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Abstract

Purpose It is unclear whether simple diverticulectomy, rather than segmental bowel resection (SBR), is adequate treatment
for gastrointestinal bleeding (GIB) secondary to Meckel diverticulum (MD). There is concern that ulcers in the adjacent
bowel may continue to bleed if only the diverticulum is removed. This study seeks to determine if diverticulectomy is sat-
isfactory treatment for bleeding MD.

Methods A multi-institution, retrospective review was performed for patients with a diagnosis of MD and GIB who under-
went simple diverticulectomy or small bowel resection. Exclusion criteria were comorbid surgical conditions and other
causes of GIB. The primary outcome was post-operative bleeding during the initial hospitalization. Secondary outcomes
were bleeding after discharge, transfusion or additional procedure requirement, re-admission, and overall complications.
Results There were 59 patients who met study criteria (42 diverticulectomy, 17 SBR). One patient in the SBR group had
early post-operative bleeding (p =0.288). There was one re-admission (p =0.288) and three total complications in the SBR
group (p=0.021). There were no cases of bleeding or other complications in the diverticulectomy group.

Conclusion This study suggests that simple diverticulectomy is adequate for treatment of GIB caused by MD. Furthermore,
diverticulectomy appears to have a lower overall complication rate.

Keywords Meckel diverticulum - Diverticulectomy - Gastrointestinal hemorrhage - Gastrointestinal bleeding - Small bowel
resection

Abbreviations Introduction
MD  Meckel diverticulum
GIB Gastrointestinal bleeding Meckel diverticulum (MD) is the most common congenital
SBR  Small bowel resection anomaly of the gastrointestinal tract, resulting from persis-
ICD International Classification of Disease tence of the omphalomesenteric duct [1, 2]. The popular
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memory aid for MD is the rule of 2’s, which states that the
diverticulum is present in 2% of the population, has 2:1
male predominance, becomes symptomatic by 2 years of
age, is located within 2 feet of the ileocecal valve, tends to
be 2 inches in length, and may possess two types of ectopic
mucosa (gastric and pancreatic) [3]. According to St-Vil
et al., in symptomatic MD there is a 3.5:1 male: female pre-
dominance and mean age of presentation is 5.5 years of age
[1].

Gastrointestinal bleeding (GIB) is one of the most com-
mon presentations and is found in more than half of sympto-
matic, pediatric cases of MD [2]. The hemorrhage is thought
to originate from the otherwise normal mucosa of the ileum
which ulcerates and bleeds due to the acidic secretions
from the heterotopic tissue within the MD [3, 4]. While it
is agreed upon that management of bleeding MD involves
surgical resection, there is debate as to whether diverti-
culectomy is acceptable or small bowel resection (SBR)
is required. Advocates of SBR state that such a procedure
prevents continued or recurrent gastrointestinal hemorrhage
by removing the ulcerated ileum [2, 3] and ensuring that all
of the ectopic mucosa is resected, particularly for MD with
certain physical characteristics [5].

The study hypothesis is that diverticulectomy is suffi-
cient to remove the ectopic mucosa and allow the ulcerated
mucosa to heal with minimal risk of further bleeding. The
purpose of this study is to demonstrate that diverticulectomy
is satisfactory for treatment of bleeding MD and SBR is not
required.

Methods

Following institutional review board approval at all par-
ticipating institutions, a retrospective chart review was per-
formed of all patients admitted to three, separate children’s
teaching hospitals from 2002 to 2017 with a diagnosis of
MD, using International Classification of Disease codes
751.0 (ICD, version 9) or Q43.0 (ICD, version 10). Inclu-
sion criteria were patients with GIB who underwent simple
diverticulectomy or small bowel resection for removal of
a MD. Exclusion criteria were comorbid surgical disease
(such as small bowel obstruction, volvulus, and/or perforated
viscus), causes of bleeding other than MD (which included
intussusception associated with MD), and patients with
incomplete chart information. No age restriction was placed
on patients who were enrolled in the study. All operations
were performed by fellowship-trained, attending pediatric
surgeons with prior experience performing Meckel diverti-
culectomy and small bowel resections. A total of 25 surgeons
operated as part of the study. All surgeries were performed at
the main campus of each respective children’s hospital. The
decision to perform open or laparoscopic surgery, as well as
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diverticulectomy or small bowel resection, was entirely at
the discretion of the operating surgeon.

