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Abstract

Background: Our objective was to assess the characteristics such as public-access defibrillation (PAD) by laypersons and the outcomes after pediatric

out-of-hospital cardiac arrest by location in the PAD era.

Methods: From a nationwide, prospective, population-based registry of out-of-hospital cardiac arrest patients in Japan, we enrolled consecutive

pediatric patients aged �17 years before emergency medical service (EMS) arrival between 2013 and 2015. The primary outcome measure was 1-

month survival, with favorable neurologic outcome defined as cerebral performance category 1 or 2. Factors associated with favorable neurologic

outcome were assessed using multivariable logistic regression analysis.

Results: Among 3991 eligible pediatric out-of-hospital cardiac arrests, the proportion of PAD was 0.2% (5/2888) at residence, 1.6% (2/125) in public

areas, 0.9% (3/321) on streets/highways, 21.6% (11/51) at recreation/sports event areas, 46.1% (82/178) at education institutions, and 1.2% (5/428) in

others. In the multivariable analysis, arrest witnessed by family members (adjusted odds ratio [AOR], 5.25; 95% confidence interval [CI], 3.22–8.58) and

nonfamily members (AOR, 2.45; 95% CI, 1.26–4.77), first documented ventricular fibrillation (AOR, 12.29; 95% CI, 7.08–21.35), PAD (AOR, 2.63; 95%

CI, 1.23–5.62), and earlier EMS response time (AOR for 1-min increment, 0.88; 95% CI, 0.81–0.94) were associated with improving outcome. As for

locations, recreation/sports event areas (AOR, 3.43; 95% CI, 1.17–10.07) and education institutions (AOR, 3.03; 95% CI, 1.39–6.63) were also

associated with favorable neurologic outcome.

Conclusions: In Japan, where public-access automated external defibrillators are well disseminated, characteristics such as PAD and outcomes for

pediatric out-of-hospital cardiac arrest before EMS arrival differed substantially by location.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is an important public health
problem among adults in industrialized countries.1–3 The proportion of
pediatric patients with OHCA accounted for fewer than 5% of all
patients, and OHCA in children is rare when compared with that in
adult patients.4,5 However, it has a significantly negative impact on the
social community in terms of life-years lost and healthcare costs for
survivors6 and emotional burden of family members.

To improve the OHCA outcome, it is exceedingly important for the
general public to use an automated external defibrillator (AED) and
perform cardiopulmonary resuscitation (CPR) in the chain of
survival.1,2 Many previous studies have demonstrated the effective-
ness of shocks by a public-access AED on adults and children with
OHCA,7–10 and the use of public-access AEDs in prehospital settings
is strongly recommended by current CPR guidelines.1,2 On the other
hand, some studies have assessed the relationship between the
location of arrest and pediatric OHCA outcomes during a time when
public-access AEDs were not well disseminated in public locations.5

In Japan, public use of AEDs has been legally permitted since July
2004,11 and the cumulative number of public-access AEDs was more
than 600,000 devices in 2015.12 The All-Japan Utstein Registry,10,15 a
prospective, nationwide, population-based registry of OHCA patients
in Japan, has been launched to collect information of OHCA locations
since 2013.13 Using this database, we aimed to assess the current
situation such as bystander defibrillation and outcome after pediatric
OHCA by location of arrest in the era of public-access defibrillation
(PAD) in Japan.

Methods

Study design, population, and settings

Details of the All-Japan Utstein Registry of the Fire and Disaster
Management Agency (FDMA) in Japan were previously described.8

This population-based observational database is a prospective,
nationwide OHCA registry based on the international Utstein-
style.14,15 We focused on pediatric patients aged 0–17 years with
OHCA before emergency medical service (EMS) arrival, who were
first resuscitated by bystanders or EMS personnel and then trans-
ported to medical institutions between January 1, 2013, and
December 31, 2015. The Ethics Committee of the Osaka University
Graduate School of Medicine approved this registry. The requirement
of written informed consent was waived.

Cardiac arrest was defined as the cessation of cardiac mechanical
activity as confirmed by the absence of circulation signs.14,15 The
arrest was classified into those of presumed cardiac origin and
noncardiac origin such as respiratory disease, external cause,
drowning, traffic accident, or any other noncardiac cause based on
the Utstein-style template.15 These diagnoses were determined
clinically by the physician in charge, in collaboration with EMS
personnel.

Emergency medical service systems in Japan

The Japanese pediatric population aged 0–17 years was approxi-
mately 20 million in 2015,16 with a geographic area of approximately
378,000 km2. EMS is provided by regional governments, and there
were 750 fire stations with dispatch centers in 2015.13 Emergency life-
saving technicians (ELSTs), highly trained emergency care providers,
are allowed to insert an intravenous line and an adjunct airway and to
use semi-AEDs for OHCA patients. Specially trained ELSTs are
allowed to intubate and administer adrenaline. Generally, each
ambulance has a crew of three emergency providers including at least
one ELST. Cardiac arrest treatments were based on the Japanese
CPR guidelines.3 Most OHCA patients treated by EMS personnel are
usually transported to a hospital and registered in this registry
because EMS providers are not permitted to terminate resuscitation in
the field, excluding victims of decapitation, incineration, decomposi-
tion, rigor mortis, or dependent cyanosis.

