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Abstract

Background: Our aims were to determine if the diagnostic threshold for diagnosing hyper-
trophic pyloric stenosis (HPS) on ultrasound scan (USS) should be adjusted based on birth
weight (BW), current weight (CW), gestational age (GA), chronological age (CA) or
corrected gestational age (CGA).
Methods: All patients who underwent either an USS and pyloromyotomy (Group 1) or an
USS for possible HPS (Group 2) at our tertiary centre between July 2013 and June 2019
were identified. Ideal threshold values are identified by measuring Youden’s Index
(J = sensitivity + specificity – 1; higher is better). Mean maximum Youden’s Index for
stratified results was compared to that for combined results.
Results: Two hundred and eighty-four patients were included (142 patients in both Group 1
and Group 2). Combined maximum Youden’s Index for all patients was 0.92 for pyloric canal
thickness (PMT) and 0.87 for pyloric canal length (PCL). Mean maximum Youden’s Index
was higher when patients were stratified by GA, CGA, BW or CW, and equivalent for
CA. For pyloric canal length (PCL), mean maximum Youden’s Index was lower for all vari-
ables when stratified compared to combined. There was no visual trend observed in the diag-
nostic thresholds between groups.
Conclusion: Stratifying USS PMT diagnostic thresholds values based on age and weight is
statistically more accurate than a single threshold in diagnosing HPS. However, the lack of
visual correlation indicates a larger dataset is required to validate these results.

Introduction

The diagnosis of hypertrophic pyloric stenosis (HPS) has evolved
with the almost universal use of ultrasound as diagnostic tool in
Australia.1,2 Many potential ultrasound measurements have been
assessed in the diagnosis of HPS. However, initial research has

demonstrated that pyloric muscle thickness (PMT) and pyloric
canal thickness (PCL) are the best discriminators for diagnos-
ing HPS.3

There has been a limited evidence base for determining if gesta-
tion, age (corrected age or corrected gestational age) or weight
(birth weight or current weight) should alter the diagnostic criteria.
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Gestation and corrected gestational age may be independent factors

as there is evidence that infants of earlier gestation, present at an

older age.4 Previous studies that examined the possible con-

founding factors of age and weight on pyloric measurements have

only observed for trends1,5–8 or used a subjective cut off values

(e.g. premature versus term gestation) to make dichotomous com-

parisons.5,9 No studies have attempted to determine ideal USS cut

off values for HPS using age or weight as a stratifying factor.
Therefore, the aim of this study was to determine if the ultra-

sound criteria of HPS should be adjusted based on:
(1) Gestation,
(2) Chronological age (CA),
(3) Corrected gestational age (CGA),
(4) Birth weight (BW), or
(5) Current weight (CW).

Methods

Study design

A cohort selection cross-sectional diagnostic accuracy study from
July 2010 to June 2019 comparing the USS of infants with HPS to
those without HPS. An infant was deemed to have had HPS if they
underwent a pyloromyotomy at our institution (laparoscopic or
open) with the intraoperative findings were consistent with HPS.

Our primary outcomes were to:
(1) Evaluate the correlation between PMT and PCL, and gesta-

tion, CA, CGA, BW and CW;
(2) Determine the accuracy of PMT and PCL for diagnosing

HPS when stratified based on gestation, CA, CGA, BW
and CW.

Sample size calculation

A power calculation could not be performed to establish the ideal
number of infants that need to be included in a diagnostic study
without a pre-test probability.10 As there is no routine screening test
and no published data on the number of patients who have HPS as
a proportion of all patients referred for an USS from all referral
sources, a pre-test probability could not be objectively determined.
A previous study examining the outcomes of children with HPS at
our institution identified a mean of 15 cases per year between 2010
and 2015.2 Therefore, we decided to collect data on infants from
July 2010 to June 2019 for a total of approximately 135 infants
with HPS. This was to be matched by a similar number of pyloric
USS in infants who did not have HPS, for a total of 270 infants.

