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ICD-10 International Classification of Diseases, Tenth Revision
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OHCA Out-of-hospital cardiac arrest
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PCI Percutaneous coronary intervention
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PDSA Plan-do-study-act

ROSC Return of spontaneous circulation

SCA Sudden cardiac arrest

SCD Sudden cardiac death

SMR Standardized mortality ratio
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I. Introduction

Despite many developments in cardiovascular medicine, 
emergency medicine, critical care medicine, and community 
emergency medical service (EMS) systems, including lay 
responder activities, sudden cardiac death (SCD) continues 
to be a significant medical and societal issue worldwide, 
with over 80,000 people dying annually in Japan.1

As a collective of cardiovascular medicine specialists, the 
Japanese Circulation Society (JCS) has been at the fore-
front of advocating for the implementation of automated 
external defibrillators (AEDs) in Japan.2 In addition to 
promoting the need for AED deployment, the JCS has 
been dedicated to disseminating education related to chest 
compression-only cardiopulmonary resuscitation (CPR) 
and the proper use and strategic placement of AEDs to 
improve survival without neurological impairment following 
sudden cardiac arrest (SCA).2,3 More recently, initiatives 
such as the STOP MI (myocardial infarction) campaign 

have been launched, with a focus on preventing SCA to curb 
cases of SCD.4 In addition, Healthy Heart Week occurs 
each year around August 10. During this time, the Japan 
Heart Foundation, JCS, Japanese Circulation Association, 
and Japan AED Foundation collaborate on various events 
aimed at advertising the importance of public education 
and actions to prevent SCD for both the general public 
and healthcare professionals.

This statement addresses the current landscape and 
provides recommendations to prevent SCA and improve 
survival without neurological impairment following SCA 
by reinforcing public awareness as a strategy to prevent 
SCD. Through these community awareness efforts, our goal 
is to reduce the number of individuals affected by SCD, 
and consequently the number of individuals who grieve 
their loss.

II. Prevention of SCA

1. Prevention of SCA Caused by  
Acute Coronary Syndrome

 ▋1.1 Current Evidence and Status in Japan
  ▋ 1.1.1  Current Status of SCD Caused by Acute Coronary 

Syndrome
Most SCDs due to acute coronary syndrome (ACS) occur 
in out-of-hospital settings. Estimates of the incidence of 
out-of-hospital cardiac death due to ACS vary widely 
depending on the database used for case ascertainment, the 
definitions used for both SCD and ACS, and regional 
characteristics. Analysis of data in the Takashima acute 
myocardial infarction (AMI) registry,5 the Northern Iwate 
Heart Disease registry,6 and these 2 registries combined, 
has led to inventory surveys of cardiac conditions, including 
SCD, being almost complete.7 To assess the number of 
out-of-hospital deaths in the study area,6 physician-signed 
death certificates issued for all deaths resulting from possible 
cardiac causes, as defined by International Classification 
of Disease, 10th Revision (ICD-10) codes (i.e., I20–I25, 
ischemic heart disease; I46, cardiac arrest; I49.0, ventricular 
fibrillation; I50, heart failure; I71, aortic aneurysm and 
aortic dissection; R96, sudden unexpected death; R98, 
death without witness), were collected via the Ministry of 
Health and Welfare in Japan. Subsequently, using World 
Health Organization MONICA diagnostic criteria,8 if the 
death certificates indicated evidence of a history of 
coronary artery disease (CAD) or cardiac symptoms, such 
as chest pain and syncope, the cases were designated as 
“possible fatal MI”. Using these methods gave us confidence 
that we had identified virtually all cases of death caused by 
MI among patients admitted to referral hospitals in the 
study area, as well as out-of-hospital deaths. Of the 814 
patients with definite or possible MI, 461 experienced a 
non-fatal definite MI, and 353 experienced a fatal MI, of 
which 250 (70.8%) were out-of-hospital deaths and 103 
(29.2%) were in-hospital deaths.6 This study demonstrated 

a decreasing trend in both the age-adjusted incidence of 
MI and the proportion of out-of-hospital cardiac deaths 
among cases of fatal MI during the period 2006–2014 in a 
Japanese rural population; however, there is still an urgent 
need to improve the high mortality of MI and the high 
proportion of out-of-hospital cardiac deaths among cases 
of fatal MI.

Toshima et al.9 investigated the prevalence of out-of-
hospital death using data from the Yamagata AMI registry 
and death certificates issued across all Yamagata Prefecture 
in Japan between 2010 and 2015. AMI was identified using 
the ICD-10 code I21. Prehospital death was defined as 
acute death due to out-of-hospital cardiac arrest (OHCA). 
Of the 7,085 patients identified (3,432 in the Yamagata 
AMI registry and 3,653 based on death certificate data), 
6,984 were included in the analysis. Among the 6,984 
patients with AMI, prehospital death occurred in 3,771.9 
Out-of-hospital cardiac death occurred in >50% of the 
total cases of AMI,9 which is consistent with previously 
reported data from Western studies.10

Furthermore, Ogata et al.11 conducted an observational 
study based on a city-wide comprehensive registry of data 
collected between 2015 and 2017 in Nobeoka City (popu-
lation 125,000 persons), Japan, from 2 databases. Ogata et 
al.11 included all patients with cardiogenic OHCA in 
Nobeoka City and all patients hospitalized for ACS in the 
Miyazaki Prefectural Nobeoka Hospital, where all ACS 
patients in Nobeoka City were hospitalized (although 
possible, it is highly unlikely that patients would be hospi-
talized elsewhere). The authors identified 260 eligible 
patients hospitalized with first-onset ACS; 75.4% had AMI 
and 24.6% had unstable angina pectoris.11 Cardiogenic 
out-of-hospital cardiac death occurred in 126 patients 
who were transported by ambulance in Nobeoka City.11 
Incidence rates were evaluated in 107 eligible SCD patients. 
The crude incidence rate of SCD among hospitalized ACS 
patients was 130.2 per 100,000 (183.3 and 85.6 per 100,000 
in men and women, respectively), and the crude incidence 
rate of hospitalization for ACS was 92.3 per 100,000 (132.8 
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and 58.1 per 100,000 in men and women, respectively).11

 ▋1.2 Cases of OHCA Caused by ACS
  ▋ 1.2.1 Current Status of OHCA Caused by ACS

CAD has emerged as the primary reversible cause among 
OHCA patients with shockable rhythms, such as ventricular 
fibrillation (VF) and pulseless ventricular tachycardia 
(VT).12,13 Acute coronary occlusion accounts for >85% 
of cases with ST-segment elevation (STE) on electrocar-
diography (ECG), regardless of shockable rhythms.13 
Approximately 60–65% of OHCA patients with an initial 
shockable rhythm who do not achieve a return of sponta-
neous circulation (ROSC) have acute coronary lesions. In 
contrast, patients without STE exhibit a markedly lower 
incidence of acute coronary occlusion, regardless of 
shockability.13

Approximately 6–9% of patients treated with primary 
percutaneous coronary intervention (PCI) are reported 
to have concomitant OHCA.14–16 Several studies have 
identified risk factors for OHCA in patients with AMI, 
including younger age, male sex, the absence of calcium 
channel blocker therapy, larger infarct size, left main trunk 
lesion, chronic total occlusion, and a history of heart 
failure.17–19 Another cause of OHCA due to ACS is 
vasospastic angina. A questionnaire survey conducted in 
Japan reported that vasospastic angina was responsible for 
14% of sudden deaths.20 Possible mechanisms of cardiac 
arrest include repolarization abnormalities caused by 
ischemia due to coronary spasm and the formation of 
myocardial scar as a result of ischemia.21

  ▋ 1.2.2  Diagnosis and Treatment Strategies for 
Resuscitated Patients With OHCA

Current guidelines strongly support emergency coronary 
angiography (CAG) for all successfully resuscitated OHCA 
patients with STE on pre- or postarrest ECG and an 
expected reasonable neurological prognosis (Table 1).22–24 
However, the benefit of immediate CAG in patients without 
STE on post-ROSC ECG is less clear owing to heterogeneity 
in study designs and findings. Although early observational 
studies24a,24b suggested a possible benefit, recent randomized 
trials25–27 comparing immediate and delayed angiography 

in patients with cardiac arrest without STE found no 
significant differences in survival outcomes.25–27 Collectively, 
these randomized trials25–27 suggest that routine early CAG 
is not beneficial in patients with cardiac arrest without STE. 
Consequently, the latest European Society of Cardiology 
(ESC) guidelines published in 2023 downgraded the recom-
mendation for early CAG from Class 2A to Class 3 for 
patients with resuscitated cardiac arrest without persistent 
STE.22

  ▋ 1.2.3 Outcomes of Resuscitated Patients With OHCA
It has been reported that approximately one-third of 
patients with OHCA and AMI die within 30 days of 
admission.15,28,29 The outcome after OHCA is highly variable 
and depends on several factors, including initial rhythm 
(shockable or non-shockable) or time to effective resusci-
tation measures, including PCI. A previous Japanese study 
indicated that prodrome-induced earlier activation of EMS 
systems yielded better neurological outcomes (adjusted odds 
ratio per 1-min increase for neurologically better outcome 
0.90; 95% confidence interval 0.82–0.99).30 Early recognition 
of prodromal symptoms, early activation of the EMS 
system, early access to hospitals, and early treatment are 
crucial for improving outcomes after OHCA.30–32

 ▋1.3  Prodromal Symptoms of AMI and the 
Importance of Public Education to Prevent AMI

Approximately 40–50% of patients who have experienced 
AMI recognize its prodromal symptoms.33 In addition to 
manifesting as chest pain, pressure, and tightness, these 
symptoms may also manifest occasionally as heartburn, 
and rarely as pain in the arm, shoulder, teeth, or jaw. These 
symptoms can sometimes be perceived as being unrelated 
to the heart. Moreover, because these symptoms can be mild 
and often subside within a few minutes, they are frequently 
overlooked and not considered serious. In particular, 
prodromal symptoms are frequently overlooked in the 
elderly and in women.33,34 Timely medical intervention 
and appropriate treatment for patients with prodromal 
symptoms may be an avenue to prevent the onset of AMI.

