
INTRODUCTION

A considerable number of adults and children die of acute heart fail-
ure outside the hospital in their community1). In 2015, the Japan 
Circulation Society released a statement entitled "Aiming for zero 
deaths: prevention of sudden cardiac death in schools"2). This statement 
identified the occurrence of cardiac death in children at school, put for-
ward strong recommendations about introducing basic life support 
(BLS) education in schools, and advised the proper use and location of 
automated external defibrillators (AEDs)2-4). An advisory statement pub-
lished in 2011 by the American Heart Association (AHA) also recom-
mended mandatory cardiopulmonary resuscitation (CPR) training for 
school children5). The proposed ultimate aim of providing CPR training 
for children is to increase the rate of bystander-initiated CPR and 
improve survival after out-of-hospital cardiac arrests in the communi-
ty6-8). Although over 90% of primary, junior high, and high schools in 
Japan had installed AEDs by the end of 2010, most schools do not teach 
their children how to perform BLS and use AEDs9-11). One study con-
cluded major reason for insufficient BLS education in schools was 
teachers' belief that children of school age are not technically able to 
properly perform BLS and cannot sufficiently understand rescue proce-
dures12).

Other previous studies also suggested that a potential reason for 

lack of BLS education in schools is that suitable ages for starting BLS 
training are not well-defined, especially for younger children12-14). 
Although past studies have also reported that school children can per-
form BLS and have noted strong correlations between children's physi-
cal status and the depth of chest compression, other contributing factors 
were not considered in regard to chest compression15-19). After consider-
ation of various factors that may affect the depth of chest compression 
that children can achieve, we offered academic status, physical ability, 
and upper body muscle strength as factors that may influence children's 
BLS performance. In addition, challenges for schools introducing BLS 
training include children's ability to understand how to perform neces-
sary actions. We also thought that irrespective of the ability to perform 
BLS, it is important that children have knowledge about BLS proce-
dures, and understand the meaning of these procedures (including 
AEDs)20).

Therefore, we investigated: (1) precisely how deep primary school 
children could actually push an adult's chest; (2) the level of understand-
ing of BLS and emergency protocols; and (3) factors other than physical 
size and age that may be associated with children's performance (aca-
demic status, physical ability, and upper body muscle strength). The 
main goal of this study was to identify the important factors so as to cre-
ate age-appropriate BLS to school children and help to introduce proper 
BLS education into communities to correct adults' misperception that 
children cannot perform or understand BLS.
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MATERIALS  AND  METHODS

Study design and Setting
Children in elementary school in Ishikawa prefecture participated in 

our research activities. Children were taught BLS for approximately 30 
minutes. This 30-minute educational session used a DVD and narrative 
instruction module newly created for children based on the AHA BLS 
guideline. The DVD started with content on the importance of life and 
included the benefits of starting BLS early according to AHA guide-
lines, the role of the bystander, how to assess consciousness and breath-
ing, how to use an AED, and how to perform chest compressions using 
relatively simpler language compared with the adult BLS course and 
spending more time on the parts more difficult for children to under-
stand (Table 1). Next, the children practiced chest compression and 
AED attachment on an "adult" training manikin for 30 minutes under 
the supervision of medical students and staff, and were then assessed. 

Data Collection
The data were collected from July 2017 to March 2018. To evaluate 

CPR performance, several effectiveness factors were recorded with 
SimPad® (Laerdal, Stavanger, Norway), including the compression 
depth, recoil, frequency, children's age, sex, height, body weight, and 

muscle mass. We then calculated children's body mass index (BMI) and 
Rohrer's index, which is a measure of leanness (corpulence) of a person 
that is calculated as a relationship between mass and height21). Muscle 
mass was calculated using bioelectrical impedance analysis. 

Children's knowledge of protocols in an emergency situation and 
how to implement CPR was assessed before and after the session by a 
paper-based test developed in accordance with AHA guidelines. 