Case selection

An infant was determined to have HPS if they underwent an opera-
tion for HPS as identified by the Medicare Benefits Scheme
(MBS)11 billing code. The coding is performed by the operating
surgeon or surgical registrar/trainee. Every procedure performed at
our centre has an operative code electronically entered at the time
of the operation. The code used for this procedure is unique (MBS
code 43930: HYPERTROPHIC PYLORIC STENOSIS;
pyloromyotomy for). There are no other MBS codes that include

‘pyloromyotomy’ or ‘pyloric’ in their text minimizing potential identi-
fication errors.

Control participants were identified by having been referred for
an USS for the investigation of possible HPS and did not undergo
pyloromyotomy. There were identified using the hospital picture
archiving and communication system (PACS). A search was done
of the keywords of ‘hypertrophic pyloric stenosis’, ‘pyloric Steno-
sis’ or ‘pylorus’ over the study period. Infants who had undergone
a pyloromyotomy or with indications not related to HPS were
excluded from the control group.

The specific inclusion criteria for each group were:
• Infants with HPS:

(1) Chronological age ≤17 weeks (4 months);
(2) Had at least one USS performed;
(3) The radiology report contained at least pyloric muscle

thickness or pyloric canal length, or the images were avail-
able to measure these values;

(4) Underwent a pyloromyotomy at with the intraoperative
findings being HPS.

• Infants without HPS:
(1) Chronological age ≤17 weeks (4 months);
(2) Underwent an USS during the study period for the investi-

gation of HPS;
(3) The radiology report contained at least one of: pyloric

muscle thickness or pyloric canal length, or these values
could be measured from the available images;

(4) Did not undergo a pyloromyotomy.

Chronological age ≤17 weeks was chosen as we had (predomi-
nantly premature) infants present up to a chronological age of
117 days in a previous study that included our centre.2 Poten-
tial participants were excluded if their medical history was
not available; or they had previous abdominal surgery. For
each financial year, we used a random computer-generated
number sequence to match patients with HPS to an equal
number of infants that met the study criteria but did not
have HPS.

Data collection

Demographic data and clinical information were collected from par-
ticipant’s scanned medical record (SMR) which included external
institution’s notes and USS reports. Internal institutional USS were
reviewed through our internal radiology application Vue Motion
Version 12.1 (Rochester, NY: Carestream Health, Inc.). The highest
reported or observed value of each PMT and PCL was used for
analysis.

Data analysis

Data analysed included demographic, clinical and USS results. For
infants with multiple USS the last USS prior to surgery was used
for the analysis. Data normality was assessed with a Shapiro–Wilk
test. Normally distributed data is presented as mean, standard devia-
tion (SD) and 95% confidence interval (CI) and not normally dis-
tributed data as presented as median, inter-quartile range (IQR) and
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range. Comparison between Group 1 and 2 utilized a Mann–
Whitney U test or student t-tests as appropriate. Youden’s Index
(J = Sensitivity + Specificity – 1) was used as the comparator
between cut-off values. Reported cut-off values are the number at
which a test becomes positive. Tests were analysed in 0.1 mm
intervals.

Group sizes for each variable (e.g. weight brackets for calculat-
ing optimal cut-off values for current weight) were calculated by
allocating a minimum of 20 infants to each group. Gestation was
rounded down to the nearest week; chronological age and corrected
gestational age were rounded down to the nearest day; birth weight
and current weight were rounded to the nearest 10 g and were strat-
ified in to 500 g groups.

Data was analysed using SPSS Version 26.0 (Armonk, NY: IBM
Corp). Youden’s Index and contingency table statistics was calcu-
lated using Microsoft Excel Version 16.3 (Redmond, WA; Micro-
soft Corp). A P-value <0.05 was determined to be statistically
significant for all tests.

Human research and ethics

An ethics exemption (reference: RES-19-0000-808Q) was obtained
from our institutional Human Research and Ethics Commit-
tee (HREC).

