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Abstract

the importance of intraoperative exploration.

after surgery.

Background Meckel's diverticulum and intestinal duplication malformations are two isolated digestive tract mal-
formations in children. It is uncommon to see cases of both digestive tract malformations occurring at the same
time. This report presents a rare case of Meckel’s diverticulum complicated with intestinal duplication, highlighting

Case presentation A 5-year-old Han Chinese boy presented with abdominal pain and vomiting. The patient had
tenderness in the right lower quadrant of the abdomen. Preoperative imaging suggested Meckel's diverticulum,
but intraoperative exploration revealed both Meckel's diverticulum and intestinal duplication. Surgical resection
and anastomosis were performed, and histopathology confirmed the diagnosis. The patient was discharged 7 days

Conclusion Meckel's diverticulum combined with intestinal duplication malformations is rare, and intraoperative
exploration is essential in the diagnosis and treatment of surgical disease.
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Introduction

Meckel’s diverticulum (MD) is a rare congenital anomaly
that occurs when the omphalomesenteric duct fails to
obliterate during fetal development. This results in a per-
sistent connection between the ileum and the umbilical
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cord, leading to a diverticulum that can cause various
complications. Intestinal duplication (ID), in contrast,
is a rare congenital anomaly characterized by the pres-
ence of a duplicate segment of the bowel that is con-
nected to the main intestine. This case report presents a
rare instance of MD complicated with ID. Intraoperative
exploration plays a crucial role in identifying unexpected
anomalies that may not be detected by preoperative
imaging. This case highlights the importance of thorough
surgical exploration in diagnosing complex congenital
malformations.

Case report

A 5-year-old Han Chinese boy was admitted to the
emergency department with a 1-day history of persis-
tent abdominal pain and vomiting. He had no fever,
abdominal distension, or hematochezia. The patient had
a prior history of intermittent right-sided abdominal
pain and constipation, which had previously resolved
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spontaneously without the need for analgesics. However,
this time, the right-sided abdominal pain became persis-
tent and did not improve significantly with rest, leading
him to seek medical attention. Upon physical examina-
tion, tenderness was noted in the right lower quadrant
of the abdomen, but there was no rebound tenderness or
muscle guarding.

Initial investigations revealed a white blood cell (WBC)
count of 7.9x10°/L, with a neutrophil predominance.
B-ultrasound identified a 27 mmX19 mmx15 mm
anechoic mass with clear boundaries and muscular
echoes in the right lower quadrant of the abdomen
(Fig. 1A), suggestive of Meckel’s diverticulum. A sub-
sequent computed tomography (CT) scan confirmed a
31 mmX26 mmx12 mm diverticulum located in the
right lower quadrant arising from the ileum (Fig. 1B).

Laparoscopic exploration was performed to evaluate
the abdominal findings. Intraoperatively, MD was iden-
tified 70 ¢cm from the ileocecal valve. Additionally, an
intestinal duplication ID was discovered 2 cm proximal
to the ileocecal region, which had not been detected dur-
ing preoperative imaging (Fig. 2A, B). Surgical resection
of the affected bowel segment, including both the MD
and ID, was performed, followed by anastomosis of the
remaining healthy bowel (Fig. 2C—E). Postoperatively, the
patient’s status was managed with fasting, antimicrobial
therapy, and intravenous fluid support. Oral intake was
gradually reintroduced as tolerated. The patient remained
clinically stable throughout the postoperative course and
was discharged on the seventh postoperative day without
complications. At the 1-month follow-up visit, physi-
cal examination revealed no abdominal abnormalities,
and ultrasonography showed no signs of recurrence. The
patient reported complete resolution of symptoms and
was tolerating a regular diet. Ethical committee approval
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was not required for this case report, as it involved ret-
rospective analysis of anonymized data, and written
informed consent was obtained from the patient’s par-
ents. Histopathological examination of the resected
specimen confirmed the diagnosis of MD and ID, with no
evidence of ectopic gastric mucosa (Fig. 3). Immunohis-
tochemical analysis of the resected specimens revealed
no significant differences in the expression of several
transcription factors between the specimens (Fig. 4).

Discussion

MD is a rare congenital anomaly that affects approxi-
mately 1-3% of the population, the condition is more
common in males, with a ratio of 3:1 [1]. Johann F
Meckel, a famous anatomist, was the first to describe
this condition in 1809. Typically, MD often occurs in
the opposite mesenteric wall of ileum within 100 cm of
ileocecal valve. It is caused by the failure of the ompha-
lomesenteric duct to obliterate during fetal develop-
ment, leading to a persistent connection between the
ileum and the umbilical cord [2]. In normal embryology,
the vitelline duct closes by the tenth week of gestation.
If it persists, presentations include incidental Meck-
el’s diverticulum, fibrous cord connecting the bowel to
the anterior abdominal wall, persistent omphalenteric
fistula, torsion, and intussusception. These presenta-
tions can cause various complications, such as intestinal
obstruction, hemorrhage, intussusception, and infection
[3]. Although most MD can be asymptomatic for life,
about 50% of MD contains ectopic tissues, such as gas-
tric mucosa and pancreatic tissue, which are important
factors leading to complications and clinical symptoms
of MD [4]. Most MD is exogenous, but some cases are
inverted, which may affect clinical judgment, increase

Fig. 1 The results of imaging examination of the patient. A B-ultrasound showed that there was no echo mass in the right lower abdomen. B
Computed tomography showed a mass of low-density focus in the right lower abdomen
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Fig. 2 Lesion intraoperately and postoperatively. A Laparoscopy revealed diseased bowel. B Postoperative dissociation of tissue. C Dragging
out of the diseased bowel via the umbilicus. D Resection and repair of the diseased bowel. E Surgery completed
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Fig. 3 Histological examination of the diseased bowel suggested no ectopic gastric mucosa or pancreatic tissue. A Pathological examination
of Meckel's diverticulum. B Pathological examination of intestinal duplication malformations
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the intestinal duplication specimens, CDX2, SOX2, CK7, and CK20 were positive, while MUC5AC was weakly positive

the difficulty of operation, and delay the opportunity of
operation [5].

