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Abstract
Aim: This study explored how body habitus in the paediatric population might potentially aect the use of one-third external anterior-posterior (APD)

diameter when compared to age-appropriate absolute chest compression depth targets. It also explored how body habitus could potentially aect the

relationship between one-third external and internal APD (compressible space) and if body habitus indices were independent predictors of internal

APD at the lower half of the sternum.

Methods: This was a secondary analysis of a retrospective study of chest computed tomography (CT) scans of infants and children (>24-hours-of-

life to less-than-18-years-old) from 2005 to 2017. Patients’ scan images were reviewed for internal and external APDs at the mid-point of the lower

half of the sternum. Body habitus and epidemiological data were extracted from the electronic medical records.

Results: Chest CT scans of 193 infants and 398 children were evaluated. There was poor concordance between one-third external APD measure-

ments and age-specific absolute chest compression depth targets, especially in infants and overweight/obese adolescents. There was a co-

dependent relationship between one-third external APD and internal APD measurements. Overweight/obese children’s and adolescents’ internal

and external APDs were significant dierent from the normal/underweight groups. Body-mass-index (BMI) of children and adolescents

(p = 0.009), but not weight-for-length (WFL) of infants (p = 0.511), was an independent predictor of internal APD at the compression landmark.

Conclusion: This study demonstrated correlations between external and internal APDs which were aected by BMI but not WFL (infants). Clinical

studies are needed to validate current chest compression guidelines especially for infants and overweight/obese adolescents.
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Introduction

Chest size and cavity dimensions have clinical implications in resus-

citation, especially for chest compression and respiratory function.

The internal anterior-posterior diameter (APD) at the site of chest

compression represents the “available space” for the heart to be

compressed between the sternum and vertebral body. If chest com-

pressions, based on current paediatric guidelines, are too shallow or

too deep (relative to the internal cavity size, i.e., internal APD), this

will result in either inadequate blood pressure generated or potential

harm, respectively. Current paediatric resuscitation guidelines gener-

ally recommend chest compression depth targets of: i) relative com-

pression depth of at least one-third external APD, and ii) absolute

chest compression depth of approximately 40 mm in infants, approx-

imately 50 mm in younger children, and 50–60 mm in adolescents

with pubertal signs.1–5 Age is currently the only patient variable con-

sidered in current chest compression depth recommendations.1–5

Chest dimensions are inherently affected by a child’s growth.

Intuitively, external chest dimensions are affected by body habitus.

However, it is unknown how internal chest cavity size may by be

affected by body habitus, and other demographic factors such as

race. An adult computed tomography (CT) study reported that

body-mass-index (BMI) could affect the adequacy of chest compres-

sion and that obesity was associated with the need for deeper com-

pressions due to relatively larger internal chest cavity sizes.6 The

findings may also be relevant in paediatrics, but not previously

reported. This may be a significant issue as childhood obesity is

becoming increasing more prevalent worldwide.7 Although obesity/

overweight has been associated with worse survival outcomes in

paediatric in-hospital cardiac arrest,8 there are currently no paedi-

atric studies to our knowledge, to inform if and how body habitus

would affect external APD (use of one-third APD as a compression

depth target) and internal chest cavity sizes at the chest compres-

sion landmark in infants, children, and adolescents, and if these fac-

tors, in turn, should be considered during chest compressions.

Using Chest CT imaging of a heterogenous, Asian, paediatric

population, our study’s aims were to investigate i) effects of paedi-

atric body habitus on the concordance of relative (one-third external

APD) versus age-specific absolute chest compression depth targets

(approximately 40 mm for infants, approximately 50 mm for children,

and 50–60 mm for adolescents), ii) effects of body habitus on the

relationship between the internal APD at the compression landmark

(potential space for cardiac compression to occur) and one-third

external APD (relative chest compression depth target), and iii) if

paediatric body habitus was an independent predictor of internal

APD at the lower half of the sternum.

