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Abstract
Background: Hypertrophic pyloric stenosis is the most important cause for propulsive non-bilious vomiting in infants of the first trimester. Extramucous splitting of
the hypertrophic pyloric muscle is the surgical gold standard for treatment. Serious
major complications of pyloromyotomy (PM) are mucosal perforation and incomplete muscle splitting. The aim of the presented study is to find out if intraoperative
complications are predisposed by biometric or biochemical factors. Furthermore, we
looked for the influence of the board certification of the primary surgeon. Patients
and Methods: 162 infants with IHPS were operated during a six-year period (n = 150
laparoscopic operations). We had 8 major complications (4.9%): iatrogenic mucosal
perforation occurred in 6 cases, and incomplete PM in 2 infants. Preoperative demographic data and data resulting from the blood acid-base- and ion-analysis were
compared with data of a previously published reference group from our institution
(Tröbs RB. Open J Pediatr, 2014; 4: 208-215). Results: The duration of vomiting, the
grade of dehydration and the severity of blood alkalosis did not differ between both
groups. Furthermore, we found no influence of the gestational age and birth weight
on the occurrence of intraoperative complications. It seems that early postnatal age
(p = 0.07) and low body weight at surgery (p = 0.055) may contribute to surgical
problems. Board certification as a paediatric surgeon did not influence the rate of
intraoperative complications. Conclusions: Laboratory data did not show any predisposition to intraoperative complications. It is assumed that small infants with
early occurring symptoms carry an elevated risk for intraoperative events. Our data
support the hypothesis that the rate of intraoperative complications at PM is mainly
influenced by skills and experience of the surgeon.
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1. Introduction
Infantile Hypertrophic Pyloric Stenosis (IHPS) is a typical disorder of infants in the
first trimester. The principle symptom is projectile non-bilious vomiting of partially
digested milk shortly after feeding [1]. The cause of this occurrence is a hypertrophy of
the musculature of the pylorus. In consequence of the absent passage of fluids and food,
dehydration and catabolic metabolism occur. The loss of gastric acid causes hypopotassemic alkalosis [2]-[4]. Particularly with a case history of more than one week, serious disturbances in homeostasis are to be expected [5].
It is assumed that “idiopathic” hypertrophy of the pyloric muscle is initiated with the
beginning of oral ingestion after the birth. Those most commonly affected are term
male infants aged 4 to 6 weeks. In addition, firstborns and bottle-fed infants are particularly predestined [6]. The case history, the characteristic clinical data and ultrasound diagnosis allow a timely and certain preoperative diagnosis [7] [8]. Therapy for
IHPS is primarily surgical. It occurs according to the principle of extramucous splitting
of the hypertrophic pyloric muscle. This method is distinguished by high reliability and
a high rate of success. However, serious complications such as mucosal perforation or
incomplete splitting of the pylorus cannot always be avoided. With the introduction of
the laparoscopic pyloromyotomy, and after the method was broadly established, the
significance of a learning curve for the reliable and quick performance of the operation
became clear [9]-[12]. However, previous studies did not consider the question of the
influence of biometric or biochemical factors on major complications.
This question is asked by the present study.

2. Patients, Material, and Methods
The population of all infants operated on due to IHPS in our teaching hospital between
January 2009 and August 2015 was retroactively recorded. The data collection occurred
using both the clinical documents and the operation reports. Children that suffered a
mucosal perforation or an incomplete pyloromyotomy were aggregated into the group

Complicative.
The biometric and biochemical parameters were compiled using routine diagnostics
on the occasion of inpatient admission of the children and before infusion therapy. We
compared the date of the Complicative group with an independently published normal
group of 56 children from our department [13].
The same analysis device was used for both the verum group and the comparison
group (GEM Premier 4000®-Device, Instrumentation Laboratory, Lexington, MA,
USA).
In 4/5 of the cases, capillary blood was analyzed. Systematic differences between cap-
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illary and venous blood samples could not be recorded. This is subject to constant quality control in the course of the legally prescribed ring trial.

