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Meckel's diverticulum is the most common congen-
ital anomaly of the gastrointestinal tract, occurring in
1-3% of the population, based on autopsy studies (1)
(Fig. 1). It was first described by Fabricius Hildanus in
1598 and was later named after Johann Friedrich
Meckel, a German comparative anatomist, who first
recognized its developmental origin in 1809 (2). Itisa
remnant of the omphalomesenteric duct which con-
nects the primitive gut to the yolk sac in early fetal life.
Normally. this structure is obliterated by the 7-8th wk
of gestation when the placenta replaces the volk sac as
the source of nutrition for the fetus. Failure of obliter-
ation may result in an omphalomesenteric fistula, an
enterocyst, a fibrous band connecting the small intes-
tine to the umbilicus, or a Meckel's diverticulum,
Meckel's diverticula, with or without a fibrous connec-
tion to the umbilicus. account for 90% of all omphal-
omesenteric duct anomalies (Fig. 2).

Meckel's diverticulum is a true diverticulum because
it arises from the antimesenteric border of the small
bowel, and all layers of the intestinal wall are present
(serosa, muscular layers, submucosa, and mucosa). It
receives its blood supply through a remnant of the right
vitelline artery originating from the superior mesenteric
artery. The position of the diverticulum is highly vari-
able and. although it has been reported as far proximal
as the ligament of Treitz, it is usually found within 100
cm of the ileocecal valve (3). Diverticula are located
somewhat closer to the ileocecal valve in children than
in adults. The mean distance from the diverticulum to
the ileocecal valve in one large study was 34 ¢cm in
children <2 yr old, 46 cm in those 3-21 yr old, and 67
cm in adults 21 vr and older (4). The average divertic-
ulum is approximately 3 ¢cm long (3, 5). Nearly 90%
are 1-10 cm long, but record lengths of up to 100 cm
have been reported (3. 6). Approximately 50% contain
heterotopic mucosa, of which >60% contain gastric
mucosa, 16% pancreatic acinar tissue, and the remain-
der Brunner’s glands, pancreatic islets, colonic mucosa,
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hepatobiliary tissue, or a combination of tissues (4). An
increased incidence of Meckel's diverticulum is seen
with congenital anomalies such as cleft palate, bicorn-
uate uterus, and annular pancreas (7, 8). There may be
an association between Meckel’s diverticulum and in-
flammatory bowel disease. Two operative series found
a 6-18% prevalence of Meckel's diverticulum in pa-
tients with Crohn's disease, compared with autopsy
study prevalence rates of 1-3% (9. 10).

The incidental finding of this anomaly at laparotomy
and the 1-3% incidence of this lesion in the general
population based on autopsy studies are strong evidence
for the usually asymptomatic nature of a Meckel's
diverticulum. Meckel originally quoted a 25% compli-
cation rate, but a modern survey by Soltero and Bill
(11) has identified a total lifetime complication rate of
4% which decreases to near zero with old age (11). Over
40% of those experiencing complications are under 10
yr old (4). Although Meckel's diverticulum occurs with
equal frequency in both sexes, males have a 3:1 inci-
dence of complications (3). When a symptomatic lesion
does occur, it is difficult to diagnose, because its signs
and symptoms are identical to such common disorders
as Crohn’s disease, appendicitis, and peptic ulder dis-
ease. In fact, the disturbingly high mortality rate of 6-
7% with complicated Meckel’s diverticulum is probably
related to delay in diagnosis. Recognition of the com-
mon patterns of presentation will allow the clinician to
diagnose this lesion more rapidly so that definitive
treatment can be instituted and mortality minimized.
The symptomatic complications of Meckel’s diverticu-
lum fall into three major categories: bleeding, obstruc-
tion, and inflammation.

Bleeding is the most common presentation in chil-
dren. In a pediatric series by Rutherford and Akers (12),
outlining the major symptoms of 80 patients with
Meckel's diverticula, over 50% presented with rectal
bleeding and nearly one-half of these patients were less
than 2 yr old. Not surprisingly, 90% of bleeding diver-
ticula contain heterotopic mucosa (13). Bleeding is
nearly always caused by ulceration of ileal mucosa
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FiG. 1. Operative view of a Meckel's diverticulum.
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FiG. 2. A, schematic drawing of a loop of ileum containing an
ulcer within a Meckel's diverticulum. B and C, the two most common
varients of Meckel's diverticulum. B shows the diverticulum con-
nected to the umbilicus via a fibrous cord. C illustrates an umbilico-
ileal fistula caused by persistence of the intraabdominal portion of
the volk stalk.

