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Abstract

Background: Infantile hypertrophic pyloric stenosis represents one of the most prevalent
gastrointestinal disorders in infants. It presents with severe persistent vomiting and elec-
trolyte imbalance. Pyloromyotomy is the gold standard approach in the management of
pyloric stenosis. The laparoscopic approach provides a reliable and safe alternative to the
open technique. We aimed to compare the surgical outcomes of both approaches and deter-
mine which approach is superior to the other. Methods: We searched for relevant articles
by searching Scopus, Web of Science, PubMed, and the Cochrane Library until January
2025. The Cochrane risk of bias tool was utilized to assess the quality of the clinical trials,
whereas the ROBINS-I tool was used in the observational studies. Our primary outcomes
were operation time, length of hospital stay, time needed for full feeding, incidence of in-
complete pyloromyotomy, mucosal perforation, wound infection, postoperative vomiting,
postoperative incisional hernia, postoperative seroma or hematoma formation, need for
reoperation, and rate of conversion to P in the laparoscopic group. Results: We included
12 eligible articles that compared laparoscopic pyloromyotomy with open pyloromyotomy
in infants with hypertrophic pyloric stenosis. Our analysis revealed comparable results for
both procedures in terms of operation time (p = 0.83), hospitalization duration (p = 0.06),
mucosal perforation (p = 0.49), postoperative complications such as vomiting (p = 0.10),
incisional hernia (p = 0.60), seroma (p = 0.52), and reoperation rates (p = 0.17). Patients who
underwent LP achieved full feeding in less time (p = 0.007) and had fewer wound infections
(p = 0.01) compared to OP. However, the incidence of incomplete pyloromyotomy was lower
in the OP group than in the LP group (p = 0.03). Conclusions: Both open and laparoscopic
pyloromyotomy are effective for treating hypertrophic pyloric stenosis. The laparoscopic
approach offers the advantages of a faster return to full feeding and lower wound infection
rates but increases the risk of incomplete pyloromyotomy compared to the open technique.
Surgeon preference and experience play crucial roles in surgical outcomes, provided that
there is a thorough understanding of the benefits and limitations of both techniques.
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1. Introduction

Infantile hypertrophic pyloric stenosis (IIHPS) is considered one of the most common
gastrointestinal disorders occurring in infants, most commonly between the third and tenth
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weeks of age. However, later presentation have been reported [1-3]. IHPS occurs at a
frequency of 2—4 per 1000 live births, with a male predominance [4,5]. Although there is no
clear etiology of IHPS, it is well-documented that being firstborn and having preterm birth
increases the risk of IHPS by 1.5-fold [6]. Previous studies reported a predominance of IHPS
among White infants compared with Asian, Black, and Hispanic infants [7-9]. Additionally,
there is an increased incidence of IHPS in newborns from industrial countries, including
England, Northern Ireland, Scotland, and Wales [10]. IHPS arises from hyperplasia and
hypertrophy of the pylorus, which represents the stomach outlet. This impairment of
gastric emptying causes persistent vomiting, dehydration, electrolyte disturbance, and
failure to thrive [11,12].

Pyloromyotomy involves a longitudinal incision and splitting of the seromuscular
layers along the entire length of the hypertrophic pylorus muscles, which is the gold stan-
dard for managing children with IHPS [13,14]. Conventional pyloromyotomy is performed
via either a supraumbilical incision or a right upper quadrant incision. A previous study
demonstrated that, compared with laparoscopic pyloromyotomy (LP), open pyloromy-
otomy (OP) was associated with abdominal scarring and poor cosmetic results but had
a similar complication rate [13]. LP is a minimally invasive procedure that has gained
popularity since its first use in 1990 by Alain et al. [15]. The laparoscopic approach has
various advantages, such as minimal tissue injury, better cosmesis, shorter postoperative
hospitalization, shorter time to return to oral feed, and overall quicker recovery after
surgery [16,17]. Several systematic reviews and meta-analyses have previously compared
laparoscopic and open pyloromyotomy, generally reporting comparable outcomes between
the two approaches, with some trends favoring laparoscopic pyloromyotomy in recovery
parameters and open pyloromyotomy in myotomy completeness. However, these analy-
ses were limited by smaller sample sizes and inclusion restricted mainly to randomized
controlled trials.

The present review expands upon prior work by incorporating both randomized and
observational studies published up to January 2025, yielding the largest pooled cohort to
date. This broader inclusion enhances the generalizability of findings and enables evalua-
tion of infrequent outcomes such as conversion rates and postoperative complications.