3. Operation
We primarily performed the operation laparoscopically with a three trocar technique. A
minority of the children were operated on using the conventional open, right side incision on the upper abdomen. In cases of mucosal perforation, the open stitching of the
mucosa occurred after conversion. In the event of incomplete splitting, an open revision also occurred.

4. Data Analysis
We applied the median value and the arithmetic mean. In addition, we indicated the
respective minimum or maximum. For the graphical depiction of the data sets, box
plots and whisker plots were used.
Testing using the Kolmogorov-Smirnov test on the 0.05 significance level resulted in
normal distribution for all data sets. For significance testing, we used the 2 sample
t-test. A statistically significant difference were classified as p ≤ 0.05.

5. Ethics Rating
The study has been approved by the ethics commission of the medical faculty of Ruhr
University (Register No. 16-5604).

6. Results
In total, 162 infants were operated during the study period, 150 laparoscopically. In 8
cases (4.9% of the population), major complications occurred. Iatrogenic mucosal perforation occurred in 6 cases (3.7% of the population) and incomplete pyloromyotomy
in 2 cases (1.2% of the population). With one exception, all complications occurred in
laparoscopic operations. In 5 children, the operation was performed by a specialist in
pediatric surgery, and in 3 cases, by a doctor in pediatric surgical training.
The biometric data of the Complicative group is compared to the control group in
Table 1 and the initial biochemical values are compared to the control group in Table
2.
Statistical differences are shown in Table 3.
For the Complicative group, we found a lower age at the time of the operation (median/mean value 28 or 31 days) in comparison to the control group (37 or 39 days).
This corresponded with a lower weight on entry (median/mean value 3.5 or 3.4 kg versus (vs.) 3.8 or 4.0 kg). In addition, there were higher haemoglobin concentrations in
the group with complications (median/mean value 14 or 13.7 d/dl vs. 12.8 or 13 g/dl),
as well as higher haematocrit values (median/mean value 42% or 40% vs. 38% or 40%).
The sodium concentrations in the blood were almost identical. Concerning moderately
pronounced alkalosis, there was also an almost identical value of blood pH and of the
standard bicarbonate in less pronounced chloride loss in the verum group (median/
205
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Table 1. Biometric data in comparison (median [arithmetic average], minimum - maximum).
Parameter

Complicative

Control [Tröbs et al., 2014]

Number of children

8

56

Male:female

8:0

4:1

Gestational age
[weeks]

39 [37]
33 - 40

38 [38]
33 - 41

Weight at birth [kg]

3.1 [2.9]
1.7 - 4.0

3.2 [3.3]
(2 - 4.4)

Age at operation [days]

28 [31]
19 - 50

37 [39]
18 - 108

Vomiting [days]

4 [4]
1-6

4 [6]
1 - 28

Body weight
[kg]

3.5 [3.4]
2.3 - 4.2

3.8 [4.0]
2.7 - 5.9

Table 2. Laboratory parameters in comparison (median [arithmetic average], minimum - maximum).
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Parameter

Complicative

Control

Haemoglobin [g/dlt-test]

14 [13.7]
10.9 - 19.3

12.8 [13.0]
9.1 - 17.8

Haematocrit
[%]

42 [40]
31 - 56

37 [38]
27 - 55

Potassium
[mmol/l]

138 [137]
134 - 139

137 [137]
130 - 144

Chloride
[mmol/l]

110 [103]
91 - 111

101 [98]
83 - 108

pH

7.5 [7.5]
7.45 - 7.56

7.5 [7.5]
7.32 - 7.65

Standard bicarbonate
[mmol/l]

28.5 [30.0]
26.9 - 33.6

27.9 [28.7]
21.0 - 41.0

Base excess [mmol/l]