It is essential to educate the general public about the 
existence of prodromal signs preceding AMI and the 

Table 1. Summary of Recommendations on Angiography and PCI for Resuscitated Patients With OHCA

Guideline Resuscitated cardiac arrest with  
persistent STE on ECG

Resuscitated cardiac arrest without  
persistent STE on ECG

 2018 JCS guideline on 
diagnosis and treatment  
of ACS24

COR 1, LOE B-NR
Emergency angiography (and PCI if indicated) 
should be performed in patients with resuscitated 
cardiac arrest with STE or new onset of 
complete LBBB

COR 2a, LOE C
Emergency angiography (and PCI if indicated) should be 
considered in patients with resuscitated cardiac arrest 
without diagnostic STE but with a high suspicion of 
ongoing myocardial ischemia

 2020 AHA guidelines for 
cardiopulmonary resuscitation 
and emergency cardiovascular 
care23

COR 1, LOE B-NR
Emergency coronary angiography should be 
performed in all cardiac arrest patients with a 
suspected cardiac cause of arrest and STE  
on ECG

COR 2a, LOE B-NR
Emergency coronary angiography is reasonable for 
select (e.g., electrically or hemodynamically unstable) 
adult patients who are comatose after OHCA of 
suspected cardiac origin but without STE on ECG

 2023 ESC guidelines for the 
management of ACS22

Class 1, Level B
A primary PCI strategy is recommended in 
patients with resuscitated cardiac arrest and an 
ECG with persistent STE (or equivalents)

Class 3, Level A
Routine immediate angiography after resuscitated 
cardiac arrest is not recommended in hemodynamically 
stable patients without persistent STE (or equivalents)

ACS, acute coronary syndrome; AHA, American Heart Association; COR, classification of recommendation; ECG, electrocardiography; ESC, 
European Society of Cardiology; JCS, Japanese Circulation Society; LBBB, left bundle branch block; LOE, level of evidence; NR, non-randomized; 
OHCA, out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention; STE, ST-segment elevation.
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characteristic features of the prodromal symptoms outlined 
above, as well as to encourage prompt hospital visits for 
individuals who experience prodromal symptoms of AMI. 
There is a risk of sudden death immediately after onset in 
patients with AMI, so this proactive approach would 
contribute significantly to improving prognosis.

Apart from managing traditional coronary risk factors 
such as diabetes, hypertension, dyslipidemia, obesity, and 
smoking as primary and secondary prevention measures, 
lifestyle modifications and the adoption of regular exercise 
habits are crucial for preventing the onset of MI. Therefore, 
it is essential to enhance the awareness of primary and 
secondary prevention among the general healthy population 
and patients and their families, as well as within the primary 
care system. To this end, thorough implementation of 
community education is crucial. Implementing primary 
and secondary measures to prevent AMI, seeking hospital 
care at the onset of prodromal symptoms, and promptly 
requesting EMS at the onset of AMI are essential strategies 
to mitigate the risk of MI.

 ▋1.4 Case Examples
  ▋ 1.4.1 Public Education in Settsu City, Osaka

On April 2, 2015, the city of Settsu, in Osaka Prefecture, 
entered into a Basic Agreement on Mutual Collaboration 
and Cooperation with the National Cerebral and 
Cardiovascular Center. A key area of this collaboration was 
“efforts to develop a model for the prevention and control 
of acute coronary heart diseases”.4 Because the standardized 
mortality ratio (SMR) associated with MI among Settsu 
citizens is the second highest in Osaka Prefecture, the city 
aimed to reduce MI-related deaths among citizens by 

working on the STOP MI campaign4,35 in collaboration 
with the National Cerebral and Cardiovascular Center.

A kick-off meeting for the STOP MI campaign was held 
in 2017 with the Medical Association, Dental Association, 
Pharmacists Association, Nurses Association, Dietitians 
Association, Settsu City Fire Department, and other related 
parties. The Health and Welfare Division of Settsu City 
prepared flyers and posters for the STOP MI campaign 
that were: distributed at community associations, citizen 
health classes, health festivals, and other events; posted at 
pharmacies, city halls, health centers, and other public 
facilities in the city; published in public relations magazines, 
community welfare newsletters, and hospital newsletters; 
broadcast on local television; broadcast via medical 
examination DVDs shown on medical checkup sites; and 
shared on YouTube. In addition, public lectures were held 
to raise awareness of the signs of MI and to encourage 
early medical checkups. According to the national SMR 
trends for the major causes of death assessed by the 
municipality between 2012 and 2021,36 the SMR trend of 
AMI in Settsu City has improved over time (Figure 1). It 
is necessary to periodically confirm and publicize the 
effectiveness over time in the region.

  ▋ 1.4.2 Public Education in Iwate Prefecture
In Iwate Prefecture, efforts towards implementing the 
STOP MI campaign4,35 were initiated in 2016. Owing to the 
excellent relationship between the administration, the Iwate 
Medical Association, and Iwate Medical University, the 
JCS partnered with Iwate Prefecture’s Health Insurance 
Division, Iwate Medical University, and the Iwate Medical 
Association to implement the campaign. In collaboration 
with the Iwate Medical Association, health promotion 

Figure 1.  Standardized mortality ratio (SMR) in Settsu City 2012–2021 for men and women separately. The SMR expresses how 
high (or low) the age-adjusted mortality rate (likelihood of death) is in a given area, with the national rate used as a reference 
(=100). For example, SMR=120 implies that the likelihood of death in the region is 1.2-fold higher than that in the nation as a whole, 
whereas SMR=80 means that the likelihood of death is 0.8-fold higher (i.e., lower). The figure shows the likelihood of death in Settsu 
City in each year, assuming that the 2015 national rate was 100. We focus on the “absolute change in the likelihood of death” after 
adjusting for age. SMR of AMI in Settsu City are graphed as the upper and lower 95% confidence limits. AMI, acute myocardial 
infarction.
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advertisements are published annually in local newspapers 
to disseminate information related to the STOP MI 
campaign (Table 2).37–43 Furthermore, the campaign is 
promoted annually through the prefecture’s local television 
programs and is featured in the health segments of televi-
sion news programs to advance its cause. In 2019 and 2023, 
Iwate Prefecture distributed pocket tissues with STOP MI 
flyers and conducted lectures in public forums cohosted by 
the Iwate Medical Association and various newspapers to 
raise awareness of the STOP MI campaign.

Lectures that are open to the public serve as active 
platforms and involve a sense of immediacy in conveying 
information. However, given the vastness of Iwate 
Prefecture, information dissemination via these forums is 
to a limited number of people only. Therefore, mass media 
was used to complement these activities. Nevertheless, 
measuring the penetration of information disseminated 
through mass media among residents remains a one-way 
approach, and assessing its effectiveness poses a challenge.

Iwate Prefecture operates a regional heart disease 
registration system focusing on ACS in all catheter facilities 
across the entire prefecture.43 This registry includes the 
presence of angina pectoris before MI, allowing for 
continuous monitoring. By using this registry, Iwate 
Prefecture can verify whether there has been a decrease in 
the number of ACS cases since the campaign was initiated. 
Single-facility data show that approximately 50% of patients 
exhibit angina pectoris before infarction.4 Confirmation of 
a decrease in the number of cases involving this condition 
signifies the campaign’s effectiveness. Maintaining accuracy 
in medical history taking at ground level is crucial in this 
system; however, accuracy of history taking stands at 
approximately 35% in multicenter registration programs. 
Establishing better history taking is another challenge that 
needs to be addressed in the future.

 ▋1.5 Policy Suggestions
  ▋ 1.5.1  Prevention of AMI Through Public Education (STOP 

MI Campaign)
As described above, once AMI occurs, approximately 40% 
of patients die in out-of-hospital settings.35,44 However, it 
is difficult to adequately prevent AMI via risk-reduction 
therapies for atherosclerosis (as evidenced by a high residual 
risk) even if very low levels of low-density lipoprotein 
cholesterol are achieved through the use of proprotein 

convertase subtilisin/kexin type 9 (PCSK9) inhibitors or 
hypertension and diabetes are well controlled. In contrast, 
it is well known that most patients with AMI experience 
pre-infarction angina before MI onset or various warning 
symptoms preceding cardiac arrest. It is of note that approx-
imately half of AMI patients experience pre-infarction 
angina within 1 month before MI onset.45

Because approximately half of AMI patients develop 
pre-infarction angina before MI onset, it should be able to 
prevent MI occurrence in these patients if they can be 
treated appropriately. The reasons why patients with 
pre-infarction angina do not attend hospital are that they 
do not know that the symptoms originate from the heart; 
the disease may become life threatening; and/or death/
AMI can be prevented by presenting to hospital at the time 
the symptoms manifest. This situation should be improved 
by educating the general public. Therefore, we proposed a 
new strategy for preventing AMI through public education, 
and this strategy is now being implemented by the JCS 
through the STOP MI campaign.4 The details of the STOP 
MI campaign have been described elsewhere.35 Although 
public education currently primarily relies on websites, 
posters, and town hall meetings, additional methods, as 
implemented in some advanced areas (Settsu City, Osaka 
or Iwate Prefecture), is required for its success, as described 
above.

  ▋ 1.5.2  Education Regarding the Prevention of AMI/SCA in 
School Settings

The Japanese National Plan for Promotion of Measures 
Against Cerebrovascular and Cardiovascular Disease (the 
National Plan) proposes the dissemination of accurate 
knowledge regarding cardiovascular diseases from child-
hood.46 To convey accurate knowledge of cardiovascular 
disease to all citizens, it must be incorporated into the 
educational curriculum at schools. Thorough preventive 
education in schools will not only encourage younger 
generations (e.g., elementary school, junior high school, 
high school, and university students) to receive early medical 
examinations themselves, but will also encourage their 
parents, grandparents, and other older relatives to do so. 
Therefore, providing this education in the school curriculum 
would be effective, with most patients at risk of developing 
pre-infarction angina in the future being educated about it 
at school.

Table 2. Challenges Associated With Present Public Education Initiatives and Future Developments in the Iwate Region

Benefit Disadvantage References 

Lectures open to the public Active platforms with a sense of immediacy 
in conveying information

The number of people exposed to information 
disseminated through these forums is limited

37

Television The number of people exposed to information 
disseminated through this forum is huge

Unclear response to the activity 38, 39

 Newspaper articles  and 
newsletters from medical 
association

The number of people exposed to information 
disseminated through these forums is huge

Unclear response to the activity 40, 41

Pocket tissues with flyers Publicity to unspecified targets is possible The number of people exposed to information 
disseminated through this forum is limited

Internet (promotional video) The number of people exposed to information 
disseminated through this forum is huge

Unclear response to the activity 42

 The Iwate Prefecture Regional 
Heart Disease Registry

Possible to verify whether there has been a 
decrease in ACS cases after the campaign

Accuracy in medical history taking at the 
ground level

43

ACS, acute coronary syndrome.
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 ▋1.6 Knowledge Gap
The knowledge gap that needs to be addressed comprises 
the following questions:
•   What proportion of patients with unstable angina expe-

rience MI?
•   What is the appropriate strategy to prevent patients with 

unstable angina experiencing MI?

2. Prevention of SCA Caused by  
Fatal Arrhythmia

 ▋2.1 Current Evidence and Status in Japan
  ▋ 2.1.1  Current Status of SCA Caused by Fatal Arrhythmia 

in Japan
Arrhythmias, including bradycardia and tachycardia, are 
known to cause SCA, with VF recognized as one of the 
main causes of OHCA.47 In this context, survival following 
a fatal arrhythmic event depends significantly on prompt 
resuscitation efforts, particularly involving the use of 
AEDs. Factors such as the presence of witnesses during the 
cardiac arrest, the time until EMS arrival, CPR quality, 
and AED utilization rates have substantial effects on 
survival rates. In 2021, the 1-month survival rate among 
patients whose initial ECG showed VT or VF at the scene 
of a witnessed cardiac arrest was 35.4%, compared with 
8.1% for those with rhythms other than VT or VF, 
indicating that an appropriate early response could poten-
tially save >30% of patients with VT/VF.1 Furthermore, 
1-month survival rates in the case of witnessed cardiac 
arrests have ranged from 10% to 14% over the past decade, 
with social reintegration rates of between 7% and 9%.1 
Approximately 60–70% of those who survive a cardiac 
arrest could return to society within 1 month. This under-
scores the view that swift and appropriate early responses 
are crucial not only for survival but also for subsequent 
social reintegration. However, the use of AEDs in cases of 
cardiopulmonary arrest remains low at approximately 
4%.1 Therefore, there is a pressing need for continued 
awareness and educational efforts to increase the availability 
and use of AEDs.

