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Abstract

Aim: We examined the association between the location of cardiac arrest and outcomes of patients with out-of-hospital cardiac arrest (OHCA) who
underwent extracorporeal cardiopulmonary resuscitation (ECPR).

Methods: This was a secondary analysis of SAVE-J Il, a multicentre retrospective registry with 36 participating institutions across Japan, which
enrolled adult patients with OHCA who underwent ECPR. The outcomes of interest were favourable neurologic outcome at discharge. We compared
the outcome between OHCA cases that occurred at residential and public locations, using a multilevel logistic regression model allowing for the ran-
dom effect of each hospital.

Results: Among 1,744 enrolled OHCAs, 809 and 935 occurred at residential (house: 603; apartment: 206) and public (street: 260; workplace: 210;
others: 465) locations, respectively. The proportion of favourable neurologic outcomes was lower in OHCAs at residential locations than those at
public locations (88/781 (11.3%) vs.131/891 (14.7%); adjusted odds ratio, 0.72 [95% confidence interval, 0.53—-0.99]). However, subgroup analyses
for patients with EMS aged <65 years call to hospital arrival within 30 minutes or during daytime revealed less difference between residential and
public locations.

Conclusion: When cardiac arrests occurred at residential locations, lower proportions of favourable neurologic outcomes were exhibited among
patients with OHCA who underwent ECPR. However, the event’s location may not affect the prognosis among appropriate and select cases when
transported within a limited timeframe.

Keywords: Extracorporeal cardiopulmonary resuscitation, Out-of-hospital cardiac arrest, Location of cardiac arrest, Cardiopulmonary
resuscitation

annually.’™® Despite recent advances in cardiopulmonary resuscita-
tion and post-cardiac arrest care, the prognosis of patients with car-
diac arrests has remained dismal.*® Among significant progress
Out-of-hospital cardiac arrest (OHCA) is a major cause of death made in resuscitative interventions for OHCA, extracorporeal car-

worldwide, affecting approximately 379,000 people in the United diopulmonary resuscitation (ECPR) has been gathering attention
States, 275,000 people in Europe, and 126,000 people in Japan

Introduction

as an emerging resuscitative method that can increase coronary
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perfusion pressures and provide sufficient systemic organ perfusions
to vital organs.” Until now, studies from various countries have been
challenged to prove the effectiveness and efficacy of ECPR and
ended up with controversial results.®'° At this time, it is important
to select an appropriate candidate for ECPR, and factors, such as
younger age, short low-flow time, and initial shockable rhythm are
considered to be helpful in predicting patient outcomes."'"®

Although increasing numbers of studies have been conducted on
the efficacy and effectiveness of ECPR, little is known regarding
prognosis by location of occurrence among patients with OHCA
who underwent ECPR. Previous studies have shown that cardiac
arrest locations are associated with the outcomes of patients with
OHCA. Low proportions of bystander cardiopulmonary resuscitation
(CPR), automated external defibrillator (AED) usage, and a lack of
human resources might be attributed to poor prognosis when cardiac
arrests occurred at residential locations.'*~'” While the association
between prognosis and site of cardiac arrests among OHCA has
been well studied, we have scarce knowledge about the association
in select patients with OHCA who underwent ECPR.

In Japan, a multicentre, retrospective observational study of
ECPR for OHCA (SAVE-J Il) was conducted recently, and we aimed
to examine a knowledge gap of associations between the neurologic
outcome of patients with OHCA with ECPR and locations of cardiac
arrests by analysing data from the SAVE-J Il study. Findings and
insight from the present study would facilitate the development of
EMS protocols or provide useful information in selecting the candi-
date for ECPR.

Methods

Study design and setting, population, and data collection
This was a secondary analysis of a nationwide multicentre retrospec-
tive registry, SAVE-J Il, which enrolled adult patients (aged 18 years
and older) with OHCA who underwent ECPR across 36 participating
institutions in Japan between 1 January 2013 and 31 December
2018."® The study design and data collection methods of the
SAVE-J Il study were previously described in detail.'®

From the original registry, we excluded patients with implementa-
tion of veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) after intensive care unit (ICU) admission and withdrew after
cannulation because of return of spontaneous circulation (ROSC).
Patients who achieved ROSC on hospital arrival or at ECMO initia-
tion were also excluded. Finally, we excluded those who collapsed
into cardiac arrest in ambulances or after arriving at hospitals, those
with unknown cardiac arrest locations, and those who were trans-
ferred from another hospital.

