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Abstract
Purpose  The study compared neurodevelopmental outcome at 3 years of age of infants with infantile hypertrophic pyloric 
stenosis (IHPS) who underwent pyloromyotomy with healthy control infants in New South Wales, Australia.
Methods  Infants with IHPS as well as controls were recruited between August 2006 and July 2008. Developmental assess-
ments were performed using the Bayley scales of infant and toddler development (version III) (BSITD-III) at 1 and 3 years 
of age.
Results  Of the 43 infants originally assessed at 1 year, 39 returned for assessment at 3 years (90%). The majority were term 
infants (77%). Assessments were also performed on 156 control infants. Infants with IHPS scored significantly lower on 
four of the five Bayley subsets (cognitive, receptive and expressive language and fine motor) compared to control infants. 
Analysis of co-variance showed statistically significant results in favour of the control group for these four subsets.
Conclusion  Compared with the outcomes at 1 year, infants with IHPS at 3 years of age continue to score below controls in 
four of the BSITD-III subscales. This suggests they should have developmental follow-up with targeted clinical intervention. 
There is a need for further studies into functional impact and longer term outcomes.
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Abbreviations
IHPS	� Infantile hypertrophic pyloric stenosis
BSITD-III	� Bayley scales of infant and toddler develop-

ment (version III)
GA	� General anaesthesia

Purpose

Infantile hypertrophic pyloric stenosis (IHPS) is one of the 
commonest surgical conditions in infancy [1]. Muscula-
ture hypertrophy of the pylorus results in a gastric outlet 
obstruction, typically presenting before 3 months of age [2, 
3]. Whilst the aetiology of IHPS remains unclear, surgical 
approaches favoured today include laparoscopic or open 
pyloromyotomy under general anaesthesia (GA) [1, 3]. 
Recent evidence demonstrates equivalence between either 
approach regarding complication rates and operating times 
[1, 4–7]. Pyloromyotomy has been considered a “relatively 
simple procedure with an excellent outcome” [2].

Concern has been raised about risks of long-term 
developmental outcomes following major surgery [8–10], 
although it is less clear whether comparatively simple sur-
gery, such as pyloromyotomy, may also contribute to long-
term neurodevelopmental delay. Neurodevelopmental delay 
following surgery is likely to be multifactorial in origin 
including genetic and maternal factors, pre-operative clinical 
condition, gender and prematurity [9, 11]. Controversy sur-
rounds the degree to which operative factors may contribute 
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including duration of procedure, and the number and type 
of anaesthetic and analgesic agents utilised [12–14]. It is 
unclear which of these factors may also be applicable for 
infants undergoing pyloromytomy.

Although there remains limited literature on specific 
developmental outcomes following pyloromyotomy, our 
previous study found that infants who underwent pyloromy-
otomy under GA had developmental scores that were lower 
compared to matched healthy control infants at 1 year of age 
[15]. It is unknown whether this delay persists and what the 
contributing factors might be.

Infants with IHPS were enrolled in a prospective study 
and at the 1-year developmental assessment it was noticed 
that concurrent infants with IHPS scored lower on the 
assessment, thus the 1-year outcomes were reviewed and 
published [15]. As the 1-year developmental outcomes of 
infants who underwent pyloromyotomy for IHPS were lower 
than healthy normal controls [15], we sought to evaluate the 
developmental outcomes of these patients at 3 years of age 
to determine whether neurodevelopmental delay persisted 
and what factors may contribute to the risk of developmental 
delay.

Methods

Study design and population

Infants were prospectively enrolled as part of a larger popu-
lation-based study which aimed to compare the developmen-
tal outcomes of infants who had undergone early cardiac and 
non-cardiac major surgeries within the first 3 months of life 
with their healthy peer controls in NSW, Australia (DAISy 
study). Infants who had a surgical correction of IHPS in 
one of the three children’s hospitals in NSW and who had 
a developmental assessment at 3 years of age were eligible. 
The operative modality, open or laparoscopic, was based 
on the treating surgeons’ preference. Data were collected 
on the operative modality, operative time, and intra- and 
post-operative complications. Infants were excluded if they 
had associated congenital disorders which affect neurodevel-
opment, such as Trisomy 21. Control infants were selected 
randomly from co-located maternity hospitals; these infants 
were enrolled between August 2006 and July 2008.

Ethical approval was obtained individually from all the 
participating health services with informed consent obtained 
directly from parents or carers.

