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Abstract

Aim: We explored the potential for over-compression from current paediatric chest compression depth guidelines using chest computed tomography

(CT) images of a large, heterogenous, Asian population.

Methods: A retrospective review of consecutive children, less than 18-years old, with chest CT images performed between from 2005 to 2017 was done.

Demographic data were extracted from the electronic medical records. Measurements for internal and external anterior-posterior diameters (APD) were

taken at lower half of the sternum. Simulated chest compressions were performed to evaluate the proportion of the population with residual internal

cavity dimensions less than 0 mm (RICD < 0 mm, representing definite over-compression; with chest compression depth exceeding internal APD), and

RICD less than 10 mm (RICD < 10 mm, representing potential over-compression).

Results: 592 paediatric chest CT studies were included for the study. Simulated chest compressions of one-third external APD had the least potential for

over-compression; no infants and 0.3% children had potential over-compression (RICD < 10 mm). 4 cm simulated chest compressions led to 18% (95%

CI 13%�24%) of infants with potential over-compression, and this increased to 34% (95% CI 27%�41%) at 4.4 cm (upper limit of “approximately” 4 cm; 4

cm + 10%). 5 cm simulated compressions resulted in 8% (95% CI 4%�12%) of children 1 to 8-years-old with potential over-compression, and this

increased to 22% (95% CI 16%�28%) at 5.5 cm (upper limit of “approximately” 5 cm, 5 cm + 10%).

Conclusion: In settings whereby chest compression depths can be accurately measured, compressions at the current recommended chest

compression of approximately 4 cm (in infants) and 5 cm (in young children) could result in potential for over-compression.
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Introduction

High quality chest compressions of sufficient depth remain one of the
key factors to improve survival and neurobehavioural outcomes
following cardiac arrest.1�11 Current International Liaison Committee
on Resuscitation (ILCOR) paediatric chest compression depth
recommendations advocates chest compression to be at least one-
third external anterior-posterior diameter (APD), or approximately 4
cm in infants and 5 cm in children.1�8 This recommendation was
informed by retrospective observational paediatric studies,12,13

paediatric chest computed tomography (CT) studies,14,15 and
extrapolation from adult data.1�11 Chest compression should ideally
be to the point where no further cardiac output is achievable with
increased compression depth, without causing damage to the internal
organs.14�17

Some adult studies have observed potential harm in over-
compression,17 which has not previously been studied in the
paediatric population. Recently published chest CT studies suggested
that for Asian children, current paediatric chest compression
recommendations may be too deep in the pre-adolescent age
group.18�20 For older Asian children and adolescents, it is unknown
how age cut-offs for the use of adult life support guidelines might affect
the potential for over-compression. Prior findings of paediatric chest
CT studies on the potential for over-compression were limited by the
relatively small datasets for infants, and potential ethnic differences in
body habitus between paediatric populations worldwide. We hypoth-
esised that current paediatric chest compression depth guidelines
might result in significant over-compression in Asian infants, children
and adolescents. We explored this radiologically by using an Asian
tertiary paediatric hospital’s large databank of paediatric chest CT
images.

Our primary aim was to explore the proportion of Asian infants,
children and adolescents with potential for over-compression by
simulating chest compressions on chest CT images at target depths
and age-groups recommended by current paediatric chest com-
pression guidelines. Our secondary aim was to compare how the

minor variations in paediatric chest compression depth targets and
age-group definitions using selected international, regional and
local paediatric chest compression guidelines might result in
potential over-compression in Asian infants, children and adoles-
cents radiologically.

Methods

Setting and study design

Singapore has a heterogenous population with Chinese, Malays,
Indians, and other minority races. This study was a retrospective,
quantitative study of chest CT scans performed on patients aged
below 18-years of age for medical purposes in KK Women’s and
Children’s Hospital in Singapore from 2005 to 2017, with Institutional
Review Board approval with waiver of informed consent (Reference
Number 2017/3131). We used a convenience sample of a large
database of consecutive paediatric chest CTs as there were no prior
studies in our local population (Singapore) that studied the potential of
over-compression using current paediatric chest compression
guidelines.