Based on our current paediatric chest compression depth target

guidelines, we hypothesised that in relation to body habitus, i) there

would not be significant differences in the use of one-third external

APD and age-specific absolute chest compression depth targets, ii)

the internal APDs of normal weight infants, children, and adolescents

would not be significantly different from underweight and overweight/

obese counterparts, and iii) within and across age groups, these age-

and gender- specific body habitus indices were not independent pre-

dictors of internal chest cavity dimensions at the lower half of the

sternum.
Methods

Setting

This study was a secondary study of a prior publication on the poten-

tial for over-compression in paediatric population using retrospective,

quantitative database of paediatric patients below 18-years of age

who had chest CT scans performed for medical purposes in KK

Women’s and Children’s Hospital in Singapore from January 2005

to December 2017.9 There was Institutional Review Board approval

with waiver of informed consent (Reference Number 2017/3131). We

used a large database of consecutive paediatric chest CTs as there

were no prior studies in our local (Singapore) or international paedi-

atric populations that studied the associations of body habitus with

internal chest cavity dimensions at chest compression landmark

(lower half of the sternum).

Inclusion and exclusion criteria

All chest CT scans of consecutive patients below 18-years of age

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 Viewer� were included in the study.

Patients whose weight and height/length were not available

within 2 weeks of the CT scans were excluded.

Repeat chest CT scans of patients were excluded from the study

if they were performed within two months of the index Chest CT or

within same hospitalisation period (whichever was longer). Chest

CT studies were also evaluated and excluded if they had pathologies

which may affect measurements. These included studies with signif-

icant chest wall deformities, significant plural or intrathoracic patholo-

gies, and technical limitations (inability to identify chest borders or

landmarks).

Data collection and analysis

For infants, body habitus in infants was determined by using gender-

specific weight-for-length (WFL) growth charts using World Health

Organisation (WHO) standards.10,11 Age- and gender-specific

body-mass index [BMI = weight (kg)/height (m2] categories for chil-

dren and adolescents were obtained using Singapore’s age- and

gender-specific BMI growth charts.12 We used cut-offs of <5th centile

to define paediatric population as underweight, 5th to 85th centile as

normal weight, >85th to 95th centile as overweight, and >95th centile

as obesity.11 The patient’s demographics such as age, gender, race,

weight, and length/height were extracted from electronic databases

based on the date of CT scans conducted (within 2 weeks).

Paediatric chest compression guidelines recommend depth tar-

gets of at least one-third external APD or approximately 40 mm in

infants (<1 year-old), approximately 50 mm in prepubertal children

and 50–60 mm in adolescents with pubertal signs.1–5 As we were

not able to determine pubertal status (specifically males) from our

database, we prospectively divided the children � 1 year-old into

two age groups: children 1–12 years old, and adolescents more than

12-years-old.

Chest CT scans of consecutive patients 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 Viewer�.
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Details of the study’s design and methodology for collecting the

chest CT scans are detailed in our primary study.8 Chest wall and

cavity dimensions were obtained at mid-point of the lower half of

the sternum. Axial and sagittal views of each CT scan were used

to identify this measurement point and measurements were per-

formed on the axial images. These sites were checked indepen-

dently by at least 2 investigators who were guided by a senior

radiologist on taking the measurements for data collection and were

audited for consistency and reproducibility of radiological measure-

ments (external APD and internal APD) as detailed in our primary

paper.9

Statistical analysis

Demographic and clinical characteristics were summarised by mean

(standard deviation) and frequency (percentage) where appropriate.

Means of internal and one-third external APD between body habitus

groups were compared by independent two-sample t test. Patients

whose one-third external APD were concordant with age-specific

absolute chest compression depth targets (40 mm ± 10% in infants,

50 mm ± 10% in children 1–12 years-old and 50–60 mm in

adolescents > 12 years-old) were summarised by frequency (per-

centage) according to body habitus category. Percentage of concor-

dance was subsequently compared between underweight,

overweight/obese, and normal weight groups by Chi-square or Fish-

er’s exact test. Relationship between internal APD and one-third

external APD at the lower half of the sternum was studied by multiple

linear regression, with adjustment for gender-specific weight-for-

length for infants and age- and gender-specific BMI for children

and adolescents. The interaction between body habitus categories

and internal APD was also tested to evaluate the effect modification

of body habitus on internal APD in relation to one-third external APD.

