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Abstract

A introduction

Cardiopulmonary resuscitation (CPR) by a bystander can increase the survival rate of
patients experiencing out-of-hospital cardiac arrest (OHCA). However, performing high-quality
CPR using the standard hand-only technique may not be possible in cases where the
bystander is a child. In special situations, it has been found that using the foot for chest
compressions is equally effective as using the hand in adults. However, the effectiveness of
this method when the bystander is a child is under-researched. Thus, we aimed to investigate
the efficacy of chest compressions performed using a foot compared to those performed
using a hand in children under 15 years of age. The investigation focused on three key
parameters: 1) compression rate, 2) compression depth, 3) percentage of full chest recoil

over two minutes.
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A Method

This crossover randomized controlled trial study was conducted between January and
October 2023. We recruited 44 student participants aged 13-15 years. The participants used
CPR Training Manikins with feedback data. Methods of chest compressions were assigned by
simple random sampling, and after two minutes, the participants switched to the alternative

method.

A Results

Compression rate by hand exceeded by foot (11.3+14.2 bpm, P<0.001), while the per-
centage of full chest recoil by hand surpassed that during foot compressions (26.2+23.9%,
P<0.001). Conversely, compression depth by foot was greater than by hand (-14.7+7.4 mm,
P<0.001).

A Conclusion

In school-aged children, chest compressions using a foot have an advantage in com-
pression depth compared to hand compression. However, manual chest compressions
maintain a faster compression rate and a higher percentage of chest recoil, aligning with es-
tablished standards. The weight of the chest compressor does not significantly impact the

overall efficiency of chest compressions.

Y Keywords
Cardiopulmonary resuscitation, Chest compression by foot, Manikin study, School-aged
children




Introduction

In situations where a patient
experiences out-of-hospital cardiac arrest
(OHCA), cardiopulmonary resuscitation
(CPR) by bystanders at the scene can
increase patients’ survival rate!2.Still,
in some situations, the bystanders are
unable to perform manual chest
compression, which is a standard method,
because of their physical limitations.The
bystander who is a child or has a low body
weight causes the chest compression to
be less effective than desired”™, especially
in chest compression depth™.This will
reduce the patient’s chance of survival.

Currently, research is being conduct-
ed to find a new method of chest com-
pressions that can improve the effective-
ness of chest compressions in special
situations where bystanders cannot use
their hands to perform effective chest
compressions. A method studied to be as
effective as manual chest compressions
in adults is chest compression using the

foot™™*?

. However, only a few studies have
been conducted about chest compressions
using the foot in child bystanders', making
it unclear whether foot compressions
will improve the effectiveness of chest

compressions in child bystanders.

Objectives
Primary objectives
To investigate the effectiveness

of chest compressions using the foot

Thai Journal of ©mergency Medicinew—%\/\-'\*\/\

compared to the hand in school-aged
children under 15 years. Including:
1. Compression rate 2. Compression depth
3. Percentage of full chest recoil over two
minutes.

Secondary objectives

To study the relationship between
body weight and the effectiveness of chest
compressions, using both foot and hand

methods.

Method

Study design

A crossover randomized controlled
trial was conducted between January and
October 2023. It involved participants who
were students in the early secondary
levels of a selected school in Chonburi
province. The total number of participants
was 44, and the selection criteria for
inclusion in this study were as follows:
studying in grades 7-9 of the selected
school in the Si Racha district, aged
between 13-15 years. Exclusion criteria
include individuals with chronic illnesses
such as heart and vascular diseases,
asthma, or blood disorders, pregnant
persons, or those with physical limitations.
Participants who willingly consented to
participate in the study signed the informed
consent document, and parental consent
was obtained for each participant,
ensuring full compliance with ethical

guidelines and protocols.
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Research ethics

This research has been approvedby
the Research and Ethics Committee Queen
Savang Vadhana Memorial Hospital with
project number IRB 009/2566.

Research tools

The research utilized Resusci Anne®
QCPR Training Manikins with SimPad
SkillReporter that provide feedback on
the following parameters:

1. Compression depth (measured
in millimeters, mm)

2. Compression rate (measured in
beats per minute, bpm)

3. Percentage of full chest recoil
(%)

Data collection
The steps are shown in the study flow
diagram (Figure 1).

