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Abstract
Background Meckel’s diverticulum (MD) is the most common congenital anomaly of the small intestine, and often 
leads to various complications in children. This study aims to compare the efficacy and safety of single-incision 
laparoscopic surgery (SILS) and conventional laparoscopic surgery (CLS) in the treatment of MD in children.

Methods Retrospective review of patients who underwent laparoscopic surgery for MD at a tertiary pediatric 
hospital from February 2017 to February 2023 was conducted with registered of demographic information, 
preoperative laboratory results, operative findings, and postoperative outcomes. Based on the surgical strategy, 
patients were classified into SILS and CLS groups. Propensity score matching (PSM) was employed to adjust for 
confounding factors, resulting in 188 matched pairs. Using PSM, the two groups were compared for baseline 
differences and postoperative outcomes.

Results Of the 561 patients, the SILS-to-CLS ratio was 301: 260. After one-to-one PSM, results showed that compared 
with the CLS group, the SILS group had a significantly shorter postoperative hospital stay (P = 0.004), and earlier 
excretion time and fasting time (P < 0.05). Furthermore, SILS resulted in better scar assessment and higher satisfaction 
score (both P < 0.05). The two groups had no significant differences in the rates of postoperative complications 
(P = 0.439) and readmission (P = 0.291). Conversion to open surgery was more common in the SILS group (10.6%) than 
in the CLS group (6.4%), although this difference was not statistically significant after matching (P = 0.139).

Conclusion Our study aimed to determine the superiority of SILS over CLS in the treatment of pediatric MD. SILS 
offers distinct advantages over CLS in managing MD in children, including shorter hospital stays and bowel function 
recovery, without increasing postoperative complications. These findings suggest that SILS may be a preferable 
approach, warranting its integration into standard clinical practice for MD treatment.
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Background
Meckel’s diverticulum (MD) is the most common con-
genital anomaly of the small intestine, and can lead to 
various complications in children, often manifesting 
as abdominal pain, intestinal obstruction, intussuscep-
tion, or gastrointestinal bleeding [1]. These symptoms 
could indicate the presence of a complicated MD [2, 3, 
4]. Over the past few decades, there have been significant 
advancements in the field of minimally invasive surgery 
(MIS) for children [5, 6, 7]. With the advancement of 
MIS techniques in pediatric care, a growing body of lit-
erature has documented the application of laparoscopy 
in pediatric patients with MD, and laparoscopic surgery 
has become the preferred method for treating such con-
ditions [2, 8, 9, 10].

Among the various laparoscopic techniques, single-
incision laparoscopic surgery (SILS) and conventional 
laparoscopic surgery (CLS) are two prevalent approaches. 
These approaches not only facilitate precise identification 
of the condition but also allow for effective laparoscopic 
removal of the diverticulum, thus gaining widespread 
acceptance in pediatric surgical practice [11]. Previous 
research on SILS and CLS suggests that SILS offers nota-
ble benefits in terms of safety and postoperative recov-
ery [12, 13, 14]. However, at present, reports on SILS for 
treating MD are relatively scarce, and there is a notice-
able lack of case series studies regarding the application 
of SILS in MD. Isolated cases of SILS for MD have been 
documented within various research contexts, including 
studies that explore the utilization of SILS in pediatric 
patients, research examining its application in segmental 
small bowel resections, and investigations into its role in 
managing obscure gastrointestinal bleeding in children 
[15].

Although SILS is increasingly favored for its cosmeti-
cally appealing incisions and faster postoperative recov-
ery, the current literature remains relatively limited 
regarding its efficacy in treating MD compared with CLS. 
Which surgical approach is more suitable for treating 
MD? Does SILS offer advantages over CLS in the treat-
ment of MD? Can SILS replace CLS for this condition? 
Therefore, this study aims to compare the therapeutic 
effects of SILS and CLS in the treatment of pediatric 
MD, evaluate their respective advantages and limitations, 
and provide a scientific basis for optimizing surgical 
decision-making.