5 [6.8]
3.8 - 12.8

3.8 [5.2]
-4 - 17.9

pCO2
[kPa]

5.5 [5.7]
4.8 - 6.5

5.7 [5.7]
3.7 - 8.4

Glucose
[mmol/l]

3.7 [4.1]
3.0 - 5.6

5.05 [5.11]
4.0 - 6.7

Lactate
[mmol/l]

2.0 [2.1]
1.2 - 3.5

1.8 [2.0]
0.8 - 3.9
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Table 3. p-values for selected parameters (t-test).
Parameter

p-values

N1; N2

Birth weight

0.21

47; 8

Gestational age

0.62

37; 9

Weight at entry

0.055

51; 8

Age at OP

0.07

52; 8

Haemoglobin concentration

0.15

50; 8

Haematocrit

0.32

49; 7

Chloride

0.09

21; 8

Base excess

0.40

51; 7

Standard bicarbonate

0.40

47; 7

Carbon dioxide partial pressure

0.60

50; 7

Lactate

0.96

27; 6

Glucose

0.0001

46; 7

N1; N2 sample size: Complicative vs. comparison group.

mean value 110 or 103 vs. 101 or 98 mmol/l). For blood glucose, there was surprisingly
a highly significant reduction in the Complicative group (median/mean value 3.7 or 4.1
vs. 5.05 or 5.11). The concentrations of lactate were essentially the same.

7. Discussion
The pathogenesis of IHPS has been illuminated in key aspects in the past two decades.
Hyperacidity of the stomach acid in consequence of passage hypergastrinemia or a defect in nitrogen oxide production in the pylorus have particularly been discussed in
clarifying the muscular hypertrophy of the pylorus [14] [15].
A higher incidence of IHPS in males of approximately 4:1 [1] [6]-[18] has always
been reproducible. The exclusive prevalence of male infants in the Complicative group
is thus easily explained.

8. Biometric Parameters
Only a minority of the infants with IHPS were preterm [19]. In our historical control
group, 25% of the children were born before the 37th week of pregnancy and were thus

preterm. In correspondence with this, 25% of the infants with complications were born
preterm. Our data might indicate a difference between the gestational age of both
groups (p = 0.62). Three infants from the Complicative group had a lower birth weight
between 1500 and 2500 g (low birth weight), but a significant difference in the birth
weight did not exist (p = 0.21). On the occasion of the operation, the body weight of the

Complicative group was less than the weight of the comparison group (p = 0.055)
(Figure 1). A lower postnatal age was also noticeable in the Complicative group (p =
0.07), which is to say that symptoms began earlier and the operation occurred at a par207
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ticularly early age of a median of 28 days, in comparison to 37 days in the comparison
group (Figure 2).

9. Acid-Base- and Ion-Analysis
It is well known that loss of gastric juices and dehydration significantly influence the
balance of acids, bases, and ions in IHPS. With increasing dehydration, there is a trend
of decreasing sodium, potassium and particularly chloride in the blood, and the concentration of bicarbonate increases [5] [8] [20] [21].
The median duration of non-bilious preoperative vomiting was comparatively short:
it was 4 days for both groups. The result was generally a moderate alkalosis, with both
groups having the same median and mean pH value of 7.5. The base excess (shows the
metabolic components of disturbances of acids/bases/ions), as well as the bicarbonate,
moved in identical increased ranges (both p = 0.40). The respiratory side of the

Weight at surgery [g]

acid/base balance, represented by the partial pressure of carbon dioxide (pCO2) was on

Reference

Complicative

Postnatal age [days]

Figure 1. Comparison of body weight on the occasion of inpatient admission for the operation (p
= 0.055).