Association between patient characteristics and internal APD was
Table 1 – Demographic characteristics of patients.

Patient characteristics Inf

Age

Age (years) for children, mean (SD, range)

Age distribution for children, n (%)

1–12 years

> 12 to <18 years

Gender, n (%)

Female 86

Male 10

Race, n (%)

Chinese 96

Malay 43

Indian 23

Others 31

Weight (kg), mean (SD) 5.2

Length/Height (meters), mean (SD) 0.5

Gender specific weight-for-length for infants, n (%)

< 5th percentile 28

5th � 95th percentile 15

> 95th percentile 14

Age and gender specific BMI for children, n (%)

Underweight (<5th percentile)

Normal (5th –< 85th percentile)

Overweight (85th –< 95th percentile)

Obese (�95th percentile)

Abbreviations: BMI, body mass index; SD, standard deviation.
studied by simple and multiple linear regression. All statistical analy-

ses were conducted by using Stata/SE 17.0 (StataCorp LLC, USA)

with two-sided tests of a 5% significance level.

Results

In this study, a total of 978 chest CT scans (700 scans of children

and adolescents 1 to <18-years-old, and 278 scans of infants) were

reviewed. 85 scans for infants and 302 scans for children and ado-

lescents were rejected due to chest wall deformities (pectus excava-

tum, pectus carinatum, and thoracic masses), or due to inability to

identify chest borders or landmarks on the CT scans, or did not have

recent weight or length/height documented within 2 weeks of the

chest CT scans.

Demographic characteristics

A total of 591 chest CT scans of 193 scans for infants, and 398 chil-

dren and adolescents 1 to <18-years-old) were included for analysis.

Patient characteristics such as weight, length (infants)/height (chil-

dren and adolescents), and gender-specific WFL (infants)/BMI (chil-

dren and adolescents), and other demographic data (age, gender,

and race) are described in Table 1. The studied infant and child pop-

ulations both approximated normal distribution.

Concordance between relative and absolute chest

compression depth targets by body habitus

The mean infants’ one-third external APD was 33.96 mm (SD 4.70),

and there was no significant difference between WFL categories.

Overall, only 32.6% of the infant cohort’s one-third external APD

was “approximately 40 mm” (in the 36 mm to 44 mm range), and this

was similar for all WFL categories. (Table 2)
ants (<1 year) (n = 193) Children (�1 year) (n = 398)

8.55 (4.94, 1–17)

265 (66.6)

133 (33.4)

(44.6) 197 (49.5)

7 (55.4) 201 (50.5)

(49.7) 253 (63.6)

(22.3) 72 (18.1)

(11.9) 34 (8.5)

(16.1) 39 (9.8)

2 (2.21) 29.63 (16.94)

8 (0.09) 1.26 (0.30)

(14.5)

1 (78.2)

(7.3)

78 (19.6)

258 (64.8)

39 (9.8)

23 (5.8)



Table 2 – Concordance of one-third external APD measurements with absolute chest compression depth targets by body habitus.

1/3 external APD (mm) Patients whose 1/3 external APD were concordant with absolute chest compression depth targets

(4 cm ± 10% in infants, 5 cm ± 10% in children, 5–6 cm in adolescents)

Age group and body habitus n (%) Mean (SD) Difference (95% CI) p n (%) Difference$ (95% CI) p

Infants (<1 year) 193 33.96 (4.70)– – 63 (32.6) – –

WFL

5th � 95th percentile 151 (78.2)34.24 (4.62)Ref – 52 (34.4) Ref –

< 5th percentile 28 (14.5) 32.40 (5.16)�1.85 (�3.76 to 0.06) 0.0587 (25.0) �9.4 (�27.2 to 8.3) 0.329

> 95th percentile 14 (7.3) 34.04 (4.30)�0.20 (�2.74 to 2.33) 0.8754 (28.6) �5.9 (�30.7 to 19.0) 0.774

