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Background: To examine factors that affect the severity of pyloric hypertrophy, post-

operative feeding and nutritional recovery in infantile hypertrophic pyloric stenosis (IHPS).

Methods: Medical records of infants diagnosed with IHPS at a single tertiary center between

2009 and 2018 were retrospectively reviewed. Clinical characteristics, biochemistry data

and outcome were assessed for their association with the severity of pyloric hypertrophy

and post-operative recovery. Nutritional recovery was assessed using weight-for-age status

improvement after surgery.

Results: Eighty-five patients were recruited in this study. The mean pre-operative weight-

for-age percentile was 18.2. Elevated bicarbonate was positively correlated with symptom

duration (p ¼ 0.007). Pyloric muscle thickness was significantly correlated with age, weight,

and symptom duration (p ¼ 0.004, 0.003, 0.008, respectively). The mean weight-for-age

percentile increased to 41.6 by post-operative weeks 6e8. Pyloric muscle thickness was

negatively correlated with nutritional recovery by post-operative weeks 6e8 (p ¼ 0.003). In

multivariable analysis, pyloric length related to nutritional recovery at week 1e2 post-

operatively (OR ¼ 1.42, p ¼ 0.030, 95% CI ¼ 0.03e1.94), and pyloric muscle thickness related

to nutritional recovery at week 6e8 postoperatively (OR ¼ 4.08, p ¼ 0.032, 95% CI ¼ 1.13

e14.7).

Conclusion: Our study indicated that favorable nutritional outcome and successful weight

gain was observed 6e8 weeks after surgery in children with IHPS. Pyloric muscle thickness

positively correlated with age, weight, symptom duration, and favorable nutritional re-

covery. Serum bicarbonate showed a positive correlation with symptom duration.
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At a glance of commentary

Scientific background on the subject

The IHPS patients tend to have metabolic alkalosis.

Elevated bicarbonate and hypochloremia are two most

common biochemical abnormalities in patients with

IHPS. Previous reports have indicated that symptom

duration affected biochemical imbalances, and found

that vomiting duration was longer in higher bicarbonate

group as for the lower bicarbonate group.

This study adds to the field

Pyloric muscle thickness positively correlates with age,

weight, symptom duration, and favorable nutritional

recovery in IHPS patients. Pyloric length positively cor-

relates with early nutritional recovery in IHPS patients.

Nutritional outcomes for IHPS patients are good with

significant weight gain at 6-8 weeks after surgery.
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Infantile hypertrophic pyloric stenosis (IHPS), the most com-

mon cause of gastric outlet obstruction in infants, was first

described by Hirschsprung in 1888 [1]. Its characteristic

symptom is projectile vomiting. The incidence of IHPS varies

among ethnic groups and races around the world, with a

higher incidence among northern Europeans than Asians and

Africans. IHPS occurs in about 2e5 per 1000 live births, with an

estimated male:female sex ratio of between 4:1 and 6:1 [2e5].

A study using data from the national insurance program in

Taiwan showed the frequency of IHPS was around 0.39 per

1000 live births between 1996 and 2004 [6].

Because vomiting is the most common symptom, diag-

nosis of IHPS is often considered in young infants with

repeated nonbilious vomiting, hypochloremic alkalosis, and

rapid clinical improvement after rehydration, even in the

absence of projectile vomiting or a palpable “olive-like” mass

[7,8]. Pyloromyotomy is an effective and common treatment

for IHPS [9]. The timing of surgery depends on the infant's
clinical status, and surgery is often delayed when the patient

is experiencing dehydration and/or electrolyte imbalance [10].

This study examines the demographic, clinical, pre-

operative, and post-operative characteristics of infants with

IHPS to evaluate the associations of demographic and clinical

parameters with the severity of pyloric hypertrophy, electro-

lyte imbalance, duration of symptoms, and post-operative

feeding and nutritional recovery.
Methods

Study population

Pediatric patients who were diagnosed with IHPS between

January 2009 and December 2018 at Chang Gung Memorial

Hospital (Linkou branch) were included in this study. Medical

records were retrospectively reviewed, and patients meeting
the diagnostic criteria of IHPS on ultrasound (US) and final

surgical proof of IHPS were enrolled. At this hospital, US was

used as the primary method for diagnosing IHPS. The diag-

nostic criteria for IHPS included pyloric muscle thickening of

>3 mm and pyloric length >15 mm on US [11e13].

