Acute Medicine & Surgery 2020;7:607 doi: 10.1002/ams2.607

Original Article

Patient outcomes of school-age, out-of-hospital cardiac
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Aim: Using the data from the All-Jlapan Utstein Registry, this study evaluates the neurologically favourable patient outcomes and
associated factors of out-of-hospital cardiac arrest (OHCA) with Japanese schoolchildren as witnesses.

Methods: We analysed 1,068 school-age children (6-18 years old) who underwent OHCA from 2011 to 2016. Among the 1,068
cases, 179 were witnessed by schoolchildren and 889 were witnessed by other bystanders. Propensity score-matched and logistic
regression analyses were used to evaluate the outcomes and associated factors.

Results: The crude neurologically favourable outcome in the schoolchildren-witnessed group was considerably higher than that in
the other-bystander-witnessed group (19.6% versus 12.3%; P < 0.010). However, the difference was not significant in the propensity
score-matched analysis (19.6% versus 21.8%; P = 0.602). The multivariable logistic regression analyses of school-age OHCA with
schoolchildren as witnesses demonstrated that bystander cardiopulmonary resuscitation (CPR) provision (odds ratio [OR] 4.12, 95%
confidence interval [Cl] 1.44-11.75), shockable initial rhythm (OR 3.39, 95% CI 1.43-8.04), and defibrillation (OR 4.58, 95% CI 1.65—
12.71) provided by any bystander were positively associated with favourable outcomes. By contrast, dispatcher-assisted CPR provi-
sion (OR 0.28, 95% CI1 0.11-0.70), exogenous cause (OR 0.16, 95% Cl 0.03-0.86), adrenaline administration (0.25; 95% Cl 0.07-0.92), and
prolonged response time (OR 0.86; 95% Cl 0.75-0.98) were negatively associated with favourable outcomes.

Conclusions: Patient outcomes did not differ significantly between schoolchildren- and other-bystander-witnessed cases of school-
age OHCA. Although schoolchildren as witnesses might not be inferior to other bystanders in school-age OHCA, further studies are
needed to examine the effect of bystander CPR by schoolchildren and basic life support education in schools.
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INTRODUCTION

HE INTERNATIONAL LIAISON Committee on
Resuscitation recommends practising cardiopulmonary
resuscitation (CPR) as a standard aspect of school curricula.!
In Japan, basic life support (BLS) education became
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compulsory in 1994 and is included in the curricula at pri-
mary, junior, and senior high-school levels.”

Because BLS education is conducted in schools through-
out Japan, schoolchildren could contribute to the improve-
ment of clinical outcomes when they encounter out-of-
hospital cardiac arrest (OHCA). School-age children are
more likely to witness a school-age child undergoing OHCA
than other types of OHCA cases because they spend much
of their time at school or in other public places with friends.’
Nevertheless, whether school-age children as witnesses
affects patient outcomes in school-age OHCA remains
unknown. Furthermore, although previous studies have
explored factors associated with outcomes in paediatric
OHCA,‘F6 related factors in school-age OHCA with
schoolchildren as witnesses were given little attention. BLS
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education would be enhanced further by identifying factors
associated with outcomes in cases with schoolchildren as
witnesses, which leads to achieving better outcomes in
school-age OHCA.

This study included two major aims: one was to investi-
gate whether outcomes differ between school-age OHCA
cases witnessed by schoolchildren and those witnessed by
other bystanders, and the other one was to identify factors
associated with the outcomes in school-age OHCA with
schoolchildren as witnesses.

METHODS

Study design

HIS IS A population-based, observational study using

the data from All-Japan Utstein Registry, a prospective,
nationwide, population-based registry of OHCA patients in
Japan. The anonymous data collection method complied with
the national guidelines for ethics in epidemiological surveys.’
Permission from the Fire and Disaster Management Agency
(FDMA) was received to analyse the data. This study was
approved by the Institutional Review Board of the Ishikawa
Medical Control Council (review number: 2011-2).