Materials and methods
Study population
Following institutional approval, one of the authors, WF, 
accessed the hospital’s database via the big data center to 
identify patients diagnosed with MD who underwent lap-
aroscopic surgery in the Gastrointestinal Neonatal Sur-
gery Department between February 2017 and February 

2023. The selection of participants for this study was 
based on specific inclusion and exclusion criteria. The 
inclusion criteria required participants to be 18 years of 
age or younger, with a preoperative diagnosis of Meck-
el’s diverticulum confirmed by postoperative pathology. 
Additionally, all participants must have undergone lapa-
roscopic surgery, including laparoscopically assisted pro-
cedures, and have complete clinical data available. The 
exclusion criteria included the presence of other gastro-
intestinal malformations, a history of previous abdominal 
surgery, or incomplete clinical data. These criteria were 
established to ensure the homogeneity of the included 
sample and the reliability of the study results.

Diagnosis
The diagnosis of MD was primarily established through 
a combination of clinical evaluation and imaging stud-
ies. Initially, patients presented with symptoms such as 
abdominal pain, gastrointestinal bleeding, or intestinal 
obstruction, prompting further investigation. Imag-
ing modalities included: (1) Ultrasound: always used 
as a first-line imaging technique, especially in pediat-
ric patients, to assess for any abdominal abnormalities; 
(2) Computed Tomography (CT) Scan: a non-invasive 
method that provides detailed cross-sectional images of 
the abdomen, helping to identify the presence of MD, 
particularly in older children; (3) Technetium-99  m 
Pertechnetate Scintigraphy: this nuclear medicine scan is 
specifically useful for diagnosing MD by detecting ecto-
pic gastric mucosa, which is particularly effective for 
cases of gastrointestinal bleeding. In some cases, a defini-
tive diagnosis was confirmed through intraoperative find-
ings during laparoscopic surgery, where the diverticulum 
was identified and subsequently resected.

Surgical techniques
The surgical approaches were classified into two cat-
egories: SILS and CLS. All patients received standard 
preoperative care, and the surgeries were performed 
by a dedicated surgical team. The choice between SILS 
and CLS was based on a thorough preoperative evalua-
tion that included the patient’s clinical presentation, the 
anatomical considerations of the MD, and the surgeon’s 
assessment of the complexity of the case. Specifically, 
SILS was generally considered in patients who presented 
with simpler cases of MD, with favorable anatomical fea-
tures, and where the surgeon determined that SILS was 
feasible and safe. Conversely, CLS was employed for 
more complex cases or when the surgeon anticipated dif-
ficulties that could arise during a SILS approach.

SILS Technique: A 1–1.5  cm incision was made at 
the umbilicus, and a 5  mm trocar was inserted using 
the open Hasson technique. A 5  mm 30-degree camera 
was employed for the procedure. Two additional trocars 
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(3–5  mm) were placed at the 6:00 and 12:00 positions 
relative to the umbilicus cicatrix to establish a working 
channel (Fig.  1-supplement). Under laparoscopic guid-
ance, the ileocecal region was located, and the MD was 
identified in the proximal small intestine. The umbilical 
incision was then extended to 2–2.5  cm for a transum-
bilical laparoscopically assisted approach, allowing for 
the removal of the diverticulum along with the adjacent 
bowel segment, followed by intestinal anastomosis. After 
completing the anastomosis, the bowel was inspected for 
leakage, and the umbilical cicatrix incision was sutured 
layer by layer.

CLS Technique: a 5–10 mm incision was made at the 
umbilical cicatrix to establish pneumoperitoneum, fol-
lowed by laparoscopic exploration using 5  mm–3  mm 
cannulas placed in the left middle and lower abdomen 
(Fig.  1-supplement). The surgical procedure and tech-
niques were consistent with those employed in the SILS 
group.

