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Abstract

Aim The aim of this review was to assess the use of laparoscopic techniques in the diagnosis and management of Meckel
diverticulum (MD) in pediatric patients in the past decade through relevant literature published from 2013 to 2023.
Methods Using PubMed and Embase, articles were identified and selected for application of endoscopic techniques in rela-
tion to MD in pediatrics to understand the nuances for this pathology.

Results During the past decade a total of 34 studies published were identified and analyzed. The studies highlight the
challenges in diagnosing MD and introduce the role of double-balloon enteroscopy (DBE) as a diagnostic tool. Studies
comparing outcomes between laparoscopic and open surgical approaches have explored rates of post-operative complica-
tions and mortality, with laparoscopy offering the benefit of shorter hospital stays. Focusing on case reports and series, the
demographics, morphological features and the presence of complications have shown to significantly influence the choice
of surgical approach.

Conclusions Endoscopic-related approaches in the past decade have mainly focused on DBE diagnostics and outcomes,

whereas few studies have focused on new techniques or endoscopic surgery-related innovative approaches.
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Introduction

Meckel’s diverticulum (MD) is the most common congenital
intestinal malformation with a prevalence of approximately
2% [1]. This blind-ending pouch is located at the antimes-
enteric border of the ileum and arises from incomplete
obliteration of the vitellointestinal duct at around 5 weeks’
gestation [2]. With the advent of minimally invasive sur-
gery, laparoscopic techniques have become increasingly
sophisticated and consequently have been incorporated in
the management of MD in pediatric surgery; however, the
efficacy and indications for this remain unclear [3]. Most of
the publications related to novel approaches in endoscopic
surgery emerged two decades ago, after which a paucity
on reporting was noticed as MD was not considered a “hot
topic” for reporting. The present review investigates the
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reporting of MD in pediatric patients in the past decade on
new avenues of application of endoscopy-related technology.

Methods

A non-systematic review of PubMed and Embase was per-
formed to investigate the use of laparoscopic techniques in
diagnosis or treatment of MD in a paediatric population
between 2013 and 2023. The key words used were ‘Meck-
el’s diverticulum’, ‘laparoscopic’ and ‘children’, a total of
34 relevant articles were found, 19 and 23 on PubMed and
Embase, respectively.

Results

The breakdown of reports is presented based on the broad
areas of investigation and reporting. Four reports describe
the use of enteroscopy as a diagnostic tool for MD. One
systematic review compared laparoscopic and laparo-
scopic assisted (LA) resection and 7 studies retrospectively
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outcomes of laparoscopic intervention for MD in paediatric
populations. Fourteen case reports and 8 case series pre-
sented and reviewed the use of laparoscopic intervention
for MD in children.

Diagnostic enteroscopy

Conventional tools like gastroscopes and colonoscopes pose
inherent challenges in diagnosis of MD due to its location,
typically found 45-90 cm proximal to the ileocecal valve
[4]. Moreover, the current diagnostic approach utilizing
the Tc®™ Pertechnetate scan, has false negatives and false
positives, particularly for patients with severe inflamma-
tion, small diverticula, or inverted MD [5, 6]. Alternative
diagnostic methods include laparoscopy or double-balloon
enteroscopy (DBE).

Geng et al. retrospectively reviewed 42 patients diagnosed
with MD using the Tc?*™ Pertechnetate scan; and encoun-
tered 6 false negatives, which were confirmed positives both
in DBE and exploratory laparoscopy [7]. Similarly He et al.
found that DBE diagnosed 86% of their cases confirmed
by laparoscopy and suggesting it’s accuracy in diagnosing
MD, with the added benefit of being minimally invasive [8].
Despite this, there are still no well-established sensitivity
rates limiting in clinical applicability.