 The children also completed a questionnaire covering assessment 
of their academic results, physical ability, and upper body muscle 
strength. To allow children to easily answer the questionnaire, response 
options for each item were denoted as "Good," "Fair," and "Not Good." 
As children regularly receive academic and physical results at school in 
Japan, children's responses for academic results and physical ability 
were assessed by themselves based on their school records and classi-
fied into three groups: an upper 30% group who answered "Good," a 
middle 30% group who answered "Fair," and a lower 30% group who 
answered "Not good." To evaluate upper body muscle strength, the chil-
dren counted how many push-ups they could perform. The available 
data for Japanese children indicate that the average number of push-ups 
differs for each age group22); we used these data to classify participating 
children. Children were classified as "good" if they could perform over 
+1.5SD of the number of push-ups for their age group (or more), "fair" 
if they could perform from -1.5SD to +1.5SD, and "not good" if they 
could only perform less than -1.5SD. 

Table 1: Age-appropriate BLS course contents
 Contents

Knowledge test (30 min) · Emergency protocol

 · About BLS

Video Lecture (30 min) · The importance of human lives

 · The effect of BLS

 · The role of bystander

 · Assessing consciousness and breathing

 · The usage of AED

 · How to perform chest compression

Practice with Simulator (30 min) · Modified-BLS training based on AHA
 (Only chest compression and AED usage)

Assess BLS procedure (A few minutes) · Depth of chest compression

 · Recoil of chest compression

 · Frequency of chest compression

Knowledge test (30 min) · Emergency protocol

 · About BLS

Table 2: Participants' characteristics and BLS results
Participants'  Height Weight Body Rohrer's Muscle Average Average Average
characteristics  n (%) (cm) (kg) Mass Index Mass depth recoil frequency
(n = 88)   Index  (kg) (mm) (%) (/min)

Gender         

 Male 
Female 41(46.6) 135.2 ± 11.6 35.0 ± 10.0 18.8 ± 3.2 139.5 ± 21.0 30.0 ± 10.3 25.9 ± 11.0 96.7 ± 6.52 119.6 ± 12.5
 47(53.4) 134.6 ± 12.7 34.7 ± 10.8 18.7 ± 3.3 139.1 ± 21.3 30.5 ± 9. 21.7 ± 7.80 96.0 ± 9.25 118.7 ± 13.7
p-value  0.906 0.880 0.893 0.834 0.731 0.046* 0.568 0.624

Age         

 6 6(6.8) 114.0 ± 4.7 21.4 ± 3.4 16.4 ± 1.6 143.3 ± 11.8 35.1 ± 9.2 16.1 ± 3.2 99.5 ± 1.0 103.7 ± 16.0
 7 13(14.8) 123.0 ± 6.9 27.6 ± 5.4 18.2 ± 2.1 147.7 ± 14.1 27.4 ± 9.0 17 ± 3.6 97.5 ± 6.0 116.5 ± 15.9
 8 12(13.6) 127.3 ± 5.4 27.7 ± 6.0 17.0 ± 2.9 133.4 ± 21.5 31.2 ± 9.3 18.8 ± 5.2 99.0 ± 2.6 116.8 ± 7.9
 9 17(19.3) 136.5 ± 7.0 34.2 ± 6.0 18.3 ± 2.3 134.2 ± 17.3 35.3 ± 8.0 21 ± 4.4 96.2 ± 7.0 122.5 ± 13.2
 10 19(21.6) 138.4 ± 8.2 37.4 ± 8.3 19.4 ± 3.2 140.2 ± 23.2 28.5 ± 11.2 27.7 ± 8.4 96.5 ± 6.5 124.0 ± 12.1
 11 17(19.3) 147.7 ± 6.7 45.7 ± 11.0 20.8 ± 4.3 141.3 ± 28.7 29.0 ± 8.4 33.2 ± 11.5 93.5 ± 12.0 119.9 ± 10.9
 12 4(4.5) 148.9 ± 4.3 43.5 ± 4.2 19.6 ± 1.2 131.7 ± 8.2 20.5 ± 7.5 36 ± 11.8 91.3 ± 17.5 116.8 ± 10.1

Total 88(100) 134.9 ± 12.1 34.8 ± 10.4 18.8 ± 3.2 151 ± 13.6 33.2 ± 8.8 23.7 ± 9.6 96.3 ± 8.0 119.1 ± 13.1



How Children Can Learn to Save Lives with Age-Appropriate BLS Simulated Course 61

Statistical Analysis
All data were collected and analyzed anonymously. For descriptive 

statistics, Mean and SD were calculated and used. Differences were 
assessed using t-tests. Correlation was assessed using Spearman's rank 
correlation coefficient. The analyses were performed using SAS JMP 
version 11.2.0 (SAS, Cary, NC, USA). Two-tailed p -values of less than 
0.05 were considered statistically significant. This study was approved 
by the Ethics Committee of Kanazawa Medical University (IRB num-
ber: I165). The parents of all students were informed about the study 
and asked to complete an informed consent form if their children were 
permitted to join our investigation.