Treatment protocol

Patients with IHPS were treated by pediatric gastroenterolo-

gists and pediatric surgeons. The guidelines for IHPS man-

agement were as follows: infants presenting with normal

electrolyte values and mild dehydration received mainte-

nance intravenous fluids of 5% dextrose with quarter-normal

saline (0.22%NaCl) and 2mEqKCl per 100mL, and infantswith

moderate or severe dehydration received intravenous fluids of

half-normal saline (0.45% NaCl) and 2 mEq KCl per 100 mL at

higher rates of administration (1.5e2 times maintenance).

Renal function was assessed prior to adding potassium to the

intravenous fluids in severely dehydrated infants. If the pa-

tient had alkalosis, the alkalosis was addressed prior to sur-

gery to reduce the risk of post-operative apnea [14,15]. The

criteria for discharge from the hospital were an absence of

dehydration, absence of hazardous complications, and

adequate dietary intake (feeding volume >100 ml/kg/day in

those with bottle feeding or >4 ml/kg/hour of urine output in

those with breastfeeding). Surgical complications, feeding

condition and nutritional recovery (measured by weight-for-

age percentile) were monitored at follow-up. The initial

follow-up occurred 5e7 days after hospital discharge and then

every 2 weeks within the first 2 months. Patients with

persistent vomiting, inadequate feeding, or poor weight gain

(no increase in weight-for-age percentile) at follow-up were

further evaluated for possible residual IHPS or other condi-

tions (i.e., adhesion ileus). The weight-for-age percentile was

based on the general Taiwanese population according to age

and sex [16].

Exclusion criteria

Patients with acute illness, oropharyngeal diseases, organic

diseases, chromosome anomalies, congenital gastrointestinal

anomalies, and prior abdominal surgery were excluded.

Data collection

The data collected included demographic information [age,

sex, gestational age (full-term, pre-term), birth weight, birth

order, plurality, mode of delivery], and clinical data [, pre-

sentation features, weight, feeding methods (breastfeeding,

bottle feeding), biochemistry profile (blood gas, electrolytes),

US findings (pyloric length and pyloric muscle thickness),

surgical methods (laparotomy, laparoscopy), length of hospi-

talization (LOH), complications, post-operative feeding re-

covery, and post-operative nutritional recovery].

Analysis of factors related to the severity of pyloric
hypertrophy, electrolyte imbalance and outcomes

Variables such as plurality, mode of delivery, birth order, birth

weight, and feeding methods were not included in the
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analysis due to their inapplicability. The severity of pyloric

hypertrophy was assessed by pyloric muscle thickness and

pyloric length. Factors analyzed for the association with py-

loric hypertrophy included sex, gestational age (full-term or

pre-term), age, weight, and symptom duration. Correlation

analysis between symptom duration and serum electrolyte

levels (sodium, potassium, chloride, and bicarbonate) was

performed to evaluate the association between disease pro-

gression and electrolyte imbalance.

Parameters evaluated for post-operative outcome included

LOH, complications, feeding recovery and nutritional recov-

ery. Post-operative feeding recovery was measured as the

time to start of feeding after surgery. Post-operative nutri-

tional recovery was assessed by two weight-for-age percentile

measurements. One assessment was performed at first

follow-up (1e2 weeks after surgery) and the second assess-

ment was performed 6e8 weeks after surgery. A weight-for-

age increase >5% at the first assessment was categorized as

early nutritional recovery and a weight-for-age increase >20%
at the second assessment was categorized as significant

nutritional recovery. Clinical characteristics including age at

diagnosis, symptom duration, pyloric length, pyloric muscle

thickness, post-operative time to start feeding, serum bicar-

bonate level, and serum chloride level were compared be-

tween patients with nutritional recovery and patients without

nutritional recovery. Serum bicarbonate and chloride levels

were used for analysis due to metabolic alkalosis may cause

several physiological consequences to affect the nutritional

recovery. To reduce bias, patientswith conditions that impede

weight gain (post-operative complications or acute illness like

respiratory infection, diarrhea, and urinary tract infection)

were excluded.

Outcomes including post-operative LOH, post-operative

feeding recovery (the time to start of feeding and the time to

achieve normal feeding volume after surgery), and post-

operative nutritional recovery were compared between pa-

tients with laparotomy and patients with laparoscopy.