Inclusion and exclusion criteria

All chest CT scans of consecutive patients below 18-years of age
performed from 1 January 2005 to 31 December 2017 were obtained
via the institutional electronic database records with measurements
done using built-in Vue Motion Image Viewer1 were included in the
study.

Repeat chest scans of patients were excluded if they were
performed within two months of the index chest CT scan. Chest CT
studies were also evaluated and excluded if they had pathologies
which may affect measurements. These included studies with
significant chest wall deformities, significant plural or intrathoracic
pathologies, and technical limitations (inability to identify chest
borders or landmarks). The patients’ demographic data were

Fig. 1 – Measurements taken from axial and sagittal CT images14�16,18�20.
Mid-sternum (B) is the midpoint between superior edge of bony sternum (A) and inferior edge of bony sternum (C) on
sagittal CT image.
Lower half of the sternum (#) is the lower half of the sternum which lies between B and C on sagittal CT image.
External anterior-posterior diameter (APD) is the distance between the skin anterior to the sternum (D) and the skin
overlying the tip of the spinous process (E) on axial CT image.
Internal anterior-posterior diameter (APD) is the distance between posterior margin of the sternum (F) and the anterior
margin of the vertebral body (G) on axial CT image.
Simulated chest compression: Compression simulated at a specific depth, measured from anterior chest wall (D) on
axial CT image.
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extracted from electronic databases based on the date of CT scans
conducted.

Data collection and measurements

Epidemiological data were extracted from the electronic medical
records during the period when the scans were performed.

This study employed the same methodology used in previous
landmark papers for identifying CT chest landmarks and measure-
ments.14,15 Please refer to Fig. 1 and Appendix A (supplementary
material).

Using CT chest imaging of a heterogenous, Asian, paediatric
population, we measured the external and internal APD at the middle
of the lower-half of the sternum4�8 and compared them with current
paediatric chest compression depth guidelines. The internal APD
represented the internal chest cavity (between sternum and anterior
vertebra) which could be potentially compressible.

Training and audit of radiological measurements by non-

radiologist investigators

The non-radiologist investigators were guided by a senior radiologist
on taking the measurements for data collection. An audit using a
random sampling of 10% of data collected were cross-referenced with
a senior radiologist to ensure that their measurements correlated
adequately.

Assessment of potential for over-compression radiologically

To assess the potential for over-compression, we studied the residual
internal cavity dimension (RICD) which was the residual chest depth
after a simulated compression (as determined by the methodology in
Appendix A). Based on prior radiological studies, CT scans of patients
with RICD of less than 10 mm (RICD < 10 mm) were simulated
considered probably too deep as this could potentially result in internal
organ injuries.14�16,18�20 Simulated chest compressions that ex-
ceeded the internal chest cavity size (internal APD) were reported as
RICD less than 0 mm (RICD < 0 mm) which represented definite over-
compression. We prospectively defined RICD < 10 mm as “potential
over-compression” and RICD<0 mm as “definite over-compression”.

The recommended age cut-off for considering using adult basic life
support guidelines based on resuscitation guidelines from Australia
and New Zealand Resuscitation Committee on Resuscitation
(ANZCOR)6 and Singapore Resuscitation and First Aid Council
(SRFAC)7,9 was 8 years old. On the other hand, American Heart
Association (AHA)4 and the European Resuscitation Council (ERC)5

suggested that adult chest compression guidelines could be
considered if the paediatric cardiac arrest victims had signs of
puberty. Since there is an age range for puberty, we arbitrarily
standardised this to be synonymous with more than 12 years of age.

To study our primary aim, we analysed the proportion of infants
with potential for over-compression at simulated chest compression
depths at one-third external APD, 3 cm, 4 cm, and 5 cm at the lower
half of the sternum. For children above one-years-old, simulated chest
compression depth at one-third external APD, 4 cm, 5 cm, and 6 cm
were used to evaluate evaluated the proportion of children with
potential for over-compression (RICD < 10 mm) or definite over-
compression (RCID < 0 mm). Two age sub-groups of a) “1�8 years”
and “>8 years”, and b) “1�12 years” and “>12 years” in children were
used for subgroup analysis.