  ▋ 2.1.2  Risk Stratification for SCA/SCD Caused by Fatal 
Arrhythmias

SCA is a precipitating event that culminates in SCD in the 
absence of swift and efficacious medical intervention. 
Consequently, a unified approach towards risk stratification 
is imperative for preventing both conditions. Risk 
assessment for arrhythmia-induced SCA/SCD is complex 
and requires consideration of a broad range of factors that 
extend beyond the disease state and include the patient’s 
conditions. For instance, according to data from other 
countries, the risk factors for SCA/SCD vary between 
adolescents and the elderly.48,49 Therefore, different risk-
stratification strategies are used based on the underlying 
diseases that potentially lead to SCA/SCD.47,50 In Japan, 
the health checkup system, including school cardiac 
screening, is well developed, and most people undergo 
health screening that includes an ECG at various milestones 
in their lives; however, follow-up examinations after the 
screening are not systematized, and the effectiveness of 
screening in preventing SCA/SCD has not been proven.

In the case of cardiomyopathies, which are among the 
underlying conditions leading to SCA/SCD, common 

predictors of SCA/SCD include a history of VT/VF and 
reduced left ventricular ejection fraction (LVEF). An 
LVEF of ≤35–40% is considered a high-risk factor, and the 
inducibility of VT during electrophysiological testing or 
the presence of non-sustained VT serves as a supplementary 
criterion for decision making. The Japanese guidelines 
recommend using the MADIT-ICD benefit score and the 
Seattle Proportional Risk Model, both of which integrate 
various clinical characteristics, for the assessment of 
arrhythmic and non-arrhythmic death in heart failure 
patients as a Class IIa indication.51 In the case of hyper-
trophic cardiomyopathy, risk calculations endorsed by 
guidelines in Western countries are used to estimate the 
annual risk of SCA/SCD.52,53 Moreover, risk stratification 
in hereditary arrhythmias/cardiomyopathies, such as long 
QT syndrome, catecholaminergic polymorphic VT (CPVT), 
Brugada syndrome, and arrhythmogenic right ventricular 
cardiomyopathy (ARVC), is based on factors such as a 
history of syncope, a family history of sudden death at a 
young age, or the results of genetic testing.50 In addition, 
reflecting advances in genetic diagnostics, the Japanese 
guidelines recommend incorporating the presence of gene 
mutations, such as lamin A/C (LMNA), phospholamban 
(PLN), filamin C (FLNC), and RNA binding motif protein 
20 (RBM20), into the risk assessment of patients with 
LVEF <50%.51

Treatment strategies are determined based on this risk 
stratification, with the primary intervention being the 
implantation of an implantable cardioverter defibrillator 
(ICD). Currently, ICDs are the only devices that can 
forcibly and physically terminate arrhythmias and reliably 
intervene in case of the occurrence of unpredictable fatal 
arrhythmias and SCA/SCD. Patients who have experienced 
SCA are typically prohibited from driving; however, they 
may be permitted to resume driving after a certain period 
of observation if an ICD is implanted. Nevertheless, 
long-term complications associated with ICD implantation 
are unavoidable. Furthermore, in a significant number of 
cases of SCD with preserved left ventricular function, the 
patients were not deemed to be at high risk according to 
the current risk stratification criteria.53 Limitations in the 
accuracy of risk stratification based on clinical factors and 
concerns regarding long-term complications after ICD 
implantation represent challenges to be addressed in future 
research.54

In scenarios where immediate ICD implantation is not 
warranted, such as during the acute phase after MI, which 
is characterized by an elevated risk of ventricular 
arrhythmias and SCD, the use of a wearable cardioverter 
defibrillator (WCD) presents a viable alternative. The 
WCD has been reported to be useful for certain patients 
during specific high-risk periods, such as those with post-
myocarditis, Takotsubo, postpartum, and idiopathic dilated 
cardiomyopathies.50 In Japan, WCD use can be prescribed 
for up to 3 months, a period within which the need and 
suitability for ICD implantation are rigorously evaluated.

In Western countries, CAD is the primary underlying 
condition in approximately 70% of cases of SCD.47 
However, in Japan, the prevalence of CAD is comparatively 
low, ranging from 50% to 60%, with a corresponding 
higher incidence of non-ischemic cardiomyopathy (30–
35%).55 This variation in the distribution of underlying 
diseases across different races, cultures, and regions under-
scores the need for a Japan-specific risk-stratification 
approach.
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  ▋ 2.1.3  Risk Assessment for Cardiogenic Syncope to 
Prevent Fatal Arrhythmias/SCA/SCD

The causes of transient loss of consciousness (T-LOC) are 
diverse but can be broadly classified into 3 categories: 
orthostatic hypotension, reflexes, and cardiogenic syncope. 
Of these, cardiogenic syncope has the worst prognosis: 
compared with those who have not experienced syncope, 
the hazard ratio in those who have had cardiogenic syncope 
is approximately double for death and more than double 
for cardiovascular events.56,57 Because the 5-year survival 
rate in cases of cardiogenic syncope is quite poor (<60%),56 
it is extremely important to identify the cause of the disease 
as early as possible. Despite this, a complete improvement 
of symptoms is often observed immediately after syncope, 
without signs of sequelae. Therefore, patients themselves 
may not visit a medical institution and, even if they do, in 
many cases the cause is not explored because the symptoms 
have already disappeared and no abnormality is found on 
simple examination.

Cardiogenic syncope, a precursor to fatal arrhythmias, 
often results from sudden loss of consciousness due to 
arrhythmias. Patients who experience cardiogenic or 
unexplained syncope have a higher risk of subsequent fatal 
events and cardiac incidents.56 In such cases, attention to 
high-risk findings (Table 3) is essential for appropriate 
clinical management.58 In particular, the use of ICDs is 
recommended for patients at a high risk of ventricular 
arrhythmias.50

To prevent the onset of fatal arrhythmias, initiatives 
such as risk assessment and screening methods, educational 
and awareness campaigns, lifestyle modifications, the 

development of medical infrastructure, and pharmacological 
treatments are being implemented. Efforts to improve 
lifestyle habits, including smoking cessation programs, are 
examples of such initiatives. Beyond preventing the onset 
of fatal arrhythmias, efforts are also being directed towards 
educating the general public on early response measures in 
case of an event, with the aim of improving survival rates. 
Efficient prevention requires not only the involvement of 
healthcare professionals, but also the awareness and 
cooperation of the general public.

 ▋2.2 Case Examples
  ▋ 2.2.1  In-House Awareness-Raising Efforts at the 

Japanese Red Cross Maebashi Hospital
The Japanese Red Cross Maebashi Hospital established a 
syncope center in 2018 to ensure that cardiogenic syncope 
was not missed in the community or throughout the 
hospital. Patients with T-LOC may be referred to the 
neurology, neurosurgery, or pediatrics departments on 
suspicion of epilepsy, or to the emergency, orthopedics, or 
plastic surgery departments if the patient was injured due 
to syncope. Physicians in each department use a common 
hospital-wide T-LOC checklist to check for prodromal 
symptoms, circumstances, triggers, duration, the presence 
of trauma, history, recurrence, the presence of abnormal 
ECG or echocardiographic findings, medications, and a 
family history of sudden death. Items suspected to be 
related to cardiogenic syncope are marked in red letters 
in advance so that by checking certain boxes, it can be 
automatically determined whether cardiogenicity is suspected. 
If cardiogenic syncope is suspected, the system is designed 
to refer the patient to a cardiologist.

EMS personnel and local medical institutions are also 
educated to transport or refer patients to a syncope center 
when cardiogenic syncope is suspected, or the cause of 
syncope is unclear. After patients are evaluated at the 
syncope center, a pacemaker or ICD is implanted, depending 
on the underlying cardiac disease, in accordance with the 
guidelines.47,50 Patients in whom the cause of syncope is 
unclear after various tests are implanted with an implantable 
cardiac monitor. Thus, the hospital is working to prevent 
fatal arrhythmias by not overlooking syncope, which 
appears to be a precursor to fatal arrhythmias.

 ▋2.3 Policy Suggestions
  ▋ 2.3.1  Prevention of Fatal Arrhythmias in High-Risk 

Asymptomatic Patients by Promoting Systematic 
Medical Examinations

   ▋ 2.3.1.1  Early Consultation When an Abnormal ECG Is 
Detected During a Health Checkup

In addition to tachycardia and bradycardia, ECG 
abnormalities that can be detected during a health checkup 
include bundle branch blocks, ST-T changes, T wave 
abnormalities, prolonged or shortened QT duration, and 
QRS abnormalities. These findings are characteristic not 
only of atrial fibrillation, sick sinus syndrome, and 
atrioventricular block but also of inherited conditions, 
such as long QT syndrome, short QT syndrome, Brugada 
syndrome, early repolarization syndrome, ARVC, CPVT, 
and hypertrophic cardiomyopathy, which can cause fatal 
arrhythmias even in young patients. In particular, early 
consultation is recommended in cases of sustained or 
non-sustained VT, frequent ventricular extrasystoles, 

Table 3. Risk Indicators for Cardiogenic Syncope

•   Presence of severe structural heart disease or coronary artery 
disease, heart failure, reduced LVEF, or history of MI  

•   Indicators of arrhythmic syncope based on clinical presentation 
or ECG characteristics:  

   1. Syncope during exertion or while supine  

   2. Palpitations associated with syncope  

   3. Family history of unexplained sudden death at young age  

   4.  Presence of structural heart disease or coronary artery 
disease  

   5. Non-sustained ventricular tachycardia  

   6. Bifascicular block or QRS duration ≥120 ms  

   7.  Inappropriate sinus bradycardia (<5 beats/min) or sinoatrial 
block without negative chronotropic medications or physical 
training

 

   8.  Mobitz I AV block or first-degree AV block with markedly 
prolonged PR interval  

   9. Pre-excitation  QRS complexes  

  10. Prolonged or shortened QT interval  

  11. Early repolarization  

  12. Brugada ECG pattern  

  13.  Negative T waves in right precordial leads, epsilon waves, 
or ventricular late potentials suggestive of ARVC  

  14.  Left ventricular hypertrophy suggesting hypertrophic 
cardiomyopathy  

•   Other factors such as severe anemia and electrolyte 
imbalances  

Based on Brignole et al. (2018).58 ARVC, arrhythmogenic right 
ventricular cardiomyopathy; AV, atrioventricular; ECG, electrocar-
diography; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction.
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corrected QT duration <330 or >480 ms, coved STE in the 
right precordial leads, slurred or notched J waves in the 
inferolateral leads, a family history of sudden juvenile death, 
or negative T waves (without complete right bundle branch 
block) or epsilon waves in leads V1–V3.47 The use of a 
checklist, such as the previously described T-LOC checklist, 
for systematic evaluation to reduce oversights is recom-
mended when evaluating individuals with a history of 
syncope. Even in cases of atrial fibrillation, the presence 
of delta waves should prompt immediate medical 
consultation.