Currently, there is controversy and debate among pediatric surgeons about whether
LP is superior to OP; thus, in this study, we aimed to assess the differences in perioperative
outcomes and the complications of both procedures in infants with IHPS.

2. Methods
The PRISMA guidelines were followed while performing our study [18].

2.1. Search and Information Databases

We used the following search strategy to search for relevant articles until January
2025: (“Pyloric Stenosis” OR “pyloric stenoses” OR “Hypertrophic Pyloric Stenosis” OR “
pyloromyotom* OR “Pylorus Stenosis” OR “pyloric obstruction”) AND (Laparoscope OR
Laparoscopic Surgery OR Laparoscopy OR laparoscop*). The PubMed, Scopus, Web of
Science, and Cochrane Library were the main online databases used.

2.2. Selection Criteria and Eligibility Criteria

After removing duplicates via EndNote software X8.0.1, the selection of the remaining
articles was carried out in two stages. The first stage involved screening titles and abstracts
to find eligible studies. After that, we screened all full texts that were selected from the first
stage on the basis of our eligibility criteria.



Pediatr. Rep. 2025,17, 124

30f16

2.3. Study Population and Design

Our studied population were infants with IHPS. Our intervention was pyloromyotomy
using the laparoscopic approach compared to pyloromyotomy using the open approach.
The main assessed outcomes were operation time, length of hospital stay, time needed
for full feeding, incidence of incomplete pyloromyotomy, mucosal perforation, wound
infection, postoperative vomiting, postoperative incisional hernia, postoperative seroma
or hematoma formation, need for reoperation, and rate of conversion to OP in the laparo-
scopic group. Eligible study designs included randomized controlled trials (RCTs) and
observational studies, such as case—control studies and case series. Studies were excluded
if they did not report the outcomes of interest or if they were review articles, conference
abstracts, posters, non-indexed publications, or secondary research, including systematic
reviews and meta-analyses.

2.4. Data Extraction

Data from the included studies were retrieved and plotted on an Excel sheet. Two
authors independently conducted the data extraction for both baseline and main outcomes,
and a third author addressed any disagreements. We extracted data on the general studies
and patients’ characteristics, including country, study design, age, weight, pyloric channel
length, number of patients with malnutrition, follow-up duration, and the open group
utilized procedure. Moreover, we extracted data of our main outcomes, such as operation
time (minutes), length of hospital stay (hours), time needed for full feeding (hours), inci-
dence of incomplete pyloromyotomy, mucosal perforation, wound infection, postoperative
vomiting, postoperative incisional hernia, postoperative seroma or hematoma formation,
need for reoperation, and rate of conversion to OP in the laparoscopic group.

2.5. Quality Assessment

We employed the Cochrane risk of bias assessment tool for RCTs [19]. In contrast,
the ROBINS-I tool was used to evaluate the risk of bias in observational studies [20]. We
included all studies regardless of the risk of bias results.

2.6. Qualitative Synthesis

All studies were incorporated in the qualitative analysis, especially when outcomes
such as conversion rates to open procedures lacked sufficient data for quantitative pooling.
Quantitative analysis was applied only to outcomes with analyzable data. This was decided
after data collection from the included studies.

2.7. Statistical Analysis

We analyzed the outcome data using RevMan software 5.4. Mean difference (MD)
and 95% confidence interval (CI) were implemented to analyze continuous outcomes. The
dichotomous outcomes are expressed as risk ratios (RRs) and 95% confidence intervals.
The pooled estimate was considered statistically significant if the p value was <0.05. The
heterogeneity among the data were evaluated via the chi-square test p value and the I? value.
The outcome was considered heterogeneous if I> > 50% or p < 0.1 [21]. A sensitivity analysis
was performed on the heterogeneous outcomes (operation time, duration of hospital stay,
and time to full feed), excluding studies that heavily affected the overall pooled estimate.
A fixed-effect model was used if the outcome was homogeneous. However, the random
effects model was restricted to heterogeneous outcomes.
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3. Results
3.1. Summary of the Included Studies

We present our search process in the PRISMA flow diagram in Figure 1. A total of
676 records were screened after removing duplicates. A total of 114 studies were selected
for eligible screening. We finally analyzed 1672 patients from 12 included studies [13,16,22-31]
that compared LP with OP in infants with IHPS regarding the surgical outcomes and the
safety of both techniques. We included nine RCTs and three observational studies. The
baseline and demographic characteristics of the included studies and patients and the
differences in age, gender, and special population are illustrated in Table 1.