Developmental assessment

At 3 years of age, the children were reassessed using The 
Bayley Scales of Infant and Toddler Development (version 
III) (BSITD-III) [16] which is a standardised assessment, 

validated in the United States of America (USA), using 
examination of infant skills rather than a parental question-
naire. This assessment is internationally validated and has 
been used in our earlier studies [9, 15]. The assessment con-
sists of five scales: cognition, receptive language, expres-
sive language, fine motor and gross motor. Developmentally 
trained clinicians certified and experienced in the assessment 
tool, one of whom was blinded to the infant’s study group, 
assessed the children against the standardised scoring system 
for the assessment. The five subscales were reported indi-
vidually instead of using the composite scores to identify 
differences between the subsections of the language and the 
motor scales which would not be evident with composite 
scores alone.

Data analysis

Normality was checked using Shapiro–Wilk and visual 
inspection of box plots. Descriptive statistics were used 
for demographic variables reported as median and IQR as 
normality assumptions failed. Mean and standard deviation 
were also reported for clinical interpretation. Between-group 
differences on demographic variables were conducted using 
Mann–Whitney U test. Each of the mean scores of the five 
subscales was compared with the standardised norms of 
the BSID-III assessment. Developmental test results were 
compared with published norms, and delay was defined 
as deviating from normative data [16]. This standardised 
test of infant development is age normed to have a mean 
of 10 and a standard deviation of 3. The mean differences 
from the standardised norm of 10 was calculated for each of 
the scaled scores on the five subscales for each of the three 
groups and significance determined using one-sample t-tests. 
Chi-squared associations were examined for comparison of 
parameters against the Bayley scores. Between-group dif-
ferences were conducted using independent t-test to assist 
in clinical reporting using mean and standard deviation. 
Spearman’s rho non-parametric correlation was performed 
between 1- and 3-year Bayley’s. Outliers for the IHPS 
group were identified by visual inspection of boxplots. Any 
outliers in the control group remained in the analysis for 
clinical interpretation. Gain scores were calculated by sub-
tracting the Bayley score at 1 year from the corresponding 
Bayley score at 3 years for each of the five subdomains. To 
account for baseline differences, an analysis of co-variance 
(ANCOVA) was undertaken and reported using estimated 
mean and 95% CI. Individual trajectories were assessed 
visually on all five subdomains for the treatment group. 
Mann–Whitney U tests for between-group difference were 
conducted for infants lost to follow-up. A p value of < 0.05 
was considered significant. Data were analysed using SPSS 
for Windows, version 21 (IBM, Armonk, New York, USA).
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Results

Of the 43 infants assessed at 1 year of age, 39 children (90%) 
were able to be reassessed at 3 years of age. There were four 
children who were lost to follow-up. Two children had addi-
tional associated congenital anomalies (anorectal malforma-
tion, unilateral hydronephrosis). Developmental outcomes 
were compared to those of the 155 control infants.

The mean gestation age for the infants with IHPS was 
38 weeks, and the median birth weight was 3300 g compared 
to control infants who had a mean gestation of 39 weeks and 
mean birth weight 3553 g. Most infants with IHPS were 
male (29/39, 74%) and three infants were preterm (Table 1). 
No infants died from either the IHPS group or the control 
group. The median age at which the infants presented was 
30.8 days (10–77 days). The clinical diagnosis of IHPS was 
confirmed by ultrasound in the majority (83%) of infants 
and most (86%) had an open pyloromyotomy, with only 14% 

having a laparoscopic pyloromyotomy. The median length 
of stay was 4 days (range, 2–13 days).

The only statistically significant difference between males 
and females who had IHPS when compared to continuous 
Bayley scores was for cognition (p = 0.006). There was no 
association between birth order and Bayley scores.

Analysis was performed on centile of body weight, 
sodium, potassium and initial pH levels of infants on admis-
sion; there were no associations between these parameters 
and developmental scores, or between genders. Length of 
vomiting history similarly had no association with Bayley 
scores except for a weak association with later receptive 
language scores (p = 0.045). There was no significant cor-
relation between length of time of the procedure and out-
come at 3 years. No infant had an identified major intra- or 
post-operative complication which could be analysed against 
later developmental outcomes. Too few children had a lapa-
roscopic approach to be able to analyse operative modality 
versus outcomes.