Setting

The Japanese school system comprises 6 years of elemen-
tary school, 3 years of junior high school, and 3 years of
senior high school. Attending elementary and junior high
schools is compulsory, and the rate of continuous education
throughout the study period exceeded 97%. In 2016, the
population of Japan was 127 million including 13.3 million
school-age children (6—18 years old), constituting 10.5% of
the total population.® In 2016, the number of students in ele-
mentary, junior high, and senior high schools was 20,313,
10,404, and 4,925, respectively.9 School holidays, including
summer, spring, and winter holidays, were determined by
the Board of Education in each prefecture, which was
responsible for school rules and regulations.

The emergency medical service (EMS) system in Japan has
been previously described in detail.* In 2016, 733 fire stations
with dispatch centres in Japan existed.'® All ambulance teams
operate according to the protocols established by a local medi-
cal control council based on the Japan Resuscitation Council
guidelines."" According to FDMA guidelines,'* dispatcher-as-
sisted CPR (DA-CPR) is commonly provided.

Participants

School-age children (6—18 years old) who had OHCA, for
whom resuscitation was attempted by EMS personnel, with

subsequent transport to hospitals, from 1 January 2011 to 31
December 2016, were eligible for analysis.

Data sources

The All-Japan Utstein Registry included patient background,
clinical characteristics, and critical time factors, based on the
Utstein recommendations for reporting OHCA cases.”® A
data form was filled out by EMS personnel along with the
physician in charge and transferred to the registration system
on the FDMA database server. Then, the data were assessed
by the FDMA. All OHCA survivors were followed up with
an interview 1 month after successful CPR provided by fire
department personnel to assess their outcomes. A neurologi-
cally favourable outcome was defined using the Cerebral
Performance Category (CPC) score,'* where 1 is classified
as good recovery and 2 as moderate disability. The CPC
score was determined by a physician in collaboration with
EMS personnel.

Although the registry covers OHCA cases that have
occurred in Japan, it does not include information about the
bystanders’ age. In the registry, eight items focused on
bystander—patient relationship, such as family, friends, col-
leagues, passer-by, fire department personnel, EMS person-
nel, paramedics, and others. Because the data in this study
were about school-age OHCA, we selected friends and col-
leagues in the registry items on bystander—patient relation-
ship and defined them as schoolchildren. Likewise, we
selected family, passer-by, and others and defined them as
other bystanders.

Study endpoints

The primary endpoint of this study was the neurologically
favourable outcome defined as a CPC score of 1 or 2. The
secondary endpoint was 1-month survival.

Statistical methods

We used the JMP Pro 15 software (SAS Institute, Cary, NC,
USA) for all statistical analyses. To assess the univariate dif-
ferences in background, clinical characteristics, time factors,
and outcomes between schoolchildren and other bystanders,
we used the chi-square test for nominal variables and the
Mann—Whitney U test for continuous variables. To adjust
the differences in these variables between the groups, we per-
formed a propensity score-matched analysis. We conducted
a logistic regression analysis to estimate the propensity score
for schoolchildren in the bystander—patient relationship.
Matching was performed using a 1:1 protocol with a calliper
value of 0.2 with schoolchildren or other bystanders based
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on the average propensity score. We used C-statistics (con-
cordance index) to confirm the fit of this model.

Furthermore, a multivariable logistic regression analysis
was performed after matching to identify factors associated
with the outcomes in school-age OHCA with schoolchildren
as witnesses. All tests were two-tailed, and P values
of <0.05 were considered significant.

Variables

For the propensity score matching, we included the follow-
ing variables: age (elementary schoolchildren or not), gen-
der, bystander CPR provision, DA-CPR provision,
presumed cardiac aetiology, exogenous cause (e.g., trauma,
poisoning, submersion, and suicide attempt), shockable ini-
tial rhythm, defibrillation provided by any bystander, and
school hours on school days. We confirmed the school days
in each prefecture by excluding weekends, national and
school holidays, and vacations. School hours were defined
as 08:00-18:00, considering the extracurricular after-school
activities and commuting to school.