The SAVE-J Il study was registered at the University Hospital Med-
ical Information Network Clinical Trials Registry and the Japanese
Clinical Trial Registry (registration number: UMINO00036490). This
study was approved by the Institutional Review Board of Kagawa
University (approval number: 2018-110) and each participating institu-
tion, including the Kobe City Medical Center General Hospital (ap-
proval number: zn200304). The need for written informed consent
was waived due to the retrospective nature of this study.

Definition of location of cardiac arrest

We classified sites of cardiac arrest into residential (house, apart-
ment) and public (street, workplace, and other public places)
locations.

Outcome measures

The primary outcome measure of the present study was favourable
neurologic outcomes at discharge. Favourable neurologic outcomes
were defined as a Cerebral Performance Category score (CPC) of 1
or 2, based on previous studies.'®' Cerebral Performance Cate-
gory scores are categorised into: categories 1 (good performance);
2 (moderate disability); 3 (severe cerebral disability); 4 (coma/vege-
tative state); and 5 (death/brain death).??

Statistical analysis

The baseline characteristics were stratified by the cardiac arrest
location (house, apartment, street, workplace, and other public
places). We assessed counts and proportions for categorical vari-
ables and medians with interquartile ranges for continuous variables.

In the primary analysis, we used the complete data set and eval-
uated the association between the outcome and location of cardiac
arrest (residential or public) using a multilevel logistic regression
model, which allows for the random effect of each hospital (a
random-intercept model). We calculated adjusted odds ratios
(ORs) and their 95% confidence intervals (Cls) by adjusting possible
confounding factors based on clinical plausibility and preexisting
knowledge.'®?"?® Covariates included in the model were as follows:
age (5-yearly increments), gender, medical history (diabetes melli-
tus, heart disease, and chronic kidney disease), bystander witness
status (yes or no), bystander CPR (yes or no), initial shockable
rhythm (yes or no), time of EMS call (daytime [9:00—16:59] or night-
time [0:00-08:59 and 17:00-23:59]), and time from EMS call to hos-
pital arrival.

We conducted several sensitivity analyses. First, we conducted
an analysis for select patients who met SAVE-J criteria: age
<75 years, initial shockable rhythm of cardiac arrest, and time from
emergency medical service call to hospital <45 minutes. Second, we
conducted a sensitivity analysis which aimed to account for potential
influence by the hospital characteristics. Here, we constructed a sta-
tistical model by adding two more covariates related to the character-
istics of hospitals to the statistical model of the primary analysis:
annual cases of ECPR (categorized into tertiles) and hospital types
(university, public, or private). Finally, we conducted an analysis for
missing covariates with multiple imputations by chained equations.
In this analysis, we generated 20 imputed data sets using all mea-
sured data, including outcomes, on the assumption that the data
were missing at random.

Further, we performed an a priori subgroup analysis. In the sub-
group analysis, we defined the subgroup as follows: time from EMS
call to hospital arrival (<30 min, 31-44 min or >45 min), age
(<65 years or >65 years), and time of EMS call (0:00-8:59, 9:00—
16:59, or 17:00-23:59).

All statistical analyses were performed using IBM SPSS soft-
ware, version 27 (IBM Corp., Armonk, New York, United States)
and STATA, version 17.0 (StataCorp, College Station, Texas, United
States).

Results

In total, 2,157 patients were registered in the SAVE-J Il registry.
From the registry, we enrolled 1,744 patients in the present study
after excluding patients as follows: 9 patients with implementation
of ECMO after ICU admission, 1 with withdrawal after cannulation
because of ROSC, 96 with ROSC at hospital arrival, 58 with ROSC
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at ECMO initiation, 205 OHCA cases which occurred in ambulances,
33 OHCA cases which occurred in hospitals, 6 with unknown loca-
tions of cardiac arrest, and 5 which were transferred from another
hospital. Finally, 1,672 patients with complete data sets were eligible
for the primary analysis (Fig. 1).

Table 1 shows the baseline characteristics of patients with OHCA
who underwent ECPR according to the location of cardiac arrest:
residential and public locations. Of the 1,744 individuals, 809 OHCA
cases occurred at residential locations (house: 603; apartment: 206)
and 935 cases at public locations (street: 260; workplace: 210;
others: 465) (Supplement Table). The median age was 60 years
(IQR, 49-69), and 1,453 (83.3%) were male. Patients were less likely
to receive bystander CPR, be witnessed, and have initial shockable
rhythm when OHCAs occurred at residential locations than at public
locations.

Less than half of OHCAs in residential locations occurred during
the daytime (46.5%), and the time from the EMS call to hospital arri-
val was longer in OHCAs at residential locations than those at public
locations (34 minutes [IQR, 28-42] vs. 30 minutes [IQR, 24-37],
respectively).