The primary outcome was post-operative GIB prior to
discharge from the hospital (“early bleeding”). Secondary
outcomes were post-operative requirement for transfusion,
repeat surgery and/or endoscopy during initial hospitali-
zation, evidence of gastrointestinal hemorrhage following
discharge (“long-term bleeding”), re-admission related to
the MD (e.g., bleeding or post-operative complications),
and overall post-operative events (the sum of the primary
and secondary outcomes and any additional post-operative
complications).

Data analysis

Observational statistics were collected for the patients. The
follow-up period was measured as the time between patient
surgery and patient chart review. The Kruskal-Wallis test
(also known as the Mann—Whitney U test) was used to
compare the two groups in terms of patient age at surgery,
as well as follow-up period. Fisher’s exact test was used
to compare the SBR and diverticulectomy groups, for the
primary and secondary outcomes. All testing was two-tailed
and evaluated at the type I error rate of @ =0.05 level of
statistical significance.

Data collection and statistical analysis were performed in
Excel (Microsoft Corporation, Redmond, WA).

Results

A total of 249 patients with MD were identified. Of these,
187 were excluded due to no evidence of GIB or the pres-
ence of comorbid conditions. Finally, an additional 18 were
excluded as a result of incomplete data, leaving a total of 59
patients for study inclusion (Fig. 1).

Fig. 1 Flowchart demonstrating
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Table 1 Distribution of surgery types by use of diverticulectomy ver-
sus small bowel resection (SBR) with corresponding patient age at
the time of surgery and follow-up period

Patients, n (%) Age, years,  Follow-up, days,

mean (range) median (range)

Diverticulectomy 42 (71.2%) 6.7 (0-18) 1976 (252-4925)
Stapled 38
Sharp 4
SBR 17 (28.9%) 6.6 (0-15) 2184 (449-3761)
p value 0.875 0.514

The p values represent the comparison of age at surgery and follow-
up periods for the two groups

There were 42 patients who underwent diverticulec-
tomy and 17 receiving small bowel resection (Table 1). Of
patients receiving diverticulectomy, 38 had stapled diverti-
culectomy while 4 had sharp resection of the diverticulum
with sutured closure of the bowel.

There was no difference between the two groups in
terms of patient age at the time of surgery (p =0.875).
Similarly, there was no difference between the two groups
in the length of follow-up period (p =0.514) with average
follow-up being 2123 days (approximately 5.8 years) for
the diverticulectomy group and 2043 days (approximately
5.6 years) for the SBR group.

There was one patient in the SBR group (5.9%) who met
the primary outcome. This patient had a small amount of
hematochezia post-operatively, but did not require trans-
fusion or additional intervention. The bleeding spontane-
ously resolved prior to discharge. There were no patients
in the diverticulectomy group with early bleeding. Using
Fisher’s Exact test, there was no difference between the
SBR and diverticulectomy groups for the primary outcome
(p=0.288).

No patient in either group required transfusion or an
additional procedure or surgery. Similarly, no patient
from either group was readmitted for long-term bleed-
ing. However, there were two patients in the SBR group
with post-operative complications not related to bleeding.
One patient, who underwent laparoscopic SBR, devel-
oped an abscess at the umbilicus, which required inci-
sion and drainage performed as an outpatient. A second
patient, who initially underwent laparotomy and SBR,
presented with a small bowel obstruction (SBO) approxi-
mately 2 years following initial surgery. This ultimately
required repeat laparotomy. There were no re-admissions
or complications in the simple diverticulectomy group.
SBR, therefore, has a re-admission rate of 5.9%, which
was not statistically different from the diverticulectomy
group (p=0.288).