Records identified through
database searching
(PubMed = 448)
(SCOPUS = 549)
(Cochrane library=44)
(Web of Science = 483)

l

Records after duplicates removed

(n=876)
v
Records screened N Records excluded
(n=976) - (n=862)

\ 4

Full-text articles assessed

for eligibility
(n=114) \
Full-text articles excluded

(n=96)

Studies included in the
guantitative synthesis
(n=12)

Figure 1. The PRISMA flow diagram.
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Table 1. Shows the baseline and demographic characteristics of the included studies and participants.

Sample Males . Pyloric Channel L
. o Age (Days) Weight (Grams) Malnutrition
Study Stu'd y Country Size (%) & Y 8 Length (mm) Follow-Up O.p en Group
Design Surgical Procedure
Lp OP LP OP LP OP LP or LP oP LP or
Greason RCT USA 10 10 NR 34+15 31+18 41406 41+£07  NR NR NR NR NR supra-umbilical
1997 [26] incision
Fujimoto 4423 + 43.63 £ 4061 + 3805 + supra-umbilical
1999 [23] RCT Japan 3030 NR 15.74 18.85 604 5611 2 2 NR NR NR incision
St. Peter 3731+ 36.68 = upper right
2006 [27] RCT USA 100 100 NR 147 175 NR NR 19.4 19.5 NR NR 2 weeks transverse incision
Leclair 40 45 3780 + 3790 + supra-umbilical
2007 [16] RCT France 50 52 gy gy PE7 BE1 650 =10 20.3 20.1 NR NR 4-9 weeks s
Hall 2009 33.66 + 3433 + 3800 + 3800 £ supra-umbilical
[24] RCT UK 8. 9% NR 113 12 6784 602.4 NR NR NR NR 39 days incision
Saha 2012 RCT Bangladesh 30 30 NR 413 432 NR NR NR NR NR NR 3 months upper right
[29] transverse incision
Siddiqui 41 33 upper right
2012 [13] RCT USA 56 42 73)  (78) 36 37 4000 3800 NR NR NR NR 56 months transverse incision
Van den Retrospective supra-umbilical
Bunder P Netherlands 238 236 401 (85) 35 325 NR NR NR NR NR NR 2-3 weeks pra-um
- study incision
2020 [25]
Huang Retrospective . 95 81 414 & 38.8 & 4300 =+ 4100 £ 26 21 upper right
2020 [31] study China 126107 75 (75 10.8 12.1 1300 1500 NR NR (20.6%)  (19.6%) 1year transverse incision
Ismail 2020 RCT Egypt 40 40 NR NR NR NR NR NR NR NR NR 6 months upper right
[22] transverse incision
Pogoreli’c  Retrospective . 54 50 34.53 = 3618.3 & 3821.66 19.33 195 + 11 16 upper right
2021 [30] study Croatia 64 6l g5 (g S31E106 17 75462 +£542.88  +227 2.65 (17.8%)  (26.2%) 30 days transverse incision
Qassem o upper right
2024 [28] RCT Egypt 20 20 31 (77.5%) 329+ 10.78 2970 + 420 17.02 £+ 2.09 NR NR NR transverse incision

Data are presented as mean+ standard deviation, number (percentage). LP = laparoscopic pyloromyotomy, OP = open pyloromyotomy, RCT = randomized controlled trial,
NR = not reported.
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3.2. Risk of Bias Assessment

The quality assessment of the included RCTs according to the Cochrane risk of bias
tool revealed an overall moderate risk of bias, as shown in Figure 2. The assessment of the
included observational studies revealed an overall moderate risk of bias according to the
ROBINS-I risk of bias tool, as described in Table 2.

Blinding of outcome assessment (detection hias)

Selective reporting (reporting hias)

Other hias

Fujirmotol 994

LY
)

Greason 19497

Hall 2004

=) . LA ]

~ @ ® O ® | ® | incomplete outcome data (attrition bias)
LA ]
=~

> 0000

lzmail 2020

00

Leclair 2007

“ @

Qassem 2024

~ @

Saha 2012

Siddigui 2012

© 0O 00 O O 0| O O cidngoiparticipants and personnel (performance bias)
)

® O e e | ®| @ randomsequence generation (selection bias)
© 0 66 0 | | @) ~ocatonconcealment (selection bias)

M)

St Peter 2006

Figure 2. The risk of bias summary of the included trials [13,16,22-24,26-29].

Table 2. The risk of bias assessment of the observational studies according to ROBINS-I.

