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Abstract: To investigate the management of Meckel’s diverticulum in children and the feasibility of using laparo-
scopic and laparoscopically assisted Meckel’s diverticulum resection and intestinal anastomosis according to the
different subtypes classified laparoscopically. 55 symptomatic Meckel’s diverticulum cases were classified into two
categories, the simple and the complex types depending on Meckel’s diverticulum appearance upon laparoscopic
exploration. Forty-one cases of simple Meckel’s diverticulum were treated with simple diverticulectomy during lapa-
roscopy, and 14 cases of complicated Meckel’s diverticulum were treated with laparoscopically assisted Meckel’s
diverticulum resection and intestinal anastomosis. The operation time for the laparoscopically assisted was signifi-
cant longer than laparoscopic-only surgeries [45~123 min (54.57 + 20.17min) vs 29~78min (38.85 + 9.75 min)], P
=0.013. Among the 55 cases, Just one child with simple type MD during laparoscopic exploration, and presented a
diverticulum with a base that was considered to be in the mesangial margin. The remaining 54 patients were cured,
and follow-up for 4~36 months revealed that they did not present abdominal pain, and no hematochezia occurred
as a complication. Surgery selection either laparoscopy only or transumbilical laparoscopically assisted intestinal
resection and intestinal anastomosis by laparoscopic exploration for Meckel’s diverticulum treatment, based on the
type of Meckel’s diverticulum in children, is safe, feasible, and effective.
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Introduction The preoperative diagnosis of Meckel's diver-
ticulum is challenging, despite the availability of
Meckel’s diverticulum (MD) is regarded as one modern imaging. CT and Technetium-99m
of the most common congenital anomalies of radionuclide imaging are widely used, but the
the gastrointestinal tract. Complications that correct diagnosis is often established only at
arise due to MD include bleeding, obstruction, the time of laparotomy or laparoscopy. This is
inflammation and, less commonly, perforation. particularly the case for Meckel’s diverticulum

MD may remain asymptomatlc and, in both in children, as symptoms are often nonspecific
paediatric and adult patients, cases are gener- L . )

. S . i and complications are likely to occur at the time
ally diagnosed incidentally or upon investigat- of the presentation [7-9]
ing unexplained gastrointestinal bleeding, per- P ’

foration, inflammation, or obstruction [1-3]. Hence, a diagnosis of symptomatic MD de-

mands a high degree of suspicion, as an accu-
rate preoperative clinical diagnosis is often dif-
ficult to make. Therefore, in the current study,

The rule of two traditionally describes the char-
acteristics of the MD, and refers to its 2% prev-
alence rate in the general population, a 2:1

male-to-female ratio, a 2% incidence rate of
symptomatic MD, the presence of symptoms
before the age of 2 years, a location 2 feet
away from the ileocecal valve, a 2-inch diver-
ticular length, and two types of common ecto-
pic tissues [4-6].

we reported our experience with the targeted
selection of surgery through laparoscopic explo-
ration. This study is intended to provide useful
information for selecting a surgical method
based on the appearance of the MD through
laparoscopic exploration.
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Figure 1. Incision of 3.5 or 5.5 mm at the navel.

Figure 2. Prolonging the umbilical incision to 2-3 cm.

Methods
Patients

We conducted a retrospective study of pediat-
ric patients (< 18 years of age) with MD who
were diagnosed and treated at Wuhan
Children’s Hospital Between January 2010 and
January 2013. Age at the onset of symptoms,
sex, clinical features, treatment, imaging stud-
ies, surgical findings, and histopathological
reports were reviewed and analyzed. According
to the clinical features, patients with symptom-
atic MD were further categorized into three
groups, based on the presence of gastrointesti-
nal bleeding, abdominal pain, and intestinal
obstruction.

The patients were classified into two catego-
ries, the simple and the complex types, depend-
ing on the appearance of MD upon laparoscop-
ic exploration. The simple type of Meckel's
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Figure 3. Taking the diverticulum out to the perito-
neal.

Figure 4. The appearance after umbilical incision
closed layman and resecting the diverticulum and
the adjacent intestinal.

diverticulum presented a clear base, and the
basal tissue was the same as in the normal
bowel. The complex type was defined as having
an unclear base or basal edema, with stiffness,
scarring, and abnormal intestinal tissue, or
diverticular gangrene.

Surgical process

The children were placed in the supine position
with tracheal intubation anesthesia, a 3.5 or
5.5 mm incision was performed on the navel,
CO, pneumoperitoneum (8~12 mmHg pres-
sure) was established, and the sleeve and lapa-
roscope were inserted into the umbilical wheel
to an approximately 55 mm depth to find the
ileocecal region. Under laparoscopy, we further
sought MD toward the proximal region of the
small intestine (Figures 1-3).