Results

We identified 176 infants underwent a pyloromyotomy. Thirty-four
were excluded: 27 did not undergo an USS, five had no medical
records available, one was incorrectly coded and one had a previous
pyloromyotomy for HPS (initial operation was performed at an
external hospital). Therefore, 142 infants were included in the final
analysis (median 14 cases/year, range 12–20). There was a statisti-
cal difference in proportion of sex between the groups; (males,
97/142 (56%) with HPS versus 121/142 (85%) without HPS,
P < 0.001).

Correlation

In infants with HPS, PCL had a weak positive correlation with
corrected age, birth weight or current weight, and PMT had a mod-
erate positive correlation corrected gestational age and chronologi-
cal age (Table 1). In infants without HPS, there was no correlation
between either PMT or PCL, and the pre-defined variables
(Table 1).

Cut-off values stratified by variable

Using maximum Youden’s Index for all ultrasounds, ideal cut-off
for PMT was 3.0 mm (J = 0.92) and PCL was 14.5 mm
(J = 0.87). Combining a PMT of 3.0 mm and a PCL of 14.5 mm
provided the optimal cut-off value (J = 0.94, combined overall
optimal cut-off ).

Compared to the combined overall optimal cut-off, the mean
maximum Youden’s index for PMT was equal or higher for all
stratifying variables (Table 2). On the other hand, mean maximum
Youden’s index for PCL was lower for all stratifying variables
(Table 2).

Stratifying by gestation (Table 3), the maximum Youden’s Indi-
ces for all PMT groups except gestation ≥40 weeks, and a gestation
of 39 weeks for PCL were equal or better than the combined over-
all optimal cut-off. The mean maximum Youden’s Index value for
PMT was 0.95 and PCL was 0.90.

Stratifying by corrected age (Table 4), the maximum Youden’s
Indices for all corrected age groups except ≤2 weeks for PMT, and
corrected age groups of 0–4 weeks or better than the combined
overall optimal cut-off. Mean maximum Youden’s Index for PMT
was 0.94 and PCL was 0.91.

Table 1 Correlation between PMT or PCL, and variables

Infants with HPS Infants without HPS

n Pearson’s r n Pearson’s r

PMT and:
Gestation 120 0.038 133 �0.054
CGA 119 0.329** 125 0.009
CA 142 0.348** 125 0.125
BW 121 0.044 113 0.008
CW 137 0.155 112 0.047

PCL and:
Gestation 120 0.079 125 �0.157
CGA 119 0.181* 118 �0.154
CA 142 0.124 118 �0.029
BW 121 0.192* 107 0.015
CW 137 0.201* 104 �0.051

*P<0.05 level (2-tailed); **P<0.01 level (2-tailed).

Table 2 Overall mean cut-off values

PMT
(Youden’s
Index, J )

PCL (Youden’s
Index, J )

Combined overall optimal cut-off
(PMT≥3 mm, PCL≥14.5 mm)

0.94 0.94

Gestation 0.95 0.90
Chronological age 0.94 0.91
Corrected gestational age 0.96 0.89
Birth weight 0.96 0.89
Current weight 0.95 0.90

Table 3 Cut-off values adjusted for gestation

Weeks (gestation) n mm Maximum Youden’s Index

PMT
≤37 69 3.0 0.94
38 57 3.0 0.97
39 50 3.0 0.96
≥40 69 3.2 0.92

PCL
≤37 64 15.7 0.82
38 55 15.0 0.84
39 46 15.0 1.00
≥40 73 15.5 0.95
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Stratifying by corrected gestational age (Table 5), the maximum
Youden’s Indices for corrected gestational age for all groups except
41–42 weeks for PMT were equal or better than the combined over-
all optimal cut-off. There were no maximum Youden’s Indices for
PCL that were better the previous optimal cut-off. Mean maximum
Youden’s Index for PMT was 0.96 and PCL was 0.89.