For our secondary aim, we used selected paediatric basic
resuscitation guidelines from North America,4 Europe,5 Australia,6

Singapore,7,9 Japan,10 and South Korea11 to evaluate the number of
patients with potential over-compression (RICD < 10 mm) and definite
over-compression (RICD< 0 mm) when simulated chest compressions
were delivered to achieve these recommended chest compression
depth targets (range). Based on prior paediatric chest compression
target studies,21 “approximately” was set at plus or minus 10% (�10%)
of the set target depth. The potential for over-compression was
evaluated at simulated chest compression depth using these guide-
lines. This would be approximately one-third external APD (�10%),
one-third external to less than half external APD for all paediatric
patients. For infants, absolute simulated chest compression depth
range of 3�4 cm, and approximately 4 cm (4 cm � 10%, i.e. 3.6�4.4
cm) were evaluated. For children above one-year-old, simulated chest
compression depth range of 4�5 cm, approximately 5 cm (5 cm � 10%,
i.e. 4.5�5.5 cm), 4�6 cm, and 5�6 cm were evaluated.

Statistical analysis

Demographic and clinical characteristics were summarised by mean and
standarddeviation(SD)forcontinuousvariableswithapproximatelynormal
distribution, and frequency and percentage for categorical variables.

For the audit, intra-class correlation coefficient methodology was
used to assess correlation within a random 10% sample of films, to
assess if non-radiologist investigators’ measurements correlated
sufficiently with an “expert” (senior radiologist).

Potential over-compression (RICD < 10 mm) and definite over-
compression (RICD < 0 mm) were summarised by frequency,
percentage and the corresponding 95% confidence interval based on
various paediatric resuscitation guidelines for infants and children as
defined above. Comparison of mean internal and external APD
between age groups of “1�8” and “1�12 years” and between “>8
years” and “>12 years” was achieved by using mixed-effects linear
regression. Similarly, mixed-effects logistic regression has been
adopted to compare potential over-compression (RICD < 10 mm) and
definite over-compression (RICD < 0 mm) at various simulated chest
compression depths between age groups of “1�8 years” and “1�12
years” and between “>8 years” and “>12 years”.

All statistical analyses were performed using Stata/SE 16.1
(StataCorp. LP, College Station, TX USA) with a two-sided test of 5%
statistical significance.

Results

Study population

A total of 978 chest CT scans (700 scans of children and 278 scans of
infants) were reviewed. 301 scans for children and 85 scans for infants
were rejected due to chest wall deformities (pectus excavatum, pectus
carinatum, and thoracic masses), or inability to identify chest borders
or landmarks on the CT scans. 592 CT scans for 399 children and 193
scans for infants were finally included for the study.

Demographic data and chest depth measurements

Of the chest CT scans of 193 infants and 399 children, 107 (55.4%) of
the infants and 201 (50.4%) of the children were male (Table 1). Other
demographic data of the studied population were described in Table 1.
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For infants, the mean external and internal APD at the lower half of
the sternum were 101.89 mm (SD 14.10) and 57.54 mm (SD 8.13)
respectively (Table 1). In children 1-year and older, the mean external
and internal APD at the lower half of the sternum were 155.34 (SD
28.51) and 80.69 mm (SD 13.86) respectively.

The internal and external APD measurements at the lower half of
the sternum for age subgroups of children one-year-old (“1�8years”
vs “1�12 years” and “>8 years” vs “>12 years” were reported in
Table 2. There was statistically significant difference between the age
subgroups in children for all APD measurements.

Mean one-third external APD of infants was 33.96 mm (SD 4.70).
The mean one-third external APD in children 1�8 years compared to 1
�12 years were 44.69 mm (SD 4.50) and 47.20 mm (SD 6.89)
respectively. For children “>8 years” compared to children “>12
years”, the mean one-third external APD were 58.70 mm (SD 7.86)
and 60.94 mm (SD 7.10) respectively.