For the multivariable logistic regression analysis, clini-
cally important confounders selected according to previous
studies*”'>'® were included. The variables include age (ele-
mentary schoolchildren or not), gender, bystander CPR pro-
vision, DA-CPR provision, presumed cardiac aetiology,
exogenous cause (e.g., trauma, poisoning, submersion, and
suicide attempt), shockable initial rhythm, defibrillation pro-
vided by any bystander, adrenaline administration, school
hours on school days, and response time (time intervals
between emergency call and EMS contact with the patient).

RESULTS

Selection criteria

IGURE 1 shows the selection criteria of the patients for

this study. Among all OHCA cases from 2011 to 2016, we
extracted 1,068 bystander-witnessed, school-age (6-18 years
old) OHCA cases without prehospital physician involvement
with a complete data set for analysis. We divided the cases into
two groups: 179 cases witnessed by schoolchildren (friends:
90.5%, colleagues: 9.5%) and 889 cases witnessed by other
bystanders (family: 44.0%, passer-by: 22.8%, others: 33.2%).

Background and clinical characteristics of
the two groups before and after propensity
score matching

The ratio of elementary schoolchildren and female among
the schoolchildren-witnessed cases were lower than for

those among the other-bystander-witnessed cases (13.4%
versus 35.3% for elementary schoolchildren; 21.8% versus
33.0% for female, respectively). The percentages of exoge-
nous causes (58.1% versus 49.3%), shockable initial rhythm
(24.0% versus 14.9%), and defibrillation provided by any
bystander (14.5% versus 5.7%) in the schoolchildren-wit-
nessed cases were higher than those in the other-bystander-
witnessed cases.

In the propensity score matching, 179 patients were
matched in each case (schoolchildren-witnessed cases—
friends: 90.5%, colleagues: 9.5%; other-bystander-witnessed
cases—family: 27.9%, passer-by: 29.1%, others: 43.0%).
No significant differences in the background and clinical
characteristics were found between the groups, except for
the response time. The response time in the schoolchildren-
witnessed cases was longer than that in the other-bystander-
witnessed cases (median 9.0 min versus 8.0 min; Table 1).
The concordance index was 0.70, showing a fair fit of this
model.

Outcomes of the two groups

The crude neurologically favourable outcome in the
schoolchildren-witnessed group was considerably higher
than that in the other-bystander-witnessed group (19.6% ver-
sus 12.3%; P < 0.010). No significant differences in crude
1-month survival were found between the two groups
(25.1% versus 21.5%; P = 0.282). The crude neurologically
favourable outcome and 1-month survival for school hours
on school days in the schoolchildren-witnessed group were
significantly higher than those in the other-bystander-wit-
nessed group (40.0% versus 16.4%; P < 0.001 and 50.0%
versus 27.1%; P < 0.010, respectively).

After case matching the two groups, we found no signifi-
cant differences between the schoolchildren-witnessed group
and the other-bystander-witnessed group in (i) overall cases
(19.6% versus 21.8% and P = 0.602 for neurologically
favourable outcome; 25.1% versus 25.7% and P = 0.903 for
1-month survival, respectively) and (ii) school hours on
school days (40.0% versus 30.6% and P = 0.390 for neuro-
logically favourable outcome; 50.0% versus 36.1% and
P = 0.223 for 1-month survival, respectively; Table 2).

Factors associated with outcomes in school-
age OHCA with schoolchildren as witnesses

Multivariable logistic regression analysis of school-age
OHCA with schoolchildren as witnesses revealed various
factors associated with outcomes. Bystander CPR provision
(adjusted odds ratio [OR] 4.12; 95% confidence interval
[CI] 1.44-11.75), shockable initial thythm (OR 3.39; 95%
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All OHCA during 2011-2016
n =753,025

Unwitnessed OHCA, n = 441,181
EMS-witnessed OHCA, n = 60,509

Prehospital physician involvement, n = 64,648
Insufficient records for data selection, n = 78

Bystander-witnessed OHCA without prehospital physician
involvement with a complete data set for analysis
n=200,312

