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Abstract Objectives The primary objective of the present study was to review the demograph-
ics of infants and children operated upon for Meckel’s diverticulum. The secondary
objectives were to review the clinical characteristics, surgical procedures performed,
postoperative complications, and the outcome.
Materials and Methods This study is a single-institutional, retrospective study and
descriptive in nature. It consisted of infants and children below 12 years who were
operated upon for Meckel’s diverticulum at the author’s institute and included data
from January 1, 2000 to December 31, 2020.
Results Eighty-four children below 12 years were operated upon for Meckel’s
diverticulum during the study period. The ratio for males to females was 3:1. This
study consisted of infants, (n¼22, 26.19%), children of 1 to 5 years of age (n ¼19,
22.61%), and children of 6 to 12 years of age (n¼43, 51.19%). Clinically, children with
Meckel’s diverticulum presented in the following order of frequency: (1) intestinal
obstruction (n¼ 59, 70.23%), (2) perforation peritonitis (n¼17, 20.23%), (3) lower
gastrointestinal bleeding (n¼4, 4.76%), and (4) incidental finding (n¼4, 4.76%). In 35
(41.66%) children, bowel gangrene was detected. One-fifth (n¼17) of Meckel’s
diverticulum was responsible for the secondary intussusception. The surgical proce-
dures were performed in the following order of frequency: (1) resection of Meckel’s
diverticulum, an adjacent segment of ileum and ileoileal anastomosis (n¼36, 42.85%);
(2) Meckel’s diverticulectomy (n¼32, 38.09%); (3) resection of Meckel’s diverticulum,
an adjacent segment of ileum with or without cecum and an ileostomy (n¼ 12,
14.28%); and (4) resection of Meckel’s diverticulum, an adjacent segment of ileum,
cecum, part of the colon, and ileocolic anastomosis (n¼4, 4.76%). In 8 (9.52%)
children, complications were documented during the postoperative period. The
present study observed three (3.57%) deaths during the postoperative period.
Conclusion Meckel’s diverticulum was one of the common causes of acute intestinal
obstruction in infants and older children. Ninety percent of children with Meckel’s
diverticulum presented with features of an acute abdomen. Forty percent of children
evidenced bowel gangrene during the surgical procedures. In these children, early
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Introduction

Meckel’s diverticulum is one of the commonest anomalies,
among all the anomalies of the gastrointestinal tract.1,2 It is
also the commonest among all the anomalies of the vitelline
duct.3,4 The word Meckel’s diverticulum was derived from
“Johann Friedrich Meckel” the Younger (1781–1833).4 It is
considered a disease of infants and children, but it also
occurs in older children and adults.5–8 Most commonly, it
is asymptomatic. Clinical presentation varies from study to
study and varies with age.5–10 Meckel’s diverticulum is also
found as an incidental finding, during the abdominal surgical
procedures performed for other abdominal pathology.6–10

Treatment options forMeckel’s diverticulum are (1)Meckel’s
diverticulectomy, (2) resection of Meckel’s diverticulum
along with an adjacent small segment of ileum and ileoileal
anastomosis, and (3) resection of Meckel’s diverticulum
along with an adjacent segment of ileum, cecum, part of
the colon, and ileocolic anastomosis.6,9,11,12 For Meckel’s
diverticulum, surgical procedures can be accomplished, ei-
ther by open surgery or laparoscopic techniques.6,9,11,12

Prophylactic resection of an incidentally detected Meckel’s
diverticulum remains a controversial subject.9,13 The pres-
ent manuscript is a study of 84 children who were operated
upon for Meckel’s diverticulum, with a brief literature
review.

Materials and Methods

It is a single-institution, retrospective, and descriptive study.
It included infants, and children below 12 years, who were
operated upon for Meckel’s diverticulum during the study
period. Hospital record considered in analysis was from
January 1, 2000, to December 31, 2020 (21 years). It was
performed at the author’s department of pediatric surgery.
Case records of children—who were operated upon for
Meckel’s diverticulum—were reviewed for their age, sex,
clinical presentation, operative procedures performed, post-
operative complications, and the outcome. Incidentally
detected Meckel’s diverticulum, which did not require sur-
gical resection, was excluded from the present study. Insti-
tutional ethics committee clearance was obtained for waiver
of the consent. It was exempted from review because of the
retrospective nature of the study.