Clinical variables
In accordance with the relevant literature and clinical 
practice, we retrospectively collected the following vari-
ables as potential confounders. Clinical data included the 
following: (1) Demographic information: surgical age, 
sex, clinical findings (vomiting, abdominal pain, bloody 
stool, fever, abdominal distension, and symptom dura-
tion), and preoperative nutritional status; (2) preopera-
tive laboratory results: white blood cell count (WBC), 
neutrophil count (Neut), lymphocyte count (LY), mono-
nuclear cell count (MC), hemoglobin (HB), and C-reac-
tive protein (CRP); and (3) operative variables: start time 
of operation before or after midnight, distance of the 
diverticulum to the ileocecal region, anesthesiologists’ 
physical status classification (ASA class), and case type 
(elective, urgent, or emergent).

The primary outcomes of our study were surgical time, 
blood loss during surgery, length of postoperative hos-
pital stay, postoperative complications within 30 days 
(graded based on the Clavien-Dindo classification sys-
tem [CCS] [16]), laparoscopic conversion to open, excre-
tion time, fasting time, readmission within 30 days, and 
scar assessment (Patient and Observer Scar Assessment 
Scale) [17]. Furthermore, Surveys assessed caregiver’s 
satisfaction with the overall experience using a 5-point 
Likert scale (very dissatisfied, dissatisfied, neither, satis-
fied, and very satisfied).

Statistical analysis
Data were analyzed using IBM SPSS version 27.0 and 
R software (R Foundation for Statistical Comput-
ing, Vienna, Austria). Categorical data were presented 
as n (%) and analyzed using the chi-square test. Con-
tinuous variables were evaluated for normality using 

the Shapiro-Wilk test: normally distributed data are 
expressed as mean ± standard deviation (SD) and ana-
lyzed with Student’s t-test; non-normally distributed data 
are expressed as median (interquartile range, IQR) and 
assessed with the Mann-Whitney test. Propensity score-
matched (PSM) analysis was performed using near-
est neighbor matching with a caliper of 0.25 to mitigate 
potential selection bias, and the quality of the match was 
evaluated using the absolute SMD, with a target of < 0.20. 
Statistical significance was defined as p < 0.05 (two-
tailed). Regarding the PSM methodology, we matched 
patients from the CLS group with those from the SILS 
group based on several confounders that could influence 
surgical outcomes. The confounders used for matching 
included age, initial presentation (e.g., gastrointestinal 
bleeding, abdominal pain), and any previous surgical his-
tory. We employed a logistic regression model to calcu-
late the propensity scores for each patient, and then we 
performed a 1:1 matching using the nearest neighbor 
method without replacement.

Results
Baseline characteristics
82 patients were excluded, and 561 subjects were enrolled 
in the following study, with 260 received CLS and 301 
received SILS for MD (Fig.  1). Clinical data before and 
after PSM of these patients are presented in Table  1. 
Before PSM, the following variables were statistically dif-
ferent between CLS and SILS groups: duration of disease, 
case type, distance to the ileocecal region, Neut, and LY 
(P < 0.05). Before PSM, balance test showed poor balance 
of variables between the two groups (Fig. 2).

Thus, we made PSM to minimize allocation bias 
and better represent the associations between surgical 
approaches and postoperative outcomes of MD after sur-
gery. After 1:1 PSM, 188 of 260 patients in the CLS group 
(72.3%) were successfully matched to 188 patients of 301 
in the female group (62.2%). The two groups were well 
balanced in their baseline characteristics after matching 
(P > 0.05 and SMD < 0.20, Table 1; Fig. 2).

Surgical outcomes
The contents in Table  2 demonstrates the effect of sur-
gical approaches on postoperative outcomes in these 
patients, with results inevitably influenced by individual 
differences. Before PSM, the postoperative outcomes 
analysis showed that patients received CLS were sig-
nificantly associated with longer length of postoperative 
hospital stay (median[IQR]: 7 [7, 9] vs. 7 [6, 7.7] days) and 
postoperative excretion time (median[IQR]: 24 (22, 30) 
vs. 22 (21, 27) hours), lower rate of conversion to open 
surgery (6.2% vs. 11.3%), and higher score of scar assess-
ment (6.1 ± 1.4 vs. 4.5 ± 1.4) (all P < 0.001), while there 
was no significant differences in surgical time, blood loss 
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during surgery, postoperative complications, postopera-
tive fasting time, Re-admission within 30 day, and satis-
faction score between the two groups (P > 0.05).