Children (1–12 years) 265 47.24 (6.88)– – 119 (44.9) – –

BMI

Normal (5-<85th percentile) 166 (62.6)46.58 (6.06)Ref – 76 (45.8) Ref –

Underweight (<5th percentile) 55 (20.8) 45.15 (4.64)�1.42 (�2.97 to 0.13) 0.07221 (38.2) �7.6 (–22.5 to 7.3)) 0.325

Overweight/Obese (�85th percentile)44 (16.6) 52.33 (9.43)5.76 (2.75–8.76) < 0.00122 (50.0) 4.2 (�12.4 to 20.8) 0.618

Adolescents (>12 years) 133 60.94 (7.10)– – 55 (41.4) – –

BMI

Normal (5–<85th percentile) 92 (69.2) 60.55 (4.83)Ref – 38 (41.3) Ref –

Underweight (<5th percentile) 23 (17.3) 54.35 (6.21)�6.20 (�8.57 to �3.83)< 0.00116 (69.6) 28.3 (6.9–49.6) 0.015

Overweight/Obese (�85th percentile)18 (13.5) 71.35 (6.47)10.80 (8.18–13.42) < 0.0011 (5.6) �35.7 (�50.4 to �21.1) 0.004

$ Difference in percentage of concordance.

Abbreviations: APD, anterior-posterior diameter; BMI, body mass index; CI, confidence interval; SD, standard deviation; WFL, weight-for-length.
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Fig. 1 – Box plot of one-third external APD according to age and body habitus category.
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For children 1–12 years old, there was significant difference

between the mean one-third external APDs of overweight/obese chil-

dren 52.33 mm (SD 9.43) compared to the normal 46.58 mm (SD

6.06) and underweight 45.15 mm (SD 4.64) cohorts, p < 0.001. Over-

all, 44.9% of the cohort’s one-third external APD was “approximately

50 mm” (in the 45 mm to 55 mm range), and this was not significantly

different between the BMI categories.

There was a difference of 17.00 mm in the mean one-third exter-

nal APDs between the underweight [54.35 mm (SD 6.21)] and over-

weight/obese [71.35 mm (SD 6.47)] adolescents > 12 years old. The

majority of overweight/obese adolescents were above the upper limit

of adult chest compression depth target (60 mm).

The concordance between the one-third external APD and age-

specific chest compression targets can be visualised in Fig. 1.

Correlations of body habitus with chest dimensions

The correlations of internal and one-third external APDs by age and

body habitus were demonstrated in Table 3.

For infants, there were no significant difference between the

internal and one-third external diameters across body habitus cate-

gories. Overweight/obese children’s and adolescents’ internal and

one-third external APDs were significantly bigger than their under-

weight and normal BMI counterparts. However, the internal and

external APDs of underweight adolescents, but not underweight chil-

dren, were significantly different from their normal BMI counterparts.

There was a co-dependent relationship between external (and hence

one-third external APD) and internal APDs across all age groups and

body habitus indices. (Table 3 and Fig. 2)
Body habitus as independent predictors of internal

anterior-posterior diameters (APD) at the lower half of the

sternum

Gender-specific WFL of infants was not significantly associated with

internal APD in both unadjusted (p = 0.507) and adjusted analyses

(0.511). (Supplementary Table 1) Similarly, race was not significantly

associated with internal APD in the unadjusted (p = 0.710) and

adjusted analyses (p = 0.713).

In children and adolescents � 1 to < 18 years-old, age, race, and

age- and gender specific-BMI were found to have significant associ-

ations with internal APD in unadjusted analysis but only BMI

remained significant in the adjusted analyses (Table 4).

Subgroup analysis was done to investigate the BMI correlations

between those in the 1-to-12 years old and those above 12-years-

old. (Supplementary Table 2) Similarly, age- and gender-specific

BMI remained as an independent predictor of internal APD at the

lower half of the sternum in the adjusted analyses for the age sub-

groups of 1-to-12-years-old (p = 0.038) and > 12-years-old

p < 0.001). Race was not an independent predictor of internal APD

for children and adolescents for the age subgroups of 1-to-12-

years-old (p = 0.292) and >12-years-old p = 0.284).

