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ABSTRACT

Purpose: Pyloromyotomy for pyloric stenosis is one of the more common surgical procedures performed
on infants. The long-term effects of the procedure are however unclear. The purpose of this study was to
study the effects into adult life, compare them with controls and to see if there is a need for structured
follow up of patients.
Methods: Of the 101 patients operated for pyloric stenosis between 1972 and 1974 at our tertiary referral
center 91 could be traced. They were all invited to participate in the study and were sent validated ques-
tionnaires (PAGI-SYM, GIQLI) as well as a study-specific questionnaire examining the use of antacid drugs,
incidence of gastroscopy and abdominal surgery. Sixty patients responded (66%, mean age 45 years, 46
male) and were included. Thereafter, 600 age and sex-matched controls were sent the same question-
naires. 132 responded (22%, 90 male) and were includes as controls.
Results: No significant differences could be found in any of the examined parameters when looking at
the whole material or the male patients. Female patients had higher PAGI-SYM-scores for post prandial
fullness (mean 1.11 vs 0.43, P = 0.035) and heartburn (mean 0.59 vs 0.14, P = 0.043) when compared to
controls.
Conclusions: The present study shows that most patients operated for pyloric stenosis during infancy
experience no negative effects into adulthood. The finding in the female patient group is interesting but
is unlikely to have any clinical implications.
The results from this study strongly implicate that there is no need for follow up of patients into
adulthood.
Level of evidence: Level IIl.
© 2022 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

1.1. Background

used. Conservative treatment requires longer hospital stay and has
a lower chance of success (80-89%) compared to surgical treat-
ment [7,8]. It can however be a good alternative in children where
anesthesia is contraindicated or unavailable.

Infantile hypertrophic pyloric stenosis (IHPS) has been reported
to affect up to 1/500 children and usually develops between 2 and
12 weeks after birth [1,2]. IHPS is four times more likely to af-
fect male children [3]. The risk of developing IHPS is increased
with premature birth, being firstborn, young parents and low ed-
ucational level of the mother [1,4]. Association with some genetic
factors have been described [5,6] but in most cases the reason re-
mains unknown. Surgical treatment of IHPS is the most common
praxis but treatment with intravenous and/or oral atropine can be

Abbreviations: IHPS, infantile hypertrophic pyloric stenosis; Gl, gastrointestinal.
* Corresponding author at: Department of Pediatric Surgery, Akademiska
Sjukhuset, Uppsala S-75185, Sweden.
E-mail address: johan.danielson@kbh.uu.se (J. Danielson).

https://doi.org/10.1016/j.jpedsurg.2022.04.005

The most common procedure to surgically treat IHPS, pyloromy-
otomy, was originally described by Ramstedt in 1912. The same
procedure is utilized in many parts of the world even if a laparo-
scopic approach can be used.

Even though pyloromyotomy has been the standard of care for
many years few studies of the long-term effects of surgery have
been done. Follow up during infancy has indicated a higher risk of
developing chronic abdominal pain [9]. Follow up into adulthood
has been done but without controls which makes the interpreta-
tion of data difficult [10-14].
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1.2. Aims of study

The primary aim of this study was to evaluate the long-term
outcome of surgical treatment of IHPS and correlate the results
to age and sex-matched controls. The secondary aim was to see
if there was indication for development of standardized follow up
of these patients.

2. Methods
2.1. Patients

During the period 1972-1974 all patients operated for IHPS
at a tertiary referral center (the department of Pediatric Surgery,
Akademiska sjukhuset, Uppsala, Sweden) were prospectively iden-
tified by the last author (GL). All patients were operated with a
classical open pyloromyotomy through a right upper quadrant in-
cision. 101 patients were operated on during the time span. In
2018, 91of the 101 patients could be tracked and were invited to
participate in the study by mail (including the questionnaires de-
scribed below). 60 patients (66%) accepted the invitation and were
included in the study. The demographic data for the included pa-
tients and the patients who declined participation is presented in
Table 1.

2.2. Controls

When the included cohort of 60 patients had been identified
600 age and sex-matched persons were identified using the Na-
tional Swedish Population Register. The number of persons were
selected with the calculation that around 20% would respond and
that we wanted two controls per patient. The 600 persons were
sent the questionnaires and were invited to participate by mail.
132 persons (22%) returned the questionnaires and were included
as a control group. The control group included 90 males and
42 women. This meant that each male patient had 1.96 controls
and each female patient hade 3 controls. We chose to retain the
higher number of female controls since the female group was
smaller. None of the controls had undergone surgery during the
neonatal period. The demographics of the control group and the
persons who did not return the questionnaires is presented in
Table 2.

2.3. Questionnaires

The questionnaire material sent to the patients included three
questionnaires: 1. The validated PAGI-SYM questionnaire [15] to as-

Table 1
Demographic data of patients included and the patients who declined
participation in the study.

Included patients Declined participation

Number 60 31

Male/female 46/14 25/6

% females 23.3% 19.3%

Age (mean) 45.2 years 44.8 years
Table 2

Demographic data of the control group as well as the persons that de-
clined invitation as controls.

Included in control group  Declined participation

Number 132 469
Male/female  90/42 371/98

% females 32% 21%

Age (mean) 45.1 years 44.9 years

sess symptoms from the upper gastrointestinal tract. 2. The val-
idated GIQLI questionnaire [16] to assess quality of life related to
gastrointestinal function. 3. A questionnaire designed solely for this
study which complements the data collected from the other ques-
tionnaires.

The PAGI-SYM questionnaire contains 20 questions and gives six
subscales: Nausea/vomiting, post prandial fullness, bloating, upper
abdominal pain, lower abdominal pain and heartburn. These are
graded from 0 to 5 where 0 means no symptoms and 5 means
very severe symptoms.

The GIQLI questionnaire contains 30 questions and gives four
subscales: Symptoms, emotion, physical function and social func-
tion. These are graded from O to 4 where 0 means no symptoms
and 4 means very severe symptoms.

The questionnaire designed for this study contained ques-
tions giving the following data: Weight, length, occupation, level
of employment/current studies/unemployment, level of education
(graded 1-8 where 1= basic school and 8= PhD), diseases that
they were treated for, if they have seen a doctor during the last
2 years for upper gastrointestinal problems, current use of antacid
drugs, if they had undergone gastroscopy or X-rays of the upper
Gl-tract and if they had undergone gastrointestinal surgery.

Since the questionnaire-material was quite extensive both the
patients and the controls were offered a token incentive for their
participation. This was lottery tickets with a value of 60SKR (equiv-
alent of approximately €6).

2.4. Statistical methods

Values are presented as proportions, means and range where
appropriate. Fishers two tailed exact-test was used to compare
proportions. Mann Whitney U-test was used for comparisons be-
tween groups. A P-value below 0.05 was considered statistically
significant. Statistica 13 software (TIBCO, Palo Alto, California, USA)
was used for statistical analysis.

2.5. Ethical approval

The study was approved by the Regional Ethical Review Board
(Dnr. 2017/415). All patients and controls provided written in-
formed consent.

3. Results
3.1. Demographics

There were no statistically significant differences in height,
weight or educational level between patients or controls. There
were however significant differences when it came to unemploy-
ment and sickness benefits. Sickness benefits in Sweden is paid to
persons who are unable to work because of medical reasons. Un-
employment was more common in the male control group and re-
ceival of sickness benefits was more common in the female patient
group. All patients receiving sickness benefits did this because of
neuropsychiatric reasons. Data is presented in Table 3.

3.2. Medications, examinations and operations of the upper intestinal
tract

It was more common that the control patients (both when look-
ing at the whole material, males and females) used antacid drugs,
had undergone a gastroscopy or an X-ray of the upper GI-tract.
There were however no statistically significant differences between
patients and controls. Data is presented in Table 4.
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Table 3

Demographic data. P-values are presented under the controls. Significant P-values are marked in bold font and with an *.

All Patients All Controls Male Patients Male Controls Female Patients Female Controls
Height (cm) 176.7 176,7 (P = 0.836) 180.2 181,5 (P = 0.584)) 165.4 166.5 (P = 0.373)
Weight (kg) 85,4 81,8 (P = 0.164) 88.5 89.8 (P = 0.551) 711 68.1 (P = 0.874)
Education level (1-8) 4.5 4.8 (P = 0.244) 4.3 4.7 (P = 0.200) 5.1 5.0 (P = 0.859)
Unemployed (n) 0 3 (P = 0.030%) 0 3 (P = 0.038%) 0 0 (P = NJA)
Sickness benefit (n) 3 0 (P = 0.030*) 0 0 (P = N/A) 3 0 (P = 0.013*)
Table 4
Data on medications and procedures performed on the upper Gl-tract in adulthood. P-values are presented under the controls.
Male Male Female Female
All patients All controls patient controls patients controls
(n = 60) (n =131) (n = 46) (n =90) (n =14) (n =42)
Use of antacid drugs 7 (11.7%) 27 (20.6%) 5(10.9%) 16 (17.8%) 2 (14.2%) 11 (26.2%)
(n (%)) (P = 0.058) (P =0.329) (P = 0.480)
Gastroscopy 7 (11.7%) 25 (19.1%) 5(10.9%) 16 (17.8%) 2 (14.2%) 9 (21.4%)
(P =0.296) (P =0.329) (P =0.076)
X-ray of upper GI 2 (3.3%) 7 (5.3%) 2 (4.4%) 7 (7.8%) 0 (0%) 0 (0%)
(P =0.723) (P =0.718) (P = N/A)
Surgery of upper GI 3 (5%) 5 (3.8%) 2 (4.4%) 4 (4.4%) 1(7.1%) 1(2.4%)
(P = 0.707) (P = 1.000) (P = 0.441)

Table 5

Mean values of PAGI-SYM domains, values can range from O to 5 where 0 means 0 symptoms and 5 maximal symptoms. P-values are presented under the controls.

Significant P-values are marked in bold font and with an *.

All patients All controls Male patient Male controls Female patients Female controls

(n = 60) (n=131) (n = 46) (n =90) (n =14) (n =42)
Nausea/vomiting 0.13 0.08 (P = 0.765) 0.07 0.06 (P = 0.489) 0.31 0.10 (P = 0.394)
Post prandial fullness 0.57 0.46 (P = 0.691) 0.40 0.47 (P = 0.565) 1.11 0.43 (P = 0.035*)
Bloating 0.88 0.58 (P = 0.198) 0.64 0.42 (P = 0.080) 1.67 0.90 (P = 0.240)
Upper abdominal pain 0.48 0.29 (P = 0.208) 0.39 0.24 (P = 0.540) 0.79 0.39 (P = 0.404)
Lower abdominal pain 0.40 0.30 (P = 0.622) 0.30 0.15 (P = 0.600) 0.71 0.62 (P = 0.933)
Heartburn 0.38 0.24 (P = 0.334) 0.31 0.24 (P = 0.815) 0.59 0.14 (P = 0.043*)

Table 6

Mean values of GIQLI domains, values can range from O to 4 where 0 means 0 symptoms and 4 maximal symptoms. P-values are presented under the controls.

All patients All controls Male patient Male controls Female patients Female controls

(n = 60) (n=131) (n = 46) (n =90) (n = 14) (n=42)
Symptoms 0.80 0.65 (P = 0.415) 0.71 0.59 (P = 0.645) 1.1 0.77 (P = 0.184)
Emotion 1.45 1.37 (P = 0.474) 1.42 1.36 (P = 0.744) 1.52 1.39 (P = 0.373)
Physical function 0.94 0.79 (P = 0.732) 0.82 0.71 (P = 0.932) 1.33 0.94 (P = 0.394)

3.3. PAGI-SYM

There were no statistical differences in any of the domains of
the PAGI-SYM-questionnaire when looking at the whole material
or the male patients and their corresponding controls. There was
however statistically significant difference in two domains when
looking at the female patients: Post prandial fullness (P = 0.035)
and Heartburn (P = 0.043). Data is presented in Table 5.