1. The participants were instructed
on hand and foot placement on the chest'
and shown how to perform chest
compressions through video clips.
Each participant then practiced chest
compressions on the training manikin two
times for one minute per method.

2. Participants were randomized
into two equal subgroups by drawing
a number 1 or 2. Group 1 started with
manual chest compressions, and Group 2

initiated with foot compressions.

3. Participants’ vital signs were
measured, including blood pressure, heart
rate, and respiratory rate, before and after
every round of chest compressions.

4. Each group performed chest
compressions on the assigned manikin,
which can record chest compression data
for a 2-minute interval.

5. After completing two minutes,
participants were given a 10-minute rest
and then switched groups.The group that
started using hands switched to using feet,
and the other vice versa.

6. Each group performed chest
compressions on the manikin using the
assigned method for another two minutes.

7. Recorded data from both hand
and foot compressions were collected
and analyzed for each participant and
each group.

Data analysis

Data underwent statistical analysis
using IBM SPSS Statistics, version 28, and
Stata software, version 14. General data
was analyzed using descriptive statistics,
presenting measures such as mean
(Frequency), percentage, mean (Mean),and
standard deviation (SD). For parametric
statistical hypothesis testing, the Paired
T-test was used. The significance level for

hypothesis testing was set at 0.05.
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Assessed for eligibility (N=49)

Exclude (N=5)

Age <13 or > 15 years old (N=5)

A

Randomization (N=44)

Allocated to Hand compression (N=22)

Allocated to Foot compression (N=22)

| Crossover |

N

Allocated to Hand compression (N=22)

Allocated to Foot compression (N=22)

Figure 1 Study flow diagram
Results

Table 1 Baseline characteristics

Characteristics Total (n=44) (%)

Gender

Male 18 (40.9)
Female 26 (59.1)
Age (year) : Mean+SD 13.95+0.7
13 12 (27.3)

14 22 (50.0)

15 10 (22.7)
Height (centimeters) : Mean+SD 160.17+6.7
Weight (kilograms) : Mean+SD 50.89+12.4
<50 27 (61.4)

>50 17 (38.6)

11
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The study included 44 participants,
40.9% male and 59.1% female. The
average age was 13.95+0.71 years. The
average height was 160.2+6.7 centimeters.
The average weight was 50.9+x12.4
kilograms.

Participants were further categorized
based on weight:

1. Those weighing below 50
kilograms comprised 61% (n=27) of
participants.

2. Those weighing 50 kilograms
constituted 39% (n=17) of participants.

Table 2

As shown in Table 1

The study’s results in comparing
compression rates between hand and foot
compressions are presented in Table 2. It
was found that the average chest com-
pression rate by hand was 109.4+11.3
bpm, while the average chest compression
rate by foot was 98.1+9.2 bpm.The aver-
age difference between the two groups
was 11.3+14.2 bpm (P<0.001).

Upon further analysis, we found that
hand compressions had a higher average

compression rate than foot compressions

Comparison of compression rate between hand and foot compression and the

relationship between the participant’s body weight and compression rate of both hand

and foot compression.

Total (n=44) Mean compression rate” (SD) 95% Cl p-value
Compression by hand 109.41 (11.32) 105.97-112.85
Compression by foot 98.09 (9.18) 95.30-100.88
Compression rate difference 11.3(14.16) 7.01-15.62 <0.001
Body weight <50 kg (n=27) Mean compression rate (SD) 95% Cl p-value
Compression by hand 109.04 (11.32) 105.08-112.99
Compression by foot 99.63 (9.18) 96.12-103.14
Compression rate difference 9.41 (14.16) 4.92-13.89 <0.001

Body weight =50 kg (n=17)

Mean compression rate (SD)

95% Cl

Compression by hand 110.00 (13.46) 103.08-116.92
Compression by foot 95.65 (9.37) 90.83-100.47
Compression rate difference 14.35(17.72) 5.24-23.47 0.004

*Mean compression rate (measured in bpm)




Table 3
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Comparison of compression depth between hand and foot compression and

the relationship between the participant’s body weight and depth of both hand and foot

compression.