Discussion

Since the introduction of CPR, the guidelines on the chest compres-

sion depth have been evaluated and reviewed based on experts’

consensus, body measurements from computed tomography (CT)

chest, extrapolation from adult data, and observational paediatric



Table 3 – Correlations of internal and one-third external APD measurements by body habitus.

Internal APD (mm) 1/3 external APD (mm) For every 10 mm increase

in internal APD,

change in 1/3 external

APD (mm) (95% CI)

Age group and body habitus n (%) Mean (SD) Difference$ (95% CI) p Mean (SD) Difference$ (95% CI) p

Infants (<1 year) 193 57.54 (8.13) – – 33.96 (4.70) – –

WFL

5th � 95th percentile 151 (78.2) 57.75 (8.24) Ref – 34.24 (4.62) Ref – 4.85 (4.40–5.29)

< 5th percentile 28 (14.5) 55.95 (8.03) �1.80 (�5.13 to 1.53) 0.288 32.40 (5.16) �1.85 (�3.76 to 0.06) 0.058 4.85 (4.40–5.29)

> 95th percentile 14 (7.3) 58.50 (7.19) 0.75 (�3.75 to 5.25) 0.741 34.04 (4.30) �0.20 (�2.74 to 2.33) 0.875 4.85 (4.40–5.29)

Children (1–12 years) 265 75.15 (10.96) – – 47.24 (6.88) – –

BMI

Normal (5–<85th percentile) 166 (62.6) 74.17 (10.20) Ref – 46.58 (6.06) Ref – 5.25 (4.79–5.71)

Underweight (<5th percentile) 55 (20.8) 74.83 (10.06) 0.66 (�2.46 to 3.77) 0.679 45.15 (4.64) �1.42 (�2.97 to 0.13) 0.072 4.06 (3.24–4.88)

Overweight/Obese (�85th percentile) 44 (16.6) 79.25 (13.80) 5.08 (0.62–9.54) 0.026 52.33 (9.43) 5.76 (2.75–8.76) < 0.001 6.02 (5.35–6.69)

Adolescents (>12 years) 133 91.85 (12.21) – – 60.94 (7.10) – –

BMI

Normal (5–<85th percentile) 92 (69.2) 92.18 (11.26) Ref – 60.55 (4.83) Ref – 2.83 (2.17–3.49)

Underweight (<5th percentile) 23 (17.3) 83.29 (12.71) �8.90 (�14.23 to �3.56) 0.001 54.35 (6.21) �6.20 (�8.57 to �3.83) < 0.001 2.83 (2.17–3.49)

Overweight/Obese (�85th percentile) 18 (13.5) 101.09 (8.88) 8.91 (3.33–14.49) 0.002 71.35 (6.47) 10.80 (8.18–13.42) < 0.001 2.83 (2.17–3.49)

$ Difference between mean measurements compared to normal body habitus group

Abbreviations: APD, anterior-posterior diameter; BMI, body mass index; CI, confidence interval; SD, standard deviation; WFL, weight-for-length.
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Fig. 2 – Scatter plot of one-third external APD against internal APD for infants, children (1–12 years) and adolescents

(>12 years).

Table 4 – Association between patient characteristics and internal APD at lower half of the sternum for children 1
to < 18 years-old by linear regression.

Patient characteristics Univariate Multivariate for age and gender specific BMI

Unadjusted b-estimate (95% CI) p Adjusted b-estimate (95% CI) p

Age

1–12 years Ref –

> 12 years 16.70 (14.32–19.08) < 0.001

Gender

Female Ref –

Male 1.91 (�0.81 to 4.64) 0.169

Race 0.029 0.113

Chinese Ref – Ref –

Malay �1.31 (�4.91 to 2.30) 0.477 �1.24 (�4.83 to 2.34) 0.496

Indian 6.35 (1.42–11.29) 0.012 5.10 (0.12–10.08) 0.045

Others �2.44 (�7.08 to 2.21) 0.303 �2.00 (�6.62 to 2.61) 0.394

Age and gender specific BMI 0.005 0.009

Normal (5–<85th percentile) Ref – Ref –

Underweight (<5th percentile) �3.27 (�6.75 to 0.20) 0.065 �3.02 (�6.49 to 0.46) 0.089