Correlation between radiological measurements in the audit

sample made by non-radiologist investigators and senior

radiologist

The mean difference between measurements for external APD was
�1.91 mm (intra-class correlation coefficient of 0.98, 95%CI 0.91 to
0.99) and �2.91 mm for internal APD (intra-class correlation
coefficient of 0.78, 95%CI 0.37 to 0.93), which demonstrated
moderate to excellent correlation.

Potential for over-compression at relative and absolute chest

compression depths

When chest compressions of one-third external APD were simulated
at the lower half of the sternum, no infants and only 1 child (0.3%) had
potential over-compression; none had definite over-compression
(Table 3).

A simulated 4 cm chest compression led to 35 infants (18%,95%CI
13% to 24%) with potential over-compression, of which 2 infants (1%,
95%CI 0.1% to 4%) had definite over-compression (Table 3). The
number of infants with both potential and definite over-compression
increased significantly beyond 4 cm.

For children above 1-year-old, a simulated 5 cm chest compres-
sion led to 15 children (8%, 95%CI 4% to 12%) with potential over-
compression and 2 children (1%, 95%CI 0.1% to 4%) with definite
over-compression both age groups 1�8 years and 1�12 years old.

Simulated chest compressions at selected resuscitation

council guidelines compression depth targets

A comparison of target chest compression depth targets using
selected national resuscitation council guidelines were used to look at
the proportion of the studied paediatric population with potential for
over-compression and definite over-compression (Table 4).

Simulated chest compressions of “approximately” one-third
external APD had the least potential for over-compression across

Table 1 – Demographics and clinical characteristics of patients.

Infants (<1-year-old) (n = 193) Children (�1-year-old) (n = 399)

Age

Age (years) for children, mean (SD, range) � 8.53 (4.95, 1�17)
Age distribution for children, n (%)
1�8 years � 197 (49.4)
>8�12 years � 69 (17.3)
>12 years � 133 (33.3)

Gender, n (%)

Female 86 (44.6) 198 (49.6)
Male 107 (55.4) 201 (50.4)

Race, n (%)

Chinese 96 (49.7) 254 (63.7)
Malay 43 (22.3) 72 (18.0)
Indian 23 (11.9) 34 (8.5)
Others 31 (16.1) 39 (9.8)

Computed tomographic chest dimensions

External APD at lower half of sternum (mm), mean (SD) 101.89 (14.10) 155.34 (28.51)
Internal APD at lower half of sternum (mm), mean (SD) 57.54 (8.13) 80.69 (13.86)

Legend: APD � anterior-posterior diameter, SD � standard deviation.

Table 2 – Summary of internal and external APD at lower half of sternum for children by age group.

1�8 years 1�12 years p value >8 years >12 years p Value

Mean internal APD, mm (SD) 72.01 (8.77) 75.11 (10.97) <0.001 89.15 (12.62) 91.85 (12.21) <0.001

Mean external APD, mm (SD) 134.07 (13.51) 141.61 (20.67) <0.001 176.09 (23.57) 182.81 (21.29) <0.001

Legend: APD � anterior-posterior diameter, SD � standard deviation.
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Table 3 – Residual internal chest dimension (RICD) after simulated chest compression at lower half of sternum.

Infants (<1-year-old) RICD<10 mm, n
(%, 95%CI)

RICD<0 mm, n
(%, 95%CI)

Simulated chest compression
depth 1/3 external APD

0 (0, 0�2) 0 (0, 0�2)

3 cm 2 (1, 0.1�4) 0 (0, 0�2)
4 cm 35 (18, 13�24) 2 (1, 0.1�4)
5 cm 120 (62, 55�69) 35 (18, 13�24)
Children (�1-year-old) RICD < 10 mm,

n (%, 95%CI)
RICD < 0 mm,

n (%, 95%CI)
RICD < 10 mm,

n (%, 95%CI)
RICD < 0 mm,

n (%, 95%CI)
RICD < 10 mm,

n (%, 95%CI) RICD < 0 mm,

n (%, 95%CI)