Embryonic development involves many cellular pro-
cesses, such as migration, proliferation, cycle, and
apoptosis [6]. During the early development of the
embryonic intestine, various transcription factors play
critical roles. For instance, SOX2 is primarily expressed
in the anterior regions of the gut, such as the esopha-
gus and stomach (proximal intestine), whereas CDX2 is
predominantly found in the posterior regions, includ-
ing the small and large intestines [7]. Cytokeratins
(CKs), which serve as intermediate filaments, are essen-
tial components of the intracellular cytoskeleton in
epithelial cells [8]. Mucins, a group of high-molecular-
weight glycoproteins, are secreted by epithelial cells;
among these, MUCS5AC is specifically associated with
gastric mucosa [9]. In this case, hematoxylin and eosin
(HE) staining did not reveal any obvious ectopic tissue
within the Meckel’s diverticulum. To further investi-
gate the possibility of ectopic tissue presence, immu-
nohistochemical staining was performed using specific
markers associated with gastric mucosa (for example,

MUCSAC) and intestinal differentiation (for example,
SOX2 and CDX2). However, the immunohistochemical
analysis showed no positive staining for these markers,
suggesting the absence of detectable ectopic gastric or
pancreatic tissues within the diverticulum. This finding
is consistent with the patient’s lack of clinical symp-
toms related to ectopic tissue activity, such as gastro-
intestinal bleeding or ulceration. It also supports the
hypothesis that the diverticulum in this case was pri-
marily composed of normal intestinal mucosa without
significant ectopic elements. In contrast to previous
reports, our case is unique in the absence of ectopic tis-
sue. This discrepancy may be attributed to variations
in embryonic development or the specific genetic and
molecular mechanisms underlying the formation of
the diverticulum. While the absence of ectopic tissue
reduces the risk of complications, close clinical follow-
up remains important to monitor for any potential late-
onset symptoms. In addition to genes, many factors,
such as long non-coding RNA, are involved in regulat-
ing the expression of protein [10], which in turn affects
the physiological or pathological process. Previous
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studies have confirmed that ZFASI and MIR31HG are
involved in the pathogenesis of Hirschsprung’s disease
[11, 12]. No related investigations confirmed the role
of non-coding RNA in the development of MD. Future
research should focus on elucidating how these non-
coding RNAs regulate key genes involved in embryonic
development, potentially influencing cellular processes
such as migration, proliferation, and apoptosis, which
may contribute to the development of these congenital
anomalies.

Alimentary tract duplication (ATD) is a rare congeni-
tal malformation, which refers to a spherical or tubular
cavity structure located on the mesenteric side of diges-
tive tract [13]. Ladd popularized the term “intestinal
duplication” in 1937, and pointed out that IDs share
blood supply with normal tissues [14]. ATD, which is
usually found in the jejunum and ileum, can occur in
any part of digestive tract, and the incidence rate is
about 1/4500 [15]. According to the existing literature,
the shape and size of digestive tract duplication vary
greatly; this can be divided into four types in pathol-
ogy: cystic type, tubular type, thoracic digestive tract
duplication, and cervical digestive tract duplication [16,
17]. ATD in the oral cavity has also been reported, but
is extremely rare [18]. Clinical manifestations include
intestinal obstruction, abdominal pain, and infection.
Since the ectopic tissues in the duplication, bleeding
may also exist [19]. Duplication of digestive tract can
be accompanied by duplication of other organs, such as
double uterus and double vagina, with corresponding
symptoms [20].

Surgery is an effective treatment option. The surgi-
cal method varies according to the site of the deformity.
A site that is easy to remove is usually done by partial
excision of the digestive tract and anastomosis; special
sites that are difficult to excise should be drained and
the mucosa stripped. Preoperative examination revealed
the presence of MD, but intraoperative exploration
again confirmed the presence of intestinal duplication
of the malformation, avoiding the possibility of miss-
ing a microscopic lesion. This shows that intraoperative
exploration is essential in the diagnosis and treatment of
surgical diseases, as it can compensate for the omission
of preoperative examinations and identify lesions that
cannot be easily detected by preoperative examinations.
MD complicated with ID is a rare and challenging sur-
gical condition. Early diagnosis and surgical intervention
are crucial in preventing complications and improving
outcomes. Future research should integrate molecular
biology, genetics, and clinical medicine to elucidate the
underlying mechanisms of these conditions and develop
novel diagnostic and therapeutic strategies. This case
report highlights the importance of considering this rare
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anomaly in the differential diagnosis of abdominal pain
and distension in children.

Conclusions

The co-occurrence of Meckel’s diverticulum and intes-
tinal duplication malformations is exceptionally rare.
This case underscores the critical role of intraoperative
exploration in diagnosing complex congenital anoma-
lies, particularly when preoperative imaging fails to pro-
vide definitive findings. Clinicians should maintain a
high index of suspicion for hidden anomalies, especially
in pediatric patients presenting with persistent or unex-
plained abdominal symptoms.
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