Statistical analysis

All analyses were performed using the Statistical Package for

the Social Sciences (SPSS) software (version 20). All numeri-

cal variables with normal distribution are presented as

mean ± standard deviation; group comparisons were per-

formed using Student's t-tests. The chi-square test was used

to compare between categorical variables in the two groups.

Pearson's correlation coefficients were applied to assess

linear relationships in paired sets of data with normal dis-

tribution. Spearman's correlation coefficients were applied in

variables without normal distribution. Potential risk factors

affecting nutritional recovery (p-value < 0.05 or approaching

0.05 by univariate analysis) were analyzed by multivariable

logistic regression. Statistical significance was defined as p-

values < 0.05.

Ethical approval

The study was approved by the Ethics Committee of Chang

Gung Memorial Hospital. (No.201901522B0). Parents or

guardians of eligible participants provided informed written
consent. The study was carried out in accordance with the

approved guidelines and regulations.
Results

Between January 2009 and December 2018, 89 cases of IHPS

were diagnosed at Chang Gung Memorial Hospital (Linkou

branch). Of the 89 eligible patients, 4 were excluded based on

the exclusion criteria of chromosomal anomaly (1), ileal

atresia (1), and imperforated anus (2). Thus, 85 cases were

included in the analysis. Of these, 75 were male, and 10 were

female (male: female ratio¼ 7.5:1). Forty-eight patients (57.8%)

were the first birth. The mean age was 39.9 ± 17.2 days, and

themean age of symptom onset was 28.1 ± 13.2 days. Twenty-

nine patients (34.1%) had symptom onset before 28 days of

age, and 17.6% first experienced symptoms after 56 days of

age. The average birth weight and average weight at diagnosis

were 3122.3 ± 486.9 g (range ¼ 1626e4100 g), and

3909.6 ± 755.3 g (range ¼ 2250e6000 g), respectively. The most

common type of delivery was natural spontaneous delivery

(n ¼ 57, 67.1%), followed by cesarean section (n ¼ 28, 32.9%).

Associations with family history, chromosomal anomalies,

and gastrointestinalmalformationwere uncommon. Only one

patient had a family history of IHPS (1.2%).

Participant demographic information, clinical character-

istics, imaging findings, and laboratory results are summa-

rized in Table 1. Two patient records lacked data on

gestational age, birth order, and plurality. The most common

presentations were non-bilious projectile vomiting (100%) and

palpable olive-like mass (25.3%). Of patients with available

data, 73 were born at term (88%), 10 were born preterm (12%),

and nonewas post-term. The laboratory findings included five

cases of hyponatremia (5.9%), 12 of hypokalemia (14.1%), 36 of

hypochloremia (46.8%), and 32 cases of bicarbonate elevation

(47.1%) (Table 1). The mean pyloric thickness and pyloric

muscle length were 5.5 ± 0.8 (range ¼ 4.1e8.2 mm) and

20.8 ± 3.0 mm (range ¼ 15.0e32.6 mm), respectively. The cor-

relations of demographic data and clinical parameters with

pyloric hypertrophy severity are reported in Table 2. Sex and

gestational age (full-term or pre-term) showed no association

with the pyloric length or pyloric muscle thickness (Table 2).

In Pearson's correlation analysis results shown positive cor-

relation between the pyloric muscle thickness and age

(r¼ 0.308, p¼ 0.004), weight (r¼ 0.321, p¼ 0.003), and symptom

duration (r ¼ 0.294, p ¼ 0.008). Pyloric muscle length was not

significantly correlated with age (r ¼ 0.115, p ¼ 0.293), weight

(r ¼ 0.187, p ¼ 0.089), or symptom duration (r ¼ - 0.029,

p ¼ 0.794) (Table 2). The Pearson's correlation coefficients for

symptom duration with serum sodium, potassium, chloride,

and bicarbonate were �0.147 (p ¼ 0.192), �0.155 (p ¼ 0.168),

�0.065 (p ¼ 0.583) and 0.326 (p ¼ 0.007), respectively. The

serum bicarbonate is the only parameter associated with

symptom duration.

All patients received Ramstedt pyloromyotomy and un-

derwent surgery without severe complications. No patients

received atropine as treatment. Seventy patients (82.4%)

received laparotomy, and 15 (17.6%) received laparoscopic

surgery. Several minor complications were identified,

including 42 cases of vomiting (49.4%), one case of upper
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Table 1 Demographic and clinical characteristics of
infants with IHPS.