After PSM, it found that patients received CLS still 
had a longer length of postoperative hospital stay 
(median[IQR]: 7 [7,9] vs. 7 [6,8] days), postoperative 
excretion time (median[IQR]: 24.50 [22, 30] vs. 22 [21, 
27]) hours), and higher score of scar assessment (6.0 ± 1.3 
vs. 6.0 ± 1.3) (all P < 0.001), while the rates of conver-
sion to open surgery were comparable between the two 
groups (P > 0.05). In addition, compared with the CLS 
group, SILS were more likely to have higher satisfaction 
score (4.6 ± 0.7 vs. 4.4 ± 0.5) and shorter postoperative 
fasting time (median [IQR]: 54 [42, 63] vs. 55 [45, 66]) 
(both P < 0.05).

Discussion
SILS has seen increasing adoption across various surgical 
fields, and its application to MD is gaining interest due 
to its potential for reduced invasiveness and improved 
cosmetic outcomes. Prior studies have demonstrated the 
feasibility and safety of SILS in different contexts, but 
comparative data on its efficacy for MD remain limited 

[18, 19, 20, 21]. Our study aimed to address this gap by 
comparing outcomes of SILS to those of CLS in pediatric 
patients with MD.

We found that SILS for MD in children resulted in 
shorter postoperative recovery times and a lower inci-
dence of complications compared to CLS, suggesting 
that SILS may be a preferable option for this patient 
population, offering both enhanced recovery and safety. 
This finding is underscored by our analysis of real-world 
data from a PSM cohort treated at a single center, which 
highlights the advantages of SILS for MD relative to 
CLS, while ensuring comparable safety and efficacy. By 
conducting PSM, we have assessed baseline differences 
and matching quality, verified confounder control, and 
enhanced transparency and reproducibility. Presenting 
both pre- and post-matching results facilitates a compre-
hensive understanding of our analysis and underscores 
the integrity of our findings.

Postoperative impaired bowel function is a common 
issue following intraperitoneal surgery, often leading to 
discomfort characterized by nausea, vomiting, and bloat-
ing. These complications can prolong hospital stays, 
increasing the risk of nosocomial infections, deep vein 

Fig. 1 Flow chart of the study population
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thrombosis, and impaired lung function, ultimately rais-
ing hospitalization costs and 30-day readmission rates 
[22]. In our study, patients who underwent SILS expe-
rienced an earlier recovery of bowel function. The early 
recovery of bowel function suggests reduced surgical 
trauma and quicker restoration of gastrointestinal func-
tion, aligning with the principles of enhanced recov-
ery after surgery (ERAS) protocols aimed at optimizing 
postoperative care [23]. A single-center study has dem-
onstrated that implementing ERAS protocols for patients 
with MD requiring surgery is both safe and effective [24]. 
However, some researchers have noted the absence of a 
standardized framework for evaluating ERAS protocols, 
making it challenging to draw definitive conclusions 
about which factors most significantly impact outcomes 
after laparoscopic surgery [25, 26]. Consequently, the 
benefits of laparoscopic surgery, including faster bowel 
function recovery with SILS, require further validation 
within optimal ERAS programs. As for the observed 
readmission rates, these may be influenced by several 
clinical factors, such as the severity of the initial condi-
tion leading to surgery, postoperative complications such 
as infections or anastomotic leaks, and the overall health 
status of the patients prior to surgery.

Another significant finding of our study is the reduced 
length of hospital stay for patients undergoing SILS, 

