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Clinical characteristics and treatment outcomes of
symptomatic Meckel diverticulum: a comparative study
among children, adolescent, and adult patients

In Kyu Park, Min Jeng Cho
Department of Surgery, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea

Purpose: We investigated the clinical characteristics and treatment outcomes of symptomatic Meckel diverticulum (MD) in
adolescents by comparison with children and adults.

Methods: We retrospectively reviewed the medical records of patients who underwent symptomatic MD surgery from January
2002 to December 2019. Demographic information, clinical presentations, preoperative evaluations, operative variables,
postoperative outcomes, and pathologic findings were collected. We performed analyses by dividing all patients into three
groups according to age at surgery: child group (<10 years), adolescent group (10-19 years), and adult group (=20 years).
Results: Forty-three patients underwent symptomatic MD surgery (the child group, 14; the adolescent group, 17; and
the adult group, 12). Vomiting and intestinal obstruction decreased significantly with age (P = 0.042 and 0.001), whereas
hematochezia and gastrointestinal bleeding showed an increasing trend with age, although not statistically significant (P =
0.064 and 0.064). Ultrasound performance decreased significantly with age (P = 0.002), whereas CT performance showed an
increasing trend with age, although not statistically significant (P = 0.193). Preoperative diagnosis rate increased significantly
with age (P = 0.029). Laparoscopic surgery was performed significantly more in the adult group than in other groups (P = 0.001).
The sizes of MD were significantly greater in the adolescent group than in other groups (P = 0.006 and 0.002).

Conclusion: The clinical characteristics and treatment outcomes of symptomatic MD in adolescents exhibit a transitional
pattern between children and adults. Therefore, it is important for clinicians to recognize that adolescent patients with
symptomatic MD have the characteristics of both children and adult patients to ensure optimal care.

[Ann Surg Treat Res 2023;105(2):107-113]
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INTRODUCTION

Meckel diverticulum (MD) is the most common congenital
anomaly of the gastrointestinal (GI) tract that affects
approximately 1%-2% of the population [1-3]. The first recorded
description of MD is attributed to Wilhelm Fabricius Hildanus
in 1598 [14], and then, it was described in detail by Johann
Friedrich Meckel in 1809 [5]. Meckel showed that incomplete
obliteration of the vitelline duct during the fifth gestational

week results in intestinal blind pouches (MD), enterocysts,
intestinal-umbilical fistulas, and mesodiverticular bands [6].
A patient with MD usually remains asymptomatic throughout
the lifetime, and the lifetime incidence rate of complications is
approximately 4.2%-9% [3,7,8]. Symptomatic MD is presented by
diverticulitis, intestinal obstruction, and GI bleeding. Several
previous studies have reported that the clinical presentation
of symptomatic MD differs between pediatric patients and
adult patients; however, the conclusions drawn by these
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studies are not consistent [3,69-11]. According to Park et al. [6],
intestinal obstruction is the most common presentation in
pediatric patients (age of <11 years) and GI tract bleeding in
adult patients. Contrarily, Chen et al. [9] reported that GI tract
bleeding and intestinal obstruction were the most common
presentations in pediatric patients (age of <18 years), and
diverticulitis in adult patients. Previous studies have reported
differing conclusions on the most common presentations of
symptomatic MD in different age groups. One major factor
contributing to this variability is the lack of consensus on
the age cutoffs for pediatric patients. Notably, the inclusion
or exclusion of adolescent patients (age of 10-19 years) in the
pediatric or adult patient groups has been a subject of debate
and may significantly affect the study results. Therefore, in
this study, we aimed to compare the clinical characteristics
and treatment outcomes of symptomatic MD among pediatric,
adolescent, and adult patients and specifically investigate the
differences in presentation and management of symptomatic
MD across different age groups, with a particular focus on
adolescent patients.

METHODS

This study was approved by the Institutional Review Board
of Ulsan University Hospital (No. UUH 2020-11-018). It was
performed in accordance with the Declaration of Helsinki and
written informed consent was waived due to its retrospective
nature.

Study design and participants

We retrospectively reviewed the medical records of patients
who underwent MD surgery from January 2002 to December
2019. Only patients who underwent symptomatic MD surgery
were included in the study. A symptomatic MD was defined as
MD that considered the cause of clinical symptoms based on
both surgical findings and pathologic findings. Asymptomatic
patients for whom MD was incidentally detected during the
operation were excluded from the study.