Int J Clin Exp Med 2015;8(1):94-100



The management of MD in children

Figure 6. Resecting the MD with the ultrasonic knife.

The children were treated by transumbilical
laparoscopically assisted surgery by prolonging
the umbilical incision to 2-3 cm (Figure 2) for
taking the diverticulum out to the peritoneal
layman and resecting the diverticulum and the
adjacent intestine and to perform intestinal
anastomosis (Figures 3, 4) if complicated MD
was found upon laparoscopic exploration.
Children with simple MD were treated with lapa-
roscopy only to perform the resection. The right
lower abdominal or lower abdominal midline
(Figure 5) was placed into a 5.5 mm casing, the
blood vessels of the MD were separated and
cut off with an ultrasonic knife, and the basal
part of the MD was then clamped and resected
with the ultrasonic knife (Figure 6), making sure
that the dissection points were kept closed.
The intestinal wall was sutured in order to avoid
overflow, traction and suspension were applied
from the lower right, and another layer of suture
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Figure 7. Whole layer suture.

Figure 8. Seromuscular layer continuous suture.

was then started at the margin with 5-0 absorb-
able wire (Figure 7), tied back with a seromus-
cular layer continuous suture (Figure 8), and
the anastomotic stoma and vessels were
checked to make sure that no leakage occurred.

Pathological examination

The resected specimens were fixed by regular
10% formalin, paraffin embedded, sliced to a
thickness of 4 um, and HE staining and im-
munohistochemistry were performed for
anti-alpha smooth muscle actin (anti-actin)
detection. The primary antibody, a mouse
anti-human smooth muscle actin monoclonal
antibody, clone 1A4, was used for the identifica-
tion of smooth muscle actin, a product of
Zymed company, USA (Offered by Beijing
Zhongshan Biological Technology Co., Ltd.). The
Power Vision (PVQ000) method was used for
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Table 1. Patient’s characteristics

Surgical procedures for the

Characteristics

No. of patients

simple and complex types of MD

Age The patients were classified into
Range 1513y two categories, including those
Mean + SD 4.59 £2.49 who presented the simple and

Sex the complex types of MD, based
Boy 38 on the external appearance of
Girl 17 the diverticulum upon laparo-

Clinical presentation scopic exploration. The simple
Bleeding 38 (34 cases presented bleeding twice) type of MD meant that the diver-

) ticulum presented a clear base
Infection 8 and the basal tissue was the
Intestinal obstruction 9

same as the one found in the

Table 2. The operation time of laparoscopically assisted and lapa-

roscopic only procedures

normal bowel. The complex type
of MD was defined as presenting
an unclear base or basal edema,

Laparoscopic Laparoscopically
only (n=41) assisted (n=14)

with stiffness, scarring, and
p abnormal intestinal tissue, or

Operation time (min) 38.85 + 9.75 54.57 + 20.17

diverticular gangrene.

Z=2.482 0.013

immunohistochemistry. The reagents (Immuno-
2Bridge+) for the two-step immunohisto-
chemical detection were provided by the
GBI company, USA. Pathologic sampling was
based on an uninterrupted method from the
top to the bottom of the diverticulum,
longitudinally.

Statistical analysis

The SPSS 13.0 software package was used for
the statistical analysis of the results. The data
were represented as mean * standard devia-
tion (+ s); the two groups were compared using
the mean rank sum test, with P < 0.05 being
used for significant differences.

Results
Patients’ characteristics

Between January 2010 and January 2013, 55
symptomatic patients were enrolled in the cur-
rent study. The demographic characteristics of
the patients are listed in Table 1. A total of 55
children (38 boys, 17 girls) with a mean age of
4.59 + 2.49 years (range, 1.5 to 17.83 years)
were included. The participants were further
categorized into three groups: 9 in the bowel
obstruction group, 38 in the gastrointestinal
bleeding group, and 9 in the infection group
(see Table 1).
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Forty-one cases of simple MD

were treated with simple diver-
ticulectomy by laparoscopy only, and 14 cases
of complicated MD were treated with transum-
bilical laparoscopy assisted by prolonging the
umbilical incision for taking the diverticulum
out into the peritoneal layman and for resecting
the diverticulum and the adjacent intestine and
perform intestinal anastomosis. The operation
times for the laparoscopically assisted proce-
dure and for laparoscopy only were 45~123
min (54.57 £ 20.17 min) and 29~78 min (38.85
+ 9.75 min), respectively (see Table 2).