Characteristics n (%)/mean ± SD
(min, max)

Total patients 85

Birth order (unknown, n ¼ 2)

First order 48 (57.8%)

Non-first order 35 (42.2%)

Mode of delivery (unknown, n ¼ 2)

Vaginal delivery 57 (67.1%)

Cesarean section 28 (32.9%)

Plurality (unknown, n ¼ 2)

Twin birth 2 (2.4%)

Gestational age (unknown, n ¼ 2)

Full-term 73 (88%)

Preterm 10 (12%)

Gender

Male 75 (88.2%)

Female 10 (11.8%)

Birth weight (gm) 3122.3 ± 486.9 (1626

e4100)

Age (days) 39.9 ± 17.2 (15e92)

Symptom duration (days) 11.6 (1e60)

Weight (gm) 3909.6 ± 755.3 (2250

e6000)

Palpable olive-like mass 21 (25.3%)

Serum levels of electrolytes

Sodium/Hyponatremia 137.6 ± 3.0 mEq/L (127

e145)/5 (5.9%)

Serum potassium/Hypokalemia 4.9 ± 0.7 mEq/L (3.1e6.7)/

12 (14.1%)

Serum chloride/Hypochloremia

(Unchecked, n ¼ 8)

101.2 ± 6.8 mEq/L (82

e112)/36 (46.8%)

Serum bicarbonate/Elevated

bicarbonate (Unchecked, n ¼ 17)

26.6 ± 6.6 mmol/L (11.9

e51.3)/32 (47.1%)

Pyloric size (ultrasound measurement)

Pyloric length 20.8 ± 3.0 mm (15.0

e32.6)

Muscle thickness 5.5 ± 0.8 mm (4.1e8.2)

Operation

Laparotomic 70 (82.4%)

Laparoscopic 15 (17.6%)

Time to start feeding (hours) 9.3 ± 5.7 (1.8e21.8)

Length of hospitalization (days) 7.3 ± 5.7 (3e53)
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gastrointestinal bleeding with coffee-ground vomitus (1.2%),

and two cases of poor wound healing after surgery (2.4%).

The vomiting gradually resolved within 2e3 days. No signif-

icant difference in the occurrence of vomiting between lap-

arotomic and laparoscopic operations was observed (50% vs.

46.6%, p ¼ 0.815, chi-square analysis). The upper
Table 2 The correlation coefficient between infant's characteris

Infant's characteristics Pyloric length (mm) r (95%

Agea 0.115 (�0.102, 0.332)

Sexb 0.298 (�0.422, 0.787)

Gestational ageb 0.483 (�0.250, 0.864)

Weighta 0.187 (�0.029, 0.405)

Symptom durationa �0.029 (�0.253, 0.194)

*p < 0.05.
a Data with normal distribution were analyzed by Pearson's correlation c
b Data with non-normal distribution were analyzed by Spearman's corre
gastrointestinal bleeding resolved 2e3 days after adminis-

tration of intravenous H2-blocker. Poor wound healing cases

were treated with topical antibiotics and wound care. Sub-

sequent wound hemorrhage, discharge, or cellulitis was not

observed.

Eighty-five patients participated in the initial follow-up.

There were no reports of IHPS, gastrointestinal complica-

tions, inadequacy of feeding or poor weight gain. After

excluding three cases where weight measurements were not

possible and three cases with post-operative complications

(gastrointestinal bleeding or wound infection), a total of 79

patients were included in our nutritional recovery analysis. Of

these 79 cases, the mean pre-operative weight-for-age

percentile was 18.2 ± 20.6, and it reached 24.8 ± 23.3 (increase

of 6.36 ± 11.8%) 1e2 weeks (mean, 9.6 ± 1.8 days) after oper-

ation. Thirty-one cases (39.3%) reached early nutritional re-

covery (weight-for-age increase >5%). Age and pyloric length

tended to be associated with nutritional recovery by post-

operative weeks 1e2 (p ¼ 0.062 and 0.067, respectively, Table

3). In multivariable analysis, pyloric length related to nutri-

tional recovery at week 1e2 postoperatively (OR ¼ 1.42,

p ¼ 0.030, 95% CI ¼ 0.03e1.94).

After the first follow-up, 13 patients continued follow-up at

their local hospital. Of the remaining 66 patients, 59

completed follow-up and weight measurements 6e8 weeks

after surgery. Gastrointestinal complications, poor wound

healing or wound infection were not noted. Seven patients

suffered acute illness (three acute diarrhea, two respiratory

tract infections, and two urinary tract infections), which

influenced feeding volume and weight gain at follow-up.

These subjects were excluded from the second nutritional

recovery assessment. A total of 52 cases were analyzed for

nutritional recovery at 6e8 weeks after surgery. Mean weight-

for-age percentile reached 41.6 ± 21.6 (mean post-operative

follow-up, 44.8 ± 2.9 days). The average increment of weight-

for-age percentile was 23.4 ± 11.8 compared to pre-operative

status. Twenty-six cases (50%) achieved significant nutri-

tional recovery (increase of weight-for-age percentile >20). As
shown in Table 4, pyloric muscle thickness was the only

parameter related to significant nutritional recovery after

surgery. Those patients achieving significant nutritional re-

covery had greater pyloric muscle thickness than those

without significant nutritional recovery (5.8 ± 0.6 vs. 5.2 ± 0.9,

p ¼ 0.003, Table 4). In multivariable analysis, pyloric muscle

thickness remained independently related to significant

nutritional recovery (OR ¼ 4.08, p ¼ 0.032, 95% CI ¼ 1.13e14.7)

(Table 4).
tics and pyloric hypertrophy among IHPS patients.

CI) Pyloric muscle thickness (mm) r (95% CI)

0.308 (0.100, 0.516)*

0.433 (�0.302, 0.845)

�0.050 (�0.659, 0.599)

0.321 (0.113, 0.531)*

0.294 (0.080, 0.514)*

oefficients.

lation coefficients.
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Table 3 Correlation between patients with early nutritional recovery and patients without early nutritional recovery (1e2
weeks post operation) of 79 IHPS patients.

Variables Early nutritional recoverya p-value Multivariable logistic regression

Positive (n ¼ 31) Negative (n ¼ 48) OR (95% CI) p-value

Age at diagnosis (days) 34.2 ± 13.5 (31) 41.1 ± 17.2 (48) 0.062 0.96 (0.91e1.01) 0.083

Symptom duration (days) 9.3 ± 7.6 (31) 12.1 ± 12.9 (45) 0.283

Pyloric length (mm) 21.5 ± 3.4 (31) 20.2 ± 2.1 (48) 0.067 1.42 (1.03e1.94) 0.030*

Pyloric muscle thickness (mm) 5.4 ± 0.8 (31) 5.5 ± 0.9 (48) 0.654

Time to start feeding (hours) 9.6 ± 5.5 (31) 8.5 ± 5.7 (47) 0.418

Serum bicarbonate (mmol/L) 26.8 ± 4.7 (28) 26.8 ± 7.7 (35) 0.999

Serum chloride (mmol/L) 99.2 ± 6.7 (31) 101.0 ± 8.8 (43) 0.335

*Data of continuous variables were expressed as mean ± SD, and analyzed by student t test; mean values were significantly different between

variables (p < 0.05*).

*Odds ratio (OR) and 95% confidence intervals (CI) were estimated using multivariable logistic regression analysis. Statistical analyses were

considered significant at p < 0.05.
a Early nutritional recovery: increment of weight-for-age percentile >5 within 1e2 weeks post operation.

Table 4 Correlation between patients with significant nutritional recovery and patients without significant nutritional
recovery (6e8 weeks post operation) of 52 IHPS patients.

Variables Significant nutritional recoverya p-value Multivariable logistic regression

Positive (n ¼ 26) Negative (n ¼ 26) OR (95%CI) p-value

Age at diagnosis (days) 41.2 ± 18.5 (26) 37.1 ± 12.5 (26) 0.342

Symptom duration (days) 13.7 ± 15.8 (26) 10.5 ± 11.4 (26) 0.401

Pyloric length (mm) 20.6 ± 2.6 (26) 20.4 ± 2.8 (26) 0.838

Pyloric muscle thickness (mm) 5.8 ± 0.6 (26) 5.2 ± 0.9 (26) 0.003* 4.08 (1.13e14.7) 0.032*

Time to start feeding (hours) 8.2 ± 5.0 (26) 9.3 ± 6.3 (26) 0.499

Serum bicarbonate (mmol/L) 25.5 ± 6.5 (24) 28.4 ± 5.4 (24) 0.096

Serum chloride (mmol/L) 100.9 ± 8.4 (24) 103.3 ± 5.4 (24) 0.251

*Data of continuous variables were expressed as mean ± SD, and analyzed by student t test; mean values were significantly different between

variables (p < 0.05*).

*Odds ratio (OR) and 95% confidence intervals (CI) were estimated using multivariable logistic regression analysis. Statistical analyses were

considered significant at p < 0.05.
a Significant nutritional recovery: increment of weight-for-age percentile >20 within 6e8 weeks post operation.

Table 5 Relationship of outcome parameters between laparotomic and laparoscopic groups of IHPS patients.

Variables Laparotomy (n ¼ 70) Laparoscopy (n ¼ 15) p-value

Mean LOH (days) 7.4 ± 6.3 (70) 7.0 ± 2.4 (15) 0.818

Time to start feeding post-operation (hrs) 9.4 ± 5.6 (70) 9.0 ± 6.3 (15) 0.800

Post-operative LOH (days) 4.3 ± 2.3 (70) 4.3 ± 1.8 (15) 0.947

Increment of weight-for-age percentile (1e2 weeks) 6.4 ± 14.9 (65) 6.3 ± 14.9 (14) 0.980

Increment of weight-for-age percentile (6e8 weeks) 24.1 ± 25.2 (41) 24.9 ± 23.7 (11) 0.945

*Abbreviations: LOH: length of hospitalization; SD: standard deviation.
#Data of continuous variables were expressed as mean ± SD and analyzed by t-test; mean values were significantly different between variables

(p < 0.05*).
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Table 5 shows the outcome parameters in the laparotomic

and laparoscopic groups. The mean LOH was 7.3 ± 5.7 (pre-

operative LOH ¼ 3.0 ± 4.7 days, post-operative LOH ¼ 4.3 ± 2.2

days). Of 70 patients who received laparotomic pylo-

romyotomy, the mean LOH, post-operative LOH, and time to

start of feeding after surgery were 7.4 ± 6.3 days, 4.3 ± 2.3

days, and 9.4 ± 5.6 h, respectively. Of 15 patients receiving

laparoscopic pyloromyotomy, the mean LOH, post-operative

LOH, and time to start of feeding after surgery were
7.0 ± 2.4 days, 4.3 ± 1.8 days, and 9.0 ± 6.3 h, respectively. No

significant differences between the laparotomic and laparo-

scopic groups were observed in the mean LOH (p ¼ 0.818),

post-operative LOH (p ¼ 0.947), and time to start of feeding

after surgery (p ¼ 0.800). There was no significant difference

in mean LOH and increment of weight-for-age status (1e2

weeks and 6e8 weeks after surgery) between patients with

and without bicarbonate elevation (p ¼ 0.156, 0.980, and

0.945, respectively).
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Discussion

This 10-year retrospective study involved collection of clinical

and laboratory medical record data from IHPS patients at a

single tertiary center. Our aims were to investigate the factors

that relate to pyloric hypertrophy severity and feeding and

nutritional recovery. This is the first report to correlate clinical

and laboratory parameters with feeding and nutritional re-

covery in IHPS.

IHPS affects infants at a reported male: female ratio of

between 4:1 and 6:1 [2e4]. Previous studies on the incidence of

IHPS in Taiwan found male: female ratios of 4.30:1 and 5.09:1

[6,17]. In this study, the ratio was 7.5:1, which was higher than

previous national studies. A study based in Anhui, China,

found that a higher ratio may be associated with the family-

planning policy in previous years [18]. Strong familial aggre-

gation of IHPS has been reported, which indicates hereditary

character andmay explain racial differences in incidence [19].

Firstborn infants have been reported to have a 1.8 times

higher risk of IHPS than other birth orders [20]. A recent study

of IHPS in developing countries reported the highest incidence

of IHPS among third-born infants [21]. However, no definite

conclusion was drawn from that result. In the present study,

first-born infants had the highest incidence of IHPS, ac-

counting for 57.8% of all cases. These findings were consistent

with the existing literature. A family history of IHPS has been

reported among 14.7% of IHPS patients in European pop-

ulations, 12% in the Australian population, and 9% in the Ca-

nadian population [22e24]. Here, only one case with a positive

family history of IHPS was identified. Although it is possible

that data were omitted during the medical record review, the

rarity of IHPS-positive family history among Asians likely

contributed to the observed low incidence. Previous studies

have described the association between chromosomal

anomalies and IHPS. Two studies have identified separate

anomalies, including partial trisomy 9q and unbalanced 8; 17

translocation [25,26]. In this study, one patient with IHPS was

identified with an inv (1) (p36.3; q11) chromosomal anomaly;

however, the clinical linkage between this chromosomal

anomaly and IHPS remains unknown.

In this study, themean age of IHPS diagnosiswas 39.9 days,

similar to two other studies in Taiwan, which reported mean

ages of 36.5 days and 43.1 days [6,17]. These findings are

similar to studies conducted in Israel, Western Australia,

Tanzania, Denmark, and Los Angles [27e31]. In a study based

in Nigeria, Ezomike et al. reported an older age at diagnosis,

49.16 days, likely due to late presentation and prior peripheral

hospital visits [21]. With the availability of US for early iden-

tification and diagnosis of IHPS, the use of physical exami-

nation to identify the olive mass in IHPS has declined.

Glatstein et al. reviewed several studies across decades and

observed a decline in “palpable olive” presentations among

IHPS patients, despite the absence of a change in themean age

of IHPS [32]. This result may apply to our country, given our

well-established health care system. In the present study, the

epigastric olive-like mass was palpated in 25.3% of cases. The

identification of an olive-like mass during physical examina-

tion may be underestimated due errors associated with the

retrospective medical record review as well as the progress
and availability of US for patients with pyloric stenosis, which

allows for diagnosis soon after symptom onset.

Among this study population, elevated bicarbonate was

the most common biochemical abnormality, followed by

hypochloremia. These results are consistent with previous

studies [18,23,33,34]. Previous reports have indicated that

symptom duration affected biochemical imbalances

[18,35e37]. Touloukian et al. found that the vomiting duration

was twice as long for the higher bicarbonate group as for the

lower bicarbonate group [37]. Anhui et al. observed that nearly

two-thirds of IHPS patients exhibited electrolyte imbalance

[18]. Metabolic alkalosis with hypokalemia wasmore common

in patients presenting with symptoms of >3 weeks’ duration

[35]. Other studies have noted that electrolyte data may be

normal in early presenting patients due to resuscitation

following early diagnosis [21,35,37]. This study identified a

positive correlation between symptom duration and serum

bicarbonate level. Similar to Ezomike et al., this study found a

negative correlation between serum potassium level and

serum bicarbonate level, which was caused by an influx of

potassium and alkalosis [21].

Here, the average pyloric muscle thickness was 5.5 mm.

Statistical analysis found that pyloric muscle thickness was

positively correlatedwith age, weight, and symptomduration.

The literature had identified variable correlation between the

size of pyloric mass and patient characteristics. The results of

our study are compatible with two retrospective studies

evaluating the relationship between US measurements and

patient characteristics found that pyloric thickness was

positively correlated with age and weight in patients with

IHPS [27,38]. However, no significant relationship between

pyloric length and age, weight, or symptom duration was

observed. A variable measurement of pyloric length would be

made by technologists which are contributed to the similarity

between spastic antral muscle proximal to pylorus and hy-

pertrophic pylorus [27]. Iqbal et al. observed that age and

weight were negatively correlatedwith pyloricmeasurements

in infants without pyloric stenosis [38], the authors provided

some insight into the pathophysiology of IHPS where the

normal pylorus undergoes an ontogenetic change that leads to

a decrease in the pyloric muscle thickness and length. Path-

ologic disruption of this preprogrammed morphological

change may lead to ongoing pyloric growth and subsequent

hypertrophy. Our research disclosed a similar result that only

pyloric thickness displayed a positive relationship with age,

weight and symptom duration. We expect a future prospec-

tive study of serial pyloric measurements to clarify such

relationship.

In the present study, no morbidity or mortality was re-

ported after surgery. The outcome in terms of post-operative

complications, recovery, and recurrence was comparable in

the laparotomy and laparoscopy groups, similar to the find-

ings of Agrawal et al. [39]. Vomiting remained the most

common symptom after surgery, with 49.4% of IHPS patients

experiencing at least one vomiting episode. These findings

are comparable to those in a previous study where 48.8% of

patients with IHPS experienced post-operative emesis [40].

Forced feeding protocols, viral infection, gastroesophageal

reflux, restenosis, incomplete myotomy, mucosal perforation

may result in post-operative emesis. Patients with

https://doi.org/10.1016/j.bj.2021.12.011
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incomplete myotomy might receive re-operation to over-

come hypertrophic pylorus. Nevertheless, in our study, there

was no patients received second operation because of

incomplete myotomy. All post-operative emesis recovered

from conservative management. Inadequate myotomy may

have contributed to post-operative emesis. However, both

laparotomic and laparoscopic procedures can lead to pro-

longed emesis after surgery. In this study, two patients

experienced poor wound healing. One received sutures and

antibiotics and had a prolonged hospital stay (12.4 days

longer than the mean hospital stay), and the other was re-

admitted a week post-operation and received wound

closure in the operation room. Unlike Hall et al. and St. Peter

et al., who reported the benefits of shorter hospital stays,

shorter post-operative recovery, lower complication rates,

and less post-operative pain with laparoscopic surgery

compared to laparotomic surgery [41,42], this study showed

no significant differences in the time to start of feeding after

surgery and the length of hospital stay between the laparo-

scopic and laparotomic groups.

Most (92.9%, 79/85) patients participated in the initial

follow-up, which enhanced the reliability of our findings and

data analysis. The IHPS patients tend to have metabolic

alkalosis resulting from excessive HCl, Kþ and H2O loss from

the stomach via continued vomitus. Continued depletion of

Hþ, Cl� lead to influx of potassium and subsequent elevation

of serum bicarbonate caused by alkalosis. Metabolic alkalosis

could cause several physiological consequences including

decreased myocardial contractility, arrhythmias, decreased

cerebral blood flow, confusion, increased neuromuscular

excitability, and impaired peripheral oxygen unloading sec-

ondary to the shift of the oxygen dissociation curve to left [43].

In our series, we observed more episodes of suggestive fea-

tures for metabolic alkalosis including weak feeding, lack of

energy, lethargy, onset of desaturation, and vomitus in the

patients with elevated serum bicarbonate before and after

operation. There were limited number of patients had weight

records at 6e8 weeks after surgery but we found there were

some differences in the serum bicarbonate level between

patients with significant weight gain and patients without

significant weight gain 6e8 weeks after surgery (25.5 ± 6.5 v.s.

28.4 ± 5.4 mmol/L), suggesting serum bicarbonate elevation

may be a trend to promote unfavorable nutritional recovery

although it is not statistically significant in univariate analysis

(p ¼ 0.096, Table 4). Although current information cannot be

verified, we emphasize that bicarbonate imbalance and

dehydration should be corrected promptly in initial manage-

ment of pyloric stenosis.

We identified a positive correlation between pyloricmuscle

thickness and both age and symptom duration (Table 2).

However, pyloric length and pyloric muscle thickness were

positively correlated with significant nutritional recovery 1e2

weeks and 6e8 weeks after surgery, respectively (multivari-

able logistic regression, Tables 3 and 4). In our series, most

patients with IHPS did have a recovery of weight-for-age

percentile in 6e8 weeks post operation (either with reach of

20 weight-for-age percentile or not). Even in patients with

thicker pylorus, the recovery of nutritional status was well

from our results. We observed that hospital duration and re-

covery of feeding to normal range were similar between the
patients with thicker and thinner pylorus. These results

indicate that the severity of pyloric hypertrophy and symptom

duration may not influence nutritional recovery in IHPS

patients.

The strengths of this study include the relatively larger

sample size and the standardization of perioperative and

post-operative management and surgical approaches, which

were based on guidelines for pediatric gastroenterologists and

pediatric surgeons. In addition, this study statistically evalu-

ated factors related to nutritional recovery, which was not

considered in previous studies. Our study has some limita-

tions, as it was a retrospective, nonrandomized, single-center

analysis based on demographic and medical data collected by

medical chart review. Given the nature of this study, not all

data were obtainable, and some post-operative morbidities

may have been underdiagnosed, which limits the ability to

draw inferences on possible causality. Despite these limita-

tions, the results were comparable to those reported by other

Western countries.
Conclusions

This study found that age, weight, and symptom duration

were positively correlated with pyloric hypertrophy in pa-

tients with IHPS. The results indicate that bicarbonate

elevation and hypochloremia are the two most common

electrolyte imbalances among patients with IHPS. Overall,

nutritional outcomes for IHPS patients were good with sig-

nificant weight gain at 6e8 weeks after surgery. The clinical

and nutritional outcomes were similar among patients who

underwent laparotomy and laparoscopy for treatment of

IHPS.
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