Across all five subdomains, the IHPS group had lower 
scores on the Bayley at 1 year (Table 2). At 3 years, the 
mean scores for infants with IHPS were all within the 
average range for each subset (Table 3). Although wor-
ryingly, however, these infants had significantly lower 
scores compared to control infants in four of the five 
developmental subsets at 3 years: cognition Treatment 
9.18 (1.83) versus Control 10.35(1.89) (p = 0.001), recep-
tive Treatment 10.18 (2.60) versus Control 11.44 (2.11) 
(p = 0.002), expressive language Treatment 9.95 (2.40) 
versus Control 11.01 (2.61) (p = 0.018), and fine motor 
subsets Treatment 10.24 (2.05) versus Controls 11.37 
(2.07) (p = 0.003). Gross motor skills were not signifi-
cantly different between infants with IHPS and control 

Table 1   Demographic variables of infants with infantile hypertrophic 
pyloric stenosis versus control infants at 1 year

N number, GA gestational age, SD standard deviation, BW birth 
weight, IQR interquartile range, IHPS infantile hypertrophic pyloric 
stenosis

IHPS Control P value

Gender n (%) Boys: 29 (74%)
Girls: 10 (26%)

Boys: 86 (55%)
Girls: 70 (45%)

0.029

GA Mean (SD)
Median (IQR)

38.43 (2.133)
38.50 (3)

39.46 (1.138)
40.00 (1.00)

0.002

BW Mean (SD)
Median (IQR)

3312.18 (619.950)
3405.00 (654)

3553.01 (500.075)
3540.00 (691.25)

0.018

Table 2   Developmental 
outcomes of infants with 
infantile hypertrophic pyloric 
stenosis versus control infants 
at 1 year

Mean, standard deviation (SD) and range for raw scores, gain score mean difference (MD) and SD
IHPS infantile hypertrophic pyloric stenosis

Bayley at 1-year scaled scores Gain score mean and standard 
deviation

IHPS 
n = 39 
Mean (SD)
Range

Control 
n = 156 
Mean (SD)
Range

IHPS 
n = 37
MD (SD)

Control 
n = 156
MD (SD)

Cognition 10.85 (2.30)
10

11.72 (2.27)
13

− 1.67 (2.59) − 1.37 (2.75)

Receptive language 9.74 (2.48)
11

11.22 (2.43)
14

0.47 (2.87) 0.22 (2.76)

Expressive language 9.05 (2.82)
13

9.96 (1.80)
10

0.90 (2.55) 1.06 (2.94)

Fine motor 8.85 (2.82)
10

9.99 (2.13)
8

1.43 (2.35) 1.38 (2.53)

Gross motor 8.10 (3.09)
13

9.49 (2.67)
18

1.46 (3.97) 0.40 (2.85)
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infants Treatment 9.57 (2.72) versus Controls 9.88 (1.84) 
(p = 0.505). The Spearman’s rho non-parametric correla-
tion between 1 and 3 years across the five subdomains 
varied but was all < 0.509. This would suggest there was 
a real effect and not part of the natural variation.

Gain scores showed the IHPS group to have higher 
mean differences for all categories except expressive lan-
guage (Table 2). ANCOVA analysis was conducted with 
outliers removed (n = 2 from the IHPS group) and demon-
strated a statistically significant difference between groups 
when accounting for baseline on all subdomains (p < 0.05) 
(Table 4). These results were in favour of the control group 
in all subdomains except gross motor.

Individual trajectories for the IHPS group with outliers 
included demonstrated clearly the wide range of baseline 
values. These trajectories showed low gross motor baseline 
values for the IHPS group compared to the other four sub-
domains, although the trend does improve. Mann–Whitney 
U tests for between-group difference were conducted for 
infants lost to follow-up and all p values were greater than 
> 0.322; therefore, there was no difference in scores and 
hence no attrition bias.

Discussion

Our study is the first to our knowledge to examine longitu-
dinal neurodevelopmental outcomes of IHPS. It is concern-
ing that statistically significant neurodevelopmental delay 
appears to persist from 1 until 3 years of age and can stem 
from a relatively ‘minor’ surgical conditions such as IHPS 
[2, 15]. This finding of lower than expected developmental 
scores in IHPS infants compared to a large cohort of normal 
control infants raises a question about the potential impact 
of IHPS and its surgical treatment.