RESULTS

Fifteen schools that agreed to participate in the study were entered 
out of all the elementary schools in Ishikawa Prefecture that offered to 
do so, and 88 children at those schools aged 6-12 years and whose par-
ents agreed to participate in the study, were enrolled. For children aged 
6 to 12 years, the average depth of chest compression was 23.7 ± 9.6 
mm, the average recoil percentage was 96.3% ± 8.0%, and the average 
frequency per minute was 119.1 ± 13.1. Boys compressed the chest 
deeper than girls, and this difference was statistically significant (25.9 ± 
11.0 mm vs. 21.7 ± 7.80 mm; p = 0.045). Two children aged 11 years 
pushed the chest more than 50 mm. The average depth of chest com-
pression was more than 30 mm for children aged 11 and 12 years (Table 
2). 

The knowledge test covering emergency protocols and CPR showed 

that the number of children with correct answers for each item increased 
after BLS training compared with before training. There were signifi-
cant differences in the number of correct answers for the questions 
except "Ask for AED" and "Correct posture" In the upper-grade group. 
There were also significant differences in the number of correct answers 
for the questions "Secure the scene" and "How fast with chest compres-
sion" in the lower age group, between before and after the training. 
There is no question that the scores were lower in both groups after 
training (Table 3).

There were no significant differences between boys and girls in 
height, weight, BMI, Rohrer's index, muscle quantity, average recoil 
percentage, and average frequency per minute. The depth of chest com-
pression showed statistically significant correlations with children's age 
(r = 0.669), body weight (r = 0.752), height (r = 0.638), BMI (r = 
0.598), and Rohrer's index (r = 0.283) (Table 4). However, there was no 
correlation with the quantity of muscle. Recoil percentage and frequen-
cy per minute showed no significant correlation with children's height, 
weight, muscle quantity, BMI, and Rohrer's index. There were no signif-
icant differences in the depth of chest compression in relation to chil-
dren's academic results (p = 0.08), physical ability (p = 0.06), and upper 
body muscle strength (p = 0.06) (Table 5). 

DISCUSSION

In this study, we measured whether school children could under-

Table 3: The number of children with correct answers of the knowledge test before and 
after BLS training

  Lower grade Upper grade
  (n = 38) (n = 50)

Question Test n p-value n p-value

Secure the scene Pre 25 0.002* 36 0.002*

 Post 33  47 

Call Ambulance and ask for help Pre 23 0.08 13 0.003*

 Post 25  20 

Ask for AED Pre 17 0.02 37 0.3

 Post 22  38 

Correct posture Pre 10 0.3 30 0.02

 Post 11  35 

Where to assess breathing Pre 14 0.3 38 0.007*

 Post 15  33 

How deep with chest compression Pre 12 0.3 36 0.002*

 Post 13  45 

How fast with chest compression Pre 5 0.003* 31 < 0.001*

 Post 13  42 

Location of chest compression Pre 15 1 29 < 0.001*

 Post 15  48 

Purpose of AED Pre 8 - 29 0.006*

 Post 8  36 

Table 4: The correlations of factors and the depth of chest com-
pression 

Assessment of factors r value

Age 0.669
Body weight 0.752
Height 0.638
BMI 0.598
Rohrer's index 0.283

Table 5: The assessment of factors and the depth of chest com-
pression (mm)