Bias in Bias Due to Bias in Bias in
Bias Due to . . Classification Deviations Bias Due to Selection of
Study . Selection Bias . Measurement
Confounding of from Intended  Missing Data Reported
. . of Outcomes
Interventions Intervention Result
Hua[r;ﬁ]zozo low low low low no information  no information low
Van den
Bunder 2020 low low low low no information  no information low
[25]
Pogorelic’ 2021 low low moderate moderate low no information low

[30]
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3.3. Analysis of Outcomes
3.3.1. Operation Time (Min)

The operation time was reported in ten studies assessing 1100 patients [16,22-24,26-31].
The pooled estimate revealed nonsignificant variation between the two techniques (mean
difference = 0.48 min [—4.81, 3.85 min], (p = 0.83). We observed heterogeneity among
the studies (I> = 95%) (Figure 3B). Thus, we performed a sensitivity analysis excluding
Qassem et al. 2024 [28]. After sensitivity analysis, we also found no difference between
both cohorts (mean difference —1.97 min [—5.57, 1.64] (1> = 89%)) (Figure 3B). Excluding
Qassem et al. decreased the overall heterogeneity as they included the least weights among
infants in our study, which may be associated with longer operation time compared to the
rest of the studies [32].

A Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Fujirmota1999 2738 104 30 31.87  am 0 101% -4.49 919, 0.21] ]

Greason 19497 18 4 10 24 4 10 10.7% -5.00 [-8.51,-1.49] -

Hall 2009 30 286 87 32 963 93 11.2% -2.00 [-4.05, 0.05] -

Huang 2020 288 1289 126 3¥2 175 107 1048%  -T40[F11.41,-3.39] -

Izmail 2020 325 1437 40 3525 E7Y2 40 10.0% -2 TR TET, 217 =T

Leclair 2007 30 97 50 23 7 52 10.8% T.O0[3.71,10.29] -

Fogorelic 2021 366G 11.37 B4 475 1328 B1  10.3% -10.84[145.18,-6.50] -

Qassem 2024 IBE  3.02 20 286 206 20 11.3% 8.20 [6.6O, 9.80] =

Saha 2012 £1.489 A1.73 30 28.33 8.4 30 3.6% 33261451, 582.01] —
St Peter 2006 19486 7TEE 100 1946 EBS83 100 11.2% 010191, 211] 1

Total (95% Cl) 557 543 100.0% -0.48 [-4.81, 3.85] *
Heterogeneity, Tau®= 42,27, Chi*=174.12, df= 9 (P < 0.00001); F=95% B0 5 g P o

Testfor overall effect Z=022 (P=083

B

Laparoscopic Open

Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Fujirmota1999 2738 104 30 31.87  am o 11.2% -4.49[-9.19, 0.21] -
Greason 18497 18 4 10 24 4 10 12.3% -5.00 [-8.51,-1.449] -
Hall 2009 30 286 87 32 463 93 13.3% -2.00[-4.05, 0.05] =
Huang 2020 288 1289 126 3¥2 175 107 11.48%  -T40[11.41,-3.39] -
Izmail 2020 325 1437 40 3525 E7Y2 0 11.0% -2 TATET, 217 i
Leclair 2007 30 97 50 23 7 A2 12.5% T.O0[3.71,10.29) -
FPogorelic 2021 I6EE 11.37 B4 475 1328 61 11.6% -1084[14518,-6.40] —
Qassem 2024 IBE  3.02 20 286 206 20 0.0% 8.20 [6.6O, 9.80]
Saha 2012 61.89 A1.73 30 28.33 8.4 30 2.9% 33.26[14.91,82.01]
St Peter 2006 19586 766 100 1946 683 100 13.3% 00191, 2.11] T
Total (95% Cl) 537 523 100.0% -1.97 [-5.57, 1.64] ﬁ
Heterogeneity, Tau®= 24.29, Chi®= 73.02, df=8 (P = 0.00001); F= 89% -5=D _215 b 215 S:D

Testfor overall effect 2=1.07 (P=0.23)

Laparoscopic Open

Figure 3. The forest plot of the operation time outcome. (A) represents the analysis before the
sensitivity analysis. (B) represents the pooled analysis after sensitivity analysis [16,22-24,26-31].