Reference
Figure 2. Postnatal age at operation (p = 0.07).
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average in the normal range (4.5 - 6.5 kPa) with 5.5 to 5.7 kPa (p = 0.60). We only observed a measurable respiratory depression in one patient of the comparison group [13]
[22] [23]. The lactate as a measure of anaerobic metabolism and liver clearance were
also the same for both groups (p = 0.96).
In our previous study, we were able to show that a statistically significant negative
correlation between haemoglobin concentration in the blood and the postnatal age exists for infants with IHPS [13]. Smaller infants with a time interval from the nadir of
trimester anaemia still showed higher haemoglobin. In correspondence with this, our

younger Complicative group showed a higher concentration of haemoglobin (p = 0.15)
in comparison with our older comparison group, as well as a higher haematocrit (p =
0.32).
The bicarbonate concentrations, pivot point of the metabolic alkalosis and indicator
of the degree of dehydration [5] were equally great in both groups (p = 0.40). If the encountered values for haematocrit, bicarbonate and potassium (137 mmol/l for both
groups) are interpreted, moderate dehydration can be assumed for both groups.
The lower glucose concentrations in the Complicative group, which are significant in
comparison (p = 0.0001), indicate a beginning exhaustion of the glycogen stores and
deficient gluconeogenesis with insufficient carbohydrate supply. A tendency to hypoglycaemia is well known in infants with IHPS [24]-[26].
However, critical glucose values below the reference area of 2.6 - 6.6 mmol/l were not
found in any group.

10. Complications
With the introduction of laparoscopic pyloromyotomy, particularly great attention was
dedicated to the study of methodical and subjective factors in the emergence of intraoperative complications. Particular advantages of laparoscopic pyloromyotomy are the
quicker postoperative development of nutrition and a shorter time spent in hospital [9]
[27]. It was particularly shown that the introduction of the laparoscopic method was afflicted with a learning curve [10] [11]. After the establishment of the method, a detailed
metaanalysis showed that there were no systematic differences regarding the rate of
mucosa perforation, operating time, or the duration of postoperative vomiting between
the use of the open or the laparoscopic procedure [27]. According to a survey of members of the International Paediatric Endosurgical Group (IPEG), mucosa perforations
occurred at the same rate in open and laparoscopic pyloromyotomies [28]. In a multicenter study on 2,830 cases, there was shown to be an increased risk of an incomplete
pyloromyotomy in a laparoscopy [29]. Our task force recently published an algorithm
for the avoidance of incomplete pyloromyotomies [30].
In a synopsis of the rates of complications in laparoscopic pyloromyotomies, the rate
of perforations in the pylorus or duodenum area was rated at 5% to 20% (3.7 in the
presented series) [31]. The frequency of an incomplete muscle splitting or return of the
pyloric obstruction was calculated at 1% to 5% (1.2 in the presented series) [31]. In the
course of the learning curve, the total complication rate for laparoscopic pyloro209
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myotomy in a series could be reduced from 31.5% to 11.4% (major and minor complications) [11].
The fact of a temporal cluster concerning major complications in our series is interesting. This temporary “cluster” seemed to be connected with a change in clinic personnel. This underscores the importance of subjective influences on the process quality
of the operation. The 5:3 relationship between specialists and doctors in surgical training as first surgeon closely reflects the division of pyloromyotomies between the two
qualification groups in our clinic, meaning that the rate of complications is not dependent on specialist status. Rather it must be born in mind that process and results
quality is significantly influenced by both participating surgeons.

11. Limitations of the Study
IHPS manifests in Germany with a prevalence of 2.3 cases per 1,000 births [16], meaning that approximately 1,500 cases are to be expected in Germany per year. The present
study was limited to a patient series in a single institution. With a major complication
rate of below 5%, the Complicative group was naturally small. Significances therefore
necessarily only resulted from severe differences. Given these aspects, the present study
should be considered to be a pilot.

12. Conclusion
Laboratory data did not indicate any predisposition to intraoperative complications. It
is assumed that smaller infants carry an elevated risk for complications. In cooperation
with an experienced board certified surgeon, laparoscopic pyloromyotomy is an appropriate operation for surgical training in the field of pediatric surgery.
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