Dissemination of public-access AEDs

InJapan, public-accessAEDshave been available to citizenssinceJuly
2004. Public-access AED deployment to public spaces such as nursing
facilities, schools, sports/cultural facilities, workplaces, and transporta-
tion facilities depends on both private and public initiatives.12 Excluding
AEDs used in medical facilities and EMS institutions, the cumulative
number of available public-access AEDs estimated from AED sales
was 602,382 in 2015.12 For example, at least one AED has been
installed in almost all elementary, junior high, and high schools as of
2015 (approximately 45,000 schools throughout the country).17 In
addition, the proportion of schools that provided basic life support
training to teaching staff including instructions on how to use an AED
were reported to be approximately 90%.17 The number of people in the
general population who received any CPR training increased from
3,311,131 in 2005 to 4,402,343 in 2015.18

Data collection and quality control

Data were prospectively gathered for resuscitation-related factors such
as sex; age; date; cause of arrest; type of bystanders; first documented
rhythm; time-course of resuscitation; type of bystander-initiated CPR;
dispatcher instruction; PAD; epinephrine administration; advanced
airway management; and patient outcomes, including prehospital
return of spontaneous circulation (ROSC), 1-month survival, and
neurologicalstatus 1-monthafter theevent.AseriesofEMSevent times
such as call receipt, contact with the patient, and hospital arrival were
recorded with the clock used by each EMS system. When bystanders
provided shocks using a public-access AED, the victims’ first
documented rhythm was regarded as ventricular fibrillation (VF).
Information of the time of collapse and initiation of bystander
defibrillation or CPR was obtained by EMS review of the public-access
AED records or interview of the bystander before leaving the scene.
Importantly, in addition to the previously described data captured by the
international Utstein-style,16,17 the FDMA started collecting detailed
information of the location of OHCA occurrence since January 2013.
According to the current Utstein-style template, locations of arrest were
classified into the following categories: residence, public area, streets/
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highway, recreation/sports event areas, education institution, health-
care facilities (clinic/nursing home), and others.14,15

All survivors were followed up for a 1-month period after OHCA
occurrence by the EMS provider in charge. Neurological outcome was
determined by the physician responsible for the care of the patient by a
follow-up interview conducted 1-month after successful resuscitation,
using the cerebral performance category (CPC) scale: category 1,
good cerebral performance; category 2, moderate cerebral disability;
category 3, severe cerebral disability; category 4, coma or vegetative
state; and category 5, death/brain death.14,15

The data form was filled out by EMS in cooperation with the
physician in charge of the patient, and data were stored in the registry
system on the FDMA database server. Data were logically checked
through the computer system and were confirmed by the FDMA, and if
the data form was incomplete, the FDMA returned it to the respective
fire station, and the data were then corrected.

Outcome measure

The primary outcome was a 1-month survival with a favorable
neurologic outcome after OHCA, defined as CPC 1 or 2.14,15

Secondary outcome measures were prehospital ROSC and a 1-
month survival.

Statistical analysis

Patient and EMS characteristics and their outcomes were
compared between the groups using analysis of variance or t-test
for numerical variables and chi-square test or Fisher’s exact test
for categorical variables. In this study, locations were divided into

the following 6 groups: residences, public areas, streets/highways,
recreation/sports event areas, education institutions, and others.
Others included areas such as work places, farm lands, sea
shores, mountains, and unknown. Multivariable logistic regression
analysis was applied to assess the factors associated with better
neurological outcome among pediatric patients with OHCA before
EMS arrival, and adjusted odds ratios (AORs) and their 95%
confidence intervals (CIs) were calculated. As potential con-
founders, factors that were biologically essential and considered
to be associated with clinical outcomes were included in the
multivariable analyses based on previous studies.8,19,20 These
variables were age group (0, 1–4, 5–12, 13–17 years old), sex
(female, male), cause (cardiac, noncardiac), arrest witnessed by
bystander (not witnessed, witnessed by family members,
witnessed by nonfamily members), location of arrest (of the 6
categories), first documented rhythm (non-VF, VF), dispatcher
instruction (no, yes), PAD (no, yes), bystander-initiated CPR (no
CPR, chest compression-only CPR, conventional CPR with rescue
breathing), and EMS response time (time interval from call to
contact with the patient). Among pediatric VF patients, the time
from collapse to first shock (only for patients witnessed by
bystanders) and outcomes between the PAD group and the no-
PAD group were assessed in total and by location of arrest.
Furthermore, we assessed PAD frequency and outcomes by age
group (0, 1–3, 4–17 years old) among children with PAD. All
analyses were conducted with STATA version 15.0 MP software
(StataCorp. LP). All tests were 2-tailed, and P values of <0.05
were considered statistically significant.

Fig. 1 – Flowchart of patient recruitment.
EMS = emergency medical service.
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Results

Fig. 1 shows the flowchart of an overview of the pediatric study
population recruitment based on the Utstein template. A total of 4863
pediatric arrests were documented during the 3-year period.
Resuscitation was attempted in 4506 cases, and 1513 of them were
presumed to be of cardiac origin. Among these patients, 4208 patients

had an arrest before EMS arrival. Excluding 145 victims whose first
documented rhythms were unknown, 1 whose outcome was
unknown, and 71 in whom arrest occurred in healthcare facilities, a
total of 3991 children were eligible for our analysis. Among them, 2888
cases occurred at residence (72.4%), 125 in public areas (3.1%), 321
on streets/highways (8.0%), 51 at recreation/sports event areas
(1.3%), 178 at education institutions (4.5%), and 428 in others
(10.7%).

Table 1 – Characteristics of Out-of-Hospital Cardiac Arrest among Children by Location of Arrest.