3.3.2. Length of Hospital Stay (Hours)

Ten studies evaluated the duration of hospitalization [13,16,22,24,26-31]. We ob-
served a nonsignificant shorter length of hospital stay among patients who underwent
LP by —10.54 h [-21.47, 0.39 h] (p = 0.06). The data were heterogeneous (p < 0. 001);
I = 94% (Figure 4A). A sensitivity analysis was performed, excluding Pogoreli¢ et al.,
2021 [30]. After sensitivity analysis, we also found a similar length of hospital stay (mean
difference —3.51 h [—11.18, 4.17 h], I? = 88%) (Figure 4B). Pogoreli¢ et al., 2021 [30] reported
that patients allocated to the open group required a much longer duration of hospital stay
compared to the laparoscopic group and the open groups in the other included studies,
which may be explained by a higher incidence of postoperative complications among pa-
tients in the open group. Furthermore, they did not consider the experience of the surgeon
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in their study, which may greatly impact the incidence of complications and postoperative

hospital stay.
A Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Greason 1997 23 10 10 25 9 10 10.5% -2.00[-10.34,6.34) —r
Hall 2009 336 1866 87 438 2244 93 10.8% -10.20[16.21,-4.19] -
Huang 2020 67.2 168 126 84 456 107 104% -16.80 [-25.92,-7.68] —
Ismail 2020 345 17.62 40 2225 30 40 10.8% 12.25[6.71,17.79) -
Leclair 2007 84 36 50 792 216 52 9.9% 4.80[-6.78, 16.38] -
Pogorelic 2021 63.84 18.19 64 14784 636 61 8.9% -84.00[10057,-67.43) —
Qassem 2024 408 182 20 69.6 204 20 9.8% -28.80[-41.08,-16.52) S
Saha 2012 74.16 54 30 6192 276 30 7.7% 12.24 [-9.46, 33.94] -
Siddigqui 2012 30,72 2292 56 26.64 2545 42 10.2% 4.08[-5.68,13.84] T
St. Peter 2006 29.63 16 100 3316 1583 100 11.0% -3.53[-7.94,0.88) -1
Total (95% Cl) 583 555 100.0% -10.54 [-21.47, 0.39] o
Heterogeneity: Tau®= 278.69; Chi*= 15717, df= 9 (P < 0.00001); F= 94% t t y t
Test for averall effect: Z=1.89 (P = 0.06) -100 L-aﬁgaroscopicUOpen 50 100
B Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Greason 1997 23 10 10 25 ] 10 11.8% -2.00[-10.34,6.34] ==
Hall 2009 336 18.66 87 438 22.44 93 12.6% -10.20 [-16.21,-4.19] -
Huang 2020 67.2 168 126 84 456 107 11.5% -16.80 [-25.92,-7.68) —=
Ismail 2020 345 17.62 40 2225 3M 40 12.8% 12.25(6.71,17.79) -
Leclair 2007 84 36 50 792 216 52 10.4% 480[-6.78,16.38] i
Pogorelic 2021 63.84 1819 64 14784 636 61 0.0% -84.00[100.57,-67.43)
Qassem 2024 408 18.2 20 69.6 204 20 10.1% -28.80[-41.08,-16.52] —
Saha 2012 7416 54 30 6192 276 30 6.5% 12.24 [-9.46, 33.94] T
Siddigqui 2012 30.72 2292 56 26.64 2545 42 11.2% 4.08[-5.68,13.84] =
St. Peter 2006 29.63 16 100 3316 1583 100 131% -3.53[-7.94,0.88) -1
Total (95% CI) 519 494 100.0% -3.51[-11.18,4.17] q
Heterogeneity: Tau®= 112.22; Chi*= 65.84, df= 8 (P < 0.00001); F= 88% ?_100 _5?0 ) 550 100’

Test for overall effect: Z=0.90 (P=0.37)

Laparoscopic Open

Figure 4. The forest plot of the length of hospital stay outcome. (A) represents the analysis before the
sensitivity analysis. (B) represents the pooled analysis after sensitivity analysis [13,16,22,24,26-31].

3.3.3. Time to Full Feeding (Hours)

The time needed to achieve full feeding was assessed in 10 studies, including

1100 patients [16,22-24,26-31]. Pooled analysis revealed that patients who underwent
LP needed significantly less time to achieve full feeding than those who were allocated to
the OP group (mean difference —8.15 h [-12.89, —3.41 h], p = 0.007) (Figure 5A). Due to
the considerable heterogeneity among studies (I = 97%), a sensitivity analysis in which
Fujimoto et al. (1999) [23] was removed was performed, yielding an overall favoring of
the LP group over the OP group (mean difference = —5.60 h [—8.66, —2.54 h], (I? = 92%))
(Figure 5B). Fujimoto et al. (1999) [23] reported a significantly longer time needed to
achieve full feeding compared to other studies. This may be due to the lack of experience
of the senior registrar who performed both operations. Additionally, the laparoscopic ap-
proach was considered a recent approach which was harder than the usual open approach,
which is why most pediatric surgeons preferred the conventional approach for performing
pyloromyotomy [23,26,33].