Fig. 2 shows the primary outcomes in patients with OHCA who
underwent ECPR and the results of the statistical analyses. In the
primary analysis, the proportion of favourable neurologic outcomes
was significantly lower in the patients who collapsed at residential
locations than in those who collapsed at public locations (88/781
(11.3%) vs. 131/891 (14.7%); unadjusted odds ratio, 0.74 [95% con-
fidence interval [Cl], 0.55-0.98]; adjusted odds ratio, 0.72 [95% ClI,
0.53-0.99]).

In the sensitivity analyses, we obtained similar results to those
obtained from the primary analysis. The analysis for select patients

All patients with out-of-hospital cardiac
arrest and ECPR in SAVE-J Il
(n=2,157)

Excluded
- Implementation of ECMO after ICU admission (n = 9)
- Withdraw after cannulation because of ROSC (n = 1)

v

Excluded
- ROSC at hospital arrival (n = 96)
- ROSC at ECMO initiation (n = 58)

v

Excluded

- OHCA occurred in ambulances (n = 205)

- OHCA occurred in hospitals (n = 33)

- Unknown locations of cardiac arrest (n = 6)
L 4 - Transferred from another hospital (n = 5)

v

SAVE-J Il (n = 1,744)

| E—

Eligible for the primary analysis
(n=1,672)

Enrolled in the present analysis of ‘

Missing data? (n = 72)

Fig. 1 - Flow chart of the study. ?For the primary
analysis, we precluded patients with missing data for
the multilevel logistic regression model as follows: age,
gender, past medical history, witness status, bystander
cardiopulmonary resuscitation, initial rhythm of cardiac
arrest, time of cardiac arrest, time from EMS call to
hospital arrival, location of cardiac arrest, and
favourable neurologic outcomes at discharge. ECMO,
extracorporeal membrane oxygenation; ECPR,
extracorporeal cardiopulmonary resuscitation; ICU,
intensive care unit; OHCA, out-of-hospital cardiac
arrest; ROSC, return of spontaneous circulation.

who met SAVE-J criteria revealed a similar point estimate of an
adjusted odds ratio but showed wider 95% Cls. The analysis using
the modified model revealed almost the same results as the primary
analysis. Finally, the sensitivity analysis for missing covariates
showed comparable results between the analysis with imputed data
sets and the analysis with the complete data set (Table 2).

In the subgroup analyses, we compared the primary outcome in
each predefined subgroup. When the time from EMS call to hospital
arrival was within 30 minutes, the proportion of the primary outcome
was comparable between cases at residential and public locations
(39/248 (15.7) vs. 67/419 (16.0); adjusted odds ratio, 0.93 (0.58—
1.49)). Among the subgroup of younger age (<65 years) or daytime
cases (9:00-16:59), the point estimates of adjusted odds ratio were
closer to one when compared with other categories (adjusted odds
ratio, 0.81 (0.55-1.19) and 0.93 (0.61-1.42), respectively) (Fig. 2).

Discussion

In our secondary analysis of the nationwide multicentre registry in
Japan, patients with OHCA resuscitated with ECPR were more likely
to develop unfavourable neurologic outcomes at discharge when car-
diac arrests occurred at residential locations than at public locations.
Conversely, we did not observe such a difference between residen-
tial and public locations when we restricted cases to those with time
from EMS call to hospital arrival within 30 minutes or those aged
<65 years.

Previous studies have reported that OHCA cases at residential
locations were associated with poor outcomes, and it could be
explained, to some extent, by the factors such as lower receipt of
bystander CPR, lower proportion of initial shockable rhythm, and
higher proportion of cases that occurred at night.'* 62425 |ndeed,
we also observed that initial shockable rhythm was lower, and more
patients collapsed at night in cases at residential locations in this
study. However, even after adjusting for these factors, the proportion
of favourable neurologic outcomes remained significantly lower in
patients with cardiac arrests that occurred in residential locations.
Our results were inconsistent with a multicentre retrospective cohort
in Japan that reported that such deterioration of prognosis was not
observed among patients with OHCA with initial shockable rhythm
and residential locations.'” In the paper, they suggested that these
patients would not have much influence on incidence locations
because the deleterious effects of reduced quality of chest compres-
sions due to incidence locations were mitigated as there were some
patients with cardiac arrest with ROSC after successful defibrillation.
Considering that our target population is mainly patients with refrac-
tory cardiac arrests, the quality of CPR still retains much importance.
Above these discussions, we believe that the results of the present
study were plausible and added a new finding about the association
between prognosis and locations of cardiac arrests in a new popula-
tion, patients with OHCA and ECPR.

