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Sudden Death under School Supervision:
A Paradigm Shift with Resuscitation and Automated External
Defibrillator Availability in Emergencies

Mamoru Ayusawa
Department of Pediatrics and Child Health, Nihon University School of Medicine, Tokyo, Japan

The number of sudden deaths of school students has been decreasing year by year in Japan. The incidence of
sudden death in Japanese schools after 2010 decreased to lower than 0.1 per 100,000 students per year from 0.5
in the 1980's. The use of an automated external defibrillator (AED) by caregivers in schools may have contrib-
uted to this result. Some cases of sudden death occur because of previously diagnosed cardiovascular disease
identified by the screening system for students in Japanese schools. However, more than half of cases of sudden
cardiac arrest in schools are not previously diagnosed with cardiac disease and are partly identified on autopsy.
A large part of these are probably caused by genetic life-threatening arrhythmias; therefore, it is necessary to
perform as many genetic examinations as possible. Autopsies occasionally reveal structural heart disease as the
cause of sudden unexpected cardiac arrest. However, the Japanese forensic system is limited to several big cities.
It may be necessary to reconsider the screening system for discovering causative cardiac disease that is often
discovered on autopsy. Besides sudden death due to cardiovascular disease, some cases are secondary to central
nervous system issues. Sudden unexpected deaths in preschool children, including sudden infant death syn-
drome, are also reported every year. These also need to be analyzed and discussed for prevention. Cooperation
of the screening system and the chain of survival will be expected to contribute to a more marked advance for
preventing sudden death.

Keywords: school, sudden death, cardiac arrest in school, basic life support, automated external
defibrillator
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Number of fatal events in schools (1983-2013)

The annual total number of death cases in Japanese schools in the 1980s was approximately 200 and that of sudden
death cases was over 100. These numbers gradually decreased to less than 80 and 50, respectively, after 2006. The
blue line indicates that the number of subscribers to the mutual aid system for accidents in schools also decreased to
17.1 million in 2013, which is 66.8% of that 30 years ago (1983). Edited and translated to English with newer additional
data to reference article”, with permission from Japan Sports Council.
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Incidence (annual number among 100,000 students) of sudden cardiac death among total sudden
death cases (1983-2013)

The incidence of sudden death is shown in red and that of sudden cardiac death (SCD) is shown in purple. Both num-
bers have been gradually decreasing over the past 30 years, from 0.5 and 0.4 to less than 0.2 and 0.1, respectively. In
particular, data in the past 10 years have become very low. The black line shows the ratio of SCD to all sudden death.
Cardiac causes had accounted for approximately 80%; however, they recently have declined to approximately 50%. It
is thought that the electrocardiographic screening obligation after 1995 is not a clear contributor to the decline in SCD;
however, the use of automated external defibrillators in schools and public access to defibrillation after 2005 has had
remarkable impacts on the decline.
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Fig. 3 Automated external defibrillator use in schools

Our preliminary study in 2011, based on data from the mutual aid system in Japanese schools, showed that resusci-
tations using automated external defibrillators (AEDs) have increased year by year since 2005, when AEDs became
available to health workers other than doctors. After 2007, the number of cases in which an AED was used by a school-
teacher as a bystander surpassed the number of cases in which the AED was used by an ambulance crew. (Presented
in annual meeting of JSPCCS, 2012 by Kato M, Ayusawa M et al.)
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Table 1 2013 Survey of basic life support and automated external defibrillators in schools by the Ministry
of Education, Culture, Sports, Science and Technology

Proportion of Schools Auls 2U1L
survey survey

Planning to equip with AED by the end of 2014 92.2% 88.8%
Performing ordinary maintenance of AED 98.5% 97.9%
Training students in basic life support including AED 50.0% no data
Junior high school 65.8%
High school 75.6%
Training teachers in basic life support including AED 89.9%

The ratios of schools that are planning to equip with, or are performing maintenance of, automated external defibrillators (AEDs)
are more than 90%. Approximately 90% of schools are training teachers in Basic Life Support (BSL) and AED. Recently, stu-
dents have been learning BSL and AED in approximately 70% of junior and senior high schools.

Table 2 Keyword search for resuscitated cases (2008-2013)

Inclusion: 478 cases were extracted from Exclusion: 271 cases were excluded from
all reports by keyword search. all extracted cases by reasons below.

Japanese Translation for this n Japanese  Translation for this n
word article word article
AED AED 113 @G duplication 141
IcD ICD 1 FETH deceased 16
=g BEmR N 30
HEZ AT Implanted 1 HuE ikt
DEHRE Ventricular fibrillation 3 Bt external cause 66
chAR R NS di 12
RS Defibrillation 14 gm Clnciase
(DR AE Cardiomyopathy 6 FPiE heat stroke 6
KB ER Chest compression 25 = 207 cases were en rolledAas resuscitated
students from sudden cardiac arrest in
BE Resuscitation 167 schools.
DAgIYY-Y"  Cardiac massage 48

Resuscitated cases were extracted from all school reports by keyword search. The nine keywords and the number of cases
including those words are shown in the slide as original Japanese words and “translation in English.” Each keyword was
extracted from a few or many cases. We examined these, and data mining was done for these exclusion criteria. In the end,
207 cases were listed as resuscitations from sudden cardiac arrest in schools.
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Fig. 4 Comparison of resuscitated cases and sudden cardiac deaths (2008-2013)