Furthermore, when compared with surgical methods,
Zhu et al. found no statistical difference with DBE meas-
urements of the MD site to ileocecal valve [9]. Indicating
it can accurately identify bleeding sites and be utilized as
an adjunct in surgical planning. Although, transanal DBE
was initially described as only being suitable for children
weighing > 13 kg, Zhu et al. demonstrated it to suitable be
for patients weighing 11.8 and 12.6 kg [9].

Qi et al. reported that laparoscopic surgery was unnec-
essary in pediatrics due to the thin abdominal wall which
allows visualization of the MD with the enteroscopic light
[4]. Using DBE, they diagnosed and treated 14 pediatric
patients; however, further research is needed to determine
its safety and efficacy.

The availability of DBE in emergencies may limit its
clinical use, Sato et al. propose using endoscopic retrograde
ileography, which is readily available, as an alternate diag-
nostic technique [10].

Endoscopic surgical technique

Over the last two decades, the laparoscopic approach for
diagnostic confirmation and subsequent resection of MD
has become widely adopted in pediatric surgery [11]. This
procedure involves a 3-port technique followed by extracor-
poreal resection through the umbilical wound, which may be
extended, to resect and anastomose the MD [12].
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Initially described by Attwood et al. single incision lap-
aroscopic surgery (SILS) has emerged reducing the need
for multiple incision [13]. The trans-umbilical single-tro-
car technique uses a 10-mm operating laparoscope with
a grasper, followed by delivery of the bowel through the
umbilical incision [3]. Case reports illustrate the use of this
technique in complex patients with intussusception and
ulceration secondary to MD, they reported no intro-oper-
ative and post-operative complications [14—16]. Rarely, in
cases where the MD is attached to the umbilicus, the trocar
may be placed in the suprapubic region as presented by Yang
etal [17].

Difficulties with SILS arise when balancing the need for
adequate fascial opening and the risk of bleeding, conges-
tion, adhesions and oedema [12]. The availability and cost
of specialized instruments may limit the feasibility of such
operations. Overcoming this, Mahdi et al. developed a novel
cost-effective single port system which was successfully
used in 90 procedures, 2 of which were MD [18].

Outcome analysis

A series of retrospective studies have been performed com-
paring outcomes of laparoscopic and open resection of MD
in children. The studies consistently report comparable rates
of post-operative complications and mortality. Ezekian et al.
observed a relatively high rate of laparoscopic converted
to open (LCO) procedures; nonetheless, this had no impact
on mortality or morbidity. [19]. Similar results were found
by Duan et al. with the exception of an increase in opera-
tive time in the laparoscopic-assisted (LA) cohort [20].
Skertich et al. performed the current largest study of 681
pediatric patients and found the laparoscopic cohort had a
shorter length of stay (LOS) and fewer unplanned intuba-
tions [21]. Additionally, on univariate analysis they found
a lower mortality rate in the laparoscopic and LCO cohort.
Although slightly conflicting results, these studies suggest
laparoscopic resection of MD has similar outcomes to open
procedures with the added cost—benefit of shorter LOS.
Laparoscopic-stapled diverticulectomy (LD) can be
performed intracorporeally using Endo GIA staples; an
oblique or transverse approach is recommended to prevent
the narrowing of the small bowel lumen [22]. This removes
the need to enlarge the umbilical incision but requires fine
manipulation of the laparoscopic instruments and conse-
quently, highly specialized endoscopic techniques.
Redman et al. performed a systematic review show-
ing a non-statistical decrease in post-operative complica-
tions in the LD compared to LA cohort [23]. Their find-
ings, however, all include retrospective studies with small
population sizes and variable follow-up periods. LD has the
potential to reduce operation time, LOS and risk of adhe-
sive bowel obstruction, however no studies have shown these
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to be significantly different. Further research is required to
establish the benefits of LD and clear guidelines for which
patients would benefit from a LD versus LA surgery.

Lei et al. propose a novel modification of LD by ligating
the base of the diverticulum using a similar approach to an
appendectomy. They found that basal ligation during a LD
significantly reduced operative time compared to the stand-
ard LD procedure without the requirement of endo-stapler
which reduces the cost of the operation and the need for
specialized techniques [24].