FiG. 3. A. histologic section of a Meckel's diverticulum containing
gastric mucosa. The arrow points to the ileal-gastric junction (ileal
mucosa is to the /eff). B. an acid-induced ulcer within the ileal
mucosa.

adjacent to the acid-producing gastric mucosa (12, 14)
(Fig. 3). The bleeding is classically acute, episodic, and
painless. In the pediatric population, it appears most
commonly as dark red, maroon, or “currant-jelly”
stools and is frequently severe enough to require trans-
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fusion. Only 40% have histories compatible with pre-
vious episodes of bleeding (12). In contrast to Ruther-
ford's pediatric series which described tarry stools in
only 7% of bleeding patients, Weinstein et al. (5), in
their combined group of adults and children, found
that melenic stools with associated abdominal cramping
was the most common bleeding presentation (89%) (5).
This suggests that adults are more likely to present with
melena, and children with hematochezia, as the major
symptom of a bleeding Meckel’s diverticulum. Slower
colonic transit in the adult population, or alternatively,
a less severe hemorrhage, may account for this differ-
ence. Chronic anemia due to occult blood loss is an
uncommon presentation for a Meckel’s diverticulum
(12). Even less common is hematemesis, which has
been described in a single case report of a 48-yr-old
man with a massively bleeding Meckel's diverticulum
(15).

Obstruction is the most common presentation in the
adult (3-5, 11, 16). Yamaguchi et al. (4) reported the
largest modern series of symptomatic Meckel's divertic-
ula. Nearly half of the patients in this series were adults,
but unfortunately, symptomatic presentations were not
grouped according to age. Nevertheless, intestinal ob-
struction (37%) was a more common complication than
hemorrhage (12%) by a margin of more than 3 to 1.
Furthermore, intussusception (14%) and volvulus (3%)
were not grouped with the intestinal obstruction cate-
gory in this report. Obstructive symptoms caused by a
Meckel’s diverticulum may occur when either /) the
diverticulum is attached by a fibrous band to the um-
bilicus, abdominal wall or other viscera, or 2) the
diverticulum is free and unattached. Halstead (17),
while elegantly discussing the mechanisms of obstruc-
tion in his 1902 review, recognized that an attached
diverticulum was more likely to obstruct than one
remaining free. Obstruction may be caused by entan-
glement of the small bowel around a fibrous cord,
entrapment of an ileal loop within a mesodiverticular
band, intussusception, volvulus, incarceration within a
hernia sac, or chronic Meckel’s diverticulitis. A meso-
diverticular band is a vascular cord running between
the diverticulum and the base of the mesentary. It
predisposes to obstruction by allowing entrapment of a
loop of ileum (12). Intussusception develops because
the diverticulum serves as a lead point following simple
invagination (18). However, inversion of the diverticu-
lum into the gut lumen may occur without producing
any symptoms or complications (17). Only anatomi-
cally free diverticula can invaginate. Volvulus occurs
when there is a persistent fibrous band, and is related
to the shape and degree of fixation of the diverticular
tip (12). Fixation of the tip may also allow torsion of
the diverticulum around its own axis. Occasionally,
Meckel's diverticula become strangulated within in-
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guinal, or less commonly, femoral or umbilical hernias
(19). This has been termed a Littre’s hernia after the
author who originally described three cases of incarcer-
ation of small bowel diverticula within femoral hernias
nearly 300 yr ago (20). Finally, a chronically inflammed
Meckel’s diverticulum can cause obstruction when the
inflammation extends to the adjacent small intestine,
producing cicatricial narrowing.

The third most common presentation of Meckel’s
diverticulum is caused by an inflammatory process such
as diverticulitis, peptic ulceration of ileal mucosa, or,
rarely, a foreign body within the diverticular lumen.
Obstruction of the diverticular orifice with subsequent
bacterial infection can occur in diverticula in a fashion
analogous to appendicitis. In fact, appendicitis is the
most common preoperative diagnosis in patients pre-
senting with Meckel’s diverticulitis (5). Peptic ulcera-
tion may cause tissue necrosis with resultant diverticu-
litis or even frank perforation with peritonitis. Foreign
bodies may lodge in a diverticulum. In his review of
1605 patients, Moses reports 32 cases of foreign bodies
within diverticula, including fish bones, gallstones, mar-
bles, and bullets (6).