Age>180r<6
n =199,244

Bystander-witnessed school-age OHCA without prehospital
physician involvement with a complete data set for analysis
n=1,068

( Witnessed by schoolchildren \ (Witnessed by other bystanders\

n=179 n =889
Friends : 162 (90.5%) Family : 391 (44.0%)
Colleagues : 17 (9.5%) Passer-by : 203 (22.8%)

\_ J\ Others:295(33.2%) )

Fig. 1. Selection criteria. EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest.
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Table 1. Background and clinical characteristics of the two groups before and after propensity score matching
Before matching After matching
Bystander—patient relationship P-value Bystander—patient relationship P-value
Schoolchildren  Other bystanders Schoolchildren  Other bystanders
(n=179) (h = 889) (h=179) (h=179)
Elementary schoolchildren, % (n) 13.4 (24) 35.3(314) <0.001 13.4 (24) 13.4 (24) 1.000
Female, % (n) 21.8 (39) 33.0 (293) <0.010 21.8(39) 20.7 (37) 0.769
Bystander CPR provision, % (n) 48.0 (86) 50.6 (450) 0.530 48.0 (86) 47.5 (85) 0.916
DA-CPR provision, % (n) 37.4 (67) 38.3 (340) 0.838 37.4(67) 39.1 (70) 0.744
Presumed cardiac aetiology, % (n) 36.3 (65) 29.6 (263) 0.075 36.3 (65) 33.0 (59) 0.505
Exogenous cause’ % (n) 58.1 (104) 49 .3 (438) 0.031 58.1(104) 62.0 (111) 0.450
Shockable initial rhythm, % (n) 24.0 (43) 14.9 (132) <0.010 24.0 (43) 20.1 (36) 0.372
Defibrillation by any bystander, % (n) 14.5 (26) 5.7 (51) <0.001 14.5 (26) 13.4 (24) 0.760
Adrenaline administration, % (n) 11.7 (21) 9.6 (85) 0.376 11.7 (21) 12.9 (23) 0.748
School hours on school daysi, %(n)  22.4 (40) 23.3 (207) 0.786 22.4 (40) 20.1 (36) 0.605
Time intervals, median (IQR) (min)
Response time® 9.0 (7.0-13.0) 8.0 (6.0-10.0) <0.001 9.0 (7.0-13.0) 8.0 (6.0-10.0) <0.010
CPR, cardiopulmonary resuscitation; DA-CPR, dispatcher-assisted cardiopulmonary resuscitation; IQR, interquartile range.
"Trauma, poisoning, submersion and suicide attempt.
*08:00 to 18:00 on school days.
5Time intervals between emergency call and emergency medical service contact with the patient.
Table 2. Outcomes of the two groups
Bystander—patient relationship P-value
Schoolchildren Other bystanders
Overall cases n=179 n = 839
One-month survival, % (n) 25.1 (45) 21.5(191) 0.282
Neurologically favourable outcome, % (n) 19.6 (35) 12.3 (109) <0.010
School hours on school days’ n =40 n = 207
One-month survival, % (n) 50.0 (20) 27.1 (56) <0.010
Neurologically favourable outcome, % (n) 40.0 (16) 16.4 (34) <0.001
Propensity score-matched patients
Overall cases n=179 n=179
One-month survival, % (n) 25.1 (45) 25.7 (46) 0.903
Neurologically favourable outcome, % (n) 19.6 (35) 21.8 (39) 0.602
School hours on school days’ n =40 n =36
One-month survival, % (n) 50.0 (20) 36.1 (13) 0.223
Neurologically favourable outcome, % (n) 40.0 (16) 30.6 (11) 0.390

08:00 to 18:00 on school days.