An important challenge in this procedure is ensuring
complete excision of the heterotopic gastric, or less com-
monly, pancreatic mucosa which is thought to increase
the risk of future complications; histological analysis is,
therefore, recommended to ensure adequate clearance [23].
Short and wide MD characteristically contain the ectopic
tissue on the tip on the diverticulum; with studies conclud-
ing height:diameter ratios less than 1.6 and 2 as a possible
cut-offs [25, 26]. Some author suggests palpation of the MD
to be necessary to rule out the presence of ectopic tissue,
however, others consider it to be misleading and therefore
not a limitation of LD [1, 25, 26].

The literature emphasizes the patient’s demographics and
morphological features of the MD as determinant factors for
the choice of surgical procedure and risk of post-operative
morbidities. Particularly, surgeons seem to favor open pro-
cedures and LA for younger patients [27]. These patients
tend to be premature, have increased neurological, cardiac
and pulmonary risk factors, a higher ASA classification, and
increased risk of physiological perturbations related to CO,
insufflation [19]. Skertich et al. found the main risk factor for
post-operative complications and LCO, to be ASA class and
history of cardiac risk, respectively [21]. Open surgery was
also the preferred surgical option in cases where: scarred,
ulcerated, or gangrenous tissue was present; MD is compli-
cated by a volvulus; and in the presence of basal oedema or
an unclear base [1, 20, 22].

Studies suggest SILS is appropriate for diagnosis and
resection of MD in neonates and infants [28—30]. This tech-
nique minimizes incisions and its associated complications,
while yielding good cosmetic results. Masuko et al. illus-
trate this approach on a 2-day neonate with a perforated MD
[30]. Despite the neonatal cavity being narrow, they suggest
an umbilical multiuse port allows adequate visibility [30].
Moreover, by eliminating the watch and wait approach, usu-
ally taken to avoid the conventional invasive laparotomy, it
shortens the fasting time prior to surgery.

Case report focus
A series of case reports have highlighted the application

of laparoscopy in managing intricate complications of MD
including torsion and obstruction. 3 cases of axially torsed

MD were identified; in 2 cases a diagnostic laparoscopy fol-
lowed by an extracorporeal diverticulectomy was performed
[31, 32]. In the third case, complicated by gangrene and
perforation, resection and anastomoses was performed with
SILS [33]. All three patients recovered with no post-opera-
tive complications.

In cases of obstruction caused by ingestion of foreign
bodies, colonoscopy may not be suitable to locate the foreign
body given MD’s anatomical position. Alternatively, Cerit
et al. performed a fluoroscopy-guided laparoscopy, which
effectively located the object, and enable subsequent resec-
tion of the MD [34]. In cases of perforation, LD may be
a suitable surgical approach; exemplified by case reports
detailing intracorporeal LDs on perforated MD resulting
from the ingestion of a peanut, button battery and tooth pick
[35-37].

Discussion

Endoscopic-related approaches in the past decade have pri-
marily focused on DBE diagnostics and outcomes with mini-
mal emphasis on new techniques. The evolving landscape of
innovative minimally invasive techniques has integrated into
clinical practice and emphasized throughout the literature
provides a safe and time-effective approach. The choice of
surgical procedure, however, must be tailored to the patient’s
risk factors and morphology of the MD. Similarly, recent lit-
erature accentuates a more individualised treatment strategy
for incidental MD, advocating for case-specific interventions
[38]. This tailored approach coincides with the advancement
of laparoscopic techniques, which now enables an alterna-
tive approach for MD resection, reflecting a shift towards
personalised medicine. However, there is a pressing need for
large-scale and randomized control studies to determine the
benefit of laparoscopic interventions. These are essential to
formulate well-defined guidelines that ensure the safe and
optimal utilization of these advancing techniques for pedi-
atric patients with MD.
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