Although infants with IHPS had mean developmental 
scores within the average range at 3 years, they were still 
significantly lower than control infants in four of the five 
subsections of the BSITD-III. This means a significantly 
higher number of infants with IHPS will have developmen-
tal scores below the average range compared to controls. 
Disturbingly, the BSITD-III assessment, although an inter-
national gold standard for assessment of neurodevelopment, 
routinely underestimates severity of delay in the Australian 
population [17, 18] and, therefore, may miss more subtle 
neurodevelopmental issues. Thus, the scores in IHPS infants 
may actually be of greater concern than is reflected in the 
BSIDTD-III. It is difficult, however, to know how much 
these results mean in real life and over the longer term later 
into childhood, as there is a lack of longer term standardised 
developmental follow-up into school age available for these 
children in Australia.

These findings were similar to the results at 1 year of age 
where infants with IHPS scored lower than controls in four 
areas—cognitive, receptive language, fine motor and gross 
motor [15]. Expressive language scores became of concern 
at age three; the BSITD-III assessment of expressive lan-
guage is more complex at 3 years and thus may pick up more 
subtle concerns than at age one. Gross motor scores were no 
longer impaired at age three, which may be due to natural 
progression with catch-up of skills.

Table 3   Developmental outcomes of infants with infantile hyper-
trophic pyloric stenosis versus control infants at 3 years

IHPS infantile hypertrophic pyloric stenosis, N number, 95% CI 95% 
confidence intervals

IHPS 
n = 39
Mean

Control 
n = 156
Mean

P value 95% CI

Cognition 9.18 10.37 0.001 0.519 1.858
Receptive language 10.18 11.44 0.002 0.452 2.057
Expressive language 9.95 11.05 0.018 0.187 2.005
Fine motor 10.24 11.39 0.003 0.394 1.893
Gross motor 9.57 9.89 0.389 − 0.414 1.060

Table 4   ANCOVA analysis 
for infants with infantile 
hypertrophic pyloric stenosis 
versus control infants

IHPS infantile hypertrophic pyloric stenosis, MD mean difference, SD standard deviation, 95% CI 95% 
Confidence interval

ANCOVA

IHPS 
n = 37
Mean (95% CI)

Control 
n = 156
Mean (95% CI)

Mean difference (95% CI) p value

Cognition 9.54 (8.96–10.11) 10.33 (10.05–10.61) − 0.792 (− 1.44 to − 0.15) 0.016
Receptive language 10.91 (10.24–11.59) 11.37 (11.05–11.69) − 0.457 (− 1.21 to 0.29) 0.008
Expressive language 10.44 (9.65–11.24) 10.99 (10.60–11.37) − 0.541 (− 1.43 to 0.34) 0.008
Fine motor 10.84 (10.20–11.49) 11.32 (11.02–11.62) − 0.476 (− 1.19 to 0.24) 0.009
Gross motor 10.10 (9.46–10.74) 9.85 (9.55–10.15) 0.245 (− 0.47 to 0.96) 0.002
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The reasons why these differences are seen in IHPS 
infants are unclear but are likely to be multifactorial. It is 
difficult to know whether the findings are related to IHPS 
specifically, secondary to anaesthesia or environmental fac-
tors related to hospital stay. They may be related to the IHPS 
through a common genetic aetiology [19]. The role of anaes-
thesia remains controversial; exposure to anaesthesia in early 
childhood has been associated with apoptosis in primates 
[20] and with later learning disability in children even in 
relatively minor procedures [12, 21], although other studies 
have shown no evidence of harm from short anaesthetics [13, 
14, 22]. The US Food and Drug Administration currently 
warns that “repeated or lengthy use of general anaesthesia 
and sedation drugs in children younger than 3 years of age 
may affect the development of children’s brains”, although 
their advice also includes in the statement that surgery for 
IHPS should not be delayed [23]. The relationship between 
neuromuscular blocking agents and post-operative prolonged 
skeletal muscle weakness is controversial although recent 
prospective studies suggest that these agents may be less at 
fault than first thought and bolus/short-term administration 
should be considered safe [24]. Some studies have found 
that single, short-duration anaesthetics do not affect later 
neurodevelopment to a significant extent [13, 21, 25]. A 
statement on the relationship of anaesthetics and neurodevel-
opment on our website is available and has been referenced 
by the Therapeutic Goods Administration, Department of 
Health [26]. In our study, operative time did not show a 
difference in outcomes; however numbers were too small 
to analyse operative modality. No infants in our study had 
major complications. Studies of larger number of infants 
are needed to examine more closely the effects of operative 
time, operative modality including longer time required for 
laparoscopic operations, anaesthetic drugs, complications 
and anaesthesia drugs on developmental outcomes in this 
population.

