations. First, because national
data were used, there was no uniform ECPR protocol
among hospitals and no precise information about ECPR,
such as the skill level or area of practitioner specialisa-
tion. Second, the complications of ECPR were unknown
due to the unavailability of the data. Third, owing to the
small number of ECPR patients, a subgroup analysis
according to patient characteristics could not be per-
formed. Particularly, separate analyses according to the
ECPR volume of each hospital could not be performed,
which might be related to the quality of intervention. The
effect of ECPR might also vary depending on the vol-
ume and the quality of EPCR in the hospital. In addition,
because there were not enough patients at either end of
the period, matching was not performed for each min-
ute, and certain periods were grouped into time spans.
Fifth, there could have been unmeasured bias among the
groups. Sixth, because emergency medical systems are
built differently according to their communities, gener-
alising the results to other countries is constrained. In
addition, because ECPR is administered only to selected
patients and since the selection criteria are centre -spe-
cific, the present study results cannot be generalised to all
OHCA patients. Moreover, since we performed our anal-
ysis on OHCA patients with medical causes, our findings
should not be generalised to OHCA patients with other
causes.

Conclusions

The study found that ECPR was not associated with good
neurological recovery at discharge; however, early ECPR
was positively associated with good neurological recov-
ery in adult OHCA patients with medical causes. A sig-
nificant proportion of asystole and unwitnessed cases
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were included in our study, but the overall effect of early
EPCR was maintained. Efforts to implement early ECPR
and expansion of target group for effective ECPR are
warranted.
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