Data collection
Demographic information, clinical presentation (symptoms

and complications), preoperative evaluation, operative variables,
postoperative outcomes, and pathologic findings were retrieved
from patients’ medical records. Symptoms were recorded
using a standardized form consisting of historical and physical
examination variables measured in our hospital, categorized
into abdominal pain, vomiting, abdominal distension,
tenderness, fever, and hematochezia. Complications were
categorized into diverticulitis with or without perforation,
intestinal obstruction with or without intussusception, and GI
tract bleeding, Preoperative evaluation included laboratory tests

(hemoglobin, WBC count, CRP concentration) on the day of
hospital admission and advanced imaging diagnostic tests such
as CT, ultrasonography (USG), upper and lower GI endoscopy,
capsule endoscopy, and Meckel scan. Operative variables
included surgical procedure (diverticulectomy, wedge resection,
small bowel resection, and anastomosis), surgical approach
(open surgery, laparoscopic surgery, conversion to open surgery;
conversion to open surgery was defined as any incision made
earlier than planned), and operation time. Postoperative
outcomes included length of postoperative hospital stay and
postoperative complications (Clavien-Dindo classification
[12]). All specimens removed during surgery were submitted
to the pathology department for macroscopic and microscopic
examination, pathologic findings included the presence of
ectopic tissue within the MD, and the length and base width of
the MD.

We classified our patients into three age groups based on
the age at the time of surgery: child group (age of <10 years),
adolescent group (age of 10-19 years), and adult group (age of
>20 years). The age cutoffs we used for each group were based
on the World Health Organization’s definition of adolescence.
By using these age cutoffs, we were able to analyze the clinical
characteristics and treatment outcomes of symptomatic MD in
each age group separately.

Statistical analysis
Data of categorical variables are presented as number of

patients and percentages and were compared using the chi-
square test or Fisher exact test. Data of continuous variables are
presented as mean and standard deviation or as median and
interquartile range and were compared using the Kruskal-Wallis
test. Data were analyzed using IBM SPSS Statistics for Windows,
ver. 24.0 (IBM Corp.). A P-value of <0.05 was considered to
indicate statistical significance.

RESULTS

Demographic information
A total of 85 patients underwent MD surgery during the

study period. Among them, 43 had symptomatic MD. The
median age of symptomatic MD patients was 13 years (range,
0-85 years); 34 of 43 patients (79.1%) were male (male-to-female
ratio, 3.8:1). According to the group definition, 14 patients were
included in the child group (mean age, 2.79 + 2.69 years), 17
patients were included in the adolescent group (mean age, 13.71
+ 237 years), and 12 patients were included in the adult group
(mean age, 36.42 = 18.73 years).

Clinical presentation and preoperative evaluation
Table 1 presents the clinical presentation of symptomatic

MD in each age group. Among the three groups, vomiting and
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Table 1. Comparison of demographic information and clinical presentations among groups

Characteristic Child group Adolescent group Adult group P-value
No. of patients 14 17 12
Age (yr)” 2.79 +2.69 13.71 £2.37 36.42 £ 18.73
Sex” 0.137
Male 10 (71.4) 16 (94.1) 8 (66.7)
Female 4 (28.6) 1(5.9) 4(33.3)
Symptom
Abdominal pain” 8 (57.1) 14 (82.4) 7 (58.3) 0.255
VomitingC) 9 (64.3) 6 (35.3) 2(16.7) 0.042
Abdominal distension” 4(28.6) 3(17.6) 0(0.0) 0.141
Tenderness 6 (42.9) 10 (58.8) 7 (58.3) 0.624
Fever” 4 (28.6) 2(11.8) 4(33.3) 0.354
Hematochezia” 1(7.1) 7 (41.2) 5(41.7) 0.064
Complication”
Diverticulitis” 7 (50.0) 6 (35.3) 7 (58.3) 0.449
Perforation” 2 (14.3) 3(17.6) 5(41.7) 0.230
Intestinal obstruction” 9 (64.3) 5(29.4) 0 (0.0) 0.001
Intussusception” 5(35.7) 1.9 0 (0.0 0.016
Gl bleeding” 1(7.1) 7 (41.2) 5(41.7) 0.064

Values are presented as number only, mean + standard deviation, or number (%).

