
Meckel’s diverticulum is a normal
anatomic variant found in 2% of

the population. It is a remnant of the
vitelline duct, which is usually located on
the antimesenteric border of the ileum,
within about 60 cm of the terminal
ileum. As a congenital variant, Meckel’s
diverticula are often found in children
and less commonly present in the adult
population. The anatomic variant was ini-
tially identified by Fabricus Hildanus in
1598; however, Johann Meckel was the
first to publish a detailed description of
this not uncommon finding.1

From an embryological standpoint, a
Meckel’s diverticulum originates when the
vitelline (or omphalomesenteric) duct,
which normally connects the primitive gut
to the yolk sac, fails to obliterate around
the seventh or eighth week of gestation.
This leads to several possible anomalies, in-
cluding an omphalomesenteric fistula, an
enterocyst, a fibrous band connecting the
intestine to the umbilicus or a Meckel’s di-
verticulum with or without a fibrous cord
connecting to the umbilicus.2–4

Anatomically, the Meckel’s diverticu-
lum is a true diverticulum containing all
layers of the small intestine, arising from
the anti-mesenteric border of the ileum
and receiving its blood supply from a
remnant of the vitelline artery, which em-
anates from the superior mesenteric
artery. A commonly quoted “rule of 2s”
also applies: (1) 2% of the population
have the anomaly, (2) it is approximately
2 inches in length, (3) it is usually found
within 2 feet of the ileocecal valve, (4) it
is often found in children under 2 years of
age and (5) it affects males twice as often

as females.2–6 Although these are good
general guidelines, they are not based on
accurate data. In an autopsy series,
0.14%–4.5% of cadavers contained a
Meckel’s diverticulum.7–11 The average
length of a Meckel’s diverticulum is 3 cm,
with 90% ranging between 1 cm and 10
cm and the longest recorded being 100
cm.11–14 The mean distance from the ileo-
cecal valve seems to vary with age, as Ya-
maguchi and colleagues14 showed in their
study of 600 patients, with an average
distance of 34 cm for children under 2
years of age. In people aged 3–21 years,
the average distance of the Meckel’s di-
verticulum from the ileocecal valve is 46
cm and for adults is 67 cm. The Meckel’s
diverticulum has actually been found to
occur equally in both sexes,6,15–18 but it
causes complications more frequently in
males.11,15,19 A good, up-to-date review of
the history, embryology, anatomy, com-
plications and treatment of Meckel’s di-
verticulum can be found at http://www
.emedicine.com/med/topic2797.htm,
by Kuwajerwala and colleagues.2

Here we provide an illustrative pre-
sentation, outlining the common compli-
cations of Meckel’s diverticulum in
adults. We saw 2 of these cases within a
2-week period and 2 additional cases in
the preceding 3 years.

Case reports

Case 1: perforation from diverticulitis

A 41-year-old previously healthy man
presented with fever, nausea, vomiting
and periumbilical pain of 3 days dura-
tion. Examination of the abdomen 

revealed involuntary guarding of the
suprapubic region. Biochemical labora-
tory tests showed a normal lipase and uri-
nary analysis, with an elevated white
blood cell count of 18.3 × 109/L. A CT
scan of the abdomen (Fig. 1) showed a
normal appendix and bladder and normal
kidneys and ureters. Significant findings
include a distal small bowel obstruction
near the terminal ileum (target lesion)
and free fluid in the pelvis.

The patient was taken to the oper-
ating room with an acute abdomen
and abnormalities on CT felt to be an
intussuception. At the time of opera-
tion, 34 cm of ileum and 5 cm of 
cecum were resected, allowing the re-
moval of a large inflammatory mass
(Fig. 2). The patient recovered with-
out incident and was discharged from
hospital 10 days later.

The pathology report showed an acute
inflammatory mesenteric mass with a
Meckel’s diverticulum obstructed by a fe-
calith, leading to ulceration and perfora-
tion. Acute serositis with hemorrhage and
reactive lymphoid hyperplasia was also pre-
sent in the region of the Meckel’s divertic-
ulum. The Meckel’s diverticulum was
found 30.0 cm from the terminal ileum on
the mesenteric side, which is unusual but
still consistent with the diagnosis.

Case 2: hemorrhage

A 31-year-old previously healthy man
presented with bright red blood per 
rectum of 4 days duration, increasing
light-headedness, shortness of breath,
palpitations, headache and fatigue. There
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was no history of melena, constipation or
previous episodes. Examination showed a
hemodynamically unstable patient with a
hemoglobin level of 47 g/L. The patient
was aggressively resuscitated for a pre-
sumed lower gastrointestinal bleed. No
evidence of active hemorrhage was noted
on initial investigation, endoscopy,
mesenteric angiogram or colonoscopy. A
Meckel’s scan was found to be positive,
showing the region of uptake just above
the bladder (Fig. 3).