Pathological results

Gastric or pancreatic tissue were found in 41
cases on the top of simple MD, and the basal
mucosa was not abnormal. Different degrees
of inflammatory cell invasion and/or ulcer for-
mation were found on the basal mucosa in 14
cases of complex MD, and gastric mucosa or
pancreatic tissue, or diverticular gangrene were
visible on top of the MD.

Participants were categorized into three groups,
9 in the intestinal obstruction group, and they
were further categorized into simple (n = 3),
with normal basal of MD and complex (n = 6),
with 2 cases of tissue swelling, inflammatory
cell infiltration, and 4 cases of diverticular gan-
grene, respectively. The 38 participants in the
gastrointestinal bleeding group were further
categorized into simple (n = 36), with normal
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Table 3. Clinical classification and pathological results

- Clinical clas- .
Clinical feature e Pathological results (Basal of MD)
sification
Bleed Simple 36 Normal
Complex 2 cases of tissue swelling, inflammatory cell infiltration, and ulcer formation

Infection Simple

2

2
Complex 6
Intestinal obstruction Simple 3
6

Complex

Normal

4 cases of tissue swelling, inflammatory cell infiltration, 2 cases of diverticular gangrene

Normal

2 cases of tissue swelling, inflammatory cell infiltration, 4 cases of diverticular gangrene

basis of the MD and complex (n = 2), presenting
tissue swelling, inflammatory cell infiltration,
and ulcer formation. The 8 participants in the
infection group were further categorized into
simple (n = 2), with normal basis of the MD and
complex (n = 6), with 4 cases of tissue swelling,
inflammatory cell infiltration, and 2 case of
diverticular gangrene (see Table 3).

One child with MD was diagnosed with the sim-
ple type of MD during laparoscopic exploration,
and presented a diverticulum with a base that
was considered to be in the mesangial margin.
This child presented recurring abdominal pain
and gastrointestinal hemorrhage one month
after undergoing simple diverticulectomy by
laparoscopy. The ECT detection was positive for
MD, and the patient recovered after resection
of both sides of the intestinal tube of the MD
was performed during the surgical exploration.
The remaining 54 patients were cured, and fol-
low-up for 4~36 months revealed that they did
not present abdominal pain, and no hemato-
chezia occurred as a complication.

Postoperative pathological analysis showed
ectopic gastric mucosa residue visible in the
MD. Three ectopic gastric mucosa islands were
distributed in the top and the body of the MD,
although no abnormal findings were noted
when reviewing the first MD specimens.

Discussion

MD is usually located in the last 90 cm of the
terminal ileum and is formed by all layers of the
small intestine. It frequently contains hetero-
topic tissue, usually gastric mucosa. It is always
located in the right lower quadrant or umbilical
region and less frequently in the other quad-
rants. The shape of the MD is conical, with a
base that has a broader caliber, a bowel, and
an equal or slightly narrow, tapering apex.
Sometimes the base is tubular and narrow, like
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the appendix [10]. MDs range in size from 1-10
cm, generally 3~5 cm, and cases of giant MD (>
5 cm) are relatively rare and are associated
with more severe forms of complications, espe-
cially obstruction. The top of the diverticulum is
usually free, but sometimes there is a cord con-
nected with the umbilicus [11]. However, anoth-
er study [12] reported one case in which the
diverticulum was present in the mesenteric
region of the ileum. Histologic examination of
the specimen revealed the presence of pancre-
atic tissue and oxyntic and antral type gastric
mucosa, showing chronic peptic ulceration
apart from the intestinal mucosa. This case
report underlines the need for a revision in our
understanding and classification of MD. Our
current study also included on case in which
the diverticulum was located in the mesenteric
aspect of the ileum.

Most patients are asymptomatic, and MD is
most frequently diagnosed as an incidental
finding during laparotomy. The most frequent
complications of MD are intestinal obstruction,
rectal bleeding, diverticulitis, and perforation
due to peptic ulcer [13].