Gl, gastrointestinal.

“Kruskal-Wallis test, "Fisher exact test, and “chi-square test. “One or more complications are listed; perforation and intussusception

are subgroups of diverticulitis and intestinal obstruction, respectively.

Table 2. Comparison of preoperative evaluations among groups

Variable Child group (n = 14)  Adolescent group (n =17)  Adult group (n = 12) P-value

Laboratory test

Hemoglobin (g/dL)a) 11.61 +2.59 12.06 +3.73 12.84 +2.80 0.473

WBC count (cells/pL)” 13,626.43 £ 6,896.10 10,812.35 £ 6,688.57 10,850.00 + 4,928.56 0.305

CRP (mg/dL)” 2.19 £3.07 1.99 £ 6.85 3.66 + 6.43 0.058
Diagnostic test

cT” 9 (64.3) 15 (88.2) 11 (91.7) 0.193

Ultrasonography” 13 (92.9) 8 (47.1) 3 (25.0) 0.002

Upper and lower Gl endoscopy” 1(7.1) 10 (58.8) 5(41.7) 0.012

Capsule endoscopy” 0(0) 1(5.9) 2(16.7) 0.357

Meckel scan” 4(28.6) 8 (47.1) 3 (25.0) 0.443
Time of diagnosis” 0.029

Preoperative 8 (57.1) 14 (82.4) 12 (100)

Intraoperative 6 (42.9) 3(17.6 0 (0)

Values are presented as mean =+ standard deviation or number (%).
Gl, gastrointestinal.
“Kruskal-Wallis test, Fisher exact test, and “chi-square test.

intestinal obstruction were found to significantly decrease
with age (P = 0.042 and P = 0.001, respectively), whereas
hematochezia and GI bleeding showed an increasing trend with
age, although not statistically significant (P = 0.064 and P =
0.064, respectively).

Table 2 shows the performance of different imaging
modalities in diagnosing symptomatic MD, stratified by age
group. The performance of ultrasound decreased significantly

with age (P = 0.002), whereas CT performance showed an
increasing trend with age, although not statistically significant
(P = 0.193). In patients with GI tract bleeding, upper and
lower GI endoscopy (n = 16) was performed on the same day,
and capsule endoscopy (n = 3) was performed in patients
with obscure GI tract bleeding. However, no patient reported
a bleeding focus with endoscopy. Meckel scan (n = 15) was
performed in patients with obscure GI tract bleeding. The
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Table 3. Comparison of operative variables, postoperative outcomes, and pathologic findings among groups

Variable Child group (n=14)  Adolescent group (n =17)  Adult group (n = 12) P-value

Surgical procedure

Diverticulectomy” 5(35.7) 5(29.4) 4(33.3) >0.999

Wedge resection” 2 (14.3) 3(17.6) 3 (25.0) 0.789

SB R and A” 7 (50.0) 9 (52.9) 5(41.7) 0.831
Surgical approach?

Open"” 12 (85.7) 12 (70.6) 2(16.7) 0.001

Laparoscopyb) 2 (14.3) 5(29.4) 10 (83.3) 0.001

Conversion to open‘” 2 (14.3) 1(5.9) 0(0) 0.482
Operation time (min)” 142.50 + 42.60 157.06 £ 39.69 154.17 £59.27 0.628
Postoperative outcome

Postoperative hospital stay (day)” 16.71 £ 26.87 12.53 £5.98 11.17 £3.10 0.267

Postoperative complication‘” 2 (14.3) 5(29.4) 1(9.1) 0.420
Pathologic finding

Ectopic tissue” 5(35.7) 11 (64.7) 4(33.3) 0.153

Length of MD (cm)” 2.56 £1.27 4.38 +1.81 3.98 +1.74 0.006

Base width of MD (cm)? 1.66 £0.74 297 £1.25 2.45 +0.89 0.002

Values are presented as number (%) or mean =+ standard deviation.