Our subgroup analysis revealed that even patients with OHCA at
residential locations might have comparable prognoses to those at
public locations when the cases were limited to those with time from
EMS call to hospital arrival within 30 minutes, ages lower than
65 years, and time of EMS call of 9:00 to 16:59. The reasons of delay
in EMS call to the hospital might be explained by the difficulty of
reaching at the scene driving through narrow and winding streets
or removing patients to outsides residences of multi-unit buildings
in urban areas. Further quality of CPR would be affected by several
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Table 1 - Characteristics of out-of-hospital cardiac arrest patients who underwent extracorporeal cardiopul-
monary resuscitation.

Characteristics Total Residential location Public location
(n=1,744) (n=809) (n=935)
Age, median (IQR) 60 (49-69) 61 (48-69) 60 (50-68)

Male, n (%)
Medical history, n (%)
Diabetes mellitus
Heart disease
Chronic kidney disease
Witnessed, n (%)
Bystander CPR, n (%)
Initial shockable rhythm, n (%)
Time period of EMS call, n (%)

1,453 (83.3%) 628 (77.6%) 825 (88.2%)
187 (20.0%)
225 (24.1%)
38 (4.1%)

696 (74.7%)
500 (54.2%)

638 (69.0%)

319 (18.3%)
400 (22.9%)
77 (4.4%) 39 (4.8%)

1,282 (73.8%) 586 (72.8%)
899 (52.5%) 399 (50.5%)
1,152 (66.7%) 514 (64.0%)

132 (16.3%)
175 (21.6%)

0:00-8:59 244 (14.2%) 167 (20.8%) 77 (8.4%)

9:00-16:59 998 (58.1%) 374 (46.5%) 624 (68.3%)

17:00-23:59 475 (27.7%) 263 (32.7%) 212 (23.2%)
Time from EMS call to hospital arrival, median (IQR), min 32 (26-39) 34 (28-42) 30 (24-37)
Time from hospital arrival to ECMO circuit establishment, median (IQR), min 22 (15-33) 23 (16-33) 22 (15-32)

Etiology of cardiac arrest, n (%)
Cardiac causes
External causes
Others

726 (78.4%)
102 (11.0%)
98 (10.6%)

137 (14.7%)
256 (27.4%)

1,283 (74.6%)
244 (14.2%)
193 (11.2%)

Favorable neurologic outcome at discharge, n (%) 227 (13.0%)

Survival at discharge, n (%) 436 (25.0%)
IQR, interquartile range; CPR, cardiopulmonary resuscitation; EMS, emergency medical service.

Missing data: witnessed status = 7, bystander CPR = 32, initial shockable rhythm = 16, time period of EMS call = 27, time from EMS call to hospital arrival = 28,
time from hospital arrival to ECMO circuit establishment = 79, etiology of cardiac arrest = 24, favorable neurologic outcome at discharge = 1, survival at
discharge = 1.

557 (70.2%)
142 (17.9%)
95 (12.0%)
90 (11.1%)
180 (22.3%)

17:00 to 23:59

Group Residfential Publit': Adj:usted odds
Location Location ratio (95% Cl)
Overall 88/781 (11.3) 131/891 (14.7) 0.72 (0.53 t0 0.99) —
EMS call to hospital arrival i
<30 min 39/248 (15.7) 67/419 (16.0) 0.93 (0.58 to 1.49) M 1
|
31 to 44 min 35/385 (9.1) 47/361 (13.0) 0.75 (0.45 to 1.25) ' :
> 45 min 14/148 (9.5) 17/111 (15.3) 0.39 (0.16 to 0.96) | i
Age i
< 65 years 62/453 (13.7) 94/566 (16.6) 0.81 (0.55 to 1.19) >—I}—<
2 65 years 26/328(7.9) 37/325 (11.4) 0.61 (0.35 to 1.06) >—l—%—<
Time period of EMS call }
0:00 to 8:59 20/164 (12.2) 14/76 (18.4) 0.34(0.14t00.81) 4 i
9:00 to 16:59 43/361 (11.9) 85/606 (14.0) 0.93 (0.61 to 1.42) ¥ ‘;
|
1

25/256 (9.8)

32/209 (15.3)

0.69 (0.37 to 1.29)

Fig. 2 - Primary and subgroup analyses for outcomes of patients with out-of-hospital cardiac arrest and ECPR:
Residential locations vs. Public locations. We compared outcomes of patients with OHCA who underwent ECPR
using a multilevel logistic regression model. We adjusted for age, gender, past medical history, witness status,
bystander cardiopulmonary resuscitation, initial rhythm of cardiac arrest, time of cardiac arrest, time from EMS call
to hospital arrival, and location of cardiac arrest. The subgroups were predefined as follows: time from EMS call to
hospital arrival (<30 min, 31-44 min or >45 min), age (<65 years or >65 years) and time period of EMS call (0:00-8:59,
9:00-16:59, or 17:00-23:59). Cl, confidence interval; ECPR, extracorporeal cardiopulmonary resuscitation; EMS,
emergency medical service; OHCA, out-of-hospital cardiac arrest.