CI 1.43-8.04), and defibrillation by any bystander (OR
4.58; 95% CI 1.65-12.71) were associated with a higher rate
of neurologically favourable outcomes. Alternatively,
DA-CPR provision (OR 0.28; 95% CI 0.11-0.70), exoge-
nous cause (OR 0.16; 95% CI 0.03-0.86), adrenaline

administration (OR 0.25; 95% CI 0.07-0.92), and response
time (OR 0.86; 95% CI 0.75-0.98/1 min increase) were
associated with a lower rate of neurologically favourable
outcomes. Furthermore, bystander CPR provision (OR 3.02;
95% CI 1.31-6.96), shockable initial rhythm (OR 2.89; 95%
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CI 1.35-6.16), and defibrillation provided by any bystander
(OR 4.77; 95% CI 1.82-12.52) were associated with higher
1-month survival. DA-CPR provision (OR 0.42; 95% CI
0.19-0.89) and response time (OR 0.88; 95% CI 0.79-0.98/
1 min increase) were negatively associated with 1-month
survival (Table 3).

DISCUSSION

Key observation

N THIS STUDY, although schoolchildren-witnessed

cases had better outcomes than other-bystander-witnessed
cases on crude analysis, no statistically significant differ-
ences were found between the two groups on propensity
score-matched analysis. In addition, bystander CPR provi-
sion, shockable initial rhythm, and defibrillation provided by
any bystander were associated with better outcomes in
school-age OHCA with schoolchildren as witnesses. By
contrast, DA-CPR and prolonged response time were nega-
tively associated with outcomes.

Strength

Although studies have investigated the incidence and patient
outcomes of school-age OHCA,*>'>!7 little attention has
been paid to the effects of schoolchildren as witnesses. To
our best knowledge, this is the first study to examine patient
outcomes of school-age OHCA with Japanese schoolchil-
dren as witnesses using a nationwide registry. Furthermore,
to adjust the differences in variables between the groups, we
used propensity score-matched analysis. Therefore, we
believe that we could minimize the potential bias with this
method.

Interpretation

In this study, the differences in outcomes were not significant
after adjusting the background and clinical characteristics
between the schoolchildren- and other-bystander-witnessed
cases on the propensity score-matched analysis. However,
although no significant differences in outcomes were found,
schoolchildren as witnesses have not negatively affected the
outcomes. Therefore, we believe that most schoolchildren
could contribute to improving the clinical outcomes by call-
ing for help or using automated external defibrillators
(AEDs) appropriately when they witness school-age OHCA.

Studies have reported that bystander CPR provision,
shockable initial thythm, and defibrillation provided by any
bystander were associated with better outcomes in paediatric
OHCA.*® The present study revealed that those factors

Table 3. Factors associated with outcomes in school-age
OHCA with schoolchildren as witnesses

Factors Adjusted OR (95% Cl)
Neurologically One-month survival
favourable
outcome
Elementary 1.31 (0.46-3.78) 1.19 (0.49-2.88)
schoolchildren
Female 1.26 (0.50-3.21) 0.84 (0.38-1.88)
Bystander CPR 412 (1.44-11.75) 3.02 (1.31-6.96)
provision
DA-CPR provision 0.28 (0.11-0.70)  0.42 (0.19-0.89)
Presumed cardiac 257 (0.58-11.37) 1.71(0.48-6.12)
aetiology
Exogenous cause’  0.16 (0.03-0.86)  0.32 (0.09-1.15)
Shockable initial 3.39(1.43-8.04) 2.89 (1.35-6.16)
rhythm
Defibrillation by any  4.58 (1.65-12.71) 4.77 (1.82-12.52)
bystander
Adrenaline 0.25 (0.07-0.92)  0.85 (0.33-2.18)
administration
School hours on 0.68 (0.27-1.68) 0.99 (0.46-2.15)
school days*
Time intervals (/1 min increase)
Response time® 0.86 (0.75-0.98) 0.88 (0.79-0.98)

Cl, confidence interval; CPR, cardiopulmonary resuscitation; DA-
CPR, dispatcher-assisted cardiopulmonary resuscitation; OHCA,
out-of-hospital cardiac arrest; OR, odds ratio.

Trauma, poisoning, submersion, and suicide attempt.

*08:00 to 18:00 on school days.