SB R and A, small bowel resection and anastomosis; MD, Meckel diverticulum.
“Fisher exact test, "chi-square test, and “Kruskal-Wallis test. “Conversion to open is a subgroup of laparoscopy.

diagnostic rates of symptomatic MD were found to be higher in
CT (71.4%) than in Meckel scan (60.0%) and ultrasound (29.2%).
The preoperative diagnosis rate was found to significantly
increase with age (P = 0.029).

Operative variables and postoperative outcomes
Table 3 presents the operative variables and postoperative

outcomes. Small bowel resection and anastomosis were the
most commonly performed surgical procedures, followed
by diverticulectomy and wedge resection in each age group.
Laparoscopic surgery rates increased significantly with age (P
= 0.001), but three patients had to undergo conversion from
laparoscopy to open surgery due to failed intussusception
reduction (n = 1), extended bowel resection (n = 1), and severe
inflammatory adhesion (n = 1). The length of postoperative
hospital stay did not differ significantly among the age
groups (P = 0.267). Eight patients experienced postoperative
complications, with seven having Grade I-II complications
(Clavien-Dindo classification) such as wound complications (n
= 3) and postoperative ileus (n = 4), while one patient had a
grade IIIb complication in the form of prolonged postoperative
ileus that required reoperation. There was no mortality in the
postoperative period.

Pathologic findings

Ectopic tissues such as gastric and pancreatic mucosa were
found twice as much in the adolescent group compared to
the other groups, although the difference was not statistically
significant (P = 0.153). However, the length and base width
of the MD were significantly greater in the adolescent group

compared to the other groups (P = 0.006 and P = 0.002,
respectively).

DISCUSSION

MD is the most common congenital anomaly of the GI
tract, resulting from incomplete obliteration of the vitelline
duct during the fifth week of gestation. Previous studies have
reported that the prevalence of MD in the general population
is between 1% and 2% [1-3], with a lifetime risk of symptomatic
MD ranging from 4.2% to 9.0% [3,7.8]. The most common
clinical presentations of symptomatic MD are diverticulitis,
intestinal obstruction, and GI tract bleeding. In line with
previous studies, our study showed that 44.2%, 279%, and 27.9%
of patients presented with diverticulitis, intestinal obstruction,
and GI tract bleeding, respectively.

Several retrospective studies have investigated the relationship
between age and clinical presentations in symptomatic MD, but
no conclusive result have been drawn. For example, a single-
center retrospective study by Park et al. [6] defined pediatric
patients as those younger than 11 years and found that younger
patients, especially those younger than 4 years, tended to present
with obstruction, whereas older patients tended to present with
bleeding. Another single-center retrospective study by Chen et al.
[9] defined pediatric patients as those younger than 18 years and
reported that GI tract bleeding and obstruction were the most
common presentations in pediatric patients, and inflammation
was common in adult patients. In our study, symptomatic MD
presented as diverticulitis and intestinal obstruction in the
child group, whereas it presented as diverticulitis and GI tract



In Kyu Park and Min Jeng Cho: Comparative study of symptomatic Meckel diverticulum

bleeding in the adult group. In the adolescent group, we observed
diverticulitis (35.3%) and intestinal obstruction (29.4%), which are
common in the child group, as well as GI tract bleeding (41.2%),
which is common in the adult group. Our results were consistent
with previous studies, depending on whether the adolescent
group was included in the child group or the adult group. This
suggests that the adolescent group had characteristics of both the
child group and the adult group.

Preoperative diagnosis of symptomatic MD can be challenging
[13]. Kusumoto et al. [14] reported an 88% preoperative diagnosis
rate in patients with ulcer bleeding, but only 11% in patients with
other complications out of a total of 776 patients. In another
retrospective study of 37 patients, Parvanescu et al. [10] reported
that only 40% of the patients had a diagnosis of MD. In our
study, the preoperative diagnosis rate was 72.1%, which was
higher than in previous studies. This was likely due to our high
rate of CT scans, which are reliable in detecting symptomatic
MD, particularly diverticulitis [15,16]. However, whereas USG
performed more in the child group than in the other groups to
avoid radiation exposure, the preoperative diagnosis rate in the
child group was lower than in the other groups. This result was
attributed to the fact that the child group had a larger number
of intestinal obstructions, which made it more difficult to detect
MD using USG.