RICD < 10 mm,

n (%, 95%CI)
RICD < 0 mm,

n (%, 95%CI)

Children age group 1 Children age group 2

Simulated chest compression
depth

1�8 years (n = 197) >8 years (n = 202) 1�12 years (n = 266) >12 years (n = 133)

1/3 external APD 1 (1, 0.01�3) 0 (0, 0�2) 0 (0, 0�2) 0 (0, 0�2) 1 (0.4, 0.01�2) 0 (0, 0�1) 0 (0, 0�3)
0 (0, 0�3)

4 cm 2 (1, 0.1�4) 0 (0, 0�2) 0 (0, 0�2) 0 (0, 0�2) 2 (1, 0.1�3) 0 (0, 0�1) 0 (0, 0�3)
0 (0, 0�3)

5 cm 15 (8, 4�12) 2 (1, 0.1�4) 0 (0, 0�2) 0 (0, 0�2) 15 (6, 3�9) 2 (1, 0.1�3) 0 (0, 0�3)
0 (0, 0�3)

6 cm 81 (41, 34�48) 15 (8, 4�12) 10 (5, 2�9) 0 (0, 0�2) 88 (33, 27�39) 15 (6, 3�9) 3 (2, 0.5�6)
0 (0, 0�3)

Legend: APD � anterior-posterior diameter, RICD � residual internal chest dimension.
Values are n (%, 95% CI).
Percentages are in bold if more than �5% of age group.
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Table 4 – Simulated chest compression and associated over-compression using pediatric basic life support guidelines from selected resuscitation councils.

Basic life support
guidelines

Pediatric2�4,16,18 Pediatric17 Infant16 Infant2�4 Child16,18 Child2�4/Adult18 Adult16 Adult5

AHA/ANZCOR/ERC/
Korea/Singapore

Japan, ANZCOR Singapore AHA/ANZCOR/ERC Singapore Korea AHA/ANZCOR/ERC:
Pediatric
- Korea: Adult

Singapore AHA/ANZCOR/
ERC/Japan

Age group 1/3 to <1/2 ext APDa

(�1/3 ext APD)

Approximately

1/3 ext APD

(�10%)

3 to 4 cm Approximately 4 cm

(�10%)

(3.6 to 4.4 cm)

4 to 5 cm Approximately 5 cm

(�10%)

(4.5 to 5.5 cm)

4 to 6 cm 5 to 6 cm

Infants <1 year old

RCID <10 mm 0 (0, 0�2) to 141
(73, 66�79)

0 (0, 0�2) to 3
(2, 0.3�4)

2 (1, 0.1�4) to 35
(18, 13�24)

15 (8, 4�12) to 65
(34, 27�41)

� � � �

RCID <0 mm 0 (0, 0�2) to 8
(4, 2�8)

0 (0, 0�2) to0
(0, 0�2)

0 (0, 0�2) to 2
(1, 0.1�4)

1 (1, 0.01�3) to 8
(4, 2�8)

� � � �

Children 1�8 years old

RCID <10 mm 1 (1, 0.01�3) to 157
(80, 73�85)

0 (0, 0�2) to2
(1, 0.1�4)

� � 2 (1, 0.1�4) to 15
(8, 4�12)

3 (2, 0.3�4) to 43
(22, 16�28)

2 (1, 0.1�4) to 81
(41, 34�48)

15 (8, 4�12) to 81
(41, 34�48)

RCID <0 mm 0 (0, 0�2) to 25
(13, 8�18)

0 (0, 0�2) to 0
(0, 0�2)

� � 0 (0, 0�2) to 2

(1, 0.1�4)

0 (0, 0�2) to 2 (1, 0.1�4) 0 (0, 0�2) to 15
(8, 4�12)

2 (1, 0.1�4) to 15
(8, 4�12)

Children 1�12 years old

RCID <10 mm 1 (0.4, 0.01�2) to 213
(80, 75�85)

0 (0, 0�1) to 2
(1, 0.1�3)

� � 2 (1, 0.1�3) to 15
(6, 3�9)