Results

ForMeckel’s diverticulum, a total of 84 childrenwere operated
uponduring the studyperiod. Themale to female ratiowas3:1
for the present study. The demographics, clinical character-
istics, operative findings, and postoperative complications for

the children operated upon for Meckel’s diverticulum are
provided in ►Table 1. The age and sex distribution of infants
and children included in this study are provided in ►Fig. 1.
Clinical presentations of Meckel’s diverticulum in infants and
children are provided in ►Fig. 2. The incidentally detected
Meckel’s diverticulum of n¼4 children which also required
surgical resection, and they were also included in the present
study. Operativefindings in infants and childrenwithMeckel’s
diverticulum are detailed in ►Fig. 3. The causes for the
intestinal obstructionwere congenital fibrous bands, attached
from the tip of Meckel’s diverticulum to the umbilicus
(►Fig. 4A), secondary intussusception (►Fig. 4B), and adhe-
sions. Gangrenous bowelswere also evident in 41.66% (n¼35)
of the cases (►Fig. 5A). Perforation of Meckel’s diverticulum
was documented in 17 children (►Fig. 5B). The surgical
procedures executed for Meckel’s diverticulum in infants
and children are detailed in ►Fig. 6. The surgically resected
Meckel’s diverticulum/bowel segments, including Meckel’s
diverticulum, were subjected to histopathological examina-
tion. Noneof the specimens subjected to histology reported an
ectopic mucosa of Meckel’s diverticulum. They reported that
the specimens consisted of bowel mucosa consistent with the
small bowel. Postoperative complications were also docu-
mented in 8 (9.52%) children. Three children (3.57%) of the
present study died during the postoperative period.

Discussion

In 1598, Meckel’s diverticulum was described first by Wil-
helm Fabricius Hildanus.1

In 1809, the embryological and pathological features of
the diverticulum of the distal ileum were described by
Johann Friedrich Meckel, the Younger.1,3,4 It is a true diver-
ticulum of the small intestine and consists of all the layers of
the ileum. When it is present, it is located in the antimesen-
teric portion of the ileum.1,3 Most commonly, Meckel’s
diverticulum is remembered by the classic rule of 2s, al-
though this is not the rule; it occurs in 2% of the population,
mostly occurring within 2 years of age, two times more
common in males, located 2 feet proximal to the ileocecal
valve, 2 inches long, 2 cm in diameter, and it may contain two
types of heterotopic mucosa, other than the ileal mucosa.1,6

In the present study of Meckel’s diverticula, the mean age
was 59.33�44.33 months (median, 15 months) and ranged
from 1 month to 12 years. Half of the children were 6 to
12 years of age, one-fourth were infants, and 23% were
children of 1 to 5 years of age. Symptomatic Meckel’s
diverticula not only occur more frequently in infants and
young children but also occur in older children and
adults.1,3,5–9 Studies also evidenced that the frequency of
symptomatic Meckel’s diverticulum decreases with the

diagnosis, timely referral, and institution of surgical therapy for acute
abdomen/intestinal obstruction may prevent the development of bowel gangrene
and the requirement of bowel resections to some extent.
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advancing age.5,6,10 In general, symptomatic Meckel’s diver-
ticula are more common in males. The documented male to
female ratio was 1.5:1 to 4:1. The above facts were also
observed in many of the studies, published on Meckel’s
diverticulum, including the present study.1,5,6,9–12

Clinical presentation of symptomatic Meckel’s diverticula
varies from study to study. The clinical presentation also
varies with the age of patients.1,3,6,8–10 Most of the Meckel’s
diverticula are asymptomatic. It may present with abdomi-
nal pain, diverticulitis, lower gastrointestinal bleeding, in-

testinal obstruction, and perforation peritonitis.1,3,6,8–12

Seventy percent of Meckel’s diverticula of the present report
presented with the features of intestinal obstruction. Anoth-
er one-fifth of the cases presented with the features of
perforation peritonitis. Some studies also documented find-
ings similar to the present study that the most common
presentation was intestinal obstruction.6,10,11,14,15 Contrary
to some of the studies ofMeckel’s diverticulum in children, in
the present report, only 4 (4.76%) children presented with
recurrent lower gastrointestinal bleeding.9,16