8Time intervals between emergency call and emergency medical
service contact with the patient.

were equally associated with better outcomes in school-age
OHCA with schoolchildren as witnesses. Unfortunately, our
data could not address the first action a bystander takes after
witnessing OHCA. Some children might use an AED them-
selves, and others might call for help from an adult and the
adult might conduct CPR. Further study needs to be con-
ducted to investigate how schoolchildren act when they
encounter OHCA.

Furthermore, this study revealed that DA-CPR provision
was negatively associated with patient outcomes. In Japan,
Akahane et al. reported that DA-CPR was not associated
with a neurologically favourable outcome in paediatric
OHCA as the witness collapsed.'® One possible reason for
these results would be that individuals who needed instruc-
tion had few or no CPR skills. Furthermore, OHCA in chil-
dren might result in bystanders panicking. DA-CPR is
commonly provided by EMS dispatchers and could be
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incrementally beneficial in bystander CPR.'® However, fur-
ther improvements in the dispatcher instruction would be
necessary to improve outcomes in school-age OHCA.

Clinical implication

A study in Denmark has reported that educating schoolchil-
dren on CPR is associated with an increase in lay CPR rates
and survival following OHCA; the survival rate of OHCA
has increased significantly since BLS education became
mandatory for schoolchildren.'® In 2015, the Japan Circula-
tion Society published the statement “Aiming for Zero
Deaths: Prevention of Sudden Cardiac Death in Schools and
Sport Locations.”?® As a result, CPR education and wide-
spread AED installation have occurred, resulting in a higher
proportion of bystander interventions.*' The present study
suggests that schoolchildren could contribute to improving
outcomes in OHCA. Therefore, adding BLS training in
school curricula is beneficial and should be valued in school
education. Furthermore, basic procedures in BLS, especially
calling for help, should continue to be emphasized in BLS
education for schoolchildren.

Limitations

This study has several limitations. First, although we utilized
propensity score-matched analysis, many important unmea-
sured factors exist, such as the location of the event, the first
action by the bystanders, access to AED, patient medical
history, and activities at the time of arrest. Furthermore,
information regarding bystander background was lacking;
therefore, knowing whether bystanders were trained in BLS
and the quality of the BLS provided were impossible to
know. Those factors could have affected the outcomes
regardless of the witnesses (either schoolchildren or other
bystanders), making it challenging to interpret the results of
this study. Second, this study included the quite large num-
ber of patients with external causes (e.g., trauma, poisoning,
submersion, and suicide attempt). Generally, bystander CPR
is more effective for patients with cardiac arrest due to car-
diac origin. Thus, the different types of bystanders might
have little effects on the outcomes in this study population.
Third, the definition of the bystander was a critical concern
in interpreting the study results. Although we defined friends
or colleagues listed in the bystander—patient relationship
items in the registry as schoolchildren, schoolchildren might
be included in the other-bystander-witnessed group and vice
versa. Furthermore, we defined family, passer-by, and others
as other bystanders. However, because there was no detailed
information regarding their backgrounds because of the lim-
ited data of the All-Japan Utstein Registry, the definition of

other bystanders might be quite vague, all of which would
cause the results to be less reliable. Fourth, the small sample
size might have affected the results of this study because the
power to detect differences is lacking. Therefore, we might
have obtained different results if the sample size was larger.
Finally, this study did not include the quality of EMS inter-
vention or hospital management (e.g., therapeutic hypother-
mia and extracorporeal CPR), which might have affected the
patient outcomes.

CONCLUSIONS

HERE WERE NO statistically significant differences in

patient outcomes between schoolchildren- and other-
bystander-witnessed cases of school-age OHCA. Further-
more, bystander CPR provision and defibrillation provided
by any bystander were factors associated with improved out-
comes in school-age OHCA with schoolchildren as wit-
nesses. It might support the hypothesis that schoolchildren
could contribute to the improvement of clinical outcomes by
acting appropriately when they witness a school-age OHCA;
however, this study should be interpreted carefully because
of some critical limitations. Further studies are needed to
examine the effect of bystander CPR by schoolchildren and
BLS education in schools.
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