3 (1, 0.2�3) to 44
(17, 12�22)

2 (1, 0.1�3) to 88
(33, 27�39)

15 (6, 3�9) to 88
(33, 27�39)

RCID <0 mm 0 (0, 0�1) to 45
(17, 13�22)

0 (0, 0�1) to 0
(0, 0�1)

� � 0 (0, 0�1) to 2

(1, 0.1�3)

0 (0, 0�1) to 2 (1, 0.1�3) 0 (0, 0�1) to 15
(6, 3�9)

2 (1, 0.1�3) to 15
(6, 3�9)

Children >8 years old

RCID <10 mm 0 (0, 0�2) to 171
(85, 79�89)

0 (0, 0�2) to 3
(1, 0.3�4)

� � 0 (0, 0�2) to 0
(0, 0�2)

0 (0, 0�2) to 4
(2, 1�5)

0 (0, 0�2) to 10
(5, 2�9)

0 (0, 0�2) to 10
(5, 2�9)

RCID <0 mm 0 (0, 0�2) to 74
(37, 30�44)

0 (0, 0�2) to 0
(0, 0�2)

� � 0 (0, 0�2) to 0

(0, 0�2)

0 (0, 0�2) to 0 (0, 0�2) 0 (0, 0�2) to 0 (0, 0�2) 0 (0, 0�2) to 0
(0, 0�2)

Children >12 years old

RCID <10 mm 0 (0, 0�3) to 115
(86, 79�92)

0 (0, 0�3) to 3
(2, 0.5�6)

� � 0 (0, 0�3) to 0
(0, 0�3)

0 (0, 0�3) to 3

(2, 0.5�6)

0 (0, 0�3) to 3 (2, 0.5�6) 0 (0, 0�3) to 3
(2, 0.5�6)

RCID <0 mm 0 (0, 0�3) to 54
(41, 32�49)

0 (0, 0�3) to 0
(0, 0�3)

� � 0 (0, 0�3) to 0

(0, 0�3)

0 (0, 0�3) to 0 (0, 0�3) 0 (0, 0�3) to 0 (0, 0�3) 0 (0, 0�3) to 0
(0, 0�3)

Legend: AHA � American Heart Association, ANZCOR - Australian and New Zealand Committee on Resuscitation. ERC � European Resuscitation Council, ext APD - external anterior-posterior diameter, RICD<10 mm -
residual internal chest dimension less than 10 mm representing possible over-compression, RICD<0 mm - residual internal chest dimension less than 0 mm representing definite over-compression.
Values are n (%, 95% CI).
Percentages are in bold if more than �5% of population.
a Current ILCOR,AHAandERCpediatric chest compression guidelines1�7 recommended compression depth target of “at least” one-third external APD for all paediatric ageswhoare pre-pubertal, without an upper limit.Wehad
set an upper limit of “less than one-half external APD” based on previous literature and recommendations1�7,10,11.
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all age groups. At its upper acceptable limit of 10%, none had definite
over-compression and 8 infants and children (1.3%) had definite over-
compression.

At the upper limit of simulated chest compression of “approxi-
mately 4 cm” (4 + 10%cm) in infants, 4% had definite over-
compression (compression depth exceeded internal APD) and 34%
had potential for over-compression.

Simulated compressions at the upper limit of “approximately 5 cm” (5
+ 10%cm), resulted in 1% of younger children (1�8 years) with potential
for over-compression and 22% with definite over-compression. The
proportion of children 1�12years with potential for over-compression,
when using the upper limits of absolute chest depth compression targets
(5.5 cm) were lower than the 1 to 8-years-age group, P < 0.001.

A simulated chest compression of 6 cm (upper limit of
recommended adult chest compression depth), resulted in 10
children who were >8 years (5%), compared to 3 children >12 years
(2%) with potential for over-compression. The odds of potential for
over-compression for children >12-years-old was 34% lower than
that for children>8-years-old when a simulated chest compression
depth of 6 cm was performed (odds ratio, OR 0.66, 95% CI 0.42 to
1.05; P = 0.083).

