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BACKGROUND: The causes underlying out-of-hospital cardiac arrest (OHCA) are rarely investigated. This study aimed to
investigate causes of OHCA in CRITICAL (Comprehensive Registry of In-Hospital Intensive Care for OHCA Survival), a
multicenter OHCA registry in Osaka, Japan.

METHODS: Nontraumatic patients with OHCA (by CARES [Cardiac Arrest Registry to Enhance Survival] criteria) aged 18 to
90years between July 1, 2012 and December 31, 2020 were included. By Japanese law, all patients with OHCA (resuscitated
or not) must be transported to the emergency department where death is declared if resuscitation is unsuccessful; this
latter group was considered presumed sudden cardiac deaths whereas those surviving to hospitalization were considered
resuscitated OHCA. We compared underlying causes of OHCA in presumed sudden cardiac deaths, survivors of OHCA (alive
30days after the event), and nonsurvivors of OHCA (died during hospitalization). Causes were confirmed when autopsy or
postresuscitation hospital workup was performed and probable when determined by attending physician impression (partial
workup).

RESULTS: Of 12252 total OHCAs, 8005 (65.3%) were. presumed sudden cardiac deaths, 4247 (34.7%) were resuscitated,
and 1293 (10.6%) were survivors. Resuscitated OHCA cardiac causes comprised 73.2% (n=3110) and noncardiac causes
26.8% (n=1137). Cardiac cause, most commonly acute coronary syndrome, was more prevalent in survivors of OHCA than
nonsurvivors (85.7% [n=1137] versus 67.8% [N=2002]; P<0.001). Although 40.4% of the survived at 30days cases were acute
coronary syndrome, cerebrovascular disease accounted for 9.8% of nonsurvivors of OHCA and nearly one fifth (n=144, 17.8%)
of middle-aged cases.

CONCLUSIONS: Cardiac cause was more common in survivors than cases dying in the emergency room (sudden deaths) or in
hospital after initial resuscitation (nonsurvivors of OHCA). Causes in nonsurvivors of OHCA who died in hospital were more
heterogeneous than those of survivors of OHCA, especially cerebrovascular emergencies.
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RESEARCH PERSPECTIVE

What Is New?

e This study reveals that nonsurvivors of out-of
hospital cardiac arrest in Japan have more di-
verse underlying causes compared with survi-
vors, with a higher proportion due to noncardiac
causes such as cerebrovascular disease.

What Question Should Be Addressed

Next?

e Future studies should focus more on the causes
of out-of-hospital cardiac arrest with a clear def-
inition and explore targeted preventive meas-
ures for nonarrhythmic out-of-hospital cardiac
arrest.

Nonstandard Abbreviations and Acronyms

OHCA out-of-hospital cardiac arrest
ROSC return of spontaneous circulation
SCD sudden cardiac death

icant public health concern in the industrialized

world, with approximately 120000 events occur-
ring in Japan and 360000 in the United States annu-
ally."? The prognosis of OHCA has been improving but
has remained low over the past decade.® Clarifying
the underlying causes for cardiac arrest can facilitate
cause-specific preventive strategies and therapies.

In recent studies of OHCA in San Francisco County,
underlying arrhythmic causes accounted for 56%
of those dying in the field (ie, sudden cardiac death
[SCDs] that were confirmed cause by autopsy, in con-
trast to presumed SCDs in our study, which were not
confirmed by autopsy)* and a nearly identical 57% of
cases dying in the hospital after initial resuscitation,
compared with 92% of survivors to hospital discharge,®
suggesting that survivors of OHCA are not equivalent
to SCDs or nonsurvivors of OHCA. Furthermore, these
studies revealed that neurologic causes were highly
lethal: none of the 1 in 5 resuscitated patients with
OHCAs found to be due to neurologic causes sur-
vived. Thus, elucidating causes for OHCA, especially
for nonsurvivors of OHCA, is critical to prevent and res-
cue this highest priority group and to ultimately reduce
the high burden of presumed SCDs.

Therefore, in this study we sought to investigate
underlying causes for OHCA in Japan and compare
causes of cardiac arrest in presumed SCDs, and

Out—of—hospital cardiac arrest (OHCA) is a signif-
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survivors and nonsurvivors after resuscitated OHCA
in a large hospital-based registry in Osaka (population
8.8 million).

METHODS

The data are available from the authors upon reason-
able request.

This study was conducted according to the
Strengthening the Reporting of Observational Studies
in Epidemiology Statement: guidelines for reporting
observational studies® and was approved by the Ethics
Committee of the Kyoto University Graduate School of
Medicine (R1045) and each participating hospital. The
requirement for individual patient consent was waived
owing to the nature of the observational study.

Study Design and Setting

We analyzed the database from the CRITICAL
(Comprehensive Registry of In-Hospital Intensive Care
for OHCA Survival) study, which is a multicenter pro-
spective observational data registry to collect both pre-
and in-hospital data on OHCA treatment. A complete
description of the study methodology has been reported
previously.” Briefly, in Osaka Prefecture, Japan, all se-
quential patients with OHCA who underwent resuscita-
tion attempts from July 1, 2012, onward were recorded.
These patients were then transported to the institutions
involved in this registry. The registry consists of 16 fa-
cilities: 15 critical care medical centers, each of which
includes an emergency department, and 1 hospital that,
although not a critical care medical center, is equipped
with an emergency department. The Osaka Prefecture
in Japan, the target area of the CRITICAL study, has an
area of 1905 km? and a residential population of ap-
proximately 8.8 million inhabitants as of 2015.8 In Osaka
Prefecture, approximately 7500 OHCA cases occur an-
nually.? From 2012 to 2020, approximately 2000 per year
were included in the registry, accounting for approxi-
mately one fourth of total patients with OHCA.