However, the cumulative post-operative event rate
was 17.6% for the SBR group. This value represents a

statistically significant difference from the diverticulectomy
group (p=0.021).

The majority of cases (52, 88%) were performed lapa-
roscopically (Fig. 2). The distribution of open and laparo-
scopic cases demonstrated that 76% of SBR were performed
laparoscopically and 93% of diverticulectomy cases were
performed laparoscopically. This difference was not statisti-
cally significant (p =0.176).

Discussion

In cases of bleeding MD, it has been advocated that to reduce
the risk of ongoing or recurrent hemorrhage, not only should
the MD itself be removed, but SBR should be performed
to resect the bleeding ileum and ensure that all heterotopic
mucosa is removed [2, 3, 5]. This study demonstrated that
the outcomes between the SBR and diverticulectomy groups
were comparable in terms of both early and late bleeding, re-
admission, transfusion requirements, and need for additional
procedures. There was one episode of early hemorrhage in
the SBR group and one re-admission for SBO in the same
group. The overall complication rate was higher in the SBR
group and this relationship was statistically significant.
When specifically examining those patients in the SBR
group who comprised the complications, some conclusions
may be drawn. The three complications were early bleeding,
wound infection requiring I&D, and SBO. The early bleed-
ing potentially represented blood which was already pre-
sent within the lumen of the gastrointestinal tract. The early
hematochezia following surgery thus may have been “old”
and did not represent additional, post-operative bleeding.
Alternatively, the bleeding may have been actual post-oper-
ative bleeding from the anastomotic staple line. The wound
infection potentially was due to an increased infection risk
associated with performing SBR, which requires opening
of the small bowel with associated spillage of enteric con-
tents. Finally, the SBO occurred in a patient whose initial
surgery was performed via laparotomy, which placed him

Laparoscopy Laparotomy

(n=52) (n=7)

SBR SBR
Diverticulectomy Diverticulectomy
(n=13) (n=4)
Stapled Sharp Stapled Sharp
(n=37) (n=2) (n=1) (n=2)

Fig.2 Graphical representation of distribution of surgery types by
open versus laparoscopic approach (SBR small bowel resection)
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at higher risk of SBO than if he had undergone laparoscopy
[6]. Therefore, it was likely the form of surgery, open over
laparoscopy that predisposed this patient to post-operative
complication.

The results of this study are clinically significant pri-
marily in that they allow for the avoidance of small bowel
resection. Performing diverticulectomy over SBR avoids
creation of a gastrointestinal anastomosis which is associ-
ated with shorter length of stay [4] and may reduce opera-
tive time, overall cost, time to return of bowel function, and
infection. As an aside, the rate of anastomotic leak appears
to be comparable between SBR and diverticulectomy [1,
7-10]. However, there may be a higher bleeding risk from
the longer staple line involved in a stapled small bowel anas-
tomosis. Furthermore, diverticulectomy is likely more easily
performed laparoscopically. Finally, infection risk is pre-
dicted to also be lower due to the lack of spillage of enteric
contents which inevitably occurs during small bowel anas-
tomosis creation.

The primary outcome for this study was post-operative
recurrent or ongoing hemorrhage during the initial hospital
stay. This was chosen because patients with gastrointestinal
hemorrhage who have recurrent bleeding tend to experience
this as an early post-operative event. Among patients with
upper gastrointestinal hemorrhage controlled endoscopically,
re-bleeding occurs within 72-h of intervention [11, 12]. Intu-
itively, if re-bleeding from the injured mucosa is to occur
it will occur shortly after surgery, as there is still injured,
bleeding intestinal mucosa. Patients are typically observed
in the hospital post-operatively, such that any early bleeding
should be detected during the initial hospitalization.

Technique

A study from 2011 demonstrated that 76% of patients who
underwent surgery for problems related to MD received lap-
arotomy. Of these, 27.3% had bleeding MD (but it is unclear
which percentage of that subset underwent laparotomy) [13].
A full 88% of the patients in this study underwent laparo-
scopic surgery (the majority using a stapler), highlighting
the trend toward minimally invasive approