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ABSTRACT

Purpose: Infantile hypertrophic pyloric stenosis (IHPS) is a common gastrointestinal disease
in neonates and hypochloremia metabolic alkalosis is a typical laboratory finding in affected
patients. This study aimed to analyze the clinical characteristics of infants with IHPS and
evaluate the association of clinical and laboratory parameters with ultrasonographic findings.
Methods: Infants diagnosed with IHPS between January 2017 and July 2022 were
retrospectively evaluated.

Results: A total of 67 patients were included in the study. The mean age at diagnosis

was 40.5£19.59 days, and the mean symptom duration was 11.97+£9.91 days. The mean
pyloric muscle thickness and pyloric canal length were 4.87+1.05 mm and 19.6#3.46 mm,
respectively. Hyponatremia and metabolic alkalosis were observed in five (7.5%) and 36
(53.7%) patients, respectively. Serum sodium (p=0.011), potassium (p=0.023), and chloride
levels (p=0.015) were significantly lower in patients with high bicarbonate levels (230
mmol/L). Furthermore, pyloric canal length was significantly higher in patients with high
bicarbonate levels (p=0.015). To assess metabolic alkalosis in IHPS patients, the area under
the receiver operating characteristic curve of pyloric canal length was 0.910 and the optimal
cutoff value of the pyloric canal length was 23.5 mm.

Conclusion: We found a close association between laboratory and ultrasonographic findings
of THPS. Clinicians should give special consideration to patients with pyloric lengths
exceeding 23.5 mm and appropriate fluid rehydration should be given to these patients.

Keywords: Hypertrophic pyloric stenosis; Pyloric canal length; Metabolic alkalosis;
Hyponatremia

INTRODUCTION

Infantile hypertrophic pyloric stenosis (IHPS) is a common gastrointestinal disease in
neonates that is characterized by progressive projectile non-bilious vomiting [1]. Marked
hypertrophy and hyperplasia of both the circular and longitudinal muscular layers of the
pylorus are typical features of pyloric stenosis, and this thickening causes blockage of the
gastric outlet and explosive vomiting after feeding [2]. The pyloric canal becomes lengthened
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and the mucosa becomes edematous and thickened. Therefore, a diagnosis can be made based
on increased pyloric muscle thickness and canal length using abdominal ultrasonography [3].
The exact cause of smooth muscle cell hypertrophy is not well known [4].

Hypochloremia with metabolic alkalosis is a typical laboratory finding that results from

the loss of gastric hydrochloric acid. A recent study reported a positive correlation between
symptom duration and serum bicarbonate levels [5] and another study reported that pyloric
muscle thickness is a significant factor for dehydration and high bicarbonate levels in infants
with IHPS [6]. Normalization of metabolic derangement by fluid rehydration is important

for avoiding complications after operation, such as apnea [7]. A recent retrospective review
found that infants with preoperative respiratory problems were found to have significantly
higher serum bicarbonate levels, with an odds ratio of 2.18 per 10 mmol/L and optimal
bicarbonate cutoff level of 25.7 mmol/L [8]. Thus, it is important to recognize the high risk of
metabolic derangement in infants; however, studies on this are scarce.

The aim of this study was to analyze the clinical characteristics of infants with IHPS and
evaluate the associations of clinical and laboratory parameters with ultrasonographic findings.

MATERIALS AND METHODS

We retrospectively evaluated infants diagnosed with IHPS between January 2017 and July
2022. The following data were retrospectively collected by reviewing the clinical charts:
demographic characteristics, laboratory, and sonographic findings. Demographic data
included sex, gestational age, birth weight, weight at diagnosis, symptom duration, and
frequency of vomiting in a day. Prematurity was defined as a gestational age <37 weeks.
Laboratory evaluations included levels of total bilirubin and electrolytes. Weight loss was
defined as weight loss at diagnosis when compared to weight at symptom onset.

Diagnosis of IHPS was based on clinical andultrasonographic findings. The ultrasonographic
diagnostic criteria for IHPS were pyloric muscle thickening >4 mm and pyloric canal length
>14 mm [9,10]. Once IHPS was diagnosed by abdominal ultrasonography, fluid treatment
was required to normalize electrolytes until bicarbonate values declined to <30 mmol/L [11].
We divided the patients into two groups according to bicarbonate level and analyzed their
clinical, laboratory and ultrasonographic findings. High bicarbonate groups were defined
bicarbonate levels were over 30 mmol/L.

Continuous data are expressed as mean (tstandard deviation). These were further compared
using the Mann-Whitney U-test or Student’s t-test. Discrete data are expressed as numbers
and percentages and were compared using Fisher’s exact or chi-square tests. The Pearson
correlation coefficient was used to measure the strength of the linear relationship between
pyloric canal length and serum bicarbonate level. Receiver operating characteristic (ROC)
curves were plotted to illustrate the trade-off between specificity and sensitivity, identify
adjusted cutoff values, and determine 95% confidence intervals (CIs). Statistical significance
was set at p<0.05. Statistical analyses were performed using IBM SPSS Statistics for Windows,
Version 24.0 (IBM Co.).
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This retrospective analysis was approved by the Institutional Review Board (IRB number:
2022-09-064). Informed consent was waived due to the retrospective nature of this study.

RESULTS

A total of 67 patients were included in the study. The mean age at diagnosis was 40.52+19.59
days, and the mean symptom duration was 11.97+9.91 days. Among 67 patients, 64 (95.5%)
were full-term infants. The mean pyloric muscle thickness and pyloric canal length were
4.87+1.05 mm and 19.62+3.46 mm, respectively. Hyponatremia and metabolic alkalosis
were observed in five (7.5%) and 36 (53.7%) patients, respectively. The mean sodium

and bicarbonate levels were 137.61+2.82 mEq/L and 25.54+5.43 mmol/L, respectively.
Postoperative vomiting was observed in 17 (25.4%) patients. The clinical characteristics and
laboratory and ultrasonographic findings are summarized in Table 1.

Sixteen patients (23.9%) were found to have high serum bicarbonate levels. Serum sodium
(p=0.011), potassium (p=0.023), and chloride (p=0.015) levels were significantly lower

in patients with high bicarbonate levels than in patients with low bicarbonate levels.
Furthermore, pyloric canal length was significantly higher in patients with high bicarbonate
levels (23.65+2.76 vs. 18.56+2.74 mm, p=0.015) than in patients with low bicarbonate levels.
Postoperative vomiting was frequently observed in patients with high bicarbonate levels.
However, no differences were found in the symptom duration or weight at diagnosis between
the two groups. Weight loss was more frequently observed in patients with high bicarbonate
levels than in patients with low bicarbonate levels. The clinical characteristics according to
serum bicarbonate levels are summarized in Table 2.

A significant positive correlation was found between pyloric canal length and serum
bicarbonate level by Pearson correlation (R=0.585, p=0.015; Fig. 1).

Table 1. Clinical characteristics and laboratory and ultrasonographic findings of IHPS

Variable Value (n=67)
Full term 64 (95.5)
Male 56 (83.6)
Birth weight (kg) 3.76+4.49
Age (d) 40.52+19.59
Symptom duration (d) 11.97+9.91
Frequency of vomiting (d) 3.76+1.32
Weight at diagnosis (kg) 4.41+0.88
Weight loss after symptom 18 (26.9)
Total bilirubin (mg/dL) 3.38+3.45
Electrolyte

Sodium (mEq/L) 137.61+2.82

Potassium (mEq/L) 4.84+0.64

Chloride (mEq/L) 103.57+6.42

Bicarbonate (mmol/L) 25.54+5.43
Pyloric size

Pyloric length (mm) 19.62+3.46

Muscle thickness (mm) 4.87+1.05
Postoperative vomiting 17 (25.4)

Values are presented as number (%) or mean=standard deviation.
IHPS: infantile hypertrophic pyloric stenosis.
Normal range for electrolyte, sodium: 135-145 mEq/L, potassium: 3.5-5.5 mEq/L, chloride: 97-110 mEq/L.
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Table 2. Clinical characteristics and laboratory and ultrasonographic findings of IHPS according to serum

bicarbonate levels

Variable Bicarbonate 30 mmol/L (N=16) Bicarbonate <30 mmol/L (N=51)  p-value
Full term 16 (100.0) 48 (94.1) 0.526
Male 15 (93.8) 41 (80.4) 0.327
Birth weight (kg) 3.27+0.45 3.15+0.48 0.455
Age (d) 46.27+27.76 40.43+18.83 0.405
Symptom duration (d) 15.73+10.19 11.74+10.50 0.260
Frequency of vomiting (d) 4.18+1.32 3.72+1.41 0.321
Weight at diagnosis (kg) 4.24+0.74 4.52+0.97 0.352
Weight loss after symptom 8 (50.0) 10 (19.6) 0.006
Total bilirubin (mg/dL) 4.62+3.99 3.32+3.52 0.303
Electrolyte

Sodium (mEq/L) 135.18+3.12 138.19+2.62 0.011

Potassium (mEq/L) 4.02+0.48 5.02+0.56 0.023

Chloride (mEq/L) 93.94+7.42 106.02+3.70 0.015
Pyloric size

Pyloric length (mm) 23.65+2.76 18.56+2.74 0.015

Muscle thickness (mm) 4.90+0.95 4.91+1.15 0.452
Postoperative vomiting 8 (50.0) 9(17.6) 0.017

Values are presented as number (%) or mean=standard deviation.
IHPS: infantile hypertrophic pyloric stenosis.
Normal range for electrolyte, sodium: 135-145 mEq/L, potassium: 3.5-5.5 mEq/L, chloride: 97-110 mEq/L.

Continuous data are compared using student’s t-test and discrete data are compared using Chi-square tests.
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Fig. 1. Positive correlation between pyloric canal length and serum bicarbonate level (R=0.585, p=0.015).

To identify metabolic alkalosis with a high bicarbonate level, the area under the ROC curve
for pyloric canal length was 0.910 (95% CI, 0.789-1.000). The optimal cutoff value of pyloric
canal length was 23.5 mm. Fig. 2 shows the ROC curve for prediction models to identify
metabolic alkalosis in patients with high bicarbonate levels.

DISCUSSION

In this study, we evaluated the clinical characteristics of infants with IHPS and found a
significant association between serum bicarbonate levels and pyloric canal length. The
optimal cutoff pyloric canal length for detecting metabolic alkalosis in patients with a high
bicarbonate level was 23.5 mm.
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Fig. 2. Receiver operating characteristic curves for prediction models to distinguish subjects with metabolic
alkalosis with high bicarbonate levels.

The ratio of both male and full-term infants was high, as was also found in a population-
based study of IHPS [12]. The mean age at IHPS diagnosis and symptom duration were
40.5 days and 11.97 days, respectively, which were similar to other studies [13,14]. Delayed
diagnosis can cause prolonged vomiting and lead to electrolyte derangement and metabolic
alkalosis. Touloukian et al. [15] reported a two-fold longer vomiting duration in the higher
bicarbonate group. However, in our study, symptom duration had no significant impact on
biochemistry laboratory data.

Electrolyte disturbance and dehydration have been thought to be important predictors

of poor outcomes after surgery and disease severity in IHPS [16,17]. Apnea or respiratory
problems can also be caused by ventilatory drive inhibition in a severe alkalotic state

[8]. Therefore, it is important to recognize IHPS early and treat it accordingly with fluid
resuscitation [18]. In previous studies, ultrasonographic detection of increased pyloric
muscle thickness was found to be associated with biochemical parameters, including
metabolic alkalosis [6,19]. This relationship may be explained by persistent vomiting caused
by gastric outlet narrowing due to increased muscle thickness. In our study, the mean pyloric
muscle thickness and canal length were 4.87 mm and 19.6 mm, respectively; however, muscle
thickness had no significant effect on metabolic alkalosis. We found a positive correlation
between pyloric canal length and serum bicarbonate levels. These findings suggest that
pyloric canal length can be a significant factor that determines the severity of laboratory
presentations in IHPS.

Postoperative vomiting occurred in 17 (25.4%) patients, which was slightly higher than

11.8% found in a previous [16]. There were no other postoperative complications (including
stricture) except postoperative vomiting, and pyloromyotomy was successfully completed in
all patients. Studies investigating related factors for postoperative complications are rare;
Graham et al. [20] showed that immediate feeding (up to 6hours postoperatively) resulted in
more severepostoperative vomiting. In our study, reintroduction time for enteral feeding did
not significantly affect the presence of postoperative vomiting, and the high bicarbonate group
showed more frequent postoperative vomiting. The exact cause of the relationship between
these two factors is not well known and future studies are needed to clarify this finding.
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Our study has several limitations. First, the sample size was too small to allow for definitive

conclusions. Second, the retrospective study design may have affected the analysis variables.

Despite these limitations, our study proposes an optimal ultrasonographic level for detecting
high bicarbonate level sin IHPS, which will be valuable to clinicians.

In conclusion, we should be aware of the clinical significance of pyloric canal length for

detecting sever metabolic alkalosis. A large well-designed prospective cohort study should be

conducted to confirm our current findings.
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