3.4. GIQLI

There were no statistical differences in any of the three GIQLI-
domains when comparing the whole material, males and females.
Data is presented in Table 6.

4. Discussion

It is well established that the short-term outcome of pyloromy-
otomy is excellent with immediate relief of the gastric outlet ob-
struction with few complications [7]. However, long-term outcome
following surgical treatment of pyloric stenosis is less studied. Our

present study shows that the majority of patients at follow up
44-46 years after pyloromyotomy experienced no or few negative
Gl-related symptoms. There has been concern of a permanently
impaired pyloric sphincter function following pyloromyotomy that
could result in duodenal reflux or abnormal gastric emptying rate.
Tam et al. reported significantly increased duodenal reflux at rest
and faster gastric emptying in IHPS patients compared to controls
five to eleven years following pyloromyotomy [17]. However, re-
sults from physiological studies of pyloric function after pyloromy-
otomy are scattered, both Sun et al. and Rasmussen et al. demon-
strated normal values of gastric emptying in IHPS patients in long
term follow up after pyloromyotomy [18,19]. Bile reflux is asso-
ciated to gastritis, gastric ulcer and possibly also development of
gastric cancer [20]. At a rapid gastric emptying rate, the duodenal
mucosa is exposed to a high acid load predisposing for duodenal
ulcer [21]. Given this, an increased prevalence of dyspepsia and ul-
cers would be expected in the long-term course after pyloromy-
otomy if the procedure resulted in a disrupted pyloric sphincter
mechanism. The few previously performed long-term follow up
studies on this topic have all, to some extent, reported patients
who experienced dyspeptic symptoms or had a history of gastric or
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duodenal ulcer [10-14]. However, since no controls were included
in these studies it is difficult to interpret if the prevalence was
higher among the patients compared to the general population. In
our material it was even more common that the controls had un-
dergone gastroscopy or used antacid mediciation than the patients,
although the difference was not significant. It is therefore unlikely
that IHPS results in an increased risk of dyspeptic symptoms in the
long-term.

In our subanalysis stratified on gender, the female patients re-
ported significantly higher PAGI-SYM scores in the domains post
prandial fullness and heartburn compared to their controls. The
difference in mean score was however small (0.68 points for post
prandial fullness and 0.45 points for heartburn). Clinically valid
differences for PAGI-SYM has been suggest to be in the range
0.21-1.28 [22]. Taking this in account combined with the finding
that fewer female patients had undergone a gastroscopy and were
using less antacid drugs the findings are probably not clinically sig-
nificant. Also, three of the females in the IHPS group received sick-
ness benefits because of neuropsychiatric disorders which could af-
fect the results.

As all studies this one has its strengths and weaknesses. Its pri-
mary strength is the length of follow up and that it has a study
design with a matched control group. Its weaknesses are however
several: As a study based on questionnaires there is the risk of
recall bias. We tried to minimize this risk by limiting the ques-
tions regarding symptoms to include the two past years. It is has
a response rate of patients of 66% but only 22% of the controls
which of course is suboptimal. These response rates are unfortu-
nately the ones a clinical researcher often encounter [23]. Never-
theless, it raises the question: Which patients and which controls
answer the questionnaires? Do we attract responders with more
symptoms? Given the results of the present study and that the de-
mographics of the controls and patients did not differ this is un-
likely. According to the Swedish National Statistics Bureau, SCB, the
unemployment rate in Sweden for persons aged 40 was around
6, 7% during the time the questionnaires were distributed.We had
three unemployed persons in the control group (2.4% total, 3.3% of
males) which is not an overrepresentation. Hence we can be sure
that the incentive of lottery tickets did not entice unemployed per-
sons to respond.

5. Conclusion

The present study shows that most patients operated for pyloric
stenosis during infancy experience no negative effects into adult-
hood. The finding in the female patient group is interesting but
is unlikely to have any clinical implications. The results from this
study strongly implicate that there is no need for follow up of pa-
tients into adulthood.
Level of evidence

Level IIL
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