Meckel’s diverticula occasionally harbor tumors. A
recent literature review of neoplasms in Meckel’s diver-
ticula found that, of a total of 209 cases reported
through 1985, 33% were carcinoid tumors, 27% sar-
comas, 23% benign mesenchymal tumors, 12% aden-
ocarcinomas, and the remainder, miscellaneous lesions
(21). Although a carcinoid tumor is the most common
neoplasm found in a Meckel's diverticulum, these le-
sions represent only 23% of all small intestinal carci-
noids (22).

Diagnosis of a symptomatic Merckel’s diverticulum
may be difficult, especially in the adult, because of the
lesion’s ability to masquerade as one of a variety of
much more common abdominal pathologies. However,
even when the clinical index of suspicion is high, a
preoperative diagnosis of Meckel’s diverticulum is not
easily made. Routine small intestinal barium studies
will occasionally demonstrate this lesion, but, in gen-
eral, are notoriously insensitive (Fig. 4). Several reasons
for this have been offered, including stenosis at the
diverticular neck, poor barium filling due to the pres-
ence of intestinal contents, and contraction of the tun-
ica muscularis, which tends to expel barium from the
diverticular lumen (23, 24). Careful compression radio-
graphs at regular intervals during the examination may
improve the sensitivity of routine barium x-rays. The
technique of small bowel enteroclysis appears to have
markedly increased the diagnostic yield of barium.
Maglinte ef al. (23) claim near-consistent demonstra-
tion of surgically documented Meckel’s diverticula (23).
Angiography is a useful examination in the evaluation
of unexplained gastrointestinal bleeding. Angiographic
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FiG. 4. Barium outlining a diverticular pouch (arrows) on small
bowel radiography.

Fi1G. 5. A positive Meckel's scan at 10 min. The persistent focus
of tracer in the midabdomen parallels stomach activity.

diagnosis of a Meckel’s diverticulum on superior mes-
enteric artery injection depends upon demonstration of
a branch of the ileocolic artery which represents a
remnant of the right vitelline artery (25). Occasionally,
late intense staining of the area supplied by this vessel
is seen, representing increased vascularity of heterotopic
gastric mucosa. Unfortunately, only 33% of proven
cases are diagnosed by angiography (23).

A specific nuclear scintigraphic study was developed
in an attempt to capitalize on the presence of gastric
mucosa in most symptomatic Meckel's diverticula. Ra-
dioisotope scanning with *™Tc pertechnetate was first
proposed by Harden er al. (26), in 1967, as a noninva-
sive test to detect such ectopic gastric mucosa (Fig. 5).
Meckel’s diverticula that contain other heterotopic mu-
cosa in the absence of gastric mucosa are not detectable
by this scan. At least 1.8 cm” of ectopic gastric mucosa
1s necessary for a positive scan (27). Several agents will
theoretically improve the chance of a positive scan if a
lesion is present. Pentagastrin accelerates uptake of
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"™Te¢ pertechnetate in both the stomach and ectopic
gastric mucosa (28). Glucagon has been used to enhance
imaging, because its inhibitory effect on peristalsis is
though to promote pooling of the radionuclide in the
diverticular lumen (28). However, others have found
diminution of ™ Tc¢ pertechnetate uptake in mouse
gastric mucosa by glucagon (29). Cimetidine has been
shown to improve Meckel’s scan imaging (30). The
presumed mechanism is inhibition of intraluminal re-
lease of the """Tc pertechnetate anion once taken up
by the cell (30).

The site of "™Tc¢ pertechnetate anion uptake and
excretion is debatable. Many texts report the parietal
cell as the site of uptake and secretion, citing 1969
autoradiographic studies by Meier-Ruge and Fridrich
(31), showing selective uptake in cat parietal cells (31).
However, in 1973. Marsden et al. (32) reported auto-
radiographic studies in the dog which demonstrated
»"Te pertechnetate concentration in the gastric mu-
cous cell and not in either parietal or chief cells. Sub-
sequent studies by Keramidas ef al. (33) support this
contention by showing equal concentrations of the ion
in the antrum and the body of surgically isolated dog
stomachs. In 1975, Berquist e al. (34) retracted their
previous report of the parietal cell as the site of uptake,
stating that further autoradiographic studies in dog and
rat showed intense staining in the surface epithelial cell
and not in any other cell type. Clinically, visualization
of the whole stomach (antrum, body, and fundus) by
#"Te pertechnetate scanning does not support the pa-
rietal cell, alone, as the cell responsible for uptake and
secretion of this anion. Furthermore, in addition to the
gastric mucosa, this anion is concentrated in thyroid,
salivary, and lacrimal glands, as well as the choroid
plexus (35). “™Tc pertechnetate scanning is also useful
in demonstrating Barrett’s mucosa, whether or not
parietal cells are present (34). Finally, patients with
pernicious anemia and achlorhydria have normal up-
take and secretion of this anion (36). In summary. the
exact cell type and mechanism of *™Tc¢ pertechnetate
ion uptake is unclear, but available evidence supports
the gastric mucous cell and not the parietal cell as the
primary site.