Stratifying by birth weight (Table 6), the maximum Youden’s
Indices for all birth weight groups except 2.51–3.0 kg for PMT,
and birth weight groups 3.01–3.5 kg, and >4 kg for PCL, were
equal or better than the combined overall optimal cut-off. Mean
maximum Youden’s Index for PMT was 0.96 and PCL was 0.89.

Stratifying by current weight (Table 7), all maximum Youden’s
Indices for all groups except a CW >4 kg for PMT, and ≤2.5 kg
and 4.01–4.5 kg for PCL, were equal or better than the combined
overall optimal cut-off. Mean maximum Youden’s Index for PMT
was 0.95 and PCL was 0.90.

Discussion

Changes in the normal and abnormal pyloric measurements based
on both age or weight on face value appear logical. The average
birthweight of babies in Australia in 2018 was 3.323 kg12 and
babies on average are expected to double their weight by 4 months
of age.13 It would be expected that a proportion of this weight
would be the growth of all the intra-abdominal organs including the

pylorus. However, there has been mixed evidence on which factors
may correlate with HPS. Potential factors that could influence pylo-
ric size include gestation,5–7 corrected age,5,6,9 corrected gestational
age1,5,7 and current weight.1,5–8

There was no trend between these stratifying features and PMT
or PCL in infants without HPS. In infants with HPS however, we
identified a moderate positive correlation between PMT and CA or
CGA. These findings would suggest that there is no pyloric muscle
growth in healthy infants less than 4 months of age without HPS.
However, older infants with HPS have a larger PMT. This may
indicate that older infants have a larger pyloric lumen that tolerates
a greater degree of pyloric muscle hypertrophy (i.e. increased
PMT) prior to presenting with clinical obstruction.

Pyloric canal length demonstrated a statistically significant weak
correlation between PCL, and CA, BW as well as CW in infants
with HPS. Again, these correlations were not present in infants
without HPS. It is unclear what the significance of these correla-
tions may be. Overall, compared to the current literature, our results
support the limited evidence that there is largely no strong correla-
tion between weight or age, and PMT or PCL (Table 8).

When we adjusted PMT or PCL cut-off values based on age or
weight, the increased mean Youden’s index indicates we should
consider adjust cut-off values of PMT (but not PCL) based on an
infant’s gestation, CA, CGA, BW, CW. However, the validity of
this result needs to be weighed against the lack of strong statistical

Table 4 Cut-off values adjusted for chronological age (CA)

Weeks (CA) n mm Maximum Youden’s Index

PMT
≤2 41 3.0 0.80
3 44 3.4 0.94
4 42 3.0 1.00
5 39 3.0 0.95
6–7 48 2.7 0.96
≥8 61 3.5 0.98

PCL
≤2 38 15.5 1.00
3 42 15.3 0.94
4 40 14.9 0.97
5 39 15.7 0.85
6–7 47 13.5 0.85
≥8 61 14.5 0.85

Table 5 Cut-off values adjusted for corrected gestational age (CGA)

Weeks (CGA) n mm Maximum Youden’s index

PMT
≤40 44 3.0 1.00
41–42 59 3.0 0.89
43–44 66 3.1 0.94
45–46 38 3.0 0.96
≥47 38 3.5 1.00

PCL
≤40 41 16.0 0.85
41–42 54 15.0 0.88
43–44 64 15.1 0.91
45–46 39 15.0 0.92
≥47 40 17.0 0.93

Table 6 Cut-off values adjusted for birth weight (BW)

Weight (kg) n mm Maximum Youden’s Index

PMT
≤2.5 28 3.7 0.97
2.51–3.0 53 3.0 0.92
3.01–3.5 75 3.0 0.97
3.51–4.0 48 3.0 0.96
>4 29 2.7 1.00

PCL
≤2.5 26 15.6 0.85
2.51–3.0 53 16.0 0.88
3.01–3.5 73 14.3 0.97
3.51–4.0 46 15.5 0.79
>4 30 15.1 0.95

Table 7 Ideal cut-off values stratified by current weight (CW)