Total Residential Public Street/
Highway

Recreation/
Sports

Education Other P
value*

(N = 3991) (N = 2888) (N = 125) (N = 321) (N = 51) (N = 178) (N = 428)

Age, mean (SD) 5.8 (6.5) 4.6 (6.1) 8 (6.7) 11 (5.6) 8.5 (6.2) 10.5 (5.9) 7.1 (6.4) <0.001
Age group, n (%) <0.001
0 year old 1,513 (37.9) 1,329 (46.0) 25 (20.0) 13 (4.1) 8 (15.7) 21 (11.8) 117 (27.3)
1–4 years old 759 (19.0) 589 (20.4) 30 (24.0) 39 (12.2) 10 (19.6) 20 (11.2) 71 (16.6)
5–12 years old 668 (16.7) 380 (13.2) 22 (17.6) 101 (31.5) 15 (29.4) 39 (21.9) 111 (25.9)
13-17 years old 1,051 (26.3) 590 (20.4) 48 (38.4) 168 (52.3) 18 (35.3) 98 (55.1) 129 (30.1)

Male, n (%) 2,459 (61.6) 1,683 (58.3) 76 (60.8) 228 (71.0) 38 (74.5) 140 (78.7) 294 (68.7) <0.001
Time of collapse, n (%) <0.001
0:00–5:59 683 (17.1) 565 (19.6) 12 (9.6) 45 (14.0) 3 (5.9) 7 (3.9) 51 (11.9)
6:00–11:59 1,279 (32.1) 989 (34.3) 26 (20.8) 73 (22.7) 17 (33.3) 69 (38.8) 105 (24.5)
12:00-17:59 1,115 (27.9) 629 (21.8) 61 (48.8) 116 (36.1) 27 (52.9) 86 (48.3) 196 (45.8)
18:00–23:59 914 (22.9) 705 (24.4) 26 (20.8) 87 (27.1) 4 (7.8) 16 (9.0) 76 (17.8)

Weekday, n (%) 2,660 (66.7) 1,938 (67.1) 69 (55.2) 220 (68.5) 28 (54.9) 144 (80.9) 261 (61.0) <0.001
Origin, n (%) <0.001
Presumed cardiac origin 1,365 (34.2) 1,064 (36.8) 36 (28.8) 29 (9.0) 23 (45.1) 119 (66.9) 94 (22.0)
Respiratory disease 588 (14.7) 509 (17.6) 16 (12.8) 4 (1.3) 2 (3.9) 13 (7.3) 44 (10.3)
External cause 590 (14.8) 450 (15.6) 27 (21.6) 38 (11.8) 10 (19.6) 21 (11.8) 44 (10.3)
Drowning 348 (8.7) 164 (5.7) 9 (7.2) 1 (0.3) 11 (21.6) 7 (3.9) 156 (36.5)
Traffic accident 280 (7.0) 8 (0.3) 15 (12.0) 231 (72.0) 1 (2.0) 0 (0.0) 25 (5.8)
Any other non-cardiac cause 820 (20.6) 693 (24.0) 22 (17.6) 18 (5.6) 4 (7.8) 18 (10.1) 65 (15.2)

Witness status, n (%) <0.001
Not witnessed 2,892 (72.5) 2,351 (81.4) 61 (48.8) 93 (29.0) 29 (56.9) 58 (32.6) 300 (70.1)
Witnessed by family members 654 (16.4) 492 (17.0) 36 (28.8) 52 (16.2) 4 (7.8) 2 (1.1) 68 (15.9)
Witnessed by non-family members 445 (11.2) 45 (1.6) 28 (22.4) 176 (54.8) 18 (35.3) 118 (66.3) 60 (14.0)

Dispatcher instruction, n (%) 2,521 (67.3) 2,057 (74.6) 54 (47.8) 85 (31.6) 24 (50.0) 104 (62.3) 197 (50.0) <0.001
First documented rhythm, n (%) <0.001
VF 260 (6.5) 63 (2.2) 15 (12.0) 26 (8.1) 17 (33.3) 96 (53.9) 43 (10.1)
PEA 587 (14.7) 371 (12.9) 32 (25.6) 105 (32.7) 10 (19.6) 22 (12.4) 47 (11.0)
Asystole 3,144 (78.8) 2,454 (85.0) 78 (62.4) 190 (59.2) 24 (47.1) 60 (33.7) 338 (79.0)

Bystander CPR, n (%) <0.001
No CPR 1,623 (40.7) 1,082 (37.5) 73 (58.4) 218 (67.9) 12 (23.5) 28 (15.7) 210 (49.1)
Chest compression-only CPR 1,763 (44.2) 1,370 (47.4) 28 (22.4) 90 (28.0) 23 (45.1) 89 (50.0) 163 (38.1)
Conventional CPR with rescue breathing 603 (15.1) 436 (15.1) 24 (19.2) 13 (4.1) 15 (29.4) 60 (33.7) 55 (12.9)
CPR type unknown 2 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.0) 1 (0.6) 0 (0.0)

Epinephrine, n (%) 155 (3.9) 90 (3.1) 3 (2.4) 26 (8.1) 5 (9.8) 9 (5.1) 22 (5.1) <0.001
Advanced airway management, n (%) 532 (13.3) 390 (13.5) 16 (12.8) 58 (18.1) 5 (9.8) 10 (5.6) 53 (12.4) 0.006
Time from call to contact with the patient by
EMS personnel, mins, mean (SD)

9.1 (4.8) 8.7 (3.2) 9.0 (5.3) 9.8 (5.9) 10.7 (6.1) 7.8 (2.6) 12.3 (9.5) <0.001

Time from collapse to CPR by bystanders,
mins, mean (SD)a

3.2 (5.1) 3.2 (5.6) 2.1 (3.0) 3.4 (3.6) 2.4 (2.9) 2.0 (2.9) 5.5 (7.2) 0.003

Time from collapse to shock by bystanders,
mins, mean (SD)a

4.4 (3.4) 7.0 (1.4) 4.0 (4.2) 8.3 (7.6) 5.8 (5.7) 4.0 (2.8) 4.7 (1.5) 0.185

Time from call to hospital arrival, mins, mean
(SD)