   ▋ 2.3.1.2  Early Consultation and Genetic Counseling in Case 
of a Family History of Juvenile SCA/SCD

CAD is the leading cause of SCD, but inherited arrhythmias/
cardiomyopathies account for the majority of SCDs in 
individuals aged <40 years. Therefore, inherited cardiac 
diseases should be considered when SCA/SCD occurs at a 
young age. More than 95% of inherited cardiac diseases 
involve autosomal dominant traits, and first-degree family 
members have a 50% probability of inheriting the same 
pathological variant.59 Hence, a family history of sudden 
juvenile death should be considered to prompt early 
consultation and clinical evaluation even in asymptomatic 
individuals. More attention should be paid when the cause 
of the sudden death was not clear at pathological autopsy 
because it has been reported that half of first-degree relatives 
of individuals with sudden arrhythmic death were diagnosed 
with inherited heart disease.60 Therefore, physicians 
screening individuals with a history of syncope or a family 
history of sudden death should consider referring them to 
a facility that performs genetic testing.

When genetic testing is performed in asymptomatic 
family members, appropriate genetic counseling should be 
provided, and informed consent should be obtained prior 
to testing.61 This is because it is necessary to understand 
the medical and psychological impacts of inherited heart 
disease on the family and to help them adapt and make 
autonomous decisions. However, the number of genetic 
counselors providing this service is insufficient, and their 
training needs to be improved.

  ▋ 2.3.2  Prevention of Fatal Arrhythmias by Promoting 
Medical Examination at the Onset of Associated 
Signs

In 2023, insurance coverage for genetic testing was limited 
to congenital long QT syndrome and hypertrophic 
cardiomyopathy. However, the test for hypertrophic cardio-
myopathy is covered by health insurance only when it is 
performed at an authorized medical institution that meets 
the institutional criteria specified by the Ministry of Health, 

Labour, and Welfare, and the Director of the Regional 
Bureau of Health and Welfare. Genetic testing for other 
inherited cardiac diseases, such as Brugada syndrome, 
ARVC, and CPVT, is currently performed by research 
institutions using their own research funds or is initiated 
by patients at their own expense. In addition, genetic 
counseling is only covered by insurance once genetic testing 
also covered by insurance has been performed. It should be 
noted that multiple counseling sessions are conducted at 
the patients’ expense.

The first sign of fatal arrhythmia is a sudden loss of 
consciousness caused by the arrhythmia, so-called cardio-
genic syncope. Nocturnal agonal breathing and fainting 
during exertion, with palpitations starting suddenly or a 
family history of sudden unexplained death at a young 
age, are suspected precursors of fatal arrhythmia.47 It is 
important to educate the public so that they seek medical 
attention when these signs appear.

Compared with cardiac arrest due to ischemic heart 
disease, inherited arrhythmic diseases can cause fatal 
arrhythmias, even at a young age. In public CPR education, 
it is desirable to raise awareness about the risk of sudden 
death and its precursor symptoms in case of arrhythmia 
and to promote the fact that sudden death can be prevented 
by early consultation with healthcare professionals. It is 
also important to educate emergency services, clinical 
physicians, and non-specialists about the importance of 
referral to a specialist when they encounter a patient with 
syncope suspected of having fatal arrhythmias.

  ▋ 2.3.3  Awareness-Raising Activities Using Mass Media 
and Social Media

It is necessary to prevent fatal arrhythmias by encouraging 
asymptomatic patients with fatal arrhythmic diseases or 
those with associated signs to visit specialists. For this 
purpose, it is important to raise public awareness by actively 
using various mass media, such as television, newspapers, 
magazines, radio, and social media.

 ▋2.4 Knowledge Gap
The knowledge gap that needs to be addressed comprises 
the following questions:
•   What findings increase the risk of mortality in inherited 

arrhythmias?
•   Is ECG screening useful in newborns and infants?
•   Is  advanced  testing  in  asymptomatic  patients  with 

abnormal ECGs useful?
•   Is genetic testing cost-effective? What diseases should be 

covered by health insurance?
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III. CPR and AED Education for the General Public

1. Current Evidence and Status in Japan

 ▋1.1  Effectiveness of CPR and AED Use by 
Bystanders on Survival After SCA

Bystander CPR was associated with a 2-fold increase in 
survival in OHCA compared with no bystander CPR.62,63 
Early CPR and defibrillation using an AED initiated by 
the general public are key to saving lives after SCA.64

 ▋1.2  Current Situation of CPR and AED Shock 
Delivery by Bystanders in Japan

There have been considerable efforts to train the general 
public on how to perform CPR and use AEDs; however, 
the proportion of bystander CPR delivery varies signifi-
cantly from 4.1% to 80.3% across different regions and 
areas worldwide.65,66 In Japan, CPR training is provided 
mainly by municipal fire departments, which provide 
training to approximately 2 million people per year,1 and 
the Japan Red Cross Society. In addition, hands-on CPR 
training, including AED use, is mandatory in junior high 
school67 and high school,68 and all drivers are taught CPR.69 
Despite the considerable efforts being made in Japan to 
train the general public in CPR to increase the proportion 
of bystander CPR, currently only approximately 54% of 
patients with OHCA receive bystander CPR,66 and only 
4% of cases of OHCA witnessed by bystanders receive 
bystander AED shock delivery.1 Compared with other 
developed countries, the proportion of bystander CPR in 
Japan remains low.66

 ▋1.3  Barriers to Lay Rescues Providing CPR and 
Using an AED

Previous research has indicated that female patients are less 
likely to receive bystander CPR and AED shock delivery.70,71 
Another study indicated that female respondents feared 
inappropriate contact, whereas male respondents feared 
accusations of sexual assault or harassment, both of which 
were barriers to the administration of CPR to women.72 
Many studies have assessed the barriers faced by the 
general public when encountering cases of OHCA, such as 
panic, fear of infection, fear of causing injury to victims, 
and fear of litigation. Shimamoto et al.73 reported that 
bystanders faced recurring conflicts between the perceived 
burden and sense of encouragement to perform CPR, 
influenced by many external factors, such as the emergency 
setting and their own knowledge and experience. In 
addition, Shida et al.74 found that bystanders are fearful of 
approaching a collapsed person and experience difficulty 
in deciding to initiate rescue actions.

One report suggested that people who have received 
CPR training are approximately 3-times more likely to 
perform CPR in actual cardiac arrest situations than those 
who have not been trained.75 Another study indicated 
that training significantly reduces the reported likelihood 
of all barriers and increases confidence in performing 
CPR.76 Given these findings, hands-on CPR training is an 
effective way to address the barriers related to CPR and 
AED use and to help improve bystander CPR rates, thereby 

improving survival rates.

2. Case Examples for Raising Public  
Awareness Towards CPR and AED Use

 ▋2.1 CPR Awareness Campaigns
An important strategy for increasing survival rates in 
patients with SCA is to educate as many people as possible. 
Many countries have launched national CPR awareness 
campaigns, such as World Restart a Heart Day,77 Resusci-
tation Week in Europe,78 and AED Awareness Week in the 
US. The JCS and collaborating institutions, such as the 
Japan AED Foundation and Japan Heart Foundation, 
work diligently to increase public awareness of CPR and 
AED use through various campaigns, lectures, and events.79 
As a strategy to encourage widespread participation, the 
JCS led a simplification of CPR procedures and launched 
the Call & Push campaign. The JCS not only held CPR 
training with experts but also asked celebrities to cooperate 
and participate in CPR training. Typically, those who join 
the JCS’s event training program are already interested in 
SCD. However, involving celebrities allowed the JCS to 
reach a different demographic that may not normally 
engage in SCD or CPR training.80

 ▋2.2  Innovative Technology-Based Basic Life 
Support Education

Traditional face-to-face training is important but difficult 
to disseminate more because of its significant time and cost 
burdens. Online platforms that garnered attention during 
the COVID-19 pandemic must be leveraged. Under these 
circumstances, the Team ASUKA app was developed by 
the Japan AED Foundation and features an AED map to 
locate the nearest AEDs, along with e-learning and game 
functionalities that allow everyone to learn basic life support 
(BLS).81 The technology-driven online training Liv app 
offers practical training in just 15 min, enabling trainees to 
experience simulations of emergency calls and interactions 
with dispatchers.82

 ▋2.3 Need to Support Bystanders
Bystanders witnessing a cardiac arrest experience emotional, 
stressful, and traumatic challenges; however, many do not 
receive adequate support to deal with their feelings after an 
event.83,84 To advocate for the need to support bystanders, 
the Japanese Society for Emergency Medicine issued 
Recommendations for the Establishment of a System to 
Support the Psychological Stress Responses of Bystanders 
in 2020.85 Since 2017, the Komaki City Fire Department 
has been distributing thank-you cards to express gratitude 
for the actions of bystanders to alleviate their emotional 
burden.86

3. Policy Suggestions

 ▋3.1 CPR/AED Education Using Digital Technologies
By incorporating technology-driven methods, such as apps 
and virtual skills practice, along with traditional face-to-
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face instruction, BLS training opportunities can be offered 
more conveniently and effectively. Moreover, because 
acquired CPR skills and knowledge deteriorate within 
3–12 months of training,64 it is crucial to increase oppor-
tunities for repeated refresher training sessions in schools, 
universities, companies, and communities to ensure 
continuous learning. By using innovative training methods 
with digital technologies, BLS education can become more 
accessible to citizens, which would help us move closer to 
the goal of educating the entire population.

 ▋3.2  BLS Training Including Reality-Informed 
Contextual Information

Current BLS training, focusing on teaching technical skills 
such as chest compressions, rescue breathing, and AED 
use, is insufficient to encourage people to perform CPR 
and use an AED in actual emergencies. The 2020 Japan 
Resuscitation Council (JRC) resuscitation guideline states 
that BLS training should include information to help the 
public overcome potential barriers to administering CPR.64 
There is an urgent need to develop BLS training programs 
that consider psychological factors. For example, it may be 
effective to introduce the concept of the bystander effect, 
which suggests that when people are around others, they 
think someone else will perform some resuscitation actions; 
therefore, training scenarios are often conducted with an 
“unknown person” without clearly identifying the person 
who collapsed. In addition, considering that approximately 
70% of cardiac arrests occur at home, it may be effective 
to prepare a training scenario in which a family member 
collapses while only the trainee and their family are at home.

 ▋3.3 Creating a Positive Culture for Performing BLS
One reason for the hesitation in performing bystander CPR 
is legal liability. It is essential to emphasize to the public 

through BLS training and advertisements that performing 
BLS with goodwill does not constitute a crime, in addition 
to considering legal protections.64 Furthermore, nurturing 
a society that appreciates acts of goodwill is crucial.