In addition to USG, endoscopy and capsule endoscopy have
shown disappointing results in detecting MD or bleeding focus
in patients with GI tract bleeding. Although double-balloon
enteroscopy and capsule endoscopy have been reported as
effective modalities for diagnosing MD in patients with obscure
GI tract bleeding [17,18], our endoscopy was not a double-
balloon enteroscopy, and capsule endoscopy was performed in
only two patients. On the contrary, Meckel scan diagnosed nine
patients with obscure GI tract bleeding in our study, and seven
of them were not diagnosed using other modalities. Meckel
scan is a reliable tool to evaluate patients with obscure GI
tract bleeding and has a high diagnostic accuracy for detecting
symptomatic MD [19]. It is often difficult to detect MD through
imaging studies and endoscopy alone, and clinical suspicion of
the attending physician is crucial in diagnosing symptomatic
MD.

The treatment for symptomatic MD typically involves
surgical resection of the diverticulum or segment of the ileum
bearing the diverticulum. Surgical procedure (diverticulectomy,
wedge resection, small bowel resection, and anastomosis) is
determined by intraoperative findings such as the presence and
location of ectopic tissue, and the integrity of the diverticulum
base and the adjacent ileum. However, there is no consensus
on the optimal surgical procedure for symptomatic MD
[20]. In our study, the most common surgical procedure was
small bowel resection and anastomosis, which allowed for
complete resection of the diverticulum with ectopic tissue

and minimized the risk of subsequent luminal narrowing.
Laparoscopic surgery has been shown to be safe and feasible
for the diagnosis and treatment of symptomatic MD in both
pediatric and adult patients [20-24]. However, our data showed
that the rate of laparoscopic surgery increased significantly with
age, this was likely due to the fact that the child and adolescent
groups presented with more cases of intestinal obstruction,
which can make it difficult to create the pneumoperitoneum
required for laparoscopic surgery. With the exception of the
child group and adolescent group with intestinal obstruction,
our results indicate that laparoscopic surgery is a safe and
feasible option for the treatment of symptomatic MD.

MD often contains ectopic tissue such as gastric or pancreatic
tissue, and symptomatic MD is more likely to have ectopic
tissue than asymptomatic MD [6,11,25,26]. In our study, ectopic
tissue was found in 46.5% of all resected MD specimens,
which is consistent with previous studies. It is recommended
to remove an MD larger than 2 cm in length, even if it is
asymptomatic, as it is a risk factor for developing symptomatic
MD [6,13,20,27]. Slivova et al. [28] also reported that an MD base
width of =15 cm is associated with a significantly increased
risk of gastric heterotopia. In our study, the adolescent group
had significantly longer and wider MDs than the other groups,
but all groups had MDs that were greater than 2 cm in length
and 15 cm in base width. Although the adolescent group had
a higher prevalence of ectopic tissue within their MDs and
larger MD sizes compared to the other groups, further studies
with larger sample sizes are needed to confirm the relationship
between the presence of ectopic tissue and the size of MD.

This study had several limitations. Firstly, it was a single-
center retrospective study with small sample size, as
symptomatic MD has a low prevalence in the general population.
Secondly, the data collected was limited to what was available
in the medical records. Although we used a standardized form
consisting of historical and physical examination variables,
the data might not be complete or accurate. Finally, the study
lacked a control group, so our findings are presented only as
absolute numbers and percentages, and we cannot comment on
the sensitivity, specificity, or positive and negative predictive
values of our results.

In conclusion, our study revealed that symptomatic MD in
the adolescent group exhibits a transitional pattern between
the child and adult groups in terms of clinical presentations.
Whereas diverticulitis and intestinal obstruction are more
common in the child group, and diverticulitis and GI tract
bleeding are more common in the adult group, the adolescent
group presents with these presentations evenly, Furthermore,
preoperative diagnosis and laparoscopic surgery rates increase
with age, and the adolescent group falls in the middle of these
results. Therefore, it is important for clinicians to recognize that
adolescent patients with symptomatic MD have characteristics
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of both child and adult patients to ensure optimal care. We
hope that this study will aid in the appropriate diagnosis and
treatment of symptomatic MD in patients of various ages and

Annals of Surgical Treatment and Research 2023;105(2):107-113

with varying symptoms.
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