30.9 (14.3) 29.9 (13.1) 31.3 (16.0) 33.5 (16.3) 32.1 (14.3) 29.0 (12.7) 36.8 (18.2) <0.001

VF indicates ventricular fibrillation; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; EMS, emergency
medical service; SD, standard deviation.
* P values are calculated to test the homogeneity among the 6 location groups.
a Calculated only for children witnessed by bystanders.
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Patient and EMS characteristics of pediatric OHCA patients
according to location are shown in Table 1 and Fig. 2, and their
outcomes are shown in Fig. 3. At residence, approximately half of the
OHCA patients were <1 year old, and arrest occurred during 6:00 p.m.
to 5:59 a.m., with 80% of the events not being witnessed. As for the
origin of OHCA, on streets/highways, traffic accidents were the most
frequent origin (72.0% [231/321]); at recreation/sports event areas,
presumed cardiac origin was the most frequent (45.1% [23/51])
followed by drowning (21.6% [11/51]); and at education institutions,
presumed cardiac origin was the most frequent (66.9% [119/178]).
The proportion of public-access AED shocks by laypersons was 0.2%
(5/2888) at residence, 1.6% (2/125) in public areas, 0.9% (3/321) on
streets/highways, 21.6% (11/51) at recreation/sports event areas,
46.1% (82/178) at education institutions, and 1.2% (5/428) in others.

Among those who were witnessed by bystanders and received shocks
with a public-access AED, mean time interval from collapse to shock
was 4.4 min. The proportion of 1-month survival with a favorable
neurologic outcome was 2.4% (68/2888) at residence, 8.8% (11/125)
in public areas, 4.4% (14/321) on streets/highways, 23.5% (12/51) at
recreation/sports event areas, 42.7% (76/178) at education institu-
tions, and 2.6% (11/428) in others. In all of the locations except
education, nearly half of 1-month survivors did not get ROSC before
hospital arrival and more than half of one-month survivors did not have
favorable neurological outcome, especially at residence.

Table 2 shows factors associated with 1-month survival and
favorable neurologic outcome after pediatric OHCAs. Arrest wit-
nessed by family members (AOR, 5.25; 95% CI, 3.22–8.58) and
nonfamily members (AOR, 2.45; 95% CI, 1.26–4.77), VF as the first

Fig. 2 – Proportion of public-access AED shocks by laypersons among children with OHCA before EMS arrival according
to the location.
AED = automated external defibrillator; OHCA = out-of-hospital cardiac arrest, EMS = emergency medical service.

Fig. 3 – The proportion of outcomes among children with OHCA before EMS arrival according to the location.
OHCA = out-of-hospital cardiac arrest, EMS = emergency medical service.
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documented rhythm (AOR, 12.29; 95% CI, 7.08–21.35), shocks by a
public-access AED (AOR, 2.63; 95% CI, 1.23–5.62), and earlier EMS
response time (AOR for 1-minute increment, 0.88; 95% CI, 0.81–0.94)
were associated with improved favorable neurologic outcome. As for
locations, recreation/sports event areas (AOR, 3.43; 95% CI, 1.17–
10.07) and education institutions (AOR, 3.03; 95% CI, 1.39–6.63) were
associated with favorable neurologic outcome. In the subgroup
analysis (Supplementary Table S1), the PAD group had quicker first
shock time (4.4 min vs. 12.6 min, p < 0.001) and higher proportion of
favorable neurologic outcome (71.3% [77/108]) vs. 31.6% [48/152],
p < 0.001) than the no-PAD group. Similar results were also observed
by location. In the subgroup analysis by age among pediatric patients
with PAD (Supplementary Table S2), the proportion of PAD was 0.0%
(0/1513) in the group aged 0 year old, 0.5% (3/652) in those aged 1–3
years old, and 5.8% (105/1,826) in those aged 4–17 years old. In those
aged 4–17 years old, the proportion of one shock and favorable
neurologic outcome was 67.6% and 72.4%.

Discussion

From the All-Japan OHCA Registry in Japan, where public-access AEDs
were well disseminated, we demonstrated that PAD worked effectively
among children with OHCA before EMS arrival, but their characteristics
and outcomes differed substantially even within locations. Particularly,
PAD worked extensively well at education institutions and recreation/
sports event areas. This nationwide population-based registry with
location data as well as massive dissemination of public-access AEDs
enabled us to evaluate the impact of PADfor pediatric OHCAin real-world
settings. This study revealed the actual situations of public-access AED
shock for pediatric OHCA in the PAD era and provides important clues for
improving the pediatric OHCA outcome and implementing the appropri-
ate placement of public-access AEDs.

Strategies for appropriate public-access AED deployment in public
locations has been insufficiently established worldwide, although the

Table 2 – Factors Associated with Favorable Neurological Outcome after Out-of-Hospital Cardiac Arrest among
Children.

CPC 1 or 2/Total Univariable analysis Multivariable analysis

n/N (%) OR (95% CI) P value OR (95% CI) P value

Age group
0 year old 23/1,513 (1.5) Reference Reference
1–4 years old 21/759 (2.8) 1.84 (1.01–3.35) 0.045 0.91 (0.47–1.77) 0.781
5–12 years old 48/668 (7.2) 5.02 (3.02–8.32) <0.001 1.48 (0.79–2.80) 0.222
13–17 years old 100/1,051 (9.5) 6.81 (4.30–10.80) <0.001 1.60 (0.87–2.94) 0.131

Gender
Female 49/1,532 (3.2) Reference Reference
Male 143/2,459 (5.8) 1.87 (1.34–2.60) <0.001 1.18 (0.77–1.82) 0.440