Study Patients

We enrolled all patients aged >18 to 90years who expe-
rienced OHCA, for whom resuscitation was attempted,
and were transferred to the participating institutions be-
tween January 2012 and December 2020. We set the
upper age limit because the causes of the older patients
after OHCA tend not to evaluate well. OHCA was de-
fined by emergency medical services (EMS) primary
impression “cardiac arrest” as per CARES (Cardiac
Arrest Registry to Enhance Survival) convention.”® We
excluded patients with OHCA who did not receive car-
diopulmonary resuscitation by physicians after hospital
arrival (ie, patients beyond resuscitative efforts). We also
excluded patients with terminal cancer (ie, death not
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unexpected) and OHCA caused by external causes,
such as traffic trauma, falls, hanging, drowning, chok-
ing, drug use, and other identifiable external causes.*®
As per the Lancet Commission definition,' patients with
OHCA were defined as presumed SCDs if they died
in the emergency department or resuscitated OHCA if
they were initially resuscitated and survived to hospital
admission. This definition might lead to misunderstand-
ing because the term SCD comprises subjects with
noncardiac causes for OHCA and those with cardiac
causes. However, the Lancet Commission proposed
the use of the terminology “presumed SCD” for noncon-
firmed case before autopsy, toxicology, and histology.®
For this reason, we used the term “presumed SCDs” in
this study. Resuscitated patients with OHCA were then
further divided into 2 groups: survivors of OHCA who
were alive 1month after the event and nonsurvivors of
OHCA who died in the hospital after initially surviving to
admission. Because EMS in Japan cannot cease resus-
citation at the scene or during transportation, nearly all
patients with OHCA are transported to the emergency
department where only an attending physician can pro-
nounce death for patients beyond resuscitative efforts or
who were not successfully resuscitated. Thus, nearly all
out-of-hospital sudden deaths (ie, patients OHCA who
are deceased at the scene or unsuccessfully resusci-
tated) in Japan are captured by final disposition in the
emergency department. Therefore, although previous
studies such as POST SCD (Postmortem Systematic
Investigation of Sudden Cardiac Death) systematically
included sudden death occurring out of hospital,*® the
presumed SCDs in this study did not include death out
of the hospital or at the scene.

Emergency Medical Services in Japan
Previous publications from the CRITICAL study detail
Japan’s EMS system.” Briefly, the “119” emergency
telephone number is accessible anywhere in Japan.
After receiving a 119 call, the emergency dispatch
center sends the nearest available ambulance to the
site. Emergency services are provided 24hours a
day and 7days a week. All EMS providers perform
cardiopulmonary resuscitation according to the
Japanese cardiopulmonary resuscitation guidelines.?
This study acquired prehospital resuscitation data
from the All-dJapan Utstein Registry of the Fire and
Disaster Management Agency of Japan. We collected
data corresponding to the Utstein-style international
guidelines for reporting OHCA."® In Japan, the 2005
version' of the Utstein style has been used even after
the version changes.

Data Collection and Quality Control

Details oftheregistry’s data collection and quality control
have been previously published.” For prehospital data
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collection and quality control, each EMS completed the
data form by collaborating with the attending physician
who was responsible for the patient. For in-hospital
data, the CRITICAL registry collects comprehensive
data on patients with OHCA after hospital arrival,
details of which have been previously presented.” In
the current registry, anonymized data were entered into
a web form by medical staff members in cooperation
with the attending physician. Prehospital and in-
hospital data were uploaded into the registry system,
systematically checked by a computer system, and
verified by a working group of experts in emergency
medicine, clinical epidemiology, and statistics.

Case Adjudication

We categorized the following causes for presumed
SCDs and resuscitated patients with OHCAs (which
included survivors and nonsurvivors of OHCA): the
broader cause (cardiac or noncardiac), specific causes
of cardiac origin (eg, acute coronary syndrome, other
cardiac disease, and probable cardiac disease), and
specific causes of noncardiac origin (eg, cerebral
vascular disease, respiratory disease). Probable
cardiac cause was used when all available data and
workup revealed no evidence of a noncardiac cause.
The categories of the noncardiac cause were based
on the Utstein style,”® which includes respiratory
disease, cerebrovascular disease, and other cause.
In the CRITICAL registry, adjudication of these causes
was made by emergency physicians in charge of each
institute considering clinical implications and clinical
findings, including coronary angiography, computed
tomography, laboratory tests, and other clinical
tests. On the adjudication, the physician diagnoses
a probable or specific disease in clinical setting, and
this was categorized by research personnel in 1 of the
aforementioned categories. Further details including
the follow-up have been previously described.’