Resuscitated sudden cardiac arrest (SCA) case numbers are shown as the blue column, and the sudden cardiac death
(SCD) cases during the same period are shown in red. The proportion of resuscitated SCA cases among all SCA cases,
including SCD, has ranged from 55% to 70% in these 6 years. The total number of SCAs was approximately 40-60, with
an incidence approximately 0.3 per 100,000 students every year.
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Fig. b Suspected causes of sudden cardiac death
(n=121; 2008-2013)
All deceased cases were classified by the cause of
cardiac arrest. When there was a distinct indica-
tion that an automated external defibrillator was
discharged during life support activities, even if no
report could reveal the cause of cardiac arrest, we
judged the cause of the arrest to be idiopathic VF,
including pulseless VT. Next, to the category of
unknown cause, VF was most common, followed
by 19 cardiomyopathies, 10 congenital heart dis-
eases, 8 aortic dissections, and 6 of both coronary
abnormalities and myocarditis. One case each was
ascribed to long QT syndrome, Wolff-Parkinson-
White syndrome, and commotio cordis. HF, heart
failure (on certificate); LQT, long QT syndrome;
PAH/KD, pulmonary artery hypertension or Kawa-
saki disease complication; VF, ventricular fibrilla-
tion; VT, ventricular tachycardia.
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Fig. 6 Suspected causes of resuscitated sudden
cardiac arrest (n=207; 2008-2013)

All resuscitated cases were classified by the cause
of cardiac arrest. Proportions of unknown cause
and ventricular fibrillation were 43% and 28%,
respectively, both more common than deceased
cases, followed by 21 cardiomyopathies, 9 long QT
syndrome, 9 coronary abnormalities, 7 commotio
cordis, 6 congenital heart diseases (2 cases were
not operated: both are aortic stenosis, 4 cases
were operated: |-TGA, Aortic valve replacement,
Pulmonary atresia, and ventricular septal defect),
and 2 cases each were ascribed to myocarditis and
Wolff-Parkinson-White syndrome. No case of aor-
tic dissection was resuscitated. *Other arrhythmias:
Brugada, catecholaminergic polymorphic ventricu-
lar tachycardia (CPVT), sick sinus syndrome (SSS),
ventricular tachycardia (VT), implantable cardiac
defibrillator (ICD) unknown cause: one case for
each).
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Table 3 Cause and outcome of cardiac arrest in schools (2008-2013)

Resuscitated (n=207) |Deceased (n=121) 95% Cl p
Unknown/HF 88 42.5% 32 26.4% 2.1 1.26-3.35 <0.01
VF(AED) 58 28.0% 30 24.8% 17 0.69-1.92 NS
Lars 9 4.3% 1 0.8% 5i5) 0.88-33.6 NS(0.073)
Commotio Cordis T 3.4% 1 0.8% 4.2 0.66 -26.4 NS(0.15)
WPW 2 1.0% 1 0.8% 1.2 0.15-9.02 NS
Other Arrhythmia Bl 2.4% 2 1.7% 155 0.32 -6.67 NS
Rhythm disorder group 169 81.6% 67 55.4% 36 2.17-5.91 <0.001
Cardiomyopathy 21 10.1% 19 15.7% 0.67 0 s I NS
Congenital 6 2.9% 10 8.3% 0.33 0.12 -0.90 <0.05
Coronary Abnomality 9 4.3% 9 7.4% 0.57 0.22-1.42 NS
Aortic Dissection 0 0.0% 8 6.6% 0 0-0.27 <0.01
Myocarditis 2 1.0% 6 5.0% 0.19 0.043-0.83 <0.05
Others (PAH, KD) 0 0.0% 2 1.7%
Structural disorder group 38 18.4% 54 44.6% 0.28 0.17- 0.46 <0.001

From the data on cause of sudden cardiac death and resuscitated sudden cardiac arrest, we analyzed the odds ratios for resus-
citation according to each cause. Long QT had the highest odds ratio (OR), at 5.5, followed by commotio cordis, at 4.2. The
rhythm disorder group had a significant high OR at 3.4 (p<0.001). In contrast, aortic dissection did not have a resuscitated
case, and myocarditis had an OR of 0.19, signifying smaller possibility of resuscitation. Cardiomyopathy, congenital coronary
abnormality, and congenital structural heart disease also had low ORs; however, they were not significantly different from 1.
The structural disorder group had a significantly low OR, at 0.28 (p<0.001). OR, odds ratio; Cl, confidential interval, PAH, pul-

monary artery hypertension; KD, past history of Kawasaki disease.
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Fig. 7 Profiles of sudden cardiac arrest or sudden cardiac death of unknown cause

School grade and exercise history were analyzed for finding characteristics of cases with unknown cause. In both
deceased and resuscitated cases, girls in primary school often developed sudden cardiac arrest. Analysis of exercise
categories showed 40% of resuscitated cases occurred during swimming.
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Fig. 8 Sudden death due to disease of central nervous system (1999-2008)

Seventy-two cases of sudden death due to brain disease have been reported to mutual aid systems in school during
these 10 years. The leading cause is brain hemorrhage (32 of 72; 44%), next is subarachnoid hemorrhage (11 of 72;
15%), followed by cerebral infarction (8 of 72; 11%), brain swelling and herniation (4 of 72; 6%), status epileptics (3 of
72; 4%), and encephalitis (3 of 72; 4%). The causes of eight cases were unknown (11%).
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