Cause
Non-cardiac 70/2,626 (2.7) Reference Reference
Cardiac 122/1,365 (8.9) 3.58 (2.65–4.85) <0.001 0.91 (0.58–1.43) 0.670

Arrest witnessed by bystanders
Not witnessed 45/2,892 (1.6) Reference Reference
Witnessed by family members 55/654 (8.4) 5.81 (3.88–8.70) <0.001 5.25 (3.22–8.58) <0.001
Witnessed by non-family members 92/445 (20.7) 16.49 (11.35–23.95) <0.001 2.45 (1.26–4.77) 0.008

Location of arrest
Residential 68/2,888 (2.4) Reference Reference
Public 11/125 (8.8) 4.00 (2.06–7.77) <0.001 1.67 (0.74–3.78) 0.215
Street/Highway 14/321 (4.4) 1.89 (1.05–3.40) 0.033 0.77 (0.35–1.72) 0.526
Recreation/Sports 12/51 (23.5) 12.76 (6.40–25.45) <0.001 3.43 (1.17–10.07) 0.025
Education 76/178 (42.7) 30.90 (21.09–45.28) <0.001 3.03 (1.39–6.63) 0.005
Other 11/428 (2.6) 1.09 (0.57–2.09) 0.785 0.66 (0.31–1.39) 0.273

First documented rhythm
Non-VF 67/3,731 (1.8) Reference Reference
VF 125/260 (48.1) 50.64 (35.94–71.35) <0.001 12.29 (7.08–21.35) <0.001

Dispatcher CPR instruction, n (%)
No 74/1,226 (6.0) Reference Reference
Yes 107/2,521 (4.2) 0.69 (0.51–0.94) 0.018 0.87 (0.56–1.34) 0.519

Shocks by public-access AEDs, n (%)
No 115/3,883 (3.0) Reference Reference
Yes 77/108 (71.3) 81.38 (51.57–128.44) <0.001 2.63 (1.23–5.62) 0.012

Bystander-initiated CPR, n (%)
No CPR 50/1,623 (3.1) Reference Reference
Chest compression-only CPR 81/1,763 (4.6) 1.52 (1.06–2.17) 0.023 0.82 (0.50–1.36) 0.443
Conventional CPR with rescue breathing 60/603 (10.0) 3.48 (2.36–5.12) <0.001 1.68 (0.95–2.96) 0.073

EMS response time (per one-minute increment) – 0.90 (0.85–0.95) <0.001 0.88 (0.81–0.94) <0.001

CPC indicates cerebral performance category; OR, odds ratio; CI, confidence interval; EMS, emergency medical service; CPR, cardiopulmonary resuscitation; VF,
ventricular fibrillation; AED, automated external defibrillator.
Two cases with unknown CPR type were excluded in these models.
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PAD program works effectively for OHCA in educational institutions in
Japan. A method to improve survival after OHCA is to increase the
number of people in the general public who know how to use an AED.1–
3 Only 5% of the general public who live in high-risk areas know where
or how to find their nearest public-access AEDs.21 Because the
proportion of VF arrests decreases as the rhythm assessment by
defibrillators is delayed,22 more patients with OHCA would benefit
from PAD if public-access AED pads were attached earlier. These
efforts could lead to increased implementation of CPR and AED use by
laypersons, which result in an increase in the number of survivors with
favorable neurological outcome.

This study revealed that the proportion of PAD and favorable
neurologic outcome after OHCA among children was higher at
education institutions than at other locations. Several previous studies
reported that OHCA victims at education institutions had a better
outcome,23,24 which is consistent with our results. Considering that
almost all elementary, junior high, and high schools have installed at
least one AED and approximately 90% of schools have provided
systemic training of basic life support to instruct school staff on how to
perform chest compressions and use an AED,17 the PAD program at
education institutions worked effectively in Japan. However, based on
a statement “aiming for zero deaths; prevention of sudden cardiac
death in schools” published by the Japan Circulation Society,25 our
final goal will be zero deaths in school settings. Therefore, advocating
the importance of “the chain of survival” such as earlier recognition of
OHCA and deploying multiple AEDs in pools and gymnasiums would
be of help for achieving this aim.26 In addition, the Japanese CPR
guidelines recommend applying AED pads and initiating chest
compressions immediately, even if laypersons cannot judge appro-
priately whether a collapsed person has cardiac arrest or not.27 This
policy (we called the ASUKA model) will also lead to improving the
pediatric OHCA outcome at education institutions.

This study also underscored that the proportion of PAD, and
favorable neurologic outcome after OHCA among children, was high at
recreation/sports event areas. Because these areas are more equipped
with public-access AEDs and their staff had more CPR skills, a collapsed
child would likely be quickly discovered and treated properly during an
OHCA. Indeed, the guidelines for appropriate placement of public-
access AED in Japan strongly recommend deploying a public-access
AED at sports facilities.28 On the other hand, to further improve the
outcome from OHCA at these areas, implementation of pre-exercise
screening tests and/or school health examinations more aggressively
would be needed.29,30 In addition, the proportion of drowning as the
cause of OHCA was high at these areas, and while this study did not
obtain more detailed information of locations, OHCAs due to drowning
would occur in pools.31 Therefore, it is essential to implement preventive
measures against drowning in pools (e.g., increasing the number of
lifeguards and reinforcing video monitoring systems).