 ▋3.4  Establishing and Strengthening Support Systems 
for Bystanders Involved in Resuscitation Actions

Bystanders often experience various feelings, such as 
concerns about the patient’s outcome, guilt related to a 
patient’s poor outcome, and the need for recognition for 
attempting CPR. Previous reports indicated that it is 
beneficial for bystanders to share their experiences or receive 
positive feedback from healthcare professionals, friends, 
and relatives after an event.87 However, there is currently 
no official support system for bystanders in Japan. In 
Canada, the Bystander Support Network,88 established in 
2017, is a virtual space that provides information and 
communication opportunities to members of the general 
public who witnessed an OHCA. In Japan, we need to 
enhance the support system for the general public to receive 
organized professional follow-up.

4. Knowledge Gap

The knowledge gap that needs to be addressed comprises 
the following questions:
•   Does technology-based BLS education lead to an incre-

ment in bystander CPR, AED use, and better outcomes 
after SCA?

•   Does training including elements to overcome psycho-
logical barriers increase the likelihood of bystanders 
performing CPR and using AEDs?

•   Does  a  good understanding of  bystander psychology 
and a system of bystander support lead to increasing 
bystander CPR and AED use?

IV. Aim of Achieving Zero Cases of SCD in Schools

1. Current Evidence and Status in Japan

 ▋1.1  OHCA Cases and Bystander CPR and AED Use 
in Schools

In Japan, approximately 50 OHCA cases occur annually 
among students in elementary, junior high, and high 
schools. Of these, 70.8% involve male students, 71.2% are 
of cardiac origin, and 65.4% occur during physical activity. 
In addition, 70.2% of these incidents are witnessed by 
bystanders.89 In the case of non-traumatic OHCAs occurring 
in schools, the use of AEDs by bystanders increased from 
61.9% in 2008 to 87.0% in 2015.90 The survival rate when 
both AED shock and CPR were administered by bystanders 
was 50.9%, which is significantly higher than the 20.0% 
survival rate when neither was administered.90

Furthermore, among all OHCAs occurring in educational 
facilities throughout Japan (including universities, nurseries, 
and kindergartens), approximately three-quarters involved 
adult patients aged ≥18 years, such as school staff or 
visitors.91 The proportion of these adult patients receiving 

bystander CPR was as high as that of pediatric patients. 
Therefore, CPR education in schools may greatly benefit 
both schoolchildren and adults (e.g., school staff or visitors).

 ▋1.2  BLS Training for Teachers and Students in 
Schools

The Japan Society of School Health reported on BLS 
training for teachers and staff in Japanese schools in 2018 
across public elementary, junior high, and high schools 
nationwide. Among the schools, 73.8% held CPR and 
AED training sessions for all staff members annually, and 
2.1% held them more than twice a year.92 Although many 
schools conducted training sessions for some or all staff 
members, 5.4% did not implement any training.92

CPR and AED training for students has been provided 
during health and physical education classes, as stipulated 
by curriculum guidelines for junior high67 and high schools.68 
The latest revisions of these guidelines emphasize instruction 
in practical skills during training sessions. However, 
curriculum guidelines for elementary schools do not include 
CPR or AED training. The proportion of schools providing 
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hands-on training in health and physical education classes 
was 11.4% for elementary schools, 58.9% for junior high 
schools, and 66.0% for high schools.92 The proportion of 
elementary, junior high, and high schools conducting 
hands-on training during special activities was 7.6%, 
17.1%, and 15.4%, respectively.92 Thus, even in junior high 
and high schools, where such training is mandated by 
curriculum guidelines, not all schools offer training.

 ▋1.3 Placement of AEDs in Schools
According to the Japan Society of School Health survey 
described above,92 almost all public elementary, junior 
high, and high schools in Japan have at least 1 AED installed 
(77.1% of schools had 1 AED, and 18.4% had 2). The most 
common locations for AED placement were at staff and 
visitor entrances, followed by gymnasiums. However, the 
number of AEDs in schools is not enough to cover the 
entire school area, and many schools have AEDs placed in 
locations that are not accessible when the facility is locked, 
resulting in fewer than 30% of schools having AEDs 
available at all times, including early mornings, at night, 
and during holidays.

 ▋1.4  Current Status of School Heart Screening for 
the Prevention of SCD

In Japan, school heart screening is mandatory and 
conducted in the first grade of elementary, junior high, and 
high school following the School Health and Safety Act.93 
The primary examination includes ECGs, physical 
examination, and a review of medical history, family history, 
and subjective symptoms using a self-administered 
questionnaire.94 ECG findings are essential for the detection 
of fatal arrhythmias and cardiomyopathies. However, 
abbreviated 4-lead ECGs conducted in some regions make 
the diagnosis difficult.

Follow-up examinations after the screening are not 
systematized. It was found that a secondary examination 
was required in 3.4% of children after the primary 
examination.95 Pediatric cardiologists conduct detailed 
examinations, including chest radiography, 12-lead ECG, 
and echocardiography. If heart disease is suspected, exercise 
ECG, Holter ECG, cardiac catheterization, computed 
tomography, or magnetic resonance imaging may be 
performed. Once the final diagnosis is made, the doctor 
provides school-life guidance on physical activity tolerance. 
Based on doctors’ advice, schools should implement safety 
measures, including education on BLS and AEDs.

2. Case Examples

 ▋2.1  “ASUKA Model”, Based on a School AED Not 
Being Used, and a Student’s Life Being Lost

A fifth-grade elementary school child, Asuka, collapsed 
during physical activity and was subsequently taken to 
the infirmary. Despite an AED being available in the 
school, nobody confirmed that she had had a cardiac arrest 
despite BLS training experience, and neither CPR nor an 
AED shock was administered. Based on this experience, 
and collaborating with Asuka’s parents, Saitama City 
thoroughly re-evaluated and developed the school’s emer-
gency action plan (EAP) for cases of sudden collapse. A 
key revision was that even in cases where it was difficult to 

determine whether the victim was breathing normally, they 
should be considered to be in cardiac arrest, and immediate 
chest compressions and AED use should be initiated. This 
protocol was named the “ASUKA model”,96 symbolizing 
a commitment to preventing the recurrence of such a 
grievous oversight and prioritizing swift, decisive action in 
emergencies.

 ▋2.2  A Case in Which Scenario-Based Training and 
EAP Saved a Student’s Life

A child at an elementary school experienced an SCA but 
was saved by the swift actions of 6 teachers. This successful 
outcome can be attributed to the school’s commitment to 
conducting a scenario-based annual BLS training program 
specifically tailored to teachers. In contrast with conven-
tional repetitive and unvaried training that lacks practical 
application, this training is distinctive in its focus on 
practical, scenario-based exercises that simulate real-life 
emergencies, such as a fifth-grade female student collapsing 
in the school corridor just before lunchtime. This training, 
along with a well-disseminated EAP, enabled teachers to 
efficiently coordinate their responses.97

This case of successful resuscitation emphasizes the 
importance of educational institutions adopting targeted 
emergency protocols and training programs. These 
initiatives equip staff with necessary skills to effectively 
manage school emergencies, thereby highlighting the vital 
role of preparedness and teamwork in ensuring student 
safety in critical situations.97

 ▋2.3  Identification of a High-Risk Child and 
Prevention of SCD by a School Heart  
Screening Program

A regularly conducted school heart screening program 
revealed supraventricular/ventricular extrasystoles and 
ST-T abnormalities in a 7-year-old asymptomatic girl. A 
subsequent examination revealed that she had dilated 
cardiomyopathy. The girl was treated for heart failure, 
underwent ventricular assist device implantation, success-
fully received a heart transplant, and remained alive.

It is important to note that children may not exhibit 
symptoms of severe cardiac disease in their daily lives and 
may be at risk of SCD if left untreated. School heart 
screening is vital for identifying high-risk children and 
initiating preventive treatments in the early stages.

 ▋2.4  Mass Training in CPR and AED Use for All 
Incoming New University Students

Since 2015, Kyoto University has conducted a mass CPR 
training program called PUSH training, which includes 
chest compression-only CPR and AED use, for approxi-
mately 3,000 new undergraduate students every year as part 
of the orientation course for new students.98 As of 2024, 
over 20,000 students have participated in the training.99 
According to a study that followed up with students who 
received this training, the incidence rate of encountering a 
collapsed person was 2.5 per 100 person-years, and half of 
those who encountered a collapsed person performed at 
least one resuscitation action in the emergency setting.100 
In 2023, 2 students who had attended this training happened 
to encounter a man who had collapsed on the street and 
worked together to perform chest compressions until the 
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ambulance arrived, ensuring the man survived with a good 
neurological status.101 As the final educational institution 
before students enter society, universities play a crucial 
role in producing individuals equipped with BLS skills, 
which are essential for saving lives in the community.

3. Policy Suggestions

The JCS proposes that by implementing the measures 
described below, zero SCD in schools can be achieved.

 ▋3.1  BLS Training as a Mandatory Curriculum Item 
Starting From Elementary School

Previous studies demonstrated that BLS education can be 
effectively initiated in schoolchildren with adaptations 
based on their developmental stage,102 and the International 
Liaison Committee on Resuscitation (ILCOR) suggests 
that children as young as 4 years of age can understand the 
initial steps of the chain of survival, and that by the ages of 
10–12 years they are capable of performing effective chest 
compressions and ventilations, as well as using an AED.102 
Starting BLS education in elementary school and repeating 
age-appropriate education enables schoolchildren to 
gradually develop the skills necessary to perform CPR and 
use an AED, and this has been strongly recommended 
worldwide.102

Cardiac arrests can occur in elementary schools, and it 
is entirely possible for children to encounter situations 
where someone collapses in front of them without any 
adults being present. Moreover, considering that AEDs are 
available in all public elementary schools, it is necessary 
to teach children how to use them according to their 
developmental stage.

 ▋3.2  BLS Training as a Mandatory Subject in 
Teacher Training

At present, only those becoming school nurses or health 
and physical education teachers at the junior high or high 
school level take classes on school safety and emergency 
medical procedures as a mandatory subject.103 However, to 
protect the lives of children in schools, it is highly desirable 
that all those training to become teachers acquire BLS 
skills before they start working in schools. The Third Plan 
for the Promotion of School Safety announced by the 
Ministry of Education, Culture, Sports, Science, and 
Technology (MEXT) in 2022 recommends that all those 
training to become teachers undergo education related to 
school safety, but it has not progressed to recommending 
the inclusion of BLS as a compulsory subject as part of 
teacher training.104 Moreover, the Guidelines for School 
Accident Response (Revised Edition) published by MEXT 
in 2024 state that all teaching staff should conduct simulated 
training to be able to respond to emergencies and to 
establish a system whereby all teaching staff are prepared 
to handle such situations.105 To ensure a safe school environ-
ment, it is crucial that BLS training is made a mandatory 
subject as part of teacher training.