Table 1 Demographics, clinical characteristics, operative findings, and postoperative complications details for children operated
upon for Meckel’s diverticulum (n¼ 84)

Description Details Number of cases Percentage

Sex distribution Male 63 75

Female 21 25

Type of cases Symptomatic cases 80 95.23

Asymptomatic cases (incidentally detected) 4 4.76

Clinical presentation Acute abdomen 76 90.47

Gastrointestinal bleeding 4 4.76

Incidentally detected 4 4.76

Preoperative diagnosis Intestinal obstruction 42 50

Intussusception 17 20.23

Perforation peritonitis 17 20.23

Gastrointestinal bleeding 3 of 4 3.57

Operative findings Bowel gangrene—No 49 58.33

Bowel gangrene—Yes 35 41.66

Pathological lead point Secondary intussusception 17 20.23

Bowel resection Yes, required 52 61.9

No, not required 32 38.09

Postoperative complications Major complications:
(i) Anastomotic leak,
(ii) burst abdomen,
(ii) septicemia

8
(3)
(3)
(2)

9.52
(3.57)
(3.57)
(2.38)

Mortality Postoperative mortality 3 3.57

Fig. 1 Age and sex distribution of infants and children with Meckel’s
diverticulum.

Fig. 2 Clinical presentation of Meckel’s diverticulum in infants and
children.
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All the cases were investigated with plain skiagram and
ultrasonography (USG) of the abdomen in the present report.
Routine hematological and biochemical investigations were
also obtained. During the preoperative sonographic abdom-
inal examination, dilated bowel loops were detected in
children presented with intestinal obstruction. Peritoneal
fluid collection and free gas in the abdomen were docu-
mented in children presentedwith perforation peritonitis. In
17 children, intussusception was diagnosed as a cause for
intestinal obstruction. During USG evaluation of the children
of the present report, none reported Meckel’s diverticulum
as a cause for intestinal obstruction or intussusception. Four
children of the present series presentedwith recurrent lower
gastrointestinal bleeding. All four childrenwere investigated
with Meckel’s scan, and three of the scans were positive for
the ectopic gastric mucosa.

Diagnosis of Meckel’s diverticulum in the preoperative
period is challenging, especially for the cases presentingwith
intestinal obstruction and perforation peritonitis, and in
such cases, it was detected during the operative procedures.6

In the present study also the Meckel’s diverticula were
detected during the operative procedures done for intestinal
obstruction/perforation peritonitis. In children, it is possible
to diagnose intussusception in as many as 100% of the cases
on USG evaluation, but Meckel’s diverticulum as a cause for

intussusception is rare. If detected, it may be seen as a
tubular/cystic structure attached to the ileal loop.17 On
computed tomography scan, Meckel’s diverticulum usually
appears as a blind-ending tubular/cystic structure, attached
to the ileal loop, andmaybewith typical “gut signature sign,”
but the detection rate of symptomatic and asymptomatic
Meckel’s diverticula varies.17,18Meckel’s scan has a very high
diagnostic value for the detection of the ectopic gastric
mucosa. The sensitivity and specificity of Meckel’s scan for
detection of ectopic gastric mucosa vary from study to
study.9,12,14,17,19,20

The standard treatment of Meckel’s diverticulum is surgi-
cal resection. Surgical resection is done either with or

Fig. 3 Operative findings of Meckel’s diverticulum in infants and
children.

Fig. 4 (A) Operative photograph showing Meckel’s diverticulum with fibrous band. (B) Operative photograph showing Meckel’s diverticulum
with cystic dilatation.

Fig. 5 (A) Resected specimen showing gangrenous ileum and
Meckel’s diverticulum. (B) Resected specimen showing ileal segment
and perforated Meckel’s diverticulum.

Fig. 6 Operative procedures performed for Meckel’s diverticulum in
infants and children.
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without resection of an adjacent segment of the ileum and
ileoileal anastomosis or ileal repair.1,6,9–12,14–16,20–22 In the
present study, in 36 (42.85%) children, resection of Meckel’s
diverticulumwith an adjacent segment of ileum and ileoileal
anastomosis was performed. Resection of Meckel’s divertic-
ulumwithout resection of an adjacent segment of ileumwith
the ileal repair was done in 32 (38.09%) children. Thirty-five
(41.66%) children revealed gangrene of the bowel, and it was
detected during the surgical procedures. Resection of the
bowel segment was required in 52 (62%) children, and in
two-third, the requirement was due to the presence of
gangrene of the bowel. Some of the factors responsible for
the bowel gangrene and requirement of bowel resection
during the surgical therapy were (1) reluctant for medical
care for the early symptoms of acute abdomen by the
parents, (2) delay in the diagnosis, (3) delayed referral to
the pediatric surgical center, (4) delay in seeking surgical
therapy, and (4) reluctant for surgical therapy/delay in
consent for the surgical therapy.