RESUSCITATIONPLUS 16 (2023) 100468 5

Table 2 - Sensitivity analyses for outcomes of patients with out-of-hospital cardiac arrest and ECPR: Residential

locations vs. Public locations.

Residential
locations

Public locations Unadjusted odds ratio Adjusted odds ratio

Primary analysis

Analysis for select patient who met SAVE-J criteria
Modified model with the hospital characteristics
Imputed data set

88/693 (11.3)
54/363 (14.9)
88/693 (11.3)
90/809 (11.1)

131/891 (14.7) 0.74 (0.55-0.98)
92/510 (18.0)  0.79 (0.55-1.15)
131/891 (14.7) -

137/935 (14.7)  0.73 (0.55-0.97)

0.72 (0.53-0.99)
0.78 (0.51-1.17)
0.73 (0.53-1.00)
0.72 (0.53-0.98)

We performed three sensitivity analyses. First, we analysed select patients who met SAVE-J criteria: age <75 years, initial shockable rhythm of cardiac arrest, and
time from emergency medical service call to hospital <45 minutes. Second, we constructed a statistical model by adding two more covariates to the statistical
model of the primary analysis: annual cases of ECPR (categorized into tertiles) and hospital types (university, public, or private). Finally, we imputed the missing
covariates with multiple imputations by chained equations. In the sensitivity analyses for missing covariates, we analysed using the same multilevel logistic

regression model as the main analysis.

factors, including efforts to transport patients to the streets with lifts
or stairs and restricted space for resuscitation.'”*® Furthermore, it
is also clinically important that we expect encouraging outcomes
among younger patients and cases during the daytime, even when
cardiac arrests occur at residential locations. Thus, focusing on
younger patients or those collapsing during the day, or minimizing
transportation time, might improve outcomes irrespective of the loca-
tion of cardiac arrests. To achieve this, enhancing EMS awareness
of ECPR indications and strengthening coordination between EMS
and medical institutions may be essential.

Limitations

Our study had some limitations. First, we could not account for fac-
tors such as the quality of the bystander CPR, which may have
affected our findings. Previous studies have shown that there is a
positive correlation between the number of bystanders and the qual-
ity of basic life support>>2%; however, in cases where OHCA occurs
in residential locations, the number of witnesses is usually limited to
family members, which may have limited the quality of BLS and
affected the proportions of favourable neurologic outcomes. Second,
since our study is retrospective and observational in nature, it is sub-
ject to potential biases and confounding factors; therefore, our find-
ings should be interpreted with caution. Finally, the data were
collected from a single country and may not be generalisable to other
settings. To improve the prognosis of OHCA treated with ECPR, fur-
ther global studies are needed to evaluate the proportions and qual-
ity of bystander CPR, particularly in cases that occur in residential
locations, as well as factors associated with an increase in time from
emergency calls to the hospital arrival.

Conclusions

The secondary analysis of a multicentre retrospective cohort in
Japan revealed that the proportion of favourable neurologic out-
comes was significantly lower in patients with OHCA who received
ECPR when it occurred at residential locations than at public loca-
tions. However, the present study also added the finding that the
prognosis might be similar regardless of the location of the event
when the times from EMS call to hospital arrival were within 30 min-
utes, or patients with OHCA were aged <65 years. These findings
underscore the importance of transporting patients to receiving hos-
pitals as much as possible and facilitate EMS protocols of possible
candidates of ECPR.

CRediT authorship contribution statement

Kazuhiro Shirakawa: Conceptualization, Formal analysis, Investi-
gation, Writing — original draft, Writing — review & editing. Yoshinori
Matsuoka: Conceptualization, Methodology, Formal analysis, Inves-
tigation, Writing — original draft, Writing — review & editing. Yosuke
Yamamoto: Methodology, Formal analysis, Investigation, Writing —
review & editing, Supervision. Akihiko Inoue: Conceptualization,
Investigation, Resources, Data curation, Writing — review & editing.
Ryo Takahashi: Conceptualization, Investigation, Writing — review
& editing. Yoshie Yamada: Investigation, Writing — review & editing.
Koichi Ariyoshi: Writing — review & editing, Supervision. Toru
Hifumi: Investigation, Resources, Data curation, Writing — review
& editing, Supervision. Tetsuya Sakamoto: Investigation,
Resources, Data curation, Writing — review & editing, Supervision.
Yasuhiro Kuroda: Investigation, Resources, Data curation, Writing
— review & editing, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

We would like to express our gratitude to all EMS personnel and doc-
tors who provided data for this study, as well as to all members of the
SAVE-J Il study group who contributed to this research. We also
acknowledge Editage for their assistance in English language
editing.