which can be attributed to both the minimally invasive 
nature of the procedure and earlier recovery of bowel 
function. To clarify, the median stay of 7 days for both 
groups reflects the central tendency, while the IQRs indi-
cate the spread of the data. The significant p-values sug-
gest that the variability in hospital stay duration differs 
between the groups, which may have important clinical 
implications. Our results indicate a prolonged hospital 
stay for patients undergoing CLS, which can be attrib-
uted to several factors. Firstly, the CLS procedure typi-
cally involves multiple incisions, leading to greater tissue 
trauma and a longer recovery time compared to SILS, 
which uses a single incision. This increased trauma can 
result in a more extended postoperative recovery period 
for patients in the CLS group [27, 28]. Secondly, patients 
in the CLS group may experience higher levels of post-
operative pain due to the nature of the multi-port tech-
nique, necessitating more intensive pain management 
strategies. This requirement can contribute to delayed 
discharge as medical staff monitor and manage pain 
levels [29, 30]. However, it is essential to consider that 
patient demographics and comorbidities may differ 
between the groups, potentially influencing recovery 
and discharge times [31, 32]. Although we adjusted for 
baseline characteristics using propensity score matching, 
residual confounding factors may still contribute to the 

Fig. 2 Balance of covariates before and after propensity score matching. Unadjusted Sample: before matched covariate equalization; Adjust Sample: after 
matched covariate equalization (0-conventional laparoscopic surgery, 1-single-incision laparoscopic surgery)
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observed differences. The reduction in hospital stay typi-
cally leads to less postoperative pain and a quicker recov-
ery, facilitating earlier discharge and enhancing patient 
comfort while also reducing healthcare costs [33]. The 
length of hospital stay is often regarded as a surrogate 
marker for various key aspects of healthcare quality [34]. 
It reflects the overall quality of patient care, the manage-
ment of complications, and the effectiveness of surgical 
practices. A shorter hospital stay may indicate efficient 
surgical procedures and effective postoperative care, 
potentially leading to improved patient outcomes. Con-
versely, prolonged hospital stays can suggest complica-
tions or suboptimal management strategies, making the 
length of hospitalization a critical benchmark for evalu-
ating and improving surgical protocols and patient care 
standards [35]. This finding aligns with data from other 
surgical specialties [36, 37, 38, 39, 40].

Despite the promising results of SILS, there remains 
some controversy regarding its advantages over CLS in 
terms of short-term and long-term patient satisfaction 
and cosmetic outcomes. For instance, Lurje et al. con-
ducted a double-blind randomized controlled trial (RCT) 
to assess cosmetic outcomes, body image, pain, and 
quality of life following single-port laparoscopic chole-
cystectomy (SPLC) compared to conventional 4-port lap-
aroscopic cholecystectomy. They concluded that patients 
in the SPLC group reported superior cosmetic and body 
image outcomes at both 12 weeks and 1 year post-surgery 
compared to those in the 4-port laparoscopic group [41]. 
Similarly, a case study on appendectomy demonstrated 
that single-incision laparoscopic appendectomy signifi-
cantly improved cosmetic satisfaction for both patients 
and their families when compared to open appendectomy 
[42]. Meta-analyses of SILS nephrectomy and colectomy 
have also shown better cosmetic outcomes with the sin-
gle-incision approach [42, 43]. In our study, patient satis-
faction was markedly higher in the SILS group, likely due 
to the cosmetic benefits of a single, hidden incision and 
the overall reduction in postoperative discomfort [44]. 
This aesthetic advantage, combined with a quicker recov-
ery, significantly influences patient preference for SILS 
over traditional approaches [45].

Although the differences in surgical time and blood 
loss during surgery between the SILS and CLS groups 
were not statistically significant, these results could be 
influenced by factors such as the surgeon’s experience 
and the teamwork during surgery. Objectively speaking, 
firstly, SILS has developed relatively late in the world, 
and its development maturity may still be slightly lower 
than CLS. Secondly, for the operability of surgery, CLS is 
indeed slightly higher than SILS, so logically CLS should 
have a shorter operation time. In our study, it is possible 
that the time difference between the two operations is 
not prominent due to the fact that the medical team in 