 ▋3.3 Creating an EAP in Schools
An EAP, which is a written document that establishes 
specific steps for emergency situations and preparation for 

preventing SCD in school settings, should be implemented 
in all schools.105 A carefully orchestrated response to 
emergencies will prevent unexpected deaths and ensure 
that chaos does not lead to an improper or no response. 
An EAP not only includes emergency action plans but also 
encompasses BLS training for staff and students during 
non-emergency times, the management of AEDs, and the 
identification of high-risk students.106,107 Approximately 
two-thirds of SCAs in schools occur in relation to sports, 
and the JCS recommends installing AEDs at the loca-
tions presented in Table 4 based on data on SCAs in 
schools.106,108

 ▋3.4  Developing a Preventive Approach to SCD by 
Improving School Heart Screening

School heart screenings are conducted by local boards of 
education of public schools or by the founders of private 
schools, and the methods of implementation and evaluation 
vary considerably. As described above, in Japan, school 
heart screening is well developed, mandatory, and conducted 
in the first grade of elementary, junior high, and high 
school following the School Health and Safety Act.93 
However, neither follow-up examinations nor diagnostic 
processes after the screening are standardized. Standard-
ization of school heart screening processes (e.g., changing 
from an abbreviated 4-lead to a 12-lead ECG or storing 
raw ECG data rather than a printed version to make it 
possible to accumulate life-course data and to use artificial 
intelligence technologies) will not only improve the 
accuracy of diagnosis but also identify the risk of sudden 
arrests to enable the development of EAPs in advance and 
reduce SCD in schools.

Table 4. Recommended Locations for Installation of AEDs in 
Schools

• AEDs should be placed in well-marked locations that students 
can readily see every day,108 such as an entrance lobby or on 
a wall near nurses’ or teachers’ offices

• AEDs should be placed in locations that can be reached within 
a 1-min run from anywhere in the school
If it takes more than 1 min for a single person to get to the AED 
and another 1 min to bring it back to where it is needed, some-
body else should be called to bring it, or more than 1 AED 
should be installed in the school so that it will not take more 
than 2 min to get ready for defibrillation

• AEDs should be placed in locations with good access from 
sporting facilities, such as the playground, swimming pool,  
or gymnasium
Sites where the AED may be exposed to rain or extreme heat 
or cold should be avoided

• AEDs should be positioned unlocked, with 24-h availability 
year-round

• AEDs should be able to be moved to prepare for emergencies at 
different  sites during special events, such as sports days or 
interschool matches
Rented AEDs should also be available for special events
Multiple AED placements, as well as a bike squad carrying 
AEDs, may be helpful during marathon races

• Extra AEDs should be available at training camps or matches 
played away from school

• AEDs should preferably be ready to be made available to 
citizens in the neighborhood in case of an emergency

Based on Mitamura et al. (2015).106 AED, automated external 
defibrillator.
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4. Knowledge Gap

The knowledge gap that needs to be addressed comprises 
the following questions:
•   Is school cardiac screening effective in preventing SCD 

in children?
•   Are  there  appropriate  strategies  for  the  placement  of 

AEDs according to school size or type?
•   Is CPR education for students in schools effective in the 

long term?

V. Aim of Achieving Zero Cases of SCD During Sports

1. Current Evidence and Status in Japan

 ▋1.1 OHCA in the Sport Setting

OHCAs related to sports, although accounting for a small 
proportion of all OHCAs, are significant among the younger 
population, necessitating prevention and improved 
outcomes.109 However, due to the vague definition and 
varying intensities of sports, accurate research is challenging, 
and clear incidence rates remain unknown. One review 
reported that the incidence of SCD in athletes varies 
significantly based on factors such as age, sex, ethnicity, 
and type of sport, with rates ranging from 0.24 per 100,000 
athlete-years among Minnesota high school athletes aged 
12–19 years to as high as 6.8 per 100,000 athlete-years 
among young European football players and to even higher 
rates of 1 per 2,087 athlete-years among specific groups, 
such as African American male National Collegiate Athletic 
Association Division I basketball players.110 Another study 
estimated that the relative risk of sudden death during and 
up to 30 min after vigorous exertion was 16.9.111

In Japan, no studies have prospectively examined the 
risk of OHCA related to sports activities, but previous 
reports showed that the frequency of sports-related SCD 
varied widely, from 1 in 16.36 million in physical education 
facilities to 1 in 200,000 among university students.112 A 
study on OHCAs among the general population in Osaka 
Prefecture found that 0.7% of all OHCA cases were 
sports-related, with 45% occurring in sports facilities.113 
The incidence rate of OHCAs in that study was 3.1 per 
million people per year, with a mean patient age of 63 years 
and males accounting for 86% of cases.113 A questionnaire 
survey conducted in Japanese elementary and middle 
schools showed that 66% of OHCAs among students 
were sports-related, with the most common locations being 
playgrounds, followed by pools and gymnasiums.114 
Between 2008 and 2015, there were 188 cases of OHCA 
among schoolchildren during sports activities under school 
supervision, with an incidence rate of 0.172 per 100,000 
children per year.115 The majority of these students (∼80%) 
were male.115

 ▋1.2 Risk of SCA by Type of Sport
The frequency of SCA varies according to sport type, 
region, and age.116–119 This variation is thought to be influ-
enced by the population participating in each sport and the 
duration of the activity. However, the specific risk of cardiac 
arrest per sport is unclear owing to limited research.

In Osaka City, 52 sports-related OHCAs were reported 
between 2009 and 2015, with long-distance running 
accounting for 28% of cases, followed by swimming and 

dancing (11% each).120 Among schoolchildren who experi-
enced an OHCA during sports activities under school 
supervision, long-distance running (21.8%), soccer/futsal 
(13.3%), basketball (12.2%), and baseball (11.2%) were the 
most common sports during which cardiac arrests 
occurred.115 Marathons are associated with a relatively high 
incidence of OHCA. According to a report from Japan, 
there were 1.53 OHCAs per 100,000 runners in citizen 
marathons between 2005 and 2017.121 Children are particu-
larly susceptible to commotio cordis because of their softer 
chest wall; in Japan, 34 of 44 cases of commotio cordis 
between 1997 and 2013 occurred during sports, with base-
ball being the most common cause.122

 ▋1.3 CPR and AED Use for OHCA in Sports Settings
Sports-related OHCAs are more likely to be witnessed by 
bystanders and have a higher proportion of CPR adminis-
tration and AED use. In Osaka Prefecture, the proportion 
of AED use was the highest in sports facilities, with 45% of 
OHCA patients receiving shocks and 52% achieving 
1-month survival.123 The proportion of bystander CPR for 
sports-related OHCA in Osaka Prefecture increased from 
50% in 2005 to 86% in 2012, whereas AED use increased 
from 7% to 62%.113 Accordingly, the 1-month survival rate 
improved from 29% to 62%.113 Among schoolchildren, the 
proportion of bystander CPR in OHCAs occurring in 
school settings increased from 83% in 2008–2010 to 90% in 
2017–2020, with the proportion of AED use increasing 
from 71% to 93% over the same period. In citizen marathons 
between 2005 and 2017, all 30 individuals experiencing an 
OHCA received bystander CPR, with 23 receiving AED 
shocks.121 The median times to CPR initiation and AED 
shock were 0.8 min and 131 s, respectively. Of these 30 indi-
viduals experiencing an OHCA, 28 (93%) achieved ROSC 
at the scene and were reintegrated into the community.121 
This suggests that the 3 requirements for saving lives, 
namely the OHCA being witnessed, having a bystander 
nearby, and having an AED available, can be satisfied by 
preparing for SCA at sports events, where it is easy to meet 
these 3 requirements.124 This scenario is important as a 
model for SCA countermeasures.

2. Case Examples

 ▋2.1 Cases of Resuscitation During Sports Activities
Based on the personal experience, two illustrative examples 
detailed below highlight the critical role of immediate 
responses in sports facilities.
•   A  22-year-old  man  with  no  notable  medical  history 

experienced an SCA after being struck in the chest by a 
ball during a futsal game. Immediate bystander response 
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involving CPR administration and the application of 
an AED by a student trainer was crucial. The patient 
was resuscitated prior to the arrival of EMS personnel. 
Subsequent evaluations revealed a life-threatening 
arrhythmia triggered by commotio cordis. Fortunately, 
the patient was discharged with an excellent neurological 
prognosis and resumed regular activities.

•   A 55-year-old man with no significant medical history 
developed chest discomfort and collapsed while exercising. 
Immediate action by the gymnasium staff, including the 
administration of bystander CPR and defibrillation by 
an AED, resulted in ROSC before the EMS arrived. The 
patient was diagnosed with AMI, was later discharged, 
maintained good neurological function, and has since 
returned to work.

In both these cases, the availability of AEDs and the 
presence of individuals trained in BLS were crucial to the 
patients’ good outcomes.

 ▋2.2  Strategic AED Implementation and EAPs Saving 
the Lives of Most Individuals Experiencing SCA 
During Marathons

As part of an initiative to enhance medical support during 
marathon events in Japan, a comprehensive first-aid system 
including a mobile AED team was implemented in 2007. 
This approach involved strategically positioning first-aid 
personnel equipped with AEDs along the length of the 
course. Between 2007 and 2020, across 334 events with a 
total of 3,214,701 participants, there were 42 instances of 
cardiopulmonary arrest. Thirty-nine of these individuals 
were successfully resuscitated, which was attributed to the 
prompt and efficient response facilitated by the mobile 
AED team.121,125

 ▋2.3  Initiatives for Facilitating Strategic CPR Training 
in Athletic Organizations and Sports Teams

The Japan Football Association, in collaboration with the 
AED Foundation and the NPO Osaka Life Association, 
proactively conducts regular lifesaving training sessions 
targeting a wide array of participants, including doctors, 
trainers, players, instructors, referees, and parents. Those 
who successfully complete the training are awarded a 
certificate, underscoring their competency in providing 
immediate medical assistance. Furthermore, this training is 
recognized as a part of the mandatory curriculum for athlete 
trainers seeking to renew their licenses with the Japan Sports 
Association, highlighting the emphasis on preparedness 
and safety in sports.126

In addition, several professional sports teams in Japan 
are actively involved in promoting lifesaving skills. For 
example, a professional rugby team, in collaboration with 
a local organization dedicated to promoting lifesaving 
education, hosts an annual event on game day. At this event, 
a booth is set up to provide training to spectators and 
participants in AED use and chest compression. Such 
initiatives are instrumental in enhancing public knowledge 
of BLS skills and in fostering greater community partici-
pation in safety practices.

 ▋2.4 Cases of Resuscitation While Watching Sports
Studies have indicated that the incidence of spectator 

cardiac arrest in stadiums ranges from 0.25 to 0.73 per 
100,000 spectators,127–129 and an increase in the occurrence 
of cardiac arrest during sporting events has been docu-
mented.127,130 This is likely attributable to the emotional 
stress associated with intense spectatorship, which can 
precipitate acute cardiovascular incidents.131–133 During the 
kickoff of the Rugby World Cup final match in Japan, the 
quick action of surrounding spectators, along with the 
stadium’s resident medical team, including doctors and 
nurses, led to the successful administration of CPR and 
defibrillation with an AED, effectively saving a man’s life.134

These cases underscore the need to ensure that medical 
equipment is readily available and that there are trained 
bystanders at major sporting events because they are 
crucial for providing immediate and effective responses in 
emergency medical situations.