3.3.4. Mucosal Perforation

The risk of mucosal perforation was reported by all included studies [13,16,22-31],
analyzing 1672 patients. The overall risk ratio revealed a nonsignificant greater risk of
mucosal perforation in the LP group than in the OP group (risk ratio = 1.29 [0.63, 2.68],
(p = 0.49). Homogeneity was observed among the studies (p = 0.96); I? = 0% (Figure 7).
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A Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fujimoto1 999 34.79 5.6 30 B1.23 5.1 30 10.9% -2644 2815 -23.73] -

Greason 1997 4.4 1.2 10 8.9 8.5 10 10.7% -4.50 [-7.95,-1.01] -

Hall 2008 18.5 B.BB 87 238 18.52 93 10.4% -5.40 [-9.58,-1.22] —_

Huang 2020 10.3 21 126 152 4.1 107 11.3% -4.90 [-5.76, -4.04] -

Ismail 2020 1517 3.054 40 188 436 400 11.2% -3.63[-5.28,-1.98] -

Leclair 2007 30 4 a0 il 10 52 10.8% -1.00 -4.18, 2.19] -
Fogaorelic 2021 B 3.03 B4 1983 747 Bl 11.1% -13.83[15.96 -11.70] -

Qassem 2024 408 182 20 B8E 204 20 G.4% -2880[41.08 -16.52] —

Saha 2012 Il I 30 2895 10499 30 B.6% 6.05 [-5.96, 18.06] S —
St Peter 2006 195 1366 100 2101 1283 100 10.6% -1.51 [-5.18, 2.16] — T

Total {95% CI) 557 543 100.0% -8.15[-12.89, -3.41] E 3
Heterageneity, Tau®= 51.86; Chi®= 31515, df=9(F = 0.00001); F= 97% ;

20 40 0 10 20

Test for overall effect: £=3.37 (P =0.0007) Laparoscopic Open

B Laparoscopic Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fujimaoto1959 34.749 5.6 30 B1.23 5.1 30 00% -2644 2915 -23.73]

Greason 1997 4.4 1.2 10 a9 8.4 10 12.4% -4.50 [-7.95,-1.01] -

Hall 2008 18.5 B.EB 87 238 1842 93 11.8% -5.40 [-9.58,-1.22] —

Huang 2020 10.3 21 136 152 41 107 145% -4.890 [-5.76,-4.04] =

Ismail 2020 1517 3.054 40 188 436 40 141% -3.63 [-5.28,-1.98] -

Leclair 2007 30 3] 50 il 10 52 127% -1.00[-418,219] -
Fogorelic 2021 G 3.03 B4 1983 747 61 13.7% -13.83[1596 -11.70] -

Qassem 2024 408 192 20 GBE 204 20 4.4% -28.80[41.08 -16.52] I —

Saha 2012 3| 31T 30 2895 1099 30 4.8% 6.05 [-5.96, 18.068] T
5t Peter 2006 195 1366 100 2101 1283 100 121% -1.81 518, 2.16] -

Total {95% CI) 527 513 100.0% -5.60 [-8.66, -2.54] L 3
Heterageneity, Tau®= 16.57, Chi®= 94,98 df=8 (P = 0.00001); 7= 92% 30 40 n 11 o

Testfor overall effect: 2= 3.89 (P =0.0003) Laparoscopic Open

Figure 5. The forest plot of the time to full feeding outcome. (A) represents the analysis before the
sensitivity analysis. (B) represents the pooled analysis after sensitivity analysis [16,22-24,26-31].

3.3.5. Incomplete Pyloromyotomy

Six studies reported the incidence of incomplete pyloromyotomy [16,22,24,26-28].
A total of 8 patients out of 622 experienced incomplete pyloromyotomy, all in the
LP group, with a significant favoring of the OP technique over the LP technique
(risk ratio = 6.57 [1.19, 36.22], (p = 0.03). The pooled analysis was homogeneous (p = 0.98);
I? = 0% (Figure 6).
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Figure 6. The forest plot of the incomplete pyloromyotomy outcome [16,22,24,26-28].
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Figure 7. The forest plot of the mucosal perforation outcome [13,16,22-31].

3.3.6. Wound Infection

Eleven studies reported the incidence of wound infection among patients in both
groups [13,16,22-30]. Wound infection was observed in 46 patients out of 1439 (3.19%),
14 in the LP group and 32 in the OP group. The combined risk ratio revealed a sig-
nificantly lower risk of wound infection in the LP group compared to the OP group
(risk ratio = 0.47 [0.27, 0.84], (p = 0.01). No heterogeneity was detected among the data
(p = 0.96); 1> = 0% (Figure 8).
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Figure 8. The forest plot of the wound infection outcome [13,16,22-30].