The patient was taken to the operat-
ing room, and a 2-inch Meckel’s divertic-

ulum was resected, along with 10.0 cm
of small bowel. The patient recovered
without incident and was discharged
from the hospital 5 days later. The
pathology report showed a Meckel’s di-
verticulum with peptic ulceration present
at the base (Fig. 4).

Case 3: obstruction due to lipoma

A 38-year-old man with no previous ab-
dominal surgery presented with a 24-
hour history of crampy abdominal pain,
fever, chills, nausea and vomiting. Exami-

nation of the abdomen showed marked
distension with peritonitis. The following
abdominal x-ray (Fig. 5) showed multi-
ple air-fluid levels and grossly dilated
small bowel.

The patient was taken to the operat-
ing room for emergency laparotomy and
was found to have a large ileal intussus-
ception. A gentle reduction of the intus-
susception demonstrated a large polypoid
mass attached to a 6-cm stalk within the
lumen of the ileum. The stalk originated
at an inverted Meckel’s diverticula along
the antimesenteric border of the bowel
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FIG. 2. A resection of distal small bowel. Approximately 5.0
cm from the proximal margin (34.0 cm from the terminal
ileum) is an out-pouching of the small bowel that is occluded
in the neck area by a fecalith measuring 1.5 cm. Distal to the
fecalith (not shown) is a thick walled cavity lined with edema-
tous bowel wall and firm fatty tissue.

FIG. 3. Meckel’s scan. A focus of abnor-
mal radiotracer uptake is demonstrated
in the lower abdomen several centime-
tres above the dome of the bladder. In
this clinical situation the appearance is
consistent with a Meckel’s diverticulum
containing ectopic gastric mucosa.

FIG. 4. Small bowel mucosa with hemorrhagic ulceration (H) and a feeder
vessel (V).

FIG. 1. CT abdomen/pelvis enhanced
with oral and intravenous contrast. Tar-
get lesion (arrow) suggests terminal
ileum wall thickening, while mesentery
of the distal small bowel demonstrates
mesenteric stranding.



(Fig. 6). A resection and functional end-
to-end anastamosis of the bowel was
completed. The patient recovered with-
out incident and was discharged after 5
days in hospital.

The pathology report showed an in-
verted Meckel’s diverticulum with a firm
hemorrhagic mass (4.5 × 2.3 cm) and ul-
cerations projecting from the tip of the
diverticulum. On sectioning the hemor-
rhagic mass, histopathology investiga-
tions revealed it to be a benign lipoma
with granulation tissue formation.

Case 4: neoplasm, carcinoid

A 16-year-old previously healthy male
presented with a 3-day history of fever
(38.7°C), nausea, vomiting and constant
right lower-quadrant pain. Examination
revealed a diffusely tender abdomen, and
laboratory tests demonstrated a white
blood cell count of 15.4 × 109/L.

The patient was taken immediately to
the operating room for laparotomy. A
perforated retrocecal appendix with ab-
scess was found, drained and resected. A
Meckel’s diverticulum was also identified
and felt to have a small polypoid mass;
this was resected and sent to pathology.
The patient was closed and recovered
without incident.

The pathology report showed a
Meckel’s diverticula on the antimesen-
teric border, with small foci of carcinoid
tumour less than 0.2 cm in diameter
(Fig. 7). This tumour involved only the
lamina propria and submucosal layers,
and all margins were clear.

Discussion

The total lifetime rate of complications is
widely accepted at 4%,8,20 with a male-to-
female ratio ranging from 1.8:1 to
3:1.3,8,11,19,21,22 The largest study, by Yam-
aguchi and colleagues,14 with 600 pa-
tients, 287 of whom were symptomatic,
showed the following complication rates:
obstruction, 36.5%; intussusception,
which often presents as obstruction,
13.7%; inflammation or diverticulitis and
perforation, 12.7% and 7.3%, respec-
tively; hemorrhage, 11.8%; neoplasm,
3.2%; and fistula, 1.7%. The 4 cases dis-
cussed here demonstrate the presenting
symptomatology and pathology of the
most common complications of
Meckel’s diverticula.

Intestinal obstruction is the most
common complication in adult patients,
with incidence rates varying from 22% to

just over 50%.8,11,13,14,17,20 The series by Ya-
maguchi and colleagues,14 which com-
prised nearly 50% adults, showed hemor-
rhage as being less common than
obstruction at a rate of almost 5:1
(54%:12%). The most common obstruc-
tion was intussusception or invagination,
with the Meckel’s diverticulum being the
lead point.11,14 Other causes of obstruc-
tion include volvulus around fibrous
bands adherent to the umbilicus, inflam-
matory adhesions, Littre’s hernias and 
diverticular strictures.5,11,14,17 Some other

uncommon causes of obstruction found
in the literature include enteroliths being
expulsed from the diverticulum and
forming a distal obstruction23 and loop
formations with the end of a Meckel’s di-
verticulum and adjacent mesentery incar-
cerating the distal ileum.24

The second most common complica-
tion in adults appears to be related to an
inflammatory process. Diverticulitis and
perforation occur at a combined rate of
almost 20% and are often indistin-
guishable from acute appendicitis until
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FIG. 5. Upright abdominal x-ray showing
dilated loops of small bowel with multi-
ple air fluid levels.