3. Policy Suggestions

The JCS proposes that by implementing the following 
measures, zero SCD can be achieved during sport activities.

 ▋3.1  Creating an EAP and Conducting Related 
Simulations

Incidents such as serious injuries and SCA occur suddenly 
during sporting activities. If a response is initiated only 
after an accident occurs, it will not be quick. Therefore, it 
is necessary to create a plan that anticipates possible 
accidents in advance, including how to respond quickly, 
provide CPR, use an AED, and transport patients to a 
medical institution after an accident occurs. An EAP is 
an effective strategy applicable to all sports, disciplines, 
competitions, and locations.135 Whether an EAP has been 
formulated in advance would be a legal issue in the event 
of an accident.

The EAP must include the following information:
•   Emergency response personnel and role sharing
•   Emergency contacts and communication
•   Location of medical resources,  including an AED and 

equipment used in an emergency
•   Information on the destination medical institution
•   Map of the venue.136

For large-scale events with many athletes and spectators, 
including professional sports events, it is desirable to prepare 
an EAP that includes the deployment of medical personnel 
who will be present throughout the event.

It is recommended that the EAP created is posted in easily 
viewable locations such as medical rooms, competition 
headquarters, and that it is shared with teams participating 
in the game, as necessary. Although the EAP describes the 
process up to the point of handing injured and sick people 
over to emergency services, it is also important to consider 
how to prevent the recurrence of accidents.

For the content described in the EAP to be implemented 
smoothly, it is necessary for those involved to undergo 
BLS training and participate in simulations in advance. By 
running a simulation, it becomes clear where in the process 
improvements can be made, such as discovering deficiencies 
in the EAP, defects in the medical supplies and equipment 
planned for use, and an inability to use the planned 
transport route. In addition, by conducting a simulation, 
the people involved can see each other face to face, making 
communication easier.
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 ▋3.2  AED Placement Allowing for Electric Shock 
Delivery Within 3 min

SCAs that occur during sports activities are generally likely 
to be witnessed by bystanders and have a higher proportion 
of CPR administration and AED use. To achieve zero 
SCD during sports, the JCS proposes implementing an 
AED strategically and training staff and associated members 
to provide shocks by an AED within 3 min after collapse 
(Figure 2).124 It takes 1 min to attach electrodes, complete 
the analysis, and charge the battery; therefore, to deliver 
an electric shock within 3 min, it is desirable to place the 
AED in a location where it can be obtained within 2 min.124 
The use of transportation may also be required. For 
example, at citizen marathons, it is reasonable that AEDs 
are placed at fixed points along the course (e.g., at intervals 
of 300–500 m), at first-aid stations and finish areas, as well 
as being installed near markers and guidance signs; from 

there, they can then be transported to where they are 
needed by bicycles, for example (Figure 3).

 ▋3.3  AED Installation at Training Facilities
AEDs are present at venues where tournaments and 
matches are held, and EAPs are often created. However, it 
is also recommended to check in advance whether an AED 
is installed at the facility where individuals usually train or 
at the venue where practice matches are held. If the training 
facility does not have an AED, teams should bring their 
own if they have one. If the teams or sportspersons do 
not have an AED on hand, renting an AED should be 
considered. It is a good idea to have an AED on hand and 
to bring it along when travelling to participate in training 
camps or games.

Furthermore, sports facility managers must strive not 
only to install AEDs appropriately but also to provide 

Figure 2.  Second-by-second flow of lifesaving treatment in the event of a cardiac arrest. The figure shows a timeline of actions 
required from the time person collapses to automated external defibrillator (AED) shock within 3 min and the handover to 
emergency medical personnel. ECG, electrocardiogram; EMT, emergency medical technician; PUSH, chest compression. 
Adapted from Suggestion “Zero Sudden Cardiac Death During Sports”.124

Figure 3.  Ideas for delivering an automated 
external defibrillator (AED) within 2 min. The 
figure shows the distance and delivery 
methods whereby an AED can be delivered 
within 2 min to ensure an electric shock can 
be administered within 3 min after collapse. 
Adapted from Suggestion “Zero Sudden 
Cardiac Death During Sports”.124
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regular BLS training for all staff members to ensure the 
safety and security of facility users.

4. Knowledge Gap

The knowledge gap that needs to be addressed comprises 
the following questions:

•   What  is  the  appropriate  number  of  AEDs  and  the 
method for determining their placement depending on 
the scale of the sport?

•   Are there any advantages of using technology for cardiac 
arrests that occur in sports settings?

•   What is an appropriate high-risk screening method for 
SCA at each sporting event?

VI. Strategic Planning for a Public-Access Defibrillation System Using Technology

1. Current Evidence and Status in Japan

 ▋1.1  Effect of Public-Access Defibrillation Strategies 
on Survival and Proportion of SCA Patients 
Receiving AED Shocks

Early defibrillation plays a key role in improving survival 
after SCA. The increased use of public-access AEDs 
(public-access defibrillation [PAD]) by bystanders has been 
associated with an improved rate of survival with favorable 
neurological outcomes after OHCA.138 In Japan, the 
number of AEDs in the community has been increasing 
annually since the use of AEDs by non-medical personnel 
was first approved in 2004, with an estimated >670,000 
units now located throughout Japan.139 PADs have been 
widely introduced and used in public settings and are no 
longer rare in Japan. Among individuals who experienced 
a bystander-witnessed OHCA of cardiac origin and received 
an AED shock, the 1-month survival with favorable 
neurological outcomes was 42.6% (523/1,229).1 Since 2004, 
the general public has been able to use AEDs; consequently, 
7,656 lives have been saved by AED shocks.140

However, according to the latest data, in 2022 only 4.3% 
(1,229/28,834) of patients received an AED shock in the 
case of bystander-witnessed cardiac arrest of cardiac origin.1 
Although many lives have been saved through the use of 
AEDs, considering the number of AEDs installed, the 
number of AED shocks delivered and survival remain 
suboptimal and require improvement.

 ▋1.2  Strategic AED Installation Considering 
Location-Related Factors

To increase AED usage and the number of AED shocks 
delivered, it is important to consider location-related factors. 
The incidence of cardiac arrest and patient survival rates 
differ significantly depending on the location of the cardiac 
arrest. Although OHCA documented at home accounts for 
approximately 65.0% of all cases of OHCA in Japan,141,142 
patients who experienced an OHCA in a public place had 
a higher chance of being found in VF (i.e., had a greater 
chance of receiving a shock from a PAD) and a greater 
chance of survival than those who experienced an OHCA 
in a private residence.142,143 For PAD systems to be effective, 
they should be placed in environments where there is a 
high incidence of cardiac arrests, as well as where patients 
can be easily seen and rescued by bystanders. In contrast, 
the installation of AEDs in areas where access is difficult 
for EMS services and medical care should be considered as 
a minimum healthcare service (Table 5).2

 ▋1.3 Recommended Locations for AED Installation
The PAD trial proved that installing AEDs and providing 
CPR training to individuals in facilities with at least 250 
adults aged >50 years who were present for 16 h a day or 
had a history of at least 1 witnessed OHCA every 2 years 
on average can increase the number of survivors to hospital 
discharge after OHCA in public locations.144

In Japan, because of the large total annual number of 
railway passengers, railway stations are common places 
where shocks by PADs are delivered. Although air travel 
is less common in Japan than in Western countries, cardiac 
arrests occur at a certain frequency at airports and in planes. 

Table 5. Location-Related Factors to Consider for Effective 
Installation of AEDs

1. High incidence of cardiac arrest (more people, more high-risk 
people)

2. High risk of cardiac arrest (e.g., baseball stadium [risk of 
commotio cordis]; stadiums hosting high-risk sports, such  
as marathons)

3. High chance of OHCA  being witnessed by bystanders (more 
people, easy to find)

4. High chance of those experiencing OHCA being rescued by  
bystanders (many potential rescuers)

5. Time taken for EMS arrival (passenger plane, remote area, 
remote island)

Adapted from The AED Exploratory Committee of the Japanese 
Circulation Society (2012).2 AED, automated external defibrillator; 
EMS, emergency medical services; OHCA, out-of-hospital cardiac 
arrest.

Table 6. Recommended Locations for AED Installation

• Railway stations

• Airports, airplanes

• Schools

• Sports facilities

• Large commercial and entertainment venues

• Entertainment facilities

• OtherA

ALocations where more than 1 cardiac arrest is anticipated every 
5 years, places or companies where there are always >250 adults 
present. Adapted from The AED Exploratory Committee of the 
Japanese Circulation Society (2012).2 AED, automated external 
defibrillator.
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School PAD programs have contributed to improved 
outcomes after OHCA among both students and teachers.91 
Many OHCAs occur at sports facilities, where the 
proportion of both the use of PADs and neurologically 
favorable outcomes after OHCA are the highest.123 Based 
on these data, we recommend the placement of AEDs at 
the locations listed in Table 6.2

 ▋1.4  Strategic Improvements of the PAD System 
Using Digital Technology

There have been many efforts and reasons to activate and 
call citizen responders and AEDs to the cardiac arrest 
scene using digital technology. The 2020 JRC resuscitation 
guidelines strongly recommend the implementation of 
social media technology to call on the general public to 
achieve early CPR and early defibrillation.64 To ensure the 
success of a system using social media and technology, it is 
essential to not only implement the system in collaboration 
with the fire department but also increase the number of 
citizen volunteers willing to help, and to continue to train 
them.

2. Case Examples

 ▋2.1  AED Mapping System Using Digital Technology 
and Collaborating With Volunteers

The AED N@VI app developed by the AED Foundation 
of Japan aims to improve accessibility to AEDs not only 
in usual settings but also in the case of SCAs.145 It uses 
real-time data collected from over 13,000 volunteers to 
map AED locations, diverging from traditional methods. 
Although the AED N@VI app is still under development, 
it encourages public participation in registering AED 
locations, a strategy demonstrated to heighten awareness 
about the presence of AEDs,146 and user reviews ensure the 
database’s accuracy and usefulness.

 ▋2.2  Smartphone Activation System of Citizen 
Responders: AED Go

An AED transportation system using smartphone tech-
nology called AED Go has been implemented in 3 small 
and mid-sized cities (Owariasahi City, Aichi; Kashiwa City, 
Chiba; Nara City, Nara) in Japan since 2017.147 In this 
system, information regarding the location of cardiac arrests 
and nearby AEDs is sent to the smartphones of registered 
volunteers close to the cardiac arrest scene by the dispatch 
center of a municipal fire department. The volunteers are 
able to transport the AED quickly to the scene of the 
cardiac arrest and start BLS before the arrival of EMS 
personnel. Preliminary studies have shown promising 
results, with volunteers reaching cardiac arrest scenes earlier 
than EMS personnel in some cases.147a Similar systems have 
been implemented in other countries, including Singapore, 
the UK, and Denmark, resulting in an increase in bystander 
CPR and AED use.148–150 This system will be implemented 
in Japan at a larger scale in local communities and at mass 
gatherings, such as sporting or international events.

 ▋2.3  Advertisements Cerebrating the 20th 
Anniversary of the PAD System in Japan

The year 2024 marks 20 years since AEDs became available 

to the general public in Japan.140 Since then, the number of 
AEDs installed has increased, and the number of OHCA 
patients saved by AEDs now exceeds 500 annually. 
However, there are still many cases where AEDs are not 
used when needed, and issues have been raised concerning 
the proper management of these devices. To address these 
challenges, the AED 20th Anniversary Project Execution 
Committee has been established, crossing organizational 
and group boundaries. This committee aims to further 
increase the installation and usage rates of AEDs, promote 
their proper management, and work towards further 
improvements in survival rate.

3. Policy Suggestions

 ▋3.1  AED Registration to an AED Map Covering All 
of Japan and Integration Into an EMS System

Despite the presence of approximately 670,000 AEDs in 
Japan,139 the landscape of AED maps and installation 
information is fragmented, with no unified database 
capturing all available AEDs in the country. This situation 
is in stark contrast to that in Singapore where AED registry 
and mapping are centralized,151 offering a model for Japan 
to potentially emulate. An AED map covering all of Japan 
that is updated in a timely manner is essential. Furthermore, 
integrating AED placement information into emergency 
response protocols (e.g., by providing callers to the 
emergency 119 number with the location of nearby AEDs) 
could leverage the system for more efficient AED utilization. 
This approach would not only speed up response times in 
critical situations, but would also engage the community 
more directly in lifesaving efforts.

 ▋3.2 AED Signage Using a Standardized JIS Mark
The immediate identification of the nearest AED is of key 
importance for its immediate use during emergencies. 
Signs identifying the presence of AEDs were designed to be 
visible from a distance. It is crucial for all citizens to be 
aware of and understand the meaning of these signs. In 
2019, the Ministry of Economy, Trade, and Industry intro-
duced a standardized JIS mark for AEDs, recommending 
prominent display to ensure easy identification.152 It is 
recommended that those installing AEDs actively use 
this sign and display it in a size that is identifiable from a 
distance.

 ▋3.3 Optimizing AED Availability and Usability
In addition to installing AEDs, it is also important to 
ensure that people are aware of their presence/location and 
how to use them and used. It is desirable that the following 
points are considered:
•   The location of the AED should allow for defibrillation 

within 5 min of a cardiac arrest.
•   The AED should be placed  in a  location that  is easily 

identifiable, such as near the entrance of a building.
•   The AED should be accessible 24 h/day.
•   AEDs should be installed in areas where there is a risk of 

cardiac arrest.
After installation of the AED, it is important to display 
its location on maps within the facility and to install 
appropriate signage where the AED is located.2
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 ▋3.4  Implementation of a Smart AED Transportation 
and Citizen Responders Activation System 
Using Digital Technology

To achieve early CPR and defibrillation in line with the 2020 
JRC resuscitation guidelines, smart AED transportation 
and citizen responders activation systems via digital 
technology, such as the AED Go app, are needed to call on 
the general public.64 To maintain a sufficient number of 
registered “active” volunteers, it is important to develop a 
system that can be updated and maintained and that 
includes means of motivating the public to volunteer. 
Volunteers may be highly aware of saving lives, but refresher 
training courses are essential to maintain their BLS skills 
and knowledge. This training needs to be implemented 
over a wider area to make it more viable for nationwide 
implementation.

 ▋3.5  Use of AED Internal Recorded Data to Improve 
the PAD System and the Function of AEDs

An AED’s internal recorded data provides information 

about the CPR scene, including the location and time at 
which the AED was used, temporal changes in the ECG 
waveforms, the exact timing of the electric shock, and the 
diagnostic accuracy of the AED. Autoshock AEDs have 
been available in Japan since 2021, and it is necessary to 
monitor their use. By obtaining detailed time-series data 
on AED utilization, valuable insights can be obtained for 
the strategic deployment of AEDs, enabling their allocation 
to the times and places where they are most needed. 
Therefore, it is important to use internal AED data.

4. Knowledge Gap

The knowledge gap that needs to be addressed comprises 
the following questions:
•   How does home AED usage affect patient survival and 

quality of life over an extended period?
•   How frequently and effectively are home AEDs used by 

families, and is their use cost-effective?
•   How effective are preventive strategies for sudden deaths 

using personal health records and wearable devices?

VII. Importance of Improvements Based on Objective Data and Assessments

1. Current Evidence and Status in Japan

 ▋1.1 Introduction to Japanese Resuscitation Efforts

Japan’s journey towards CPR advancement has been 
notable, with significant developments since experiencing 
a delay in CPR diffusion. The formation of the JRC and 
collaboration with international bodies, such as the 
Resuscitation Council of Asia and ILCOR,153 have been 
pivotal. The evidence collected in Japan has been cited in 
the Consensus on Resuscitation Science and Treatment 
Recommendations,153 which forms the basis of guidelines, 
contributing to the development of resuscitation science 
worldwide.64,154,155

 ▋1.2  Plan-Do-Check-Act and Plan-Do-Study-Act 
Cycles in Japanese Resuscitation Efforts

The Plan-Do-Check-Act (PDCA) cycle is a well-established 
method for task management, which, in the context of 
medical practices in Japan, has evolved into the Plan-Do-
Study-Act (PDSA) cycle. The PDCA cycle was introduced 
for the first time by the 2010 JRC guidelines and was based 
on the concept of “only what can be measured can be 
improved”, which emphasizes the importance of improve-
ments supported by research-based data.154 Continuous 
quality improvement was further stressed in the 2015 and 
2020 JRC guidelines, underlining the importance of data 
in enhancing the quality of healthcare.64,155 Continuous 
quality improvement focuses on the necessity of measure-
ment for improvement and the effective implementation of 
the PDSA cycle in Japan’s Utstein statistics for prehospital 
emergency medical systems, aiming for enhancements 
based on objective data and research verification.

 ▋1.3  Legislative Measures for Cerebrovascular and 
Cardiovascular Diseases

The Japanese National Plan for Promotion of Measures 
Against Cerebrovascular and Cardiovascular Disease (the 
National Plan) is a critical piece of legislation aimed at 
combating major health challenges in Japan.46,156 Enacted 
in 2019, it focuses on extending healthy life expectancy, 
reducing mortality, and implementing key measures, such 
as expediting awareness of prevention measures, service 
provision systems, and research on cardiovascular 
disease.46,156,157 The National Plan presents a comprehensive 
approach with 3 major and 10 specific measures aimed at 
addressing these health issues. The 3 major measures are 
to: (1) spread awareness and accurate information on 
prevention; (2) enhance service provision systems related 
to health, medical care, and welfare services; and (3) 
promote research on cerebrovascular and cardiovascular 
diseases.46,156,157 Researchers are encouraged to contribute 
by developing and evaluating effective prevention strategies, 
advancing medical treatments, and innovating healthcare 
services to manage and reduce the risk factors associated 
with cerebrovascular and cardiovascular diseases. These 
efforts are crucial for providing evidence-based recom-
mendations that inform policies and practices under the 
National Plan.

2. Case Examples

 ▋2.1  Cardiac Arrest and Cardiopulmonary 
Resuscitation Outcome Reports: The Utstein 
Resuscitation Registry for OHCA

The Utstein-style standardized template, which is used to 
report on resuscitation performance and outcomes in cases 
of OHCA, was first developed in 1991.158 Subsequently, the 
Utstein templates were updated in 2004,159 2015,160 and 
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2024.161 These templates, which include the characteristics 
of OHCA patients and the performance of bystanders 
and EMS service personnel in relation to the resuscitation 
process, have globally contributed to enhancing the 
epidemiological understanding of OHCA. They facilitate 
comparisons between and within systems, identify knowl-
edge gaps, support clinical research, and improve care 
systems.162 In Japan, large-scale population-based Utstein-
style registries started in Osaka in 1996 and were developed 
to cover the entire nation since 2005. Owing to the enormous 
amount of evidence from the Utstein-style registries, 
improvements in EMS systems have been achieved based 
on objective data.163

  ▋ 2.1.1  Wider Dissemination of Chest Compression-Only 
CPR Based on Evidence From the Utstein-Style 
Registry in Japan

The JCS advocates for a simplified resuscitation technique, 
namely Call & Push, which is supported by significant 
clinical evidence.62,163–166 This method aligns with interna-
tional guidelines,23,167 including the American Heart 
Association’s endorsement of “hands-only” CPR.168

  ▋ 2.1.2 ILCOR’s Efforts and Global Resuscitation Trends
ILCOR research and registry committees have collected 
data from existing OHCA registries across world, revealing 
wide variations in bystander CPR and AED use.65,66 In 
Japan, a study in Osaka revealed no significant increase in 
bystander CPR despite educational efforts.169 This finding 
highlights the need for more effective educational and 
motivational campaigns and the use of technologies to 
improve CPR rates, AED use, and outcomes.

  ▋ 2.1.3  Gender Disparities in Resuscitation and the 
“Mamorumaru” Initiative

In response to the finding that women are less likely to 
receive resuscitation,71,72,170 the Japan AED Foundation 
initiated the “Mamorumaru” project to promote AED use 
in women while respecting privacy.171

 ▋2.2  Research and Implementation: The Osaka 
Resuscitation Academy

The Osaka Resuscitation Academy serves as a critical 
platform for sharing knowledge and research in the field of 
resuscitation, contributing to the translation of research 
findings into practical applications in emergency medical 
care.172

 ▋2.3 JCS Chest Pain Registry
Following the initiatives launched based on the Japanese 

National Plan for Promotion of Measures Against 
Cerebrovascular and Cardiovascular Disease,46,156,157 the 
Education and Implementation for Cardiac Emergency 
Committee of the JCS launched the Japanese Chest Pain 
Registry in 2022. The main multicenter collaborative 
study consists of 8 facilities and will soon commence 
(UMIN000053978) following a pilot study. Guidelines have 
clearly outlined the symptoms of ACS (which is the leading 
cause of cardiac arrest), including chest pain; however, the 
nature of these symptoms may have changed with the 
progression of aging in modern society.24 Registry studies 
on ACS have been actively conducted globally; however, 
they often only include diagnosed cases of AMI and lack 
comprehensive pre- and post-hospital data. Therefore, 
research on diagnostic performance in cases of ACS based 
on symptoms and prognostic prediction of outcomes is 
important.

3. Policy Suggestions

 ▋3.1  Emphasizing Quality Evaluation in Routine 
Practice and Interventions

As emphasized by ILCOR,153 the 2020 JRC guidelines,64 
and the National Plan,46,156,157 evidence-based standardized 
practices and quality improvement process are strongly 
recommended to effect a continuous reduction in SCD. In 
addition to using the Utstein-style template for OHCAs,158–161 
new registries (e.g., chest pain registries) are needed to 
develop new preventive measures against SCD.

4. Knowledge Gap

The knowledge gap that needs to be addressed comprises 
the following questions:
•   What are the cost-effective measures to prevent SCD?
•   How can new technologies, such as big data, be used to 

improve predictive capabilities for SCD?
•   How  can  future  Japanese  evidence  on  advance  care 

planning and treatment withdrawal in cases of resuscita-
tion inform global and local medical resource allocation 
at resuscitation scenes and ensure patient dignity?
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