3.3.7. Postoperative Vomiting

Four studies [24,28,30,31] assessed postoperative vomiting. A total of 37 out of

578 patients experienced postoperative vomiting. The combined analysis showed a non-
significant lower risk of postoperative vomiting among children who underwent LP com-
pared with OP (risk ratio = 0.60 [0.33, 1.09], (p = 0.10)). The data were homogeneous
(p = 0.49); I2 = 0% (Figure 9).
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Figure 9. The forest plot of the postoperative vomiting outcome [24,28,30,31].

3.3.8. Postoperative Incisional Hernia

Five studies, including 856 patients, reported postoperative incisional hernia [16,25-27,29].
The overall risk ratio showed a comparable risk of postoperative incisional hernia in both
techniques (risk ratio = 1.33 [0.46, 3.78], (p = 0.60)). The pooled analysis demonstrated
homogeneity (p = 0.60); I? = 0% (Figure 10).
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Figure 10. The forest plot of the postoperative incisional hernia outcome [16,25-27,29].

3.3.9. Postoperative Seroma or Hematoma Formation

We analyzed 632 patients from three included studies [13,25,29]. The combined risk
ratio was not significantly different between the two groups (risk ratio = 1.66 [0.36, 7.78],
(p = 0.52)). We found no inconsistency among the studies (p = 0.46); I? = 0% (Figure 11).

Laparoscopic
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Figure 11. The forest plot of the postoperative seroma or hematoma formation outcome [13,25,29].

3.3.10. Need for Reoperation

We demonstrated a total of 16 reoperations in 881 patients from four studies that
reported this outcome [16,24,25,30]. Our analysis showed a nonsignificant higher risk of
reoperation among patients who underwent LP (risk ratio = 1.93 [0.76, 4.89], (p = 0.17)).
Data were consistent (p = 0.19); I? = 38% (Figure 12).
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Figure 12. The forest plot of the need for reoperation outcome [16,24,25,30].

3.3.11. Conversion to OP

The incidence of conversion from LP to OP was assessed in 11 studies [13,16,22-29,31].
We demonstrated that a total of six conversions occurred in 787 patients (0.76%). Table 3
shows the rate of conversion from LP to OP among the studies.

Table 3. Conversion rate from laparoscopic pyloromyotomy to open pyloromyotomy.

Study

The Rate of Conversion

Van den Bunder 2020 [25]

0% (0/238)

Fujimoto 1999 [23] 3.3% (1/30)
Greason 1997 [26] 0% (0/10)
Hall 2009 [24] 0% (0/87)
Huang 2020 [31] 0% (0/126)
Ismail 2020 [22] 5% (2/40)
Leclair 2007 [16] 0% (0/50)

St. Peter 2006 [27]
Qassem 2024 [28]

Saha 2012 [29]

1% (1/100)

5% (1/20)
0% (0/30)

Siddiqui 2012 [13] 1.78% (1/56)

4. Discussion

Pyloromyotomy is a highly effective modality for managing IHPS [14]. The widespread
adoption of LP, a minimally invasive surgical technique, has established it as a safe and
reliable alternative to OP in the surgical treatment of IHPS. The utilization of LP in the
USA has significantly increased from 59% in 2013 to 65.5% in 2015 [34]. To date, conflicting
evidence exists regarding the superiority of LP over OP in the surgical management of
infants with IHPS, highlighting the need for further research to determine the optimal
approach [22,35]. This disagreement may be due to surgeon preference, the higher costs
and availability of specialized equipment, and the more experience required in laparoscopy
than the traditional open surgery [34,35].

In our systematic review and meta-analysis, we compared LP and OP in infants with
IHPS in terms of the surgical outcomes, safety, and efficacy of both techniques. Our analysis
of 1672 patients revealed comparable outcomes between LP and OP in terms of operation
time, hospitalization duration, mucosal perforation, and postoperative complications such
as vomiting, incisional hernia, seroma, and reoperation rates. Patients who underwent
LP achieved full feeding in less time and had fewer wound infections compared to OP.
However, the incidence of incomplete pyloromyotomy was lower in the OP group than in
the LP group.

In 2022, a Cochrane review by Staerkle et al. [36] assessed 720 patients from seven
included studies and found that both techniques had similar surgical results and peri-
operative complications, with a small nonsignificant increase in mucosal perforation in
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the LP group and an increased incidence of incomplete pyloromyotomy in the OP group.
This is in line with most of our findings. However, in our study, LP was more effective
at minimizing wound infections and accelerating the time to full feeding. Furthermore,
our analysis revealed eight cases of incomplete pyloromyotomy, all within the LP group,
suggesting a greater reliability of OP for complete pyloromyotomy. Additionally, our study
included a greater number of studies encompassing both randomized and observational
studies, which allowed better assessment of the surgical outcomes.