Overweight/Obese (�85th percentile) 5.81 (1.19–10.43) 0.014 4.25 (0.39–8.10) 0.031

Abbreviations: APD, anterior-posterior diameter; BMI, body mass index; CI, confidence interval.
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studies.17,18,1–5 The two observational paediatric studies17,18 that

informed current absolute paediatric chest compression depth target

recommendations, were based on single-sensor cardiopulmonary

resuscitation (CPR) quality monitoring devices that could have

potentially over-estimated absolute compression depths. Due to

the limitations of available technology, single-sensors used in these

two studies to obtain absolute compression depth could not correct

for mattress deflection, and patient movement during CPR. Based

on the available evidence, it was thus assumed that the use of rela-

tive or absolute chest compression depth targets were both appropri-

ate and were likely to be similar. Our study, however, suggested

otherwise.(Table 2 and Fig. 1)

There were also minor variations in the chest compression depth

target recommendations across resuscitation councils. Current Inter-
national Liaison Committee on Resuscitation, American Heart Asso-

ciation, and European Resuscitation Council paediatric compression

guidelines recommend chest compressions to be rendered “at least”

one-third external chest depth or age-specific chest compression

depth targets, while other councils (Singapore, Japan, Australian

and New Zealand Committee on Resuscitation) recommend chest

compressions to be “approximately” one-third external APD.9,3–5.

Similarly, most resuscitation councils recommend age-specific chest

compression depth targets of approximately 40 mm in infants,

approximately 50 mm in younger children, and 50–60 mm in adoles-

cents and adults. Our study demonstrated that the majority of paedi-

atric patients’ one-third external APD were not concordant with age-

specific chest compression depth targets, especially for most infants

and nearly all overweight/obese adolescents.
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For our infant population, the mean one-third external APD was

less than 40 mm (current absolute chest compression target for

infants), irrespective of body habitus (gender-specific WFL). WFL

also did not appear to influence one-third external APD or internal

APD. This could suggest that absolute chest compression targets

may be useful in infants as body habitus did not appear to influence

internal APD. However, it is unknown if “approximately 40 mm” is

the optimal absolute chest compression depth target, especially

since there were no prior clinical studies that validated this. Our pri-

mary study suggested that simulated chest compressions � 40 mm

and beyond one-third external APD would result in potential over-

compression in a significant proportion of the infant cohort.9 The cur-

rent chest compression depth targets of approximately 40 mm com-

pared to relative chest compression depths (approximately one-third

external APD) should be clinically validated as they were found to be

significantly discordant in our study.

Only 38% (underweight) to 50% (overweight/obese) of the chil-

dren’s mean one-third external APD were concordant with

“50 ± 10 % mm”. The internal and one-third external APDs of over-

weight/obese children 1–12 years old were significantly different

from the underweight and normal weight groups but the clinical sig-

nificance of this is unknown. However, most of the overweight/obese

adolescents > 12 years olds’ one-third external APD were beyond

the 60 mm chest compression limit.

Internal APD below the chest compression landmark is the potential

space for cardiac compression to occur. Under- or over-compression

are influenced by chest compression depth achieved in relation to inter-

nal APD. We found that internal and external (hence one-third external)

APDs were co-dependent across all age groups and body habitus cat-

egories.(Table 3 and Fig. 2) This is not surprising as external APD is a

composite of internal APD and anterior and posterior chest wall (Exter-

nal APD = internal APD + anterior and posterior chest wall thickness).

What was interesting was that our study found that age- and gender-

specific BMI was an independent predictor of internal APD at the chest

compression landmark. (Table 4 and Supplementary Table 2) This sug-

gested that BMI does not affect the chest wall thickness alone (fat,

muscles) but also internal APD. It would appear that BMI of children

and adolescents could potentially influence the optimal chest compres-

sion depth especially for overweight/obese paediatric patients espe-

cially adolescents.