Discussion

In this radiological study, we looked at potential for over-compression
in Asian infants and children using CT chest imaging and found that
generally there was a significant proportion of our Asian study
population with potential for over-compression when absolute chest
compression depth targets of “approximately 4 cm” and “approxi-
mately 5 cm” were simulated in infants and children 8-years or less,
respectively. These findings were consistent with other Asian
paediatric studies,18�20 which alluded that a compression depth of
5 cm and beyond may be too deep for young Asian children; especially
those 8-years old and below.

When relative chest compression depth target of one-third external
APD was used, the potential for over-compression across all age
groups was the lowest. However, most paediatric chest compression
guidelines recommend a relative chest compression target depth of
“at least” one-third external APD and not “approximately”.

The use of Asian paediatric chest compression depth guidelines
(Japan, Korea, and Singapore), being more conservative than ILCOR,
AHA, ERC and ANZCOR appeared to result in less potential for over-
compression in our study population. Amongst these guidelines, the
compression depth target of “approximately one-third external APD”,
“3 to 4 cm” in infants, and “4�5 cm” in younger children had least
potential for over-compression in our Asian study population.

At 6 cm, the upper limit of adult chest compression depth target,
there was increased proportion of Asian children of “>8 years”
compared to “>12 years” with potential for over-compression. This
suggested that the use of adult chest compression guidelines may be
more appropriate in adolescents more than 12-years-old. This would
appear to support current ILCOR, AHA and ERC age cut-off for basic
life support by community rescuers by visual identification of “signs of
puberty”, which would be more likely to occur after 12-years of age.

While there were concerns that the Asian paediatric population
may be smaller in habitus in terms of chest dimensions, we did not find
this in our study. Mean one-third external APD at the lower half of the
sternum in our study population of Asian infants and children 1 to 8-
years-old was 33.96 mm (SD 4.70) and 44.69 mm (SD 4.50)

respectively. These were similar to prior published studies on non-
Asian paediatric populations that found one-third external APD were
approximately 3.4 cm in infants and 4.4 cm in children 1 to 8-years-
old.15,21,22 The finding that the chest measurements were not
substantially lower in our study population as compared to other
paediatric populations suggested that the potential for over-compres-
sion may be an issue for some infants and young children across all
populations. We were not able to find direct studies on the
associations of ethnicity on chest compression depth or chest size
over the compression landmark. There were two studies from Britain
and the United States, involving school going children (5�11-years-
old) that investigated how ethnicity and chest size affected spirome-
try.23,24 While not directly applicable, as the measurements were not
made at the chest compression landmark, and not over the sternum
(where there would be minimal soft tissue), they reported data which
showed less than 1 cm (0.2�0.9 cm) difference between the mean
external APD of Asians and non-Asians in their local population.

We were unable to infer what the optimal chest compressions
targets for Asian paediatric population, especially for infants and
younger children, due to the limitations of a radiological study. It is
notable that a large adult out-of-hospital cardiac arrest study25 found a
trend towards lower survival with chest compression depths >4.56 cm
(maximum survival after adjusting for confounders was in the depth
interval of 4.03�5.53 cm with peak, 4.56 cm); suggesting that the 2010
American Heart Association cardiopulmonary resuscitation guideline
target for adults could potentially be too deep. With this observation
that the peak survival was at a mean chest compression depth of 4.56
cm in adults, it would be important to clinically validate current
recommended paediatric chest compression depth targets, especially
for infants and younger children. A forensic study in adults observed
increased rates of chest compression-related injuries if compressions
of more than 6 cm were delivered.17 There are, currently, no published
forensic paediatric studies looking at this. Interestingly, in an
experimental study using piglets model simulating toddlers, haemo-
dynamic-guided chest compressions led to mean chest compression
depths at 4 cm and had better survival outcomes compared to when
chest compressions were randomised to receive standardised chest
compressions of 5 cm (target chest compression depth for toddlers).26