Pediatric OHCAs occurred frequently at residences, which
accounted for two-thirds of all OHCAs. It is notable that approximately
80% of OHCAs occurring at these areas were not witnessed, and the
proportion of favorable neurologic outcome was lowest in these
locations. These findings were similar to those from previous studies
assessing the outcomes of adult OHCAs in residential versus public
areas.32–34 At residence, approximately half of OHCA cases occurred
in infants aged <1 year and frequently occurred from night to morning.
Considering these results, and because most OHCAs are due to
sudden infant death syndrome (SIDS) occurring at residences,35 it is
essential for parents to thoroughly conduct preventive measures
against SIDS such as laying infants on their back and smoking

cessation by family members.36 In addition, measures must be taken
to increase bystander-delivered CPR at residences such as
encouraging family members who have children at high risk of OHCA
(e.g., congenital heart diseases) to receive CPR training.37

In this study, multivariable analysis indicated that pediatric OHCAs
with access to PAD had approximately a 2-fold AOR in favor of
neurologic outcome compared with those without access to PAD. PAD
is an essential factor in the prehospital setting to achieve favorable
neurologic outcome after OHCAs,10 which is why it is important to
further disseminate the PAD program. Although the Japanese
guideline for appropriate AED deployment did not focus on pediatric
OHCAs,3 it is expected to increase the use of public-access AEDs for
pediatric OHCAs and subsequently improve their outcomes world-
wide, based on our data.

Importantly, the number of 1-month survivors without favorable
neurological outcome was very large in this study. In pediatric patients,
many patients who received ROSC by in-hospital intensive care after
hospital arrival survived one month after OHCA. However, treatments
targeting brain resuscitation for pediatric patients with ROSC would be
insufficiently established. For example, the effectiveness of target
temperature management for pediatric OHCA was not evident in a
randomized trial.38 Thus, further progress of brain resuscitation in
advanced intensive care for pediatric OHCA with ROSC is needed. In
addition, the number of one-month survivors without favorable
neurological outcome was large at residence, which was one of the
important public health issues for Japan or the world. A more focused
approach to the characteristics and care of these patients in an effort to
approach reducing this burden on parents and society is also needed.

Moreover, the proportion of children with OHCA who received
bystander CPR was approximately 60% in this study, and a previous
study also reported that the proportion of parents who could perform
appropriate CPR was approximately 70%.39 Therefore, mothers and
all family members including fathers should receive the CPR training
at the opportunity such as the health check-ups at 1 month after birth,
which is one of the regular medical check-ups for all babies in Japan.40

Furthermore, it is necessary to continuously provide systemic CPR
training to teachers, lifeguards, and medical professionals who have
high opportunity to encounter pediatric OHCAs.

Limitation

This study has some inherent limitations. First, this observational
study lacks information of activities at the time of arrest, past medical
history, and the distribution of public-access AEDs. Second, this study
included only patients with OHCA to whom shocks were administered
by public-access AEDs, and therefore, it lacked information of those
for whom attempts were made to use an AED. Third, the potential
variability in postarrest care was not addressed in this Utstein-based
registry. Fourth, there are some public-access AEDs with infant
paddles or energy controls in Japan, but detailed information of
devices was not available in this nationwide database. Fifth, there may
be unmeasured confounding factors that influenced the association
between locations and outcomes.

Conclusion

In Japan, where public-access AEDs were well disseminated, the
PAD program worked effectively for pediatric OHCA before EMS
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arrival, but their characteristics and outcomes differed substantially
within locations. Our findings from this nationwide population-based
database reinforce the importance of a PAD program for pediatric
OHCA in prehospital settings.

Source of funding

This study was supported by a scientific research grant from the
Ministry of Education, Culture, Sports, Science, and Technology of
Japan (15H05006,16K09034, 17K09132, and 19K09393) and by
Otsuma Grant-in-Aid for Individual Exploratory Research (Grant
Number S3012).

Disclosures

None declared.

Acknowledgments

We are greatly indebted to all of the EMS personnel and concerned
physicians in Japan and to the Fire and Disaster Management Agency
and Institute for Fire Safety and Disaster Preparedness of Japan for
their generous cooperation in establishing and maintaining the Utstein
database. This article was supported by the Clinical Investigator’s
Research Project in Osaka University Graduate School of Medicine.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.
resuscitation.2019.04.045.

R E F E R E N C E S

1. Neumar RW, Shuster M, Callaway CW, et al. Part 1: executive
summary: 2015 American Heart Association guidelines update for
cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation 2015;132:S315–67.

2. Monsieurs KG, Nolan JP, Bossaert LL, et al. European Resuscitation
Council Guidelines for Resuscitation 2015: Section 1. Executive
summary. Resuscitation 2015;95:1–80.

3. Japan Resuscitation Council. 2015 Japanese Guidelines for
Emergency Care and Cardiopulmonary Resuscitation Tokyo: Health
Shuppansha. 2015.

4. Ambulance Service Planning Office of Fire and Disaster Management
Agency of Japan. Effect of first aid for cardiopulmonary arrest. http://
www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h29/01_kyukyu.
pdf. [Accessed December 27, 2018] [in Japanese].

5. Nitta M, Iwami T, Kitamura T, et al. Age-specific differences in
outcomes after out-of-hospital cardiac arrests. Pediatrics 2011;128:
e812–20.

6. Atkins DL, Berger S. Improving outcomes from out-of-hospital cardiac
arrest in young children and adlescents. Pediatr Cardiol
2012;33:474–483.

7. Pollack RA, Brown SP, Rea T, et al. Impact of bystander automated
external defibrillator use on survival and functional outcomes in
shockable public cardiac arrests. Circulation 2018;137:2104–13.

8. Kitamura T, Kiyohara K, Sakai T, et al. Public-access defibrillation and
out-of-hospital cardiac arrest in Japan. N Engl J Med
2016;375:1649–1659.

9. Bækgaad JS, Viereck S, Møller TP, Ersbøll AK, Lippert F, Folke F. The
effects of public access defibillation on survival after out-of-hospital
cardiac arrest: a systematic review of observational studies.
Circulation 2017;136:954–65.