We thank all the members of the SAVE-J Il study group who par-
ticipated in this study: Hirotaka Sawano, M.D., Ph.D. (Osaka Sai-
seikai Senri Hospital), Yuko Egawa, M.D., Shunichi Kato, M.D.
(Saitama Red Cross Hospital), Kazuhiro Sugiyama, M.D., Maki Tan-
abe, M.D. (Tokyo Metropolitan Bokutoh Hospital), Naofumi Bunya,
M.D., Takehiko Kasai, M.D. (Sapporo Medical University), Shinichi
ljuin, M.D., Shinichi Nakayama, M.D., Ph.D. (Hyogo Emergency
Medical Center), Jun Kanda, M.D., Ph. D., Seiya Kanou, M.D. (Tei-
kyo University Hospital), Toru Takiguchi, M.D., Shoji Yokobori, M.D.,
Ph.D. (Nippon Medical School), Hiroaki Takada, M.D., Kazushige
Inoue, M.D. (National Hospital Organization Disaster Medical Cen-
ter), Ichiro Takeuchi, M.D., Ph.D., Hiroshi Honzawa, M.D. (Yoko-



6 RESUSCITATIONPLUS 16 (2023) 100468

hama City University Medical Center), Makoto Kobayashi, M.D., Ph.
D., Tomohiro Hamagami, M.D. (Toyooka Public Hospital), Wataru
Takayama, M.D., Yasuhiro Otomo, M.D., Ph.D. (Tokyo Medical
and Dental University Hospital of Medicine), Kunihiko Maekawa, M.
D. (Hokkaido University Hospital), Takafumi Shimizu, M.D., Satoshi
Nara, M.D. (Teine Keijinkai Hospital), Michitaka Nasu, M.D., Kuniko
Takahashi, M.D. (Urasoe General Hospital), Yoshihiro Hagiwara, M.
D., M.P.H. (Imperial Foundation Saiseikai, Utsunomiya Hospital),
Shigeki Kushimoto, M.D., Ph.D. (Tohoku University Graduate School
of Medicine), Reo Fukuda, M. D. (Nippon Medical School Tama
Nagayama Hospital), Takayuki Ogura, M.D., Ph.D. (Japan Red
Cross Maebashi Hospital), Shin-ichiro Shiraishi, M.D. (Aizu Central
Hospital), Ryosuke Zushi, M.D. (Osaka Mishima Emergency Critical
Care Center), Norio Otani, M.D. (St. Luke’s International Hospital),
Migaku Kikuchi, M.D., Ph.D. (Dokkyo Medical University), Kazuhiro
Watanabe, M.D. (Nihon University Hospital), Takuo Nakagami, M.
D. (Omihachiman Community Medical Center), Tomohisa Shoko,
M.D., Ph.D. (Tokyo Women’s Medical University Medical Center
East), Nobuya Kitamura, M.D., Ph.D. (Kimitsu Chuo Hospital),
Takayuki Otani, M.D. (Hiroshima City Hiroshima Citizens Hospital),
Makoto Aoki, M.D., Ph.D. (Gunma University Graduate School of
Medicine), Masaaki Sakuraya, M.D., M.P.H. (JA Hiroshima General
Hospital Hiroshima), Hideki Arimoto, M.D. (Osaka City General
Hospital), Koichiro Homma, M.D., Ph.D. (Keio University School of
Medicine), Hiromichi Naito, M.D., Ph.D. (Okayama University Hospi-
tal), Shunichiro Nakao, M.D., Ph.D. (Osaka University Graduate
School of Medicine), Tomoya Okazaki, M.D., Ph.D. (Kagawa Univer-
sity Hospital), Yoshio Tahara, M.D., Ph.D. (National Cerebral and
Cardiovascular Center), Hiroshi Okamoto, M.D, M.P.H. (St. Luke’s
International Hospital), Jun Kunikata, M.D., Ph.D., Hideto Yokoi, M.
D., Ph.D. (Kagawa University Hospital).

Funding

The authors received no specific funding for this study.

Appendix A. Supplementary material

Supplementary material to this article can be found online at
https://doi.org/10.1016/j.resplu.2023.100468.