Weight (kg) n mm Maximum Youden’s index

PMT
≤2.5 27 3.0 0.94
2.51–3 50 3.0 0.97
3.01–3.5 57 3.3 0.95
3.51–4 48 3.0 0.96
4.01–4.5 30 3.2 1.00
>4.5 37 2.8 0.91

PCL
≤2.5 24 15.0 0.94
2.51–3 47 15.6 0.84
3.01–3.5 55 15.1 0.92
3.51–4 45 14.3 0.86
4.01–4.5 30 15.1 0.94
>4.5 40 13.5 0.88
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correlation or a visual trend in cut-off measurements. For example,
the mean Youden’s Index for PMT stratified by gestation was 0.95.
This Youden’s Index was higher than the Youden’s Index identified
by combining PMT (≥3.0 mm) and PCL (≥14.5 mm). However,
only babies with a gestation of ≥40 weeks had a change in PMT
cut-off measurement from 3.0 to 3.2 mm (J = 0.92, Table 3). This
is likely to have occurred for two reasons – both of which are
related to lower number of data points in this analysis.

Firstly, even though minimum group numbers were then used for
each stratified group, a reduction in data points is associated with a
reduced significance in the calculation of the maximum Youden’s
Index. The curvature of the line is reliant on the number of data
points, with the higher number of distinct data points increasing the
smoothness of the curve.

Secondly, small changes in the reported measurements when there
are a low number of data points may change the ideal cut-off. The
measurements of PMT and PCL are done to 1/10th of a millimetre. A
change of up to 0.2 to 0.3 mm could be explained by a change in
probe position or compression on the abdomen in a moving alert
infant. Inter-observer variability has not been studied in the diagnosis
of HPS but could also be a contributing factor in small changes in
reported US measurements. For example, a baby born at 41 weeks that
goes on to develop HPS has their PMT measured by as 3.0 mm by the
ultrasonographer, but then 3.2 mm by the radiologist. This may change
the Youden’s Index for the ≥40 weeks’ gestation group if that was the
discriminating USS. This variation is overcome by having larger num-
ber of infants in each group.

We did not re-measure ultrasounds to standardize results in our
study despite evidence there is only moderate interobserver agree-
ment on measurements.14 This was done for a number of reasons. It
reduces spectrum bias as is favourable against the Quality Assess-
ment of Studies of Diagnostic Accuracy (QUADAS) guidelines.15

There is also evidence that a number of other non-controlled factors
can influence measurements including hydration.16 Finally, we
hoped to match findings to those ‘in the real world’ but using ultra-
sounds reported from a variety of sources.

Pyloric muscle thickness stratified by CA and CGA demon-
strated a mean Youden’s Index of 0.94 and 0.96, equal or greater

than the Youden’s Index for the combined PMT/PCL cut-off
(J = 0.94). However, unlike the moderate correlation demonstrated
in these groups there was no incremental positive trend in the ideal
cut-off values. For example, when PMT was stratified by CA, ideal
PMT cut-off dropped from 3.0 mm at 5 weeks, to 2.7 mm at 6 to
7 weeks, and again increased to 3.5 mm at ≥8 weeks CA (Table 4).
There was similar lack of visual trends amongst the groups that had
a significant weak positive correlation (CA, BW or CW, and PCL).

Conclusion

We have identified that PMT and PCL did not have a strong corre-
lation with infant age or weight. There was statistical improvement
when cut-off values for PMT or PCL were adjusted for an infant’s
age or weight. However, the lack of correlation and visual trend
indicates that we should not adjust cut-off values for PMT and PCL
in the ultrasound diagnosis of HPS.
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Said1 2012 ** *
Iqbal6 2012
With HPS * ** *
Without HPS

Casciok,7 2013

White – test not performed, red – no/weak non-statistically significant correlation (r-value: �0.29 to 0.29), orange – moderately positive (r-value: 0.3 to 0.49), grey –
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