Underweight adolescents, however, had significantly smaller

internal APD; especially when compared to overweight/obese ado-

lescents (mean difference of 17.80 mm).(Table 3) In contrast, the

absolute chest compression depth target for adolescents has a more

limited 10 mm difference (50–60 mm), which may not consider these

differences in mean internal APD (potential space for heart to be

compressed) at the extremes of BMI.

The co-dependence of external APD (and correspondingly, one-

third external APD) and internal APD may suggest that the use of rel-

ative chest compression depth may potentially “adjust” for the differ-

ences in the body habitus, especially for overweight/obese

adolescents. (Table 3 and Fig. 2) However, it is unknown if one-

third external APD is appropriate in the adolescent age group. While

there have been published radiological studies, albeit limited, in the

adult population, on how body habitus may potentially affect chest

compressions, this was only study, to our knowledge, that looked into

this in an heterogenous Asian paediatric population.6,13 Lee et al

2019, reported in a technically similar adult chest CT study, that rec-

ommended chest compression depth targets of 50–60 mm may be

inadequate for obese adults.6
While we could not derive what the optimal paediatric chest com-

pression depth was, based on the limitations of a radiological study,

our findings suggested that high BMI may potentially affect optimal

chest compression depth in paediatric cardiac arrest patients.

Specifically, paediatric populations with high BMI, especially the

overweight/obese adolescents, may require deeper chest compres-

sions, not just because of their large chest wall sizes, but also

because they had a relatively larger internal chest cavity size at their

compression site at the lower half of the sternum. Current paediatric

chest compression depth targets using absolute depth recommenda-

tions do not consider this.

However, for infants, chest cavity sizes may be fairly similar

irrespective of gender-specific WFL categories. Weight-for-length

(WFL) is traditionally used in infants to evaluate body habitus,

growth, and body composition.9–11 However, there have been

recent observations which suggested that infant BMI correlated

well with WFL but may also be a better body habitus indicator

for infants9–12,14–16. However, the use of BMI for infants as a val-

idated body habitus index has not been universally endorsed and

accepted, thus we did not specifically evaluate infant BMI in this

study.

There were concerns that race could be a potential factor in con-

sidering the external validity of optimal paediatric chest compression

depth targets which were based mainly on North American stud-

ies.17,18 However, we have demonstrated that at least within a

multi-racial Asian population, race was not an independent predictor

of internal APD at the lower half of the sternum, after adjusting for

BMI. We were not able to find other published paediatric literature

on racial correlations of internal APD.

In the adult cardiac arrest studies, observational studies have

reported conflicting data on how body habitus, specifically BMI (both

underweight and obesity) might affect survival and neurological out-

comes.19–26 In the paediatric population, there was only one pub-

lished observational study in 2010 which suggested that obesity

was associated with poorer prognosis in cardiac arrest patients.8

Our study may suggest a potential basis for this but we recognise

that body habitus may affect not only chest compression effective-

ness but there may be associated pre-morbid associations and post

cardiac arrest processes which might be associated with extremes of

BMI.