Earlier clinical studies12,13 on paediatric chest compression depths
that informed current paediatric chest compression guidelines were
based on single-sensor cardiopulmonary resuscitation (CPR) quality
monitoring devices that could have over-estimated compression
depths. The single-sensors used to obtain compression depth in the
landmark paediatric clinical studies could have been affected by
compression on non-firm surfaces and patient movement. Recent
observational studies21,27 using more advanced CPR feedback
devices with dual sensors (anterior and posterior) reported that
pediatric chest compression depth targets were rarely achieved in
clinical practice. The newer dual-sensors measure the difference
between the sensors rather than gross movement of the sensor and
the patient. While these more recent studies showed that paediatric
chest compressions rarely achieve recommended chest compression
depth targets, with increasing use of more advanced CPR feedback
devices with dual sensors, coupled with CPR coaching under CPR
quality improvement programmes, improved compliance to current
recommended absolute chest compressions depth targets were
demonstrated to be realistically achievable.28,29

However, our new results suggest that in settings that allow for
accurate compression depth monitoring, there could be increased
potential for over-compression in Asian infants and younger children less
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than 8 years of age if chest compression went beyond 4 cm and 5 cm
respectively, even if they were within the upper acceptable limits of +10%.

Amongst the various paediatric life support guidelines, compres-
sion depth targets of “approximately one-third external APD”
appeared to have the least potential for over-compression in our
study population. However, relative chest compression depth targets
can only be grossly estimated, and it is unknown if they can be
realistically targeted with sufficient accuracy in practice. In the settings
when chest compression can be accurately monitored and targeted
during CPR, an absolute range of “3 to 4 cm” in infants, and “4 to 5 cm”

in younger children appeared to result in relatively less potential for
over-compression. These findings need to be validated and their
clinical implications studied in clinical trials to better inform future
paediatric chest compression guidelines.

Strengths

Our study has a large sample size with 592 paediatric CT scans
analysed and the largest sample size for patients below the age of 1
(193 CT scans) in an Asian population.

Limitations

This study could not address the issue of potential for “under-
compression” or “optimal compression” depth in the paediatric
population. Optimal chest compression depth should be based on
clinical trials and clinically important outcomes. We have thus
considered the findings of the study to be relevant in settings where
compression depth can be accurately measured, for example, with
CPR dual-sensor feedback devices.

CT scans are usually performed with arms raised at end-
inspiration in contrast to patient undergoing CPR who have arms
lowered and placed at the sides of the torso. Although there could be
differences between the chest dimension measured during inspira-
tion and expiration in adult studies,30 and CPR is performed
throughout the respiratory cycle, measurements used in this project
were at 1 standardized point in maximal inspiration. Of note,
paediatric cardiac arrest victims whose arms are by their side have
approximately 5�10 compressions delivered during exhalation
compared to inhalation.21 Thus, our study is conservative and would
be likely to underestimate (not overestimate) potential for over-
compression.

In addition, the patients whose CT scans were reviewed usually
have underlying medical conditions, hence their growth might
have been affected causing their chest dimensions to be smaller
than the chest dimensions in healthy children. However, ill patients
are also more likely to receive chest compressions than the
healthy population, thus our findings may still be relevant and
generalisable.

The potential for chest compression causing internal injuries
when RICD is less than 10 mm is not evidence-based but based
on expert opinions and consensus.14�16,18�20 It remains
unknown if chest compression depths that result in RICD less
than 10 mm but more than 0 mm, could lead to actual injury or
harm, especially in infants. However, the paediatric myocardium,
notably in infants, tend to be less elastic31 and the more pliable
paediatric chest wall may allow greater transmission of blunt
force to intrathoracic structures.32 Thus, we also conservatively
reported RICD<0 mm in our assessment of potential for over-
compression.

Conclusions

Chest compression depth at “approximately” one-third external
anterior-posteriordiameterhad the leastpotential forover-compression
across all paediatric age-groups. In situations whereby chest
compression depth can be accurately measured and targeted,
compression depth at the upper limit of approximately 4 cm (4.4 cm)
in infants and approximately 5 cm (5.5 cm) in younger children could
result in significant potential for over-compression.
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