Nutrition and impaired electrolytes may play a role 
through their effect on early brain development [27]; 
although as the time to diagnosis is usually relatively short, 
these factors are unlikely to be of major significance, as 
shown by our results [28]. The weak association of vomit-
ing to receptive language scores should be interpreted with 
caution due to the small number of infants involved and the 
spread of number of vomiting days.

ANCOVA analysis was undertaken to control for the dif-
ferences in baseline score at 1 year. This analysis clearly 
demonstrated between-group differences for all subscales 
except gross motor. This was surprising; there may be a 
difference in gross motor in reality; however, the statistical 
approach may not be sufficiently sensitive to demonstrate a 
difference if one exists.

For the paediatric surgeon, the optimal approach would 
seem to be to optimise the infants’ physiological status prior 

to pyloromyotomy, through appropriate rehydration, correc-
tion of any electrolyte imbalances and, if necessary, follow-
ing a period of nutritional supplementation. Surgery should 
be performed expeditiously under general anaesthesia by 
appropriate trained and credentialed clinicians to minimise 
the duration of surgery and anaesthesia. Alternatives to gen-
eral anaesthesia, such as awake surgery and spinal anaesthe-
sia, should be explored with research comparing outcomes 
with operations under general anaesthesia. Finally, and per-
haps most importantly, these infants should have their devel-
opmental status reviewed following surgery so that as they 
continue to grow any delays can be expeditiously identified 
intervention arranged.

Limitations of this study include the small number of 
infants. Although weight was measured on admission, accu-
rate weight loss data were not obtained and so were unable to 
be analysed, which would be a better measure of the impact 
of the disorder. A major limitation is that these IHPS infants 
were compared against control infants who were not admit-
ted to hospital. Ideally to tease out whether hospital stay 
is a factor versus IHPS or anaesthetic development could 
be compared to infants admitted to hospital for other non-
surgical reasons; however, these infants are not routinely 
followed up in our developmental follow-up clinics and thus 
scores are unavailable for comparison. A further limitation 
is the inability to compare open versus laparoscopic proce-
dures due to the small numbers of laparoscopic procedures. 
Parental factors were also not collected at the time of admis-
sion. Therefore, factors that also affect development such 
as ethnicity, parental education and age, income and social 
factors were not available for analysis. Also as these chil-
dren were assessed for research and not in clinical follow-up 
assessment programmes, and as follow-up is not available 
past the age of 3 years in our institution, there are no data 
available on what the Bayley scores functionally meant for 
these children, especially into school age. Despite this, it is 
reassuring that infants with IHPS still had scores within the 
average range at 3 years of age.

These infants have an increased risk of developmental 
delay at 3 years; however, it is difficult to know whether 
these infants will have longer term problems with their 
development and/or function. These infants should be 
followed up routinely after surgery to make sure their 
neurodevelopmental gains are optimised [15]. Multidis-
ciplinary follow-up of all infants with IHPS in a special-
ised clinic is impractical. However, all infants admitted to 
neonatal intensive care units and who have early surgery 
should have standardised developmental assessment as per 
international recommendations. Follow-up of IHPS infants 
not admitted to a neonatal intensive care unit should at 
least include regular developmental assessments with their 
general practitioners and health clinics. Assessing chil-
dren 3 years of age provides the opportunity for parents 
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to identify issues prior to school entry, allowing time for 
early identification of specific problems, especially with 
reading and other cognitive skills. Any child who has a 
lower score on a developmental assessment is at risk and 
should be referred for assessment to the appropriate thera-
pist. Longer term follow-up of these infants past 3 years 
of age is recommended to assess whether differences in 
development persist and what this functionally means 
for children into school age. Adequate data collection is 
also essential to tease out underlying reasons for positive 
findings.

Conclusions

Compared with the outcomes at 1 year, infants with IHPS 
continue to score below the controls in four of the BSITD-
III subscales, although overall the means remain within the 
average range. These data remain concerning and the find-
ings raise the need for further studies including continu-
ing development review to determine whether these dif-
ferences persist into later childhood, and their functional 
importance. It may be appropriate to screen patients with 
IHPS at follow-up and consider targeted clinical interven-
tion to remediate any neurodevelopmental issues identified 
to ensure an optimal long-term outcome in these infants. 
Surgery should be performed expeditiously under general 
anaesthesia by appropriate trained and credentialed clini-
cians to minimise the duration of surgery and anaesthesia.
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