We provided evidence on the poor concordance of one-third

external APD and age-specific chest compression depth across

all age and body habitus categories. We also demonstrated that

there was co-dependent relationship between internal and external

APDs. Finally, we showed how body habitus indices such as age-

and gender- specific BMI of children and adolescents, and indices

that do not such as WFL in infants, were independently predictive

of internal chest cavity size at the chest compression landmark

and may suggest that this may be a potential consideration that

could influence chest compressions’ adequacy in paediatrics. It

remains speculative if this has any significant clinical implications,

specifically if current absolute chest compression depth targets

may result in potential over-compression in a significant proportion

of infants, and potential under-compression in overweight/obese

adolescents. These may be areas for future clinical research,

specifically, to validate current recommendations for chest approx-

imately 40 mm in infants and if relative chest compression depth

(compared to absolute chest depth targets) should be preferred

chest compression depth target, especially for overweight/obese

adolescents.
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Limitations

For older children who are co-operative, adolescents or adults, chest

CT scans are usually performed with the arms raised at end-

inspiration. Adult patients undergoing CT scans often have arms

raised at end-inspiration and there could be differences between

the chest dimension measured during inspiration and expiration.27

This would be in contrast to patients undergoing cardiopulmonary

resuscitation who have arms lowered and placed at the sides of

the torso. However, infants, younger children, and critically ill and

injured older children or adolescents (who are unable to follow

instructions), may also have their arms by their side and in variable

states of respiration. Furthermore, chest dimensions variations at

the chest compression landmark at the end-inspiration and end-

expiration tend to be smaller due to corresponding smaller tidal vol-

umes in the paediatric population, especially for the infants and

younger children. In our institution, we routinely use low tidal vol-

umes (6–8 ml/kg) as part of our lung protection strategy for all intu-

bated patients. Intubated patients were also likely have had their CT

imaging done in varying phase of the respiratory cycle during scans

and may not be end-inspiratory. In paediatric cardiac arrest, post-

advanced airway placement, CPR is performed throughout the respi-

ratory cycle. Of note, paediatric cardiac arrest victims whose arms

are by their side have been reported to have approximately 5–10

compressions delivered during exhalation compared to inhalation.28

The findings our study would be applicable as paediatric patients in

cardiac arrest may have had advanced airway placement (supraglot-

tic devices or endotracheal intubation) with chest compressions ren-

dered in varying phases of ventilation during chest compressions.

Thus, the paediatric chest CT scans performed in our study were

less likely to be consistently hyperinflated than reported in adult radi-

ological studies.27

The chest CT of our study population usually had underlying

medical conditions, hence their growth might have been affected

causing their chest dimensions to be smaller than the chest dimen-

sions 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 sample size of obese patients was limited and may require

larger cohorts to validate the findings of our study. Further to these,

our studied population was Singaporean and there may be limitations

to its external validity in other international paediatric populations.

Conclusions

There was poor concordance between one-third external APD and

age-specific chest compression depth across all age and body habi-

tus categories, especially infants and overweight/obese adolescents.

Overweight/obese children and adolescents with high BMIs had sig-

nificantly larger internal APDs and one-third external APDs. As BMI

in children and adolescents was an independent predictor of internal

APD which determines optimal chest compression depth, clinical

research is needed to evaluate and validate current chest compres-

sion depth target recommendations, especially for overweight and

obese adolescents.
Declaration of Competing Interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influ-

ence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.resplu.2022.100202.
R E F E R E N C E S
1. Atkins DL, Berger S, Duff JP, et al. Part 11: Pediatric Basic Life

Support and Cardiopulmonary Resuscitation Quality: 2015 American

Heart Association Guidelines Update for Cardiopulmonary

Resuscitation and Emergency Cardiovascular Care. Circulation

2015;132:S519–25.

2. Maconochie IK, Bingham R, Eich C, et al. Paediatric life support

section Collaborators. European Resuscitation Council Guidelines

for Resuscitation 2015: Section 6. Paediatric life support.

Resuscitation 2015;95:223–48.

3. Topjian AA, Raymond TT, Atkins D, et al. Pediatric Basic and

Advanced Life Support Collaborators. Part 4: Pediatric Basic and

Advanced Life Support: 2020 American Heart Association Guidelines

for Cardiopulmonary Resuscitation and Emergency Cardiovascular

Care. Circulation 2020;142:S469–523.

4. Van de Voorde P, Turner NM, Djakow J, et al. European

Resuscitation Council Guidelines 2021: Paediatric Life Support.

Resuscitation 2021;161:327–87.

5. Maconochie IK, Aickin R, Hazinski MF, et al. Pediatric Life Support:

2020 International Consensus on Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care Science With Treatment

Recommendations. Circulation 2020;142:S140–84.

6. Lee H, Oh J, Lee J, et al. Retrospective Study Using Computed

Tomography to Compare Sufficient Chest Compression Depth for

Cardiopulmonary Resuscitation in Obese Patients. J Am Heart Assoc

2019;8:e013948.
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