Statistical Analysis

Continuous variables are presented as mean+SD, and
categorical variables are described as percentages.
Patient characteristics and OHCA circumstances are
described for presumed SCDs, survivors of OHCA,
and nonsurvivors of OHCA. Patient characteristics and
OHCA circumstances in survivors and nonsurvivors are
compared using the chi-square or Wilcoxon rank-sum
test. The main analysis of our study was to compare
the proportion of the cardiac cause between the
nonsurvivors and survivors of OHCA by the chi-square
test. We also performed the same comparison for
causes of cardiac arrest. In subgroup analyses, causes
of OHCA for survivors and nonsurvivors were stratified
by age: 18 to 35years, 36 to 64 years, 65 to 79years,
and 80 to 90vyears, as per our previous study.' There
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were no missing data for the main analysis in the study.
For prehospital data, the Utstein-style data collection in
Japan is recorded as a mandatory task by emergency
medical technicians at each fire department when
they perform resuscitation on patients with OHCA.
Therefore, if there are any missing values, they are fed
back to the field during collection at the fire department
or integration at the Fire and Disaster Management
Agency, resulting in an almost completely missing-free
database. On the other hand, for in-hospital data, which
refer to data after transportation, the items presented
in this paper are considered essential core items, and
the input system is designed so that the case cannot
be confirmed if there are missing values. If there are
still any missing values, the CRITICAL study’s core
researchers check each case’s missing value through
the registry system, and the core researchers contact
the responsible individuals at each hospital to ensure
that no missing values remain. We detail the rate of
the missing data in Table 1. All P values are 2 sided
for statistical analysis, and statistical significance was
set at P<0.05. All statistical analyses were performed
using STATA version 16.0 SE software (Stata Corp LP,
USA) and R version 4.4.0 (2024-04-24).

RESULTS

Figure 1 indicates an overview of the population in this
study. Between January 1, 2012 and December 31,
2020 in Osaka, Japan, 21 100 cases of OHCA were in-
cluded in the CRITICAL study via all participating EMS
agencies. Patients without a resuscitation attempt in
the emergency department (n=517) or prehospital data
(n=1988), children aged <18years (n=516), and older
adults aged >91years (n=941) were excluded. Of the
remaining 17138 patients with OHCA, 11470 died in
the emergency department; of these, 8005 presumed
SCDs were included in the analysis after excluding pa-
tients with cancer (n=234) and OHCAs due to exter-
nal causes (N=3231). The remaining 5668 patients with
OHCA were resuscitated to hospital admission; among
these, 69 had terminal cancer and 1352 had OHCAs
due to external causes, leaving 4247 resuscitated pa-
tients with OHCAs included in the analysis. Of these,
1293 (30.4%) survived month after the event, and 2954
(69.6%) died within 1 month after the event. Survivors of
OHCA accounted for 10.6% (1293/12252) of all OHCAs
included in the registry during the study period.

Table 1 shows baseline characteristics with missing
variables of 8005 presumed SCDs and 4247 resus-
citated patients with OHCAs, the latter group further
divided into nonsurvivors of OHCA (n=2954) and sur-
vivors of OHCA (n=1293). For presumed SCDs, mean
age was 71.2years (x14.1years SD); only a small mi-
nority achieved return of spontaneous circulation before
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hospital arrival (h=86, 1.1%). The majority of presumed
SCDs had asystole (n=4831, 60.4%) or pulseless elec-
trical activity (n=2380, 29.7%) as the first documented
rhythm at EMS arrival. Among the 4247 resuscitated pa-
tients with OHCASs, survivors were younger, more often
male, and more often had achieved return of sponta-
neous circulation before hospital arrival. Survivors of
OHCAs also more commonly had ventricular fibrillation/
pulseless ventricular tachycardia as a first documented
rhythm at EMS arrival and were more often witnessed,
had received bystander-initiated cardiopulmonary re-
suscitation, or had received public-access automated
external defibrillator shock.

Table 2 summarizes underlying causes of pre-
sumed SCDs and resuscitated patients with OHCAs
(nonsurvivors and survivors). Among the presumed
SCDs (n=8005), cardiac causes accounted for 6789
(84.8%) cases whereas noncardiac cause was found in
1216 patients (15.2%). The leading cause of presumed
SCDs was probable cardiac disease (n=6184, 77.3%;
Table 2). Among the resuscitated patients with OHCAs
(n=4247), cardiac cause was found in 3110 patients
(73.2%) and noncardiac cause was found in 1137 pa-
tients (26.8%; Table 2).

Among resuscitated patients with OHCAs, survivors
were more likely to have cardiac cause than nonsurvi-
vors (85.7% versus 67.8%; P<0.001, Figure 2). Acute
coronary syndrome was the most common cause
of OHCA among survivors (n=522, 40.4%; Table 2),
and probable cardiac disease was the most com-
mon among nonsurvivors (n=1302, 44.1%; Table 2).
Although cerebrovascular disease accounted for only
1.2% of survivors of OHCA, it accounted for 9.8% of
nonsurvivors (P<0.001).

Cardiac causes accounted for more than two thirds
of causes of presumed SCDs in each age category,
with most of these probable (Table 3). Cerebrovascular
disease was rare in survivors of OHCA but was the
most common noncardiac cause among NoNsurvivors
of OHCA aged 36 to 64 years (n=144, 17.8%; Table 3).
Respiratory disease accounted for >10% of causes
among nonsurvivors and survivors in the oldest age
group 80 to 90years (N=98, 11.3%; n=26, 14.7%).