Author details

The SAVE-J II study group' 2Department of Emergency Medicine,
Kobe City Medical Center General Hospital, 2-1-1 Minatojima-
Minamimachi, Chuo-ku, Kobe, Hyogo 650-0047, Japan ®Department
of Healthcare Epidemiology, Graduate School of Medicine and
Public Health, Kyoto University, Yoshidakonoe-cho, Sakyo-ku, Kyoto
606-8501, Japan °Department of Emergency and Critical Care
Medicine, Hyogo Emergency Medical Center, 1-3-1 Wakinohama-
kaigandori, Chuo-ku, Kobe, Hyogo 651-0073, Japan 9Department of
Emergency and Critical Care Medicine, St. Luke’s International
Hospital, 9-1 Akashi-cho, Chuo-ku, Tokyo 104-8560, Japan °Teikyo
University School of Medicine, Department of Emergency Medicine,
2-11-1 Kaga, Itabashi-ku, Tokyo 173-8605, Japan 'Department of
Emergency, Disaster and Critical Care Medicine, Kagawa University
Hospital, 1750-1 Ikenobe, Miki-cho, Kita-gun, Kagawa 761-0793,
Japan

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke

statistics-2020 update: a report from the American Heart Association.
Circulation 2020;141:e139-596.

. Grasner JT, Lefering R, Koster RW, et al. EuReCa ONE-27 nations,

ONE Europe, ONE registry: a prospective one month analysis of out-
of-hospital cardiac arrest outcomes in 27 countries in Europe.
Resuscitation 2016;105:188-95.

. Fire, Disaster Management Agency. The current state of emergency

rescue; 2021 [in Japanese]. https://www.fdma.go.jp/publication/
rescue/items/kkkg_r03_01_kyukyu.pdf. Accessed 1st December,
2022.

. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart DISEASE and stroke

statistics-2017 update: a report from the American Heart Association.
Circulation 2017;135:e146—603.

. Chan PS, McNally B, Tang F, Kellermann A. Recent trends in

survival from out-of-hospital cardiac arrest in the United States.
Circulation 2014;130:1876-82.

. Kaneko H, Hara M, Mizutani K, et al. Improving outcomes of

witnessed out-of-hospital cardiac arrest after implementation of
International Liaison Committee on Resuscitation 2010 consensus: a
nationwide prospective observational population-based study. J Am
Heart Assoc 2017;6.

. Inoue A, Hifumi T, Sakamoto T, Kuroda Y. Extracorporeal

cardiopulmonary resuscitation for out-of-hospital cardiac arrest in
adult patients. J Am Heart Assoc 2020;9 e015291.

. Yannopoulos D, Bartos J, Raveendran G, et al. Advanced

reperfusion strategies for patients with out-of-hospital cardiac arrest
and refractory ventricular fibrillation (ARREST): a phase 2, single
centre, open-label, randomised controlled trial. Lancet
2020;396:1807-16.

. Suverein MM, Delnoij TSR, Lorusso R, et al. Early extracorporeal

CPR for refractory out-of-hospital cardiac arrest. N Engl J Med
2023;388:299-309.

Holmberg MJ, Geri G, Wiberg S, et al. Extracorporeal
cardiopulmonary resuscitation for cardiac arrest: a systematic
review. Resuscitation 2018;131:91-100.

Debaty G, Babaz V, Durand M, et al. Prognostic factors for
extracorporeal cardiopulmonary resuscitation recipients following
out-of-hospital refractory cardiac arrest. A systematic review and
meta-analysis. Resuscitation 2017;112:1-10.

Kim SJ, Kim HJ, Lee HY, Ahn HS, Lee SW. Comparing
extracorporeal cardiopulmonary resuscitation with conventional
cardiopulmonary resuscitation: a meta-analysis. Resuscitation
2016;103:106-16.

Hutin A, Abu-Habsa M, Burns B, et al. Early ECPR for out-of-hospital
cardiac arrest: best practice in 2018. Resuscitation 2018;130:44-8.
Murakami Y, Iwami T, Kitamura T, et al. Outcomes of out-of-hospital
cardiac arrest by public location in the public-access defibrillation
era. J Am Heart Assoc 2014;3 e000533.

Shirakawa K, Takebayashi T, Kanao K, et al. Basic life support by
citizens in Kawasaki City, Japan — a descriptive epidemiological
study of out-of-hospital cardiac arrest patients. Acute Med Surg
2019;6:117-22.