10. Kiyohara K, Nitta M, Sato Y, et al. Ten-year Trends of Public-access
defibrillation in Japanese school-aged patients having neurologically
favorable survival after out-of-hospital cardiac arrest. Am J Cardiol
2018;122:890–7.

11. Ambulance Service Planning Office of Fire and Disaster Management
Agency of Japan. Effect of first aid for cardiopulmonary arrest. http://
www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h27/hajimeni.
pdf. [Accessed December 27, 2018] [in Japanese].

12. Japan Heart Foundation. Report on a study on social system
development to improve survival from emergency cardiovascular
disease using automated external defibrillator. http://www.jhf.or.jp/
aed/spread.html. [Accessed December 27, 2018] [in Japanese].

13. Ambulance Service Planning Office of Fire and Disaster Management
Agency of Japan. Effect of first aid for cardiopulmonary arrest. http://
www.fdma.go.jp/neuter/topics/houdou/h29/12/291219_houdou_2.
pdf. [Accessed December 27, 2018] [in Japanese].

14. Jacobs I, 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 Councils of
Southern Africa). Circulation 2004;110:3385–97.

15. Perkins GD, Jacobs IG, Nadkarni VM, et al. Cardiac arrest and
cardiopulmonary resuscitation outcome reports: update of the Utstein
Resuscitation Registry Templates for Out-of-Hospital Cardiac Arrest:
a statement for healthcare professionals from a task force of the
International Liaison Committee on Resuscitation (American Heart
Association, European Resuscitation Council, Australian and New
Zealand Council on Resuscitation, Heart and Stroke Foundation of
Canada, InterAmerican Heart Foundation, Resuscitation Council of
Southern Africa, Resuscitation Council of Asia); and the American
Heart Association Emergency Cardiovascular Care Committee and
the Council on Cardiopulmonary, Critical Care, Perioperative and
Resuscitation. Circulation 2015;132:1286–300.

16. Ministry of Health, Labour and Welfare. Vital Statistics of Japan.https://
www.e-stat.go.jp/stat-search/database?page=1&layout=
datalist&toukei=00200521&tstat=000001080615&cycle=0&tclass1=
000001089055&result_page=1&second=1&second2=1. [Accessed
December 27, 2018] [in Japanese].

17. Ministry of Education, Culture, Sports, Science and Technology.
Elementary and Secondary Education Bureau. Elementary and
Secondary Education Planning Division. http://www.mext.go.jp/
component/a_menu/education/detail/__icsFiles/afieldfile/2017/03/
24/1289307_12.pdf. [Accessed December 27, 2018] [in Japanese].

18. Fire and Disaster Management Agency of Japan. Effect of first aid for
cardiopulmonary arrest. http://www.fdma.go.jp/neuter/topics/
fieldList9_3_2015.html. [Accessed December 27, 2018] [in
Japanese].

19. Kitamura T, Iwami T, Kawamura T, et al. Nationwide improvements in
survival from out-of-hospital cardiac arrest in Japan. Circulation
2012;126:2834–43.

20. 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.

21. Brooks B, Chan S, Lander P, et al. Public knowledge and confidence in
the use of public access defibrillation. Heart 2015;101:967–71.

22. Hara M, Hayashi K, Hikoso S, Sakata Y, Kitamura T. Different impacts
of time from collapse to first cardiopulmonary resuscitation on

R E S U S C I T A T I O N 1 4 0 ( 2 0 1 9 ) 1 5 0 – 1 5 8 157

https://doi.org/10.1016/j.resuscitation.2019.04.045
https://doi.org/10.1016/j.resuscitation.2019.04.045
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0015
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h29/01_kyukyu.pdf
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h29/01_kyukyu.pdf
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h29/01_kyukyu.pdf
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0050
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h27/hajimeni.pdf
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h27/hajimeni.pdf
http://www.fdma.go.jp/neuter/topics/kyukyukyujo_genkyo/h27/hajimeni.pdf
http://www.jhf.or.jp/aed/spread.html
http://www.jhf.or.jp/aed/spread.html
http://www.fdma.go.jp/neuter/topics/houdou/h29/12/291219_houdou_2.pdf
http://www.fdma.go.jp/neuter/topics/houdou/h29/12/291219_houdou_2.pdf
http://www.fdma.go.jp/neuter/topics/houdou/h29/12/291219_houdou_2.pdf
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0075
https://www.e-stat.go.jp/stat-search/database?page=1%26layout=datalist%26toukei=00200521%26tstat=000001080615%26cycle=0%26tclass1=000001089055%26result_page=1%26second=1%26second2=1
https://www.e-stat.go.jp/stat-search/database?page=1%26layout=datalist%26toukei=00200521%26tstat=000001080615%26cycle=0%26tclass1=000001089055%26result_page=1%26second=1%26second2=1
https://www.e-stat.go.jp/stat-search/database?page=1%26layout=datalist%26toukei=00200521%26tstat=000001080615%26cycle=0%26tclass1=000001089055%26result_page=1%26second=1%26second2=1
https://www.e-stat.go.jp/stat-search/database?page=1%26layout=datalist%26toukei=00200521%26tstat=000001080615%26cycle=0%26tclass1=000001089055%26result_page=1%26second=1%26second2=1
http://www.mext.go.jp/component/a_menu/education/detail/__icsFiles/afieldfile/2017/03/24/1289307_12.pdf
http://www.mext.go.jp/component/a_menu/education/detail/__icsFiles/afieldfile/2017/03/24/1289307_12.pdf
http://www.mext.go.jp/component/a_menu/education/detail/__icsFiles/afieldfile/2017/03/24/1289307_12.pdf
http://www.fdma.go.jp/neuter/topics/fieldList9_3_2015.html
http://www.fdma.go.jp/neuter/topics/fieldList9_3_2015.html
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0110


outcomes after witnessed out-of-hospital cardiac arrest in adults. Circ
Cardiovasc Qual Outcomes 2015;8:277–84.