Meckel’s scanning is reported to be a sensitive and
specific noninvasive test for the detection of ectopic
gastric mucosa, with an overall diagnostic accuracy of
90% (37). However, these results are based on a popu-
lation in which the majority of cases are children. A
retrospective review of 35 published adult cases of
Meckel’s scans correlated scintigraphy with surgical
findings. A sensitivity of 62.5% and a specificity of 9%
were identified, giving a positive predictive value of
only 60% in the adult patient (38). False-positive scans
have been reported with appendicitis, Crohn’s disease,
abscesses, vascular abnormalities, renal lesions, and
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several other miscellaneous lesions, including any organ
containing ectopic gastric mucosa (38). False-negative
scans occur if there is an insufficient amount of gastric
mucosa of if the gastric mucosa present is necrotic.
False-negative scans may occur even in the presence of
sufficient gastric mucosa, but the reasons for this are
unclear. Certainly, a single diagnostic study alone is
often inadequate to diagnose a Meckel’s diverticulum.
The combined use of pertechnetate scanning, small
bowel enteroclysis, and angiography is reported to have
a preoperative diagnostic accuracy of >90% (23). In
our opinion, enteroclysis, combined with Meckel’s
scanning, offers the best diagnostic vield while mini-
mizing risk and cost in the patient with a suspected
bleeding Meckel’s diverticulum. Frequently, especially
in those presenting with obstructive symptoms, the
diagnosis of Meckel’s diverticulum will not be made
until laparotomy.

The standard treatment of symptomatic diverticula
is surgical resection. A straightforward diverticulectomy
or a resection of the ileal segment containing the diver-
ticulum with end-to-end anastomosis is performed.
Many diverticula, however, are found incidently at
laparotomy or during radiographic studies performed
for unrelated indications. Based on previous estimates
of a 25-40% attack rate and a mortality of 15%, sur-
geons advocated prophylactic removal of incidental
diverticula. This practice has become controversial
since the late 1970s, when a lower incidence of symp-
tomatic lesions (4%) and mortality rates (6-7%) was
described. Based on these figures, it has been estimated
that, to save one patient’s life from the complications
of a Meckel’s diverticulum, 800 asymptomatic divertic-
ula would need to be resected (11). This would produce
an unacceptable amount of perioperative morbidity.
Most current recommendations state that indicental
removal in adults is probably not justifiable unless there
are risk factors present, such as /) a past history of
unexplained abdominal pain or lower gastrointestinal
bleeding, 2) a narrow diverticular neck which predis-
poses to diverticulitis and obstruction, 3) a palpable
mass within the diverticulum which suggests ectopic
tissue or tumor, 4) a fibrous band tethering the lesion
to the umbilicus which predisposes to volvulus and
obstruction, or 5) a diverticulum with a vitelline vessel
that lacks a mesentery which predisposes to incarcera-
tion (30). However, some pediatric surgeons continue
to argue for removal of incidental Meckel’s diverticula
in children because of their higher incidence of com-
plications. One case report attributed the cessation of
bleeding from a Meckel’s diverticulum to antiulcer
therapy with histamine-2 receptor antagonists (40). A
similar conservative approach may be a reasonable
alterntive for the high risk surgical patient with gastroin-
testinal bleeding due to acid secreting mucosa in Meck-
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el's diverticulum, although we know of no reports doc-
umenting such a strategy.

C. W. Mayo (41), in 1933, wrote “Meckel’s divertic-
ulum is frequently suspected. often looked for and
seldom found.” Despite obvious advancement in our
diagnostic technologies, this statement remains true
today. The 1-3% incidence of this congenital anomaly,
in conjunction with a 4% complication rate, suggests
that, although uncommon, this lesion will be encoun-
tered in clinical practice. A high index of suspicion in
cases of unexplained gastrointestinal bleeding, obstruc-
tion, or inflammation, combined with nuclear scintig-
raphy and other diagnostic studies, will lead to proper
diagnosis and management.

Reprint requests: Jeffrey L. Barnett, M.D.. Instructor of Medicine,
University of Michigan Hospital, 3912 Taubman Center, Ann Arbor,
MI 48109-0362.
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