our hospital has experienced the initial stage of learning 
the operation when performing SILS, the proficiency and 
operability have reached a relatively high standard, and 
the improvement of the surgeon’s level year by year. Addi-
tionally, accurately measuring blood loss during laparo-
scopic procedures is inherently challenging. Studies have 
reported that SILS is easier to conversion to open surgery 
in pediatric population due to attenuated visibility and 
maneuverability offered by a single incision [46, 47, 48]. 
In the present study, the elevated open conversion rates 
may be attributed to several factors, including complex 
anatomical variations, the presence of significant adhe-
sions from previous surgeries, or unforeseen intraopera-
tive complications that necessitated a transition to open 
surgery to ensure patient safety. Additionally, the learn-
ing curve associated with laparoscopic techniques may 
also play a role, especially in a single-institution study 
where the surgical team may encounter varied cases. In 
this study, the conversion rate of SILS was higher than 
that of CLS, but it was comparable. The following reasons 
may explain the discrepancy:1) the surgeon in this study, 
already has extensive clinical experience in the diagnosis 
and treatment of this disease and has passed the surgi-
cal qualification assessment of our institution before per-
forming the surgeries; 2) all surgical procedures in this 
study were conducted by the permanent physician team, 
who has approached or reached the learning plateau 
period in his mastery of SILS and CLS. This may explain 
why there was no further significant improvement in 
these indicators.

Despite the identified advantages, the rates of postop-
erative complications did not significantly differ between 
the two surgical techniques, indicating that SILS is as safe 
as the CLS. This finding provides reassurance regarding 
the use of SILS in clinical practice, supporting its adop-
tion as a viable alternative. We hypothesized that the 
observed effect might be attributed to the careful selec-
tion of cases deemed suitable for SILS by the physicians, 
alongside the implementation of appropriate treatment 
strategies that ensure smooth operations and minimize 
the risk of complications. With the evolution of medi-
cal devices and technological advancements, surgeons’ 
expertise has progressively improved, mirroring the 
increasing volume of surgical procedures. Consequently, 
the rate of complications associated with SILS has 
become comparable to that associated with CLS [49].

However, several potential limitations should be noted 
in this study. First, this study is limited by its retrospec-
tive design, and non-standardization of data collection 
may have resulted in other statistically significant fac-
tors or potential confounders not being shown in this 
analysis. Although we minimized these allocation bias by 
using PSM method to adjust for significant differences in 
baseline characteristics, it is important to acknowledge 
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that the selection of patients with MD in our study may 
be subject to selection bias. Additionally, the matching 
process may not have perfectly balanced all characteris-
tics between groups, potentially leading to residual con-
founding. We recommend that future studies incorporate 
a more robust methodology for confounder selection 
and explore alternative statistical approaches to validate 
the findings. Meanwhile, we acknowledge the impor-
tance of stratification based on clinical presentations 
such as diverticular bleeding, diverticulitis, and intesti-
nal obstruction to enhance the robustness of our com-
parisons. However, due to the limited sample size and 
the effect of stratification of these clinical features on the 
outcome (e.g., sample size reduction, multiple compari-
son issues, risk of selective bias, etc.), in view of our focus 
on the surgical approach of MD after surgical resection 
and some differences in postoperative manifestations, we 
will further consider these clinical manifestations into the 
analysis in future studies. Furthermore, we agree that the 
larger port size in SILS could potentially lead to increased 
postoperative pain at the umbilicus. However, our study 
focuses on a broader range of outcomes, such as surgi-
cal time, recovery, cosmetic results, and complications, 
rather than solely on pain. We have taken great care to 
analyze the data objectively and to adjust for confound-
ing factors through PSM. And our results show a trend 
towards reduced postoperative pain and faster recovery 
in the SILS group when compared to CLS, supporting the 
notion of its clinical benefits. This observation aligns with 
previous literature has suggested that despite the larger 
port size, SILS may lead to less postoperative pain due to 
the reduced tissue trauma and manipulation associated 
with single-incision techniques [50]. Finally, the long-
term efficacy of SILS has not been compared with CLS, 
suggesting that further studies are needed to investigate 
the long-term efficacy and potential long-term complica-
tions of SILS.

Conclusions
In conclusion, SILS presents distinct advantages in terms 
of faster recovery of bowel function, shorter hospital 
stays and greater patient satisfaction without an increase 
in postoperative complications. These findings advo-
cate the integration of SILS into standard practice for 
managing MD, although further prospective studies are 
warranted to confirm these results and examine the long-
term impact of this surgical approach.
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