Total (n=44) Mean compression depth” (SD) 95% ClI p-value
Compression by hand 25.32 (4.41) 23.98-26.66
Compression by foot 40.05 (8.68) 37.41-42.68
Compression depth difference -14.73 (7.36) -16.96- -12.49 <0.001

Body weight <50 kg (n=27)

Mean compression depth (SD)

95% Cl

Compression by hand 23.11 (3.67) 21.66-24.56
Compression by foot 35.67 (6.21) 33.21-38.12
Compression depth difference -12.56 (6.05) -14.95--10.16 <0.001

Body weight =50 kg (n=17) Mean compression depth (SD) 95% Cl
Compression by hand 28.82 (3.03) 27.27-30.38
Compression by foot 47.00 (7.49) 43.15-50.85
Compression depth difference -18.18 (8.08) -22.33--14.02 <0.001

*Mean compression depth (measured in compression mm)

in both weight groups (below 50 kilograms
and above 50 kilograms). Specifically, the
mean difference was greater than 9.4+11.3
bpm (P<0.001) for the group with weight
below 50 kilograms and greater than
14.4+17.7 bpm (P=0.004) for the group
with weight above 50 kilograms. It shows
no correlation between the participant’s
body weight and the effectiveness of chest
compression in terms of compression rate.

Table 3 presents the results of a
study comparing the chest compression

depth between hand and foot compressions.

13

It was found that the average chest
compression depth by using the hand was
22.3+4.4 mm. The mean compression
depth using the foot was 40.0+8.7 mm.
The mean difference between the two
groups was -14.7+7.4 mm (P<0.001).
Analysis of the difference between
hand and foot compressions based on
participants’ body weight in the group
weighing less than 50 kilograms shows
significantly shallower compression depth
with hand compression compared to foot

compression, with a mean difference of
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-12.6+6.1 mm (P<0.001). Similarly,
hand compression shows a shallower
compression depth in the group weighing
more than 50 kilograms compared to
foot compressions, with a mean difference
of -18.2+8.1 millimeters (P<0.001).
Demonstrating there is no relationship

between the body weight of both groups

and the effectiveness of chest compression
in terms of compression depth.

The results of the study comparing
the percentage of chest recoil in chest
compression between hand and foot
compressions are presented in Table 4. It
was found that chest compression by hand

has an average percentage of full chest

Table 4. Comparison of the percentage of full chest recoil between hand and foot

compression and the relationship between the participant’s body weight and percent-

age of full chest recoil of both hand compression and foot compression.

Mean percentage of full chest

Total (n=44) recoil(SD) 95% ClI
Compression by hand 99.48 (2.15) 98.82-100.13
Compression by foot 73.30 (23.45) 66.17-80.43
Full chest recoil percentage 26.18(23.89) 18.92-33.45 <0.001
difference

Mean percentage of full chest

Body weight <50 kg (n=27) recoll (SD) 95% Cl

Compression by hand 99.74 (1.16) 99.28-100.20
Compression by foot 79.96 (20.47) 71.87-88.06

Full chest recoil percentage 19.78 (20.65) 11.61-27.95 <0.001
difference

Mean percentage of full chest recoil

Body weight 250 kg (n=17) D) 95% Cl

Compression by hand 99.06 (3.15) 97.44-100.68
Compression by foot 62.71 (24.56) 50.08-75.33

Full chest recoil percentage 36.35 (25.73) 23.12-49.58 <0.001
difference

*Mean percentage of full chest recoil (%)



recoil at 99.5+2.2%. The mean percentage
of full chest recoil by foot compressions
was 73.3+23.5%. The average difference
between the two groups was 26.2+23.9%
(P<0.001).

Analyzing the differences in the
mean of chest recoil percentage using
hand and foot compressions in the group
weighing below 50 kilograms found that
hand compression has a greater average
percentage of chest recoil when compared
with chest compressions using foot at
19.8+20.7% (P<0.001). While the difference
among people weighing more than
50 kilograms is36.4+25.7% (P<0.001). It
indicates no relationship between the
participant’s body weight and the
effectiveness of chest compressions in

terms of the percentage of chest recoil.