FIG. 6. Intussuscepted portion of small
bowel exposing an inverted Meckel’s
diverticulum (3.3 cm in length). Project-
ing from the tip is a firm hemorrhagic
mass with ulcerations. Sectioning of the
mass reveals a lipoma (3.9 ×1.5 × 1.9 cm).

FIG. 7. Normal histology of the Meckel’s diverticula, with small foci of car-
cinoid tumour. Normal mucosa (M) and normal submucosa (S), separated
by muscularis mucosa (MM). Several small foci (< 0.2 cm each) of carci-
noid tumour (C) are identified at the interface of the lamina propria and
sub mucosa. The tumour does not invade the luminal surface or extend
into the muscularis propria.



visualization in the operating room.14

Moore and Johnston25 reported that 40%
of patients in a series of 50 patients with
Meckel’s diverticulum had a preoperative
diagnosis of acute appendicitis. Initially, 
a fecalith obstructs the diverticulum,
leading to inflammation, necrosis and
eventual perforation. Additional compli-
cations of the perforation include both
abscess and fistula formation.These com-
plications are often seen in association
with Crohn’s disease or ulcerative coli-
tis.7,26–28 More rarely, Meckel’s diverticu-
lum can be perforated by foreign bodies,
including fish bones, marbles, gallstones,
toothpicks and even bullets.12,29–32

Hemorrhage is the most common
presentation in children and is reported
in over 50% of cases.33 In adults, hemor-
rhage occurs often but is the presenting
complaint in only 11.8%.14 Children of-
ten present with dark red or maroon
stools or stools with blood or mucus,
whereas adults usually present with me-
lena and crampy abdominal pain. This is
felt to be owing to a slower colonic tran-
sit time in adults.4,13 Ninety percent of
bleeding diverticula contain heterotropic
mucosa, most often gastric mucosa.5,34

This mucosa allows the diverticulum to
be picked up radiologically by a Meckel’s
scan. The 99m Tc-pertechnetate
Meckel’s scan is designed to detect gas-
tric mucosa of at least 1.8 cm2.35 The 
reported accuracy of 46% in an adult se-
ries36 is much lower than that in children
but can theoretically be increased by the
use of adjunctive agents. Pentagastrin 
accelerates Tc uptake and Cimetidine 
decreases Tc release by the gastric mu-
cosa.37–39 H. pylori has been unquestion-
ably linked with the ulceration of gastric
mucosa in the stomach and duodenum,
but more recent literature suggests that it
likely plays no role in bleeding Meckel’s
diverticula.5,40 Neoplasm is reported at a
rate of 3.2%, with carcinoid tumours
comprising 33% of these cases.11,41–43

Other reported cases include sarcomas,
adenocarcinomas, benign mesenchymal
tumours, melanoma, lymphoma, phyto-
bezoars and lipomas.5,12,44,45

Management

Treatment of symptomatic Meckel’s di-
verticulum has always been surgical re-
section. Over the last several years, there
has been debate about the proper man-
agement of asymptomatic Meckel’s di-
verticula discovered during laparotomy

or laparoscopy. Incidence and preva-
lence figures quoted are uniform across
most studies and are based on autopsy
reports; conversely, complication rates
have varied. Soltero and colleagues20 es-
timated the lifetime risk of having a
Meckel’s diverticulum to be 4.2%, de-
creasing with age. By 76 years of age,
the risk would be 0%. It was concluded
that 800 people with asymptomatic
Meckel’s diverticulum would need to be
treated to prevent 1 death.8,11,20 At that
time, the mortality from a diverticulec-
tomy was estimated to be approximately
7%, thus prophylactic removal was dis-
couraged.13,14 More recently, Cullen and
others19 conducted an epidemiological
study at the Mayo clinic in Minnesota
that reached differing results. They
found the incidence of complications re-
quiring surgery to be 6.4%, with no
trend related to age. The mortality rate
of these patients was 1.5%, with 7%
morbidity; incidental removal had 1%
mortality and 2% morbidity. This led
them to claim that incidental divertic-
ulectomy was warranted.

At our institution, we base the deci-
sion to resect an asymptomatic Meckel’s
diverticulum on a case-by-case basis. Fac-
tors that would lead us to perform a re-
section include the following: younger
age at presentation, narrow diverticular
neck, previous abdominal adhesions or
obstructions, and any palpable or visual
abnormality of the Meckel’s diverticu-
lum. Factors that would discourage the
resection include older age at presenta-
tion, wide diverticular neck and the ab-
sence of other abdominal pathology. A
good review of this controversial topic
can be found in the article by Yah-
chouchy and others.5
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