Assessment of  Good (n) Fair (n) Not good (n) p-value
factors

Academic  22.9 (11) 23.7 (55) 21.0 (19) 0.08
result, mm
Physical  22 (32) 23.4 (30) 20.6 (23) 0.06
result, mm
Upper body  24.2(28) 25.5(30) 22.6(27) 0.06
muscle strength, 
mm
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stand and implement BLS properly and measured factors that may affect 
their performance after taking a newly created BLS course. We found 
that most participating children were not able to achieve the required 
depth of chest compression (i.e., at least 50 mm) properly on the "adult" 
training manikin by themselves. The results indicated that the necessary 
bodyweight for Japanese people to properly perform chest compression 
needs to be over 65 kg according to the caliculations23). Our results and 
the national bodyweight averages for Japan suggest that very few school 
children or adult Japanese women would be able to properly perform 
chest compression23,24). However, in real life situations of cardiac arrest, 
people with smaller body size (< 65kg) can perform BLS. Give that a 
person with a small physique can actually carry out BLS, physique 
alone does not explain whether or not BLS can be conducted; other 
related factors must be involved. In addition, as the spring in the adult 
manikin was set to be pushed effectively with 45kg, the child manikin 
requires less load, in essence, a child's chest is softer and thinner than an 
adult's chest and the guideline recommends pushing with one-third of 
the body weight or 40 to 50mm deep on a child's body. Higher-age 
school children might thus be able to implement effective BLS on chil-
dren at school or in the community while not in the presence of adults. 

The results of the knowledge test showed that upper-grade children 
significantly increased their scores on most items after the BLS educa-
tion. For those that were not significantly different, the scores were high 
before the sessions, suggesting that the sessions were not ineffective. 
These results indicate that upper-grade children are able to understand 
how to respond and act well to an emergency situation through effective 
educational sessions. By contrast, the lower-grade children scored sig-
nificantly higher after the education sessions on "Secure the scene" and 
"How fast with chest compression". but there was no increase in scores 
on the other items, although scores on the item "Call Ambulance and 
ask for help" were high before the education session. From the above 
results, it appears that the lower-grade children have a sufficient under-
standing of emergency identification and calling for an ambulance and 
help. In addition, the simultaneously implemented questionnaire on 
awareness showed that before the sessions, many children answered 
"Do nothing," "Don't want to get closer," or "Want to help but dare not." 
against the question "What will you do if you find a person who has 
fainted?", whereas after the sessions, all the children replied "They 
wanted to help and would get closer". This suggests that education 
increased the children's consciousness about rescuing a human life, 
which may contribute to increasing their readiness to perform BLS. In 
contrast to some previous studies, our results suggest that it is worth 
teaching BLS to all school children15-17).

 We also tried to clarify other contributing factors such as children's 
academic results, physical ability, and upper body muscle strength. 
However, we found no significant correlations between these additional 
factors and the depth of chest compression. There may be other 
unknown factors that may be important, including physical coordina-
tion, the chance of repeat practice, or various combinations of factors. 
Further investigations of this issue are warranted.

The primary purpose of BLS education is to ensure that learners 
acquire the skills and knowledge to allow them to act appropriately 
when encountering a person in cardiac arrest and improve patient out-
comes; however, most previous studies showed that CPR skills tend to 
deteriorate after a certain period25-29). Ideally, everyone in the communi-
ty---adults and children---should be trained in BLS. Although it may be 
difficult for children to acquire the proper skills and knowledge about 
BLS, such efforts would help to prevent unnecessary deaths from sud-
den-onset cardiac problems and improve survival rates3). High quality 
BLS education is essential for everyone in the community including 
school children, even among the lower-grades. Such an approach might 
lead to more lives being saved. In Japan, all students are legally mandat-
ed to attend primary and junior high school for at least 9 years. It would 
be very useful to prepare an age-appropriate BLS course provided regu-
larly throughout this period, which would also contribute to increasing 
children's health literacy and community education.

LIMITATION

This study had some limitations. Because it was impossible to ana-
lyze and identify predictors other than body size, further studies in this 
respect are needed. Additionally, children's answers to the questionnaire 
covering other factors were self-assessed. Therefore, further large-scale 
studies are needed to clarify possible factors that may be correlated with 
the acquisition and retention of BLS skills among school-age children. 

CONCLUSIONS

Most children of primary school age are not able to compress the 
adult chest beyond 50 mm. And there is a statistically significant cor-
relation between the depth of chest compression and body size among 
children. However, academic results, physical ability, and upper body 
muscle strength do not influence the ability to perform BLS. The regular 
practice of BLS with age-appropriate content at primary schools might 
improve the current situation. The improved knowledge scores show the 
importance for school children of understanding and practicing BLS, 
even if they cannot yet perform BLS properly. Therefore, it is important 
and of benefit for children in communities, even of primary school age, 
to be taught BLS. Furthermore, age-appropriate curriculum develop-
ment of BLS for children in their schools is essential.
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