DISCUSSION

Before summarizing the results, we will clarify the def-
initions of the cases used in this study to avoid any
potential misunderstandings. Based on the Lancet
Commission’s definition,"" patients with OHCA were
categorized as presumed SCDs if they died in the
emergency department or as resuscitated OHCA if
they initially survived resuscitation and were admitted
to the hospital. This definition might lead to some con-
fusion because the term SCD also encompasses cases
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Table 1. Baseline Characteristics

Cause of Out-of-Hospital Cardiac Arrests

Resuscitated patients with OHCAs
Presumed
SCDs All Nonsurvivor | Survivor
(n=8005) Missing (%) | (n=4247) (n=2954) (n=1293) Missing (%) | P valuet
Age, y, mean+SD 71.2+141 0.0 67.8+14.9 69.7+14.4 63.3+156.1 0.0 <0.001
Age group, n (%) 0.0 0.0 <0.001
18-35y 167 (2.1) 133 (3.1) 62 (2.1) 71 (5.5
36-64y 1900 (23.7) 1342 (31.6) | 810 (27.4) 532 (41.1)
65-79y 3223 (40.3) 1730 (40.7) | 1217 (41.2) 513 (39.7)
80-90y 2715 (33.9) 1042 (24.5) | 865 (29.3) 177 (13.7)
Men, n (%) 5034 (62.9) | 0.0 2901 (68.3) | 1924 (65.1) 977 (75.6) 0.0 <0.001
Departure of ambulance or helicopter with 713 (8.9) 0.0 639 (15.1) 411 (13.9) 228 (17.6) 0.0 0.002
physicians, n (%)
ROSC status, n (%) 0.0 0.0 <0.001
ROSC before hospital arrival 86 (1.1) 1120 (26.4) | 386 (13.1) 734 (56.8)
ROSC after hospital arrival 1005 (12.6) 2441 (57.5) | 1931 (65.4) 510 (39.4)
First documented rhythm at EMS arrival, n (%) 0.0 0.0 <0.001
VF/pulseless VT 555 (6.9) 1278 (30.1) | 570 (19.3) 708 (54.8)
PEA 2380 (29.7) 1377 (32.4) | 1068 (36.2) 309 (23.9)
Asystole 4831 (60.4) 1301 (30.6) | 1170 (39.6) 131 (10.1)
Others 239 (3) 291 (6.9) 146 (4.9) 145 (11.2)
Witness status, n (%) 27 2.6 <0.001
Witnessed by family 1861 (23.3) 1443 (34) 995 (33.7) 448 (34.7)
Citizens 493 (6.2) 595 (14) 307 (10.4) 288 (22.3)
Witnessed by EMS personnel 646 (8.1) 581 (13.7) 390 (13.2) 191 (14.8)
Not witnessed 5005 (62.5) 1628 (38.3) | 1262 (42.7) 366 (28.3)
Bystander-initiated cardiopulmonary 3353 (41.9) 0.0 1771 (41.7) | 1176 (39.8) 595 (46) 0.0 <0.001
resuscitation, n (%)
Shock by public-access automated external 68 (0.9) 0.0 198 (4.7) 57 (1.9) 141 (10.9) 0.0 <0.001
defibrillators, n (%)
First documented rhythm at hospital arrival, 0.0 0.0 <0.001
n (%)
VF/pulseless VT 260 (3.9) 543 (12.8) 292 (9.9) 251 (19.4)
PEA 1669 (20.9) 1203 (28.3) | 981 (33.2) 222 (17.2)
Asystole 5985 (74.8) 1417 (33.4) | 1293 (43.8) 124 (9.6)
Others 91 (1.1) 1084 (25.5) |388 (13.1) 696 (53.8)
Defibrillation by EMS, n (%) 1016 (12.7) 28.7 1516 (35.7) | 743 (25.2) 773 (59.8) 18.4 <0.001
Advanced airway management, n (%) 3864 (48.3) |36.5 2030 (47.8) | 1625 (55) 405 (31.3) 33.8 <0.001
Adrenaline administration, n (%) 1751 (21.9) 0.0 1258 (29.6) | 981 (33.2) 277 (21.4) 0.0 <0.001
EMS response time (call to contact with the 9.8+5 0.0 10.1+5.8 9.56+5.7 10.3+5.9 0.0 <0.001
patient by EMS), min, mean+SD
Call to prehospital ROSC, min, mean+SD* 23.8+9 96.8 19.4+8.8 23.1+8.7 16.5+7.8 64.8 <0.001
Call to in-hospital ROSC, min, mean+SD* 47.5+47.9 87.5 50.7+89.2 52.5+99.3) 43.8+26.4 42.8 <0.001

EMS indicates emergency medical services; OHCA, out-of-hospiral cardiac arrest; SCD, sudden cardiac death; ROSC, return of spontaneous circulation;
PEA, pulseless electrical activity; VF, ventricular fibrillation; and VT, ventricular tachycardia.
*Call to prehospital ROSC and call to in-hospital ROSC were caluculated in the cases for which ROSC times were available.

P value for comparing OHCA survivors with nonsurvivors.

of OHCA resulting from noncardiac causes. To mitigate
this, the Lancet Commission suggested using the term
“presumed SCD” for cases where the cause remains
unconfirmed without autopsy, toxicology, or histologi-
cal examination.® In line with this recommendation, we

J Am Heart Assoc. 2025;14:e036968. DOI: 10.1161/JAHA.124.036968

adopted the term “presumed SCDs.” Furthermore, re-
suscitated patients with OHCA were subdivided into
2 groups: survivors of OHCA, who remained alive
1month after the event, and nonsurvivors, who died
in the hospital despite initially surviving to admission.
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Out of
hospital

Hospital

OHCAs

Confirmed by EMS at the scene between 2012 and 2020

!

Out-of-hospital cardiac arrest
registered between 2012 and 2020
n=21100

| [ No

attempt at hospital, n = 517 ‘

v | No prehospital data, n = 1988

Prehospital (Utstein) data available
n=18595

Aged <18 years,n =516
| Aged>91 years,n=941

CRITICAL OHCASs age 18-90

Nonsudden OHCAs
Terminal cancer n = 303
External cause n = 4583

Presumed SCDs

Between 2012 and 2020

n=12252

Died in ED
n= 8005 (65.3%)

OHCAs

Surviving to hospital Resuscitated
admission
n=4247 (34.7%) OHCAs
* )
OHCAs died in hospital OHCA
n=2954 (24.1%) Nonsurvivors

Figure 1. Patient flow.

Among the out-of-hospital cardiac arrest confirmed by emergency medical services at the scene between 2012 and 2020, 4247
patients were resuscitated out-of-hospital cardiac arrest. Of these, 1293 were survivors of OHCA, and 2954 were nonsurvivors of
OHCA. Presumed sudden cardiac deaths totaled 8005 patients. ED indicates emergency department; EMS, emergency medical
services; OHCA, out-of-hospital cardiac arrest; and SCD, sudden cardiac death.

In this 9-year study we investigated underlying
cause stratified by survival outcome in consecutive pa-
tients with OHCA aged 18 to 90years who received
resuscitation attempts and were transported to partici-
pating institutions in Osaka, Japan. Because Japanese
law dictates that all patients with OHCAs (resuscitated
or not) must be transported to the emergency depart-
ment, this study also captured the vast majority of inci-
dent out-of-hospital SCD. We found that three quarters
of presumed SCDs had underlying cardiac cause, and

among patients with OHCAs resuscitated to hospital
admission, significantly more survivors than nonsur-
vivors of OHCA were cardiac in origin. These results
suggest that fatal outcomes after initially resuscitated
patients with OHCA are caused by more heteroge-
neous conditions than those who survive, including
cerebrovascular disease (9.8%) and respiratory dis-
eases (8.3%). Middle aged cases 36 to 64years had
the highest prevalence of cerebrovascular disease as
underlying cause of OHCA.

Table 2. Causes of Presumed SCDs and Resuscitated Patients With OHCAs by Survival to Discharge, n (%)

Resuscitated patients with OHCAs
Presumed SCDs Total Nonsurvivors of OHCA Survivors of OHCA P value*

Cause of arrest (n=8005) (n=4247) (n=2954) (n=1293)
Cardiac, n % 6789 (84.8) 3110 (73.2) 2002 (67.8) 1108 (85.7) <0.001

Acute coronary syndrome 228 (2.8) 955 (22.5) 433 (14.7) 522 (40.4)

Other cardiac disease 377 (4.7) 626 (14.7) 267 (9) 359 (27.8)

Probable cardiac disease 6184 (77.3) 1529 (36) 1302 (44.1) 227 (17.6)
Noncardiac disease, n % <0.001

Cerebrovascular disease 161 (2) 305 (7.2) 289 (9.8) 16 (1.2)

Respiratory disease 194 (2.4) 324 (7.6) 245 (8.3) 79 (6.1)

Others 861 (10.8) 508 (12) 418 (14.2) 96 (7.4)

*Survivors of OHCA vs nonsurvivors. OHCA indicates out-of-hospital cardiac arrest; and SCD, sudden cardiac death.

J Am Heart Assoc. 2025;14:e036968. DOI: 10.1161/JAHA.124.036968
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Out-of-hospital cardiac arrest confirmed by emergency medical services at the scene
between 2012 and 2020 l
Out-of-hospital cardiac arrests (OHCAs)
registered between 2012 and 2020
n=21,100 . .
No resuscitation attempt at hospital n = 517
t No prehospital data n = 1988
Prehospital (Utstein) data
available
n= 18,595
Aged <I8 yearsn =516
. Aged >91 years n = 941
Out of Hospltal ‘ Non-sudden OHCAs
> Terminal cancer n = 303 .
External cause n = 4583 OHCA died in ED
v (Presumed sudden cardiac deaths [SCDs]|
CRITICAL OHCAs age 18-90 n= 8005 (65.3%)
between 2012 and 2020 2.8%
n=12.252 2.4% . T 47%
2.0% \\ ’
Hospital
l 77.3%
OHCAs S(l[l{rViVin'gt t:) ?cz)sll-)lig\; ?dmission 84.8%
esuscitate s .
n = 4247 (34.7%) (Cardiac Cause)
12.0% ’ OHCA died in hospital
’ (OHCA Non-survivors)
7.6% n=2954 (24.1%)
0,
L2 SCA Non-Survivors
14.7%
0,
2 14.7%
0 9.0%
36.0% 73.2%
(Cardiac Cause) .
| . 1% 67.8%
l (Cardiac Cause)
4
OHCA survived at 30days 7
(OHCA Survivors) 7’
n = 1293 (10.6%) P s
P<0.001 Acute coronary syndrome
7 Other cardiac disease
P s Probable cardiac disease
e I Cerebrovascular disease
85.7% : :
0 A Respiratory disease
27.8% (Cardiac Cause)
Other

Figure 2. Central illustration.