Shirakawa K, Kanao K, Saito Y, et al. Neurologically favourable
outcomes of cardiogenic out-of-hospital cardiac arrest with relation to
the type of witness in Japan. Resuscitation 2020;152:97—-104.
Shibahashi K, Sugiyama K, Kuwahara Y, et al. Private residence as
a location of cardiac arrest may have a deleterious effect on the
outcomes of out-of-hospital cardiac arrest in patients with an initial
non-shockable cardiac rhythm: a multicentre retrospective cohort
study. Resuscitation 2020;150:80-9.

Inoue A, Hifumi T, Sakamoto T, et al. Extracorporeal
cardiopulmonary resuscitation in adult patients with out-of-hospital
cardiac arrest: a retrospective large cohort multicenter study in
Japan. Crit Care 2022;26:129.


https://doi.org/10.1016/j.resplu.2023.100468
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0005
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0005
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0005
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0010
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0010
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0010
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0010
https://www.fdma.go.jp/publication/rescue/items/kkkg_r03_01_kyukyu.pdf
https://www.fdma.go.jp/publication/rescue/items/kkkg_r03_01_kyukyu.pdf
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0020
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0020
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0020
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0025
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0025
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0025
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0030
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0030
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0030
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0030
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0030
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0035
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0035
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0035
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0040
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0040
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0040
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0040
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0040
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0045
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0045
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0045
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0050
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0050
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0050
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0055
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0055
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0055
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0055
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0060
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0060
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0060
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0060
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0065
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0065
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0070
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0070
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0070
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0075
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0075
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0075
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0075
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0080
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0080
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0080
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0085
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0085
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0085
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0085
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0085
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0090
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0090
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0090
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0090

RESUSCITATIONUPLUS

16 (2023) 1004638 7

19.

20.

21.

22.

Ro YS, Shin SD, Kitamura T, et al. Temporal trends in out-of-hospital
cardiac arrest survival outcomes between two metropolitan
communities: Seoul-Osaka resuscitation study. BMJ Open 2015;5
e007626.

Kitamura T, Kiyohara K, Sakai T, et al. Public-access defibrillation
and out-of-hospital cardiac arrest in Japan. N Engl J Med
2016;375:1649-59.

Fukuda T, Ohashi-Fukuda N, Matsubara T, et al. Trends in outcomes
for out-of-hospital cardiac arrest by age in Japan: an observational
study. Medicine (Baltimore) 2015;94 e2049.

Jacobs |, Nadkarni V, Bahr J, et al. Cardiac arrest and
cardiopulmonary resuscitation outcome reports: update and
simplification of the Utstein templates for resuscitation registries. A
statement for healthcare professionals from a task force of the
international liaison committee on resuscitation (American Heart
Association, European Resuscitation Council, Australian
Resuscitation Council, New Zealand Resuscitation Council, Heart
and Stroke Foundation of Canada, InterAmerican Heart Foundation,
Resuscitation Council of Southern Africa). Resuscitation
2004;63:233-49.

23.

24.

25.

26.

27.

Matsuyama T, Okubo M, Kiyohara K, et al. Sex-based disparities in
receiving bystander cardiopulmonary resuscitation by location of
cardiac arrest in Japan. Mayo Clin Proc 2019;94:577-87.
Sondergaard KB, Wissenberg M, Gerds TA, et al. Bystander
cardiopulmonary resuscitation and long-term outcomes in out-of-
hospital cardiac arrest according to location of arrest. Eur Heart J
2019;40:309-18.

Kiguchi T, Kiyohara K, Kitamura T, et al. Public-access defibrillation
and survival of out-of-hospital cardiac arrest in public vs residential
locations in Japan. Circ J 2019;83:1682-8.

Kobayashi D, Kitamura T, Kiyohara K, et al. High-rise buildings and
neurologically favorable outcome after out-of-hospital cardiac arrest.
Int J Cardiol 2016;224:178-82.

Takei Y, Nishi T, Matsubara H, Hashimoto M, Inaba H. Factors
associated with quality of bystander CPR: the presence of multiple
rescuers and bystander-initiated CPR without instruction.
Resuscitation 2014;85:492-8.


http://refhub.elsevier.com/S2666-5204(23)00111-X/h0095
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0095
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0095
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0095
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0100
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0100
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0100
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0105
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0105
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0105
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0110
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0115
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0115
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0115
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0120
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0120
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0120
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0120
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0125
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0125
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0125
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0130
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0130
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0130
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0135
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0135
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0135
http://refhub.elsevier.com/S2666-5204(23)00111-X/h0135

	Neurologic outcome and location of cardiac arrest in out-of-hospital cardiac arrest patients who underwent extracorporeal cardiopulmonary resuscitation: A multicentre retrospective cohort in Japan
	Introduction
	Methods
	Study design and setting, population, and data collection
	Definition of location of cardiac arrest
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Funding
	Appendix A Supplementary material
	References