In the pediatric population, MD is the most
common cause of massive lower gastrointesti-
nal (LGI) bleeding, which is characterized by
painless, massive melena, usually leading to
shock. Severe and characteristic LGl bleeding
often implies possible MD with ectopic gastric
mucosa. A scan of MD using technetium
Tc-99m pertechnetate, which is capable of
binding to the gastric mucosa, offers a preop-
erative diagnosis for bleeding MD [14-16]. In
our current study, the main symptom of LGl
bleeding was found in 69.1% (38/55) of the MD
cases. Among children with LGl bleeding, the
detection rate was reported to be 90%, while
the sensitivity and specificity were reported to
be 0.6-0.75, with a positive predictive value 1.0
and a negative predictive value 0.77. Therefore,
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the preoperative diagnosis of MD is a chal-
lenge, despite the availability of modern imag-
ing. CT and Technetium-99m radionuclide
imaging are widely used, but the correct diag-
nosis is often established only at the time of
laparotomy or laparoscopy. This is especially
the case for Meckel’s diverticulum in children,
as symptoms are often nonspecific and compli-
cations are likely to occur at the time of the pre-
sentation. Even if non-specific, false-positive
findings are not common, potential causes
include intestinal obstructive disease, intus-
susception, and inflammatory disease [17-19],
and it is therefore very important to make a
decision with regard to the indications of lapa-
roscopic exploration.

With laparoscope, both extracorporeal and
intracorporeal resection of MD may be per-
formed. laparoscopic-assisted transumbilical
has some additional benefits than that of lapa-
roscopic only surgery. In laparoscopic-assisted
transumbilical Meckel's diverticulectomy, a
transumbilical trocar is inserted in an open
fashion, then using operative laparoscope, the
terminal ileum is exteriorized through umbilicus
with an atraumatic instrument and then diver-
ticulectomy or segmental resection can be per-
formed. Thus this technique also allow palpa-
tion of Meckel's diverticulum which aids in
ruling out any mass or thickening of base thus
providing the more complete assessment for
presence of any ectopic gastric mucosa. This
technique also prevents the use of costly sta-
plers making it more cost effective [8]. Here, we
presented a study on the laparoscopic tech-
nique, including the laparoscope-only and lapa-
roscopically assisted diagnosis and treatment
of MD. All the 55 cases from the current study
presented positive laparoscopic exploration
results, which avoided any treatment delays or
negative results from unnecessary routine sur-
gical exploration. The indications for laparo-
scopic exploration are the following: for the
patients with LGI, we decided to conduct lapa-
roscopic exploration if any of the following situ-
ations occurred: ECT-positive; GLI bleeding
more than twice; poor efficacy with non-surgi-
cal treatment and accompanied by obvious
anemia; any other indications for open surgery.
For the MDs presenting with infection and
intestinal obstruction, the laparoscopic explo-
ration indication followed the indications for
general appendicitis and intestinal obstruction;
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and for the appropriate choice of operating
methods, the patients were classified into two
categories, the simple and complex types,
based on the appearance of the MD upon lapa-
roscopic exploration. The simple type of MD
means having a clear base and basal tissue
identical to the one found in the normal bowel.
The complex type was defined as presenting an
unclear base or basal edema, stiffness, scar-
ring, and abnormal intestinal tissue, or diver-
ticular gangrene. The patients with the simple
type of MD were treated with simple diverticu-
lectomy by laparoscopy only, and the patients
with the complex type of MD were treated with
laparoscopically assisted diverticulectomy and
adjacent intestinal resection and intestinal
anastomosis. In our current study, the selection
of surgical methods by laparoscopic explora-
tion yielded good results: Among the 55 cases,
Just one child with simple type MD during lapa-
roscopic exploration, and presented a divertic-
ulum with a base that was considered to be in
the mesangial margin. The remaining 54
patients were cured, and follow-up for 4~36
months revealed that they did not present
abdominal pain, and no hematochezia occurred
as a complication.

The pathological results obtained postopera-
tively (Table 2) further confirmed our selection
of the operating methods: 54 patients were
cured after the operation, but one child with
MD, whose MD base was considered to be in
the mesangial margin, was diagnosed with the
simple type during laparoscopic exploration.
This child presented recurrent abdominal pain
and gastrointestinal hemorrhage one month
after simple diverticulectomy laparoscopy. The
ECT detection was positive for MD, and the
patient recovered after performing resection of
both sides of the intestinal tube of the MD by
surgical exploration. Postoperative pathologi-
cal analysis showed ectopic gastric mucosa
residue visible in the intestinal base of the MD.
The three ectopic gastric mucosa islands were
distributed at the top and the body of the MD,
although no abnormal findings were observed
in the basis when reviewing the first MD speci-
mens. Considering this special case, we sug-
gest that the MD located in the mesenteric
region of the ileum should be classified into the
complex group, and it is better to perform rapid
frozen pathological analysis during surgery to
decide the proper extent of the excision.
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Conclusion

In conclusion, selection of surgical methods by
laparoscopic exploration with laparoscopic only
in simple type MD and laparoscopically assist-
ed methods in comples typle MD will be a good
choice.
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