Management of Meckel’s diverticulum detected during
the surgical procedures done for other abdominal pathology
is a controversial subject. Prophylactic resection of silent
Meckel’s diverticulum is also a controversial sub-
ject.13,14,16,20,23,24 Soltero and Bill and Zani et al in their
study/review concluded that prophylactic removal of inci-
dentally detected Meckel’s diverticulum is not justifi-
able.23,24 Specific criteria are suggested for the
prophylactic resection of an incidentally detected Meckel’s
diverticulum. Most importantly, the operating surgeon(s)
must justify either to remove or not to remove, Meckel’s
diverticulum detected incidentally, for the best interest of
their cases.13

In four children of the present study, Meckel’s diverticu-
lum was detected incidentally, and that required surgical
resections. Meckel’s diverticulectomy was also performed
during an appendectomy in an 11-year-old girl for a thick-
ened base of Meckel’s diverticulum. In a 9-year-old boy,
Meckel’s diverticulectomy was also performed along with
the surgical procedure done for an obstructed umbilical
hernia. In a 12-year-old girl, an exploratory laparotomy
was performed for perforation peritonitis. She had two ileal
perforations, and one more perforation was documented at
the base ofMeckel’s diverticulum. HerMeckel’s diverticulum
was resected, along with a small segment of the ileum.
Continuity of the ileum was restored with ileoileal anasto-
mosis. Her ileal perforations required repair. A male neonate
was operated upon for scrotal fecal fistula and intestinal
obstruction due to obstructed inguinal hernia. Meckel’s
diverticulum was also evident adjacent to an ileal perfora-
tion. Meckel’s diverticulumwas also resected, along with the
perforated ileum, and ileal continuity was restored by ileoi-
leal anastomosis.

Postoperative complications were documented in eight
(9.5%) children of the present study. The complications
documented were anastomotic leak (n¼3), burst abdomen
(n¼3), and septicemia (n¼2). These cases, complicated
with the anastomotic leak and burst abdomen, required
additional surgical procedures for the management of their

complications. Three children, complicated with an anasto-
motic leak, required reexploration for the management of
their complications. Additional surgical procedures were
also required for three children who had burst abdomen.
Two children complicated with septicemia were managed
conservatively. During the immediate and late postopera-
tive periods, following the resection of Meckel’s diverticu-
lum, various complications were also reported by various
authors that are as follows: the infection of the wound,
intraabdominal abscess, anastomotic leakage, peritonitis,
burst abdomen, and adhesion leading to intestinal
obstruction.6,7,9,11,14,20,25

Some authors also documented mortality following the
surgical resections executed for Meckel’s diverticu-
lum.11,20,25 In the present study, three (3.57%) children
died during the postoperative period. The age of the children,
all boys, who died during the postoperative period, was
6 years, 18 months, and one month. Anastomotic leak
(n¼1), septicemia (n¼1), and preexisting poor general
condition with septicemia (n¼1) were the causes of death.

To conclude,Meckel’s diverticulumwas oneof the common
causes of acute intestinal obstruction in infants and children.
Three-fourths of Meckel’s diverticulum was documented in
males. Clinically, 70%ofchildrenpresentedwith the features of
acute intestinal obstruction. In one-fifth of children, it was
responsible for secondary intussusception. In 40% of children,
gangrenous bowel was documented during the surgical pro-
cedures. In 60% of children, resection of a bowel segment was
required during the surgical procedures. In infants and chil-
dren, early diagnosis, timely referral to the pediatric surgical
center, and institution of the appropriate/surgical therapy for
acute abdomen/intestinal obstruction may significantly
prevent/reduce the development of bowel gangrene and the
requirement of bowel resections.

Note
This study was presented at the Pediatric Surgeons Club,
Bhopal on September 21, 2019.
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