Underlying causes of out-of-hospital cardiac arrest in CRITICAL study, Osaka, Japan. All OHCAs from
July 1, 2012, to December 31, 2020, Osaka, Japan, were identified through EMS agencies. In Japan, all
OHCAs must be transported to the ED where death is declared if resuscitation is unsuccessful; the latter
group was considered presumed SCDs. Patients with OHCAs dying in the ED (SCDs) or with nonsudden
OHCAs (terminal cancer and external causes) were excluded, to include patients with OHCAs resuscitated
to hospitalization. Causes were probable when determined only by attending physician impression or
confirmed when autopsy or postresuscitation hospital workup was performed: cardiac cause including
acute coronary syndrome, other cardiac cause, and probable cardiac cause (red), cerebrovascular
disease(green), respiratory disease (blue), or other (gray) cause. Cardiac causes accounted for 84.8% (6789
of 8005) of presumed SCDs. Cardiac causes accounted for 84.8% (1108 of 1293) of survivors of OHCA,
significantly higher than the 55.8% of nonsurvivors (2002 of 2954; P<0.001). Cerebrovascular disease was
significantly more common in nonsurvivors than survivors (9.8% vs 1.2%; P<0.001). CRITICAL indicates
Comprehensive Registry of In-Hospital Intensive Care for OHCA Survival; ED, emergency department;
EMS, emergency medical services; OHCA, out-of-hospital cardiac arrest; and SCD, sudden cardiac death.
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Table 3. Causes of Presumed Sudden Cardiac Deaths and Resuscitated Out-of-Hospital Cardiac Arrests by Age, n (%)

Total 18-35y 36-64y 65-79y 80-90y
Causes of arrest of presumed SCDs (n=8005) (n=167) (n=1900) (n=3223) (n=2715)
Cardiac 6789 (84.8) 136 (81.4) 1570 (82.6) 2751 (85.4) 2332 (85.9)
Acute coronary syndrome 228 (2.8) 4 (2.4) 74 (3.9) 95 (2.9) 55 (2.0
Other cardiac disease 377 (4.7) 6 (3.6) 65 (3.4) 191 (5.9) 115 (4.2)
Probable cardiac disease 6184 (77.3) 126 (75.4) 1431 (75.3) 2465 (76.5) 2162 (79.6)
Noncardiac disease 1216 (156.2) 31 (18.6) 330 (17.4) 472 (14.6) 383 (14.1)
Cerebrovascular disease 161 (2.0) 2(1.2) 74 (3.9) 53 (1.6) 32 (1.2)
Respiratory disease 194 (2.4) 4 (2.4) 37 (1.9) 79 (2.5) 74 (2.7)
Others 861 (10.8) 25 (15) 219 (11.5) 340 (10.5) 277 (10.2)
Causes of arrest of resuscitated patients with OHCAs
All resuscitated patients with (n=4247) (n=133) (n=1342) (n=1730) (n=1042)
OHCAs
Cardiac 3110 (73.2) 107 (80.5) 986 (73.5) 1272 (73.5) 745 (71.5)
Acute coronary syndrome 955 (22.5) 8(6.0) 414 (30.8) 423 (24.5) 110 (10.6)
Other cardiac disease 626 (14.7) 54 (40.6) 238 (17.7) 238 (13.8) 96 (9.2
Probable cardiac disease 1529 (36.0) 45 (33.8) 334 (24.9) 611 (35.3) 530 (50.9)
Noncardiac disease 1137 (26.8) 26 (19.5) 356 (26.5) 458 (26.5) 297 (28.5)
Cerebrovascular disease 305 (7.2) 7 (5.3) 153 (11.4) 106 (6.1) 39 (3.7)
Respiratory disease 324 (7.6) 3(2.3) 58 (4.3) 139 (8.0) 124 (11.9)
Others 508 (12) 16 (12) 145 (10.8) 213 (12.9) 134 (12.9)
Resuscitated nonsurvivors of (n=2954) (n=62) (n=810) (n=1217) (n=865)
OHCAs
Cardiac 2002 (67.8) 43 (69.4) 512 (63.2) 830 (68.2) 617 (71.3)
Acute coronary syndrome 433 (14.7) 2(3.2) 170 (21.0) 191 (16.7) 70 (8.1)
Other cardiac disease 1138 (26.8) 13(21.0) 83 (10.2) 115 (9.4) 56 (6.5)
Probable cardiac disease 1302 (44.1) 28 (45.2) 259 (32.0) 524 (43.1) 491 (56.8)
Noncardiac disease 952 (32.2) 19 (30.6) 298 (36.8) 387 (31.8) 248 (28.7)
Cerebrovascular disease 289 (9.8) 6(9.7) 144 (17.8) 101 (8.9) 38 (4.4)
Respiratory disease 245 (8.3) 3(4.8) 37 (4.6) 107 (8.8) 98 (11.3)
Others 418 (14.2) 10 (16.1) 117 (14.4) 179 (14.7) 112 (12.9)
Resuscitated survivors of OHCAs (n=1293) (n=71) (n=532) (n=513) (n=177)
Cardiac 1108 (85.7) 64 (90.1) 474 (89.1) 442 (86.2) 128 (72.3)
Acute coronary syndrome 522 (40.4) 6(8.5) 244 (45.9) 232 (45.2) 40 (22.6)
Other cardiac disease 359 (27.8) 41 (57.7) 155 (29.1) 123 (24.0) 40 (22.6)
Probable cardiac disease 227 (17.6) 17 (23.9) 75 (14.1) 87 (17.0) 48 (27.1)
Noncardiac disease 185 (14.3) 7(9.9) 58 (10.9) 71 (13.8) 49 (27.7)
Cerebrovascular disease 16 (1.2) 1(1.4) 9(1.7) 5(1.0) 1(0.6)
Respiratory disease 79 (6.1) 0(0) 21 (3.9) 32 (6.2) 26 (14.7)
Others 90 (7.0) 6 (8.5) 28 (5.3) 34 (6.6) 22 (12.4)

OHCA indicates out-of-hospital cardiac arrest; and SCD, sudden cardiac death.

Although a meta-analysis has summarized that OHCA
may not be due to cardiac disease, with higher survival of
patients with a cardiac cause of the OHCA,'® the definitions
of the SCD or arrest were vastly different in each included
study. Moreover, although a previous report in Japan'®
indicated that 21% of OHCAs were due to cerebral and
respiratory cause, a crude definition of OHCA was used.
In this study, as per the convention of recent reports by
Tseng et al.*% and a report by the Lancet committeg'" that

J Am Heart Assoc. 2025;14:e036968. DOI: 10.1161/JAHA.124.036968

used conventional definitions of OHCA, presumed SCD,
and SCD,%"" we separated outcomes after OHCAs by
lethality: presumed SCDs versus OHCA resuscitated to
hospital admission, then the latter group into nonsurvivors
and survivors to hospital discharge; the use of a single
standardized definition will facilitate comparison of our re-
sult in Osaka, Japan with international registries.

Death after OHCA is frequently considered synon-
ymous with SCD or sudden death, and the outcomes
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of OHCA and SCD or sudden death are used inter-
changeably."" Tseng et al demonstrated that SCDs (ie,
those who died in the field or emergency department),
sudden cardiac arrest (SCA) (ie, those who were re-
suscitated and treated in the hospital) which is close
to survivors of OHCA in our study, survivors of SCA,
and nonsurvivors of SCA (those who died in hospi-
tal after initial resuscitation) are substantially different
conditions, as nearly half of lethal cases (presumed
SCDs and nonsurvivors of SCA) were caused by un-
derlying nonarrhythmic and noncardiac conditions;
“cardiac cause” includes “cardiac arrhythmic” (ie acute
coronary artery diseases and cardiomyopathy) and
“cardiac nonarrhythmic” (ie tamponade and acute
heart failure), whereas 98% of survivors of SCA had
confirmed cardiac causes.*® Our results confirm the
findings in San Francisco County, and because we
also report that only 10% of all patients with OHCAs
in Osaka, Japan were alive at 1 month after the event,
further inroads into reducing the overall burden of sud-
den death and improving persistently poor survival
outcomes after OHCA may require a refinement of cur-
rent resuscitation strategies to rescue the substantial
minority which are due to noncardiac causes, includ-
ing investigation and earlier recognition of nonischemic
and nonarrhythmic causes. Although there were few
comprehensive pathogenetic studies like the one in
San Francisco, some of the previous studies on patho-
genesis might support our results. For example, it was
reported that coronary heart disease accounts for up
to 70% of cases in the Western world,'® but these ref-
erences did not consider the difference between survi-
vors and nonsurvivors. On the other hand, in a study in
France, among young patients with presumed OHCA
(<45years) who were admitted to the intensive care
unit, nonsurvivors had a lower proportion of cardiac
causes (54.5% versus 89.0%) but a higher proportion
of neurologic causes (19.3% versus 3.9%) compared
with survivors.'® Also, for the hospitalized patients with
OHCA (survivors of OHCA in our study), the proportion
of cardiac causes (73.2%) was similar to the number
(65.5%) in a study in France that reviewed the patho-
genetic diagnoses of patients with OHCA admitted to
the intensive care unit.?°

Our study also confirms prior reports that resus-
citated OHCAs due to underlying cerebrovascular
disease are highly lethal,* as very few of these cases
survived. Few studies have investigated the progno-
sis of OHCAs due to cerebrovascular disease such
as subarachnoid hemorrhage, but the San Francisco
study® reported that of the nearly 1 in 5 resuscitated
patients with SCAs due to underlying neurologic emer-
gencies, none survived. This is similar to the results of
a small study in Japan that reported none of the recog-
nized cases due to cerebrovascular disease survived
to hospital discharge.®'” Furthermore, previous study
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which investigated the outcome of OHCA caused by
stroke by using Utstein registry in Japan reported that
stroke (cerebrovascular disease)-related OHCA had
lower 1-month survival rates and poorer neurological
outcomes than cardiogenic OHCA.?" The study did not
investigate the proportion of the OHCA due to cerebro-
vascular disease among all of the nontraumatic OHCA
so that the clinical burden to the each generation was
not clear, but the current study revealed that cere-
brovascular disease accounted for almost one fifth of
middle-aged cases, which suggests the need for ear-
lier recognition and targeted prevention strategy in this
age group.

The high prevalence of “probable cardiac disease”
among sudden death and nonsurvivors of OHCA aged
18 to 35 years in this study also suggests that a more
aggressive search for causes is needed in these age
groups. In the past literature, “coronary heart disease”
and “structural heart disease” were the most common
reasons for “probable cardiac causes” (ie, no apparent
causes) among young adults.?? However, most proba-
ble or presumed cardiac causes in young adults were
found to be actually due to noncardiac causes.?® Thus
future studies of all OHCAs may benefit from a more
in-depth examination of underlying cause of apparent
cardiac arrest, by clarifying probable causes, with the
goal of developing specific preventive strategies for
each underlying cause.

Limitations

This study has several limitations. First, we did not
use World Health Organization criteria to define sud-
denness in the CRITICAL study.?* This selection bias
might have affected the causes of presumed SCDs
or nonsurvivors of OHCA to include non-SCAs, such
as cardiac arrest from renal diseases or aspiration
pneumonia following the progression of dementia.
However, we excluded OHCAs in patients with termi-
nal conditions such as cancer. Second, probable di-
agnoses were used in the CRITICAL study, especially
in presumed SCDs, which may lead to misclassifica-
tion of causes in this group as presumed SCDs are
not routinely evaluated postmortem in Japan. In the
CRITICAL study, more complete examinations, includ-
ing CT, were performed in hospitalized cases after re-
suscitated OHCA as compared with presumed SCDs
thus the certainty of underlying causes is greater in the
former, although the rate of diagnostic tests such as
computed tomography or specific blood tests was not
recorded in the registry.

Additionally, in the population of patients with OHCA
who died before reaching the hospital (presumed
SCDs), the cause in most cases was adjudicated with-
out examinations such as autopsy. Therefore, in this
study, we determined the cause of arrest (cardiac
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or noncardiac) based on the “Utstein-style” recom-
mendation for the registry of OHCASs,?® the interna-
tional guideline for analyzing and comparing data on
OHCAs. In the Utstein style, the arrest is presumed to
be of cardiac origin unless it is caused by noncardiac
causes such as cerebrovascular diseases, respiratory
diseases, and trauma, with the diagnoses of cardiac or
noncardiac origin being clinically made. The “Utstein
style” is universal and feasible, and we believe that it is
the best way to analyze data on OHCAs in the moment
despite its epidemiological limitations. Although we
concluded that the frequency of noncardiac causes is
higher among nonsurvivors than survivors of OHCA,
cardiac causes were more common than noncardiac
causes. This was especially true for probable car-
diac causes, which might reflect that some probable
causes were not well evaluated in the emergency de-
partment, and systematic diagnosis for this population
might change the epidemiology of the causes.

Approximately three fourths of presumed SCDs in
our study were probably due to unknown or incom-
plete postmortem workup, whereas the POST SCD
study in San Francisco® used autopsy in almost all
cases to demonstrate that only 60% of World Health
Organization-defined sudden cardiac deaths, that is,
patients with OHCAs dying in the field and declared car-
diac in the field by EMS, were actually due to cardiac
causes. In contrast, few lethal cases in the current study
(presumed SCDs and nonsurvivors of OHCA) were con-
firmed by autopsy because in Japan, autopsies are ex-
tremely rare outside of forensic cases such as homicide
or suicide.?® Postmortem imaging such as computed
tomography examinations are much more common in
Japan than in other countries,?” but the number of cases
receiving postmortem computed tomography imaging in
the current study is unknown, as the criteria for autopsy
imaging varied by the institute. Thus, in many presumed
SCDs, cardiac cause could be considered only proba-
ble. However, misclassification may be lower than other
jurisdictions becayse nearly all presumed SCDs in Japan
are still transported to the emergency department (rather
than declared deceased in the field), thus even presumed
SCDs receive at least partial medical examinations in the
emergency department and therefore underlying causes
of presumed SCDs this report are “less probable” than
in other studies. Furthermore, this registry lacks detailed
data on the specific pathogenesis of respiratory, cardiac,
and neurological causes beyond what is described in
our paper.

Another limitation was that we included only the pa-
tients who were transported to the emergency centers
in the CRITICAL study, which accounts for about one
third of the population with OHCA in Osaka; this might
introduce bias in the current study.

Finally, selection bias is possible because it was
conducted in emergency centers in metropolitan areas
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in Japan, and our study captured approximately one
quarter of all incident OHCAs in Osaka during the
study period. Furthermore, the diagnostic practice is
different between the institutions. Despite these lim-
itations, this study is meaningful because it describes
the underlying causes of OHCA in an entire major met-
ropolitan area of Japan, with a comparable underlying
distribution of causes of resuscitated OHCA to prior
studies. However, the results of our study may not be
generalizable to other countries or regions due to vari-
ations in emergency care systems and protocols, even
among industrialized nations.

CONCLUSIONS

In this 9-year study of underlying causes of OHCA in
Osaka, Japan, underlying cardiac cause (probable and
confirmed) was more common in survivors of OHCA than
presumed SCDs and nonsurvivors of OHCA. Causes in
nonsurvivors of OHCA were more heterogenous than in
survivors of OHCA, including cerebrovascular diseases.
Identifying the underlying causes of cardiac arrest and
early detection and prevention of nonarrhythmic OHCA,
including cerebrovascular disease especially in middle-
aged adults, may improve persistently poor survival
rates after OHCA.
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