23. Smith CM, Colquhoun MC. Out-of-hospital cardiac arrest in schools: a
systematic review. Resuscitation 2015;96:296–302.

24. Kiyohara K, Sado J, Kitamura T, et al. Epidemiology of pediatric out-of-
hospital cardiac arrest at school -an investigation of a nationwide
registry in Japan. Circ J 2018;82:1026–32.

25. Mitamura H, Iwami T, Mitani Y, Takeda S, Takatsuki S. Aiming for zero
death: prevention of sudden cardiac death in schools -statement from
the AED committee of the Japanese circulation society. Circ J
2015;79:1398–401.

26. Hazinski MF, Markenson D, Neish S, et al. Response to cardiac arrest
and selected life-threatening medical emergencies: the medical
emergency response plan for schools. A statement for healthcare
providers, policymarkers, school administrators, and community
leaders. Pediatrics 2004;113:155–68.

27. Education Board of Saitama Prefecture. A textbook of emergency
response to life-threatening accidents during exercise or physical
education: The ASUKA model. http://www.city.saitama.jp/003/002/
013/002/p019665_d/fil/ASUKA_Model2017.pdf. [Accessed
December 27, 2018] [in Japanese].

28. Committee on dissemination of public-access AEDs of the Japanese
Circulation Society. Committee on dissemination of public-access
AEDs of the Japanese Circulation Society. Recommendations on
deployment criteria of public-access AEDs. http://www.mhlw.go.jp/
file/04-Houdouhappyou-10802000-Iseikyoku-Shidouka/
0000024513.pdf. [Accessed December 27, 2018] [in Japanese].

29. Corrado D, Basso C, Schiavon M, et al. Screening for hypertrophic
cardiomyopathy in young athletes. N Engl J Med 1998;339:364–9.

30. Corrado D, Basso C, Pavei A, Michieli P, Schiavon M, Thiene G.
Trends in sudden cardiovascular death in young competitive athletes
after implementation of a preparticipation screening program. JAMA
2006;296:1593–601.

31. American Academy of Pediatrics Committee on Injury, Violence, and
Poison Prevention. Prevention of drowning. Pediatrics
2010;126:178–185.

32. Fordyce CB, Hansen CM, Kragholm K, et al. Association of public
health initiatives outcomes for out-of-hospital cardiac arrest at home
and in public locations. JAMA Cardiol 2017;2:1226–35.

33. Weisfeldt ML, Everson-Stewart S, Sitlani C, et al. Ventricular
tachyarrhythmias after cardiac arrest in public versus at home. N Engl
J Med 2011;364:313–21.

34. Folke F, Gislason GH, Lippert FK, et al. Differences between out-of-
hospital cardiac arrest in residential and public locations and
implications for public-access defibrillation. Circulation
2010;12:623–630.

35. Guntheroth WG, Spiers PS. The triple risk hypotheses in sudden infant
death syndrome. Pediatrics 2002;110:e64.

36. Pease AS, Blair PS, Ingram J, Fleming PJ. Mother’s knowledge and
attitudes to sudden infant death syndrome risk reduction messages:
results from a UK survey. Arch Dis Child 2018;103:33–8.

37. Knight LJ, Wintch S, Nichols A, Arnolde V, Schroeder AR. Saving a life
after discharge: CPR training for parents of high-risk children. J
Healthc Qual 2013;35:9–16.

38. Moler FW, Sliverstein FS, Holubkov R, et al. Therapeutic hypothermia
after out-of-hospital cardiac arrest in children. N Engl J Med
2015;372:1898–908.

39. Cu J, Phan P, O’Leary FM. Knowledge and attitude towards paediatric
cardiopulmonary resuscitation among the cares of patients attending
the Emergency Department of the Children’s Hospital at Westmead.
Emerg Med Australas 2009;21:401–6.

40. National Center for Child Health and Development. Manual on infant
health checkup. https://www.ncchd.go.jp/center/activity/kokoro_jigyo/
manual.pdf. [Accessed December 27, 2018] [in Japanese].

158 R E S U S C I T A T I O N 1 4 0 ( 2 0 1 9 ) 1 5 0 – 1 5 8

http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0130
http://www.city.saitama.jp/003/002/013/002/p019665_d/fil/ASUKA_Model2017.pdf
http://www.city.saitama.jp/003/002/013/002/p019665_d/fil/ASUKA_Model2017.pdf
http://www.mhlw.go.jp/file/04-Houdouhappyou-10802000-Iseikyoku-Shidouka/0000024513.pdf
http://www.mhlw.go.jp/file/04-Houdouhappyou-10802000-Iseikyoku-Shidouka/0000024513.pdf
http://www.mhlw.go.jp/file/04-Houdouhappyou-10802000-Iseikyoku-Shidouka/0000024513.pdf
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0190
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0190
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0190
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30161-3/sbref0195
https://www.ncchd.go.jp/center/activity/kokoro_jigyo/manual.pdf
https://www.ncchd.go.jp/center/activity/kokoro_jigyo/manual.pdf

	Location of arrest and survival from out-of-hospital cardiac arrest among children in the public-access defibrillation era...
	Introduction
	Methods
	Study design, population, and settings
	Emergency medical service systems in Japan
	Dissemination of public-access AEDs
	Data collection and quality control
	Outcome measure
	Statistical analysis

	Results
	Discussion
	Limitation
	Conclusion
	Source of funding
	Disclosures
	Acknowledgments
	Appendix A Supplementary data
	References