Discussion

This study demonstrated that
manual chest compressions in children
aged 13-15 can provide an appropriate
chest compression rate of 109.4+11.3 bpm,
and the percentage of full chest recoil is
99.5+2.2%. In contrast, foot compression
had a slightly lower chest compression
rate (98.1£9.2 bpm) and a lower percentage
of full chest recoil of 73.3+23.5%.
Statistical analysis revealed significant
differences in both compression rate

(p<0.001) and chest recoil percentage

16
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(p<0.001) between the two methods.
However, while foot compressions showed
statistically significant differences, the
study found that the mean depth of foot
compressions (40.0+8.7 mm). At the same
time, hand compressions resulted in a
shallower depth (22.3+4.4 mm) with a
significant difference (p<0.001). Consistent
with the 2020 American Heart Association
(AHA) Guideline for Cardiopulmonary
Resuscitation and Emergency Cardiovas-
cular Care® that states high-quality CPR
should include minimizing interruptions
in chest compressions, adequate
compression rate (100-120/min) and
compression depth (5-6 centimeters),
avoiding leaning on the chest and
avoiding excessive ventilation.

When analyzed by the participant’s
body weight, both the group weighing
below 50 kilograms and the group
weighing exceeding 50 kilograms provided
the same results in the compression rate
and percentage of full chest recoil. That
is, chest compression by hand in both
groups was greater than foot compressions.
However, chest compression depth using
foot yields results closer to the predefined
AHA value® (5-6 cm) than manual chest
compressions in both groups, especially
in groups weighing more than 50 kilograms.
From the results in Tables 2-4, it can be

concluded that the participant’s body
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weight is not related to the effectiveness
of chest compression in either method of
chest compressions. For both those who
weigh under and over 50 kilograms, chest
compressions by hand are more effective
than foot compressions based on the
standards set by the AHA".

From the previous study of Otero-
Agra", our study can be consistent with
the result that using the hand in chest
compress is better than using the foot.
However, using the foot to compress
the chest has an efficiency close to the
standard in terms of compression depth
and rate. Therefore, it may be used in
place of manual chest compressions
if necessary. Moreover, our study is
consistent with the Takahashi'” study in
adults, showing that the depth of chest
compression was more significant than
that using foot compressions. However,
The results of this study provide
contradictory findings to Kherbeche',
who compared the effectiveness of hand
and foot compressions in school children.
It was found that using feet produced a
lower compression depth than using hands
when performing chest compressions.

This study used manikins; no
studies have been conducted on actual
patients, so the results in actual patients
may differ. From all the results of this

study, it can be evident that manual chest

compressions remain the standard
method recommended for most patients.
Chest compressions by foot should be
considered only in specific circumstances
and cannot be used as a substitute for

manual chest compressions.

Suggestion

We collected data about the
effectiveness of chest compressions
reported by the SimPad SkillReporter but
did not record participants’ foot location
on the manikin during the experiment.
This makes it impossible to tell the
accuracy of the area where chest
compressions are received. We recommend
that additional studies be conducted to
examine the accuracy of foot placement
in chest compression compared to the
accuracy of hand placement.

Additionally, a study used a footstool
during chest compressions'” to compare
with manual and foot-standing compressions.
It was found that standing on a footstool
during chest compressions increases the
depth of foot compressions. However, no
study has examined the percentage of
chest recoil, and a footstool has not been
used in any study about chest compressions
by child bystanders. Therefore, we
recommend using a footstool in future
studies to see the effectiveness of the

percentage of chest recoil compared to



manual chest compressions.

Conclusion
Manual chest compressions in
students aged 13-15 can provide a

higher compression rate and a better
percentage of full chest expansion than
foot compressions, providing results as
set by the AHA for High-quality CPR",
while compression using foot has an
advantage in compression depth compared
to hand.

The participant’s body weight was
not related to the effectiveness of
chest compressions. The results of chest
compressions using hand and foot in both
groups are the same. The compression
rate and percentage of full chest expansion
are better in manual chest compressions,
but compression by foot made a better
compression depth.

Nevertheless, while manual chest
compressions remain the standard
according to AHA guidelines, foot
compressions may be applicable in some

specific situations.
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