This may be explained by including more recent studies in our meta-analysis with
more expertise in such techniques. A previous study analyzing the LP learning curve
revealed that the complication rate decreases by 30-40% after 70 operations. Additionally,
the diminished tactile sensation and cautious approach to prevent mucosal perforation in
the laparoscopic technique may explain the higher rate of incomplete pyloromyotomies [37].
To ensure proper myotomy, a previous retrospective study by Ostlie et al. [38] evaluated
the optimum pyloromyotomy length. They reported that a 2 cm pyloromyotomy incision
significantly reduces the incidence of incomplete pyloromyotomy. St. Peter et al. reported
their adherence to the 2 cm incision rule, showing complete pyloromyotomies among all
patients in the LP cohort [27]. Four included studies [16,24,25,30] reported the need for
reoperation for various reasons. Ten out of sixteen reoperations were due to incomplete
pyloromyotomies (62.5%). Pogoreli¢ et al. [30] reported three reoperations due to diffuse
peritonitis caused by mucosal perforation among patients in the OP group. Finally, Van
den Bunder et al. [25] reported three reoperations due to overlooked mucosal perfora-
tion in two patients, and one patient underwent reoperation due to active bleeding with
hemoglobin drop.

In 2022, He et al. performed a more recent meta-analysis of 680 infants, studying
the safety and efficacy of OP versus LP in IHPS [39]. They reported that both techniques
have similar postoperative complication rates. However, their analysis favored the LP
technique over the OP technique with respect to the time needed to reach full feeding and
the length of hospital stay. In comparison, the OP group was associated with a significantly
lower incidence of incomplete pyloromyotomies, which is consistent with our findings.
Costanzo et al. (2018) analyzed 3256 patients with IHPS and found lower morbidity in
the LP group compared to the open technique (p = 0.007) [40]. These findings align with
Kethman et al. [34], who reported fewer complications and shorter hospital stays with LP
without any significant differences in readmissions or reoperations.

The higher incidence of incomplete pyloromyotomy found in the laparoscopic group
may be attributed to many factors. First, the laparoscopic technique involves a distinct
learning curve, requiring precise hand—eye coordination and limited tactile feedback, which
can increase the likelihood of incomplete muscle division during the early phase of surgical
experience. Second, inherent technical constraints of laparoscopy such as reduced depth
perception and instrument angulation may further contribute to this complication [41].

Ismail et al. [22] and Leclair et al. [16] both reported lower postoperative pain scores
and reduced analgesic requirements in patients who underwent LP than in those who
underwent OP. This is due to the minimally invasive nature of LP, which causes less tissue
trauma, resulting in reduced postoperative pain. Hall et al. (2009) [24] reported that
patients who underwent laparoscopy required less analgesia. However, surprisingly, their
analysis showed no notable difference in pain scores between LP and OP [19]. Several
studies have shown that the laparoscopic technique yields superior cosmetic results, with
higher patient satisfaction and improved body image scores compared to OP [13,22,28].

Our study represents the most recent and largest-scale meta-analysis comparing LP
with OP in infants with IHPS. We acknowledge various limitations in our study. First,
the heterogeneity observed in certain outcomes may be attributed to variations in study
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designs across the included studies. Second, differences in institutional settings and the
varying levels of surgical expertise among surgeons could have influenced the results.
Third, the study does not account for the laparoscopic experience of individual surgeons,
which may impact surgical outcomes. Fourth, it was not possible to distinguish between
different open surgical approaches, such as the traditional right upper quadrant transverse
incision and the transumbilical incision, which may influence operative time and cosmetic
outcomes, Lastly, variability in postoperative refeeding protocols among studies may have
contributed to the observed heterogeneity.

5. Conclusions

We believe that both OP and LP are reliable and safe options for managing IHPS, with
the superiority of LP in terms of time to full feeding and the incidence of wound infection.
However, LP is associated with a higher incidence of incomplete pyloromyotomy. Surgeon
preference and experience play crucial roles in surgical outcomes, provided that there is
a thorough understanding of the benefits and limitations of both techniques. LP may be
preferred when surgical expertise is available, while surgery remains safer in low-resource
or inexperienced settings. To better determine the factors influencing surgical success and
assess the impact of surgeon expertise and preference on outcomes, further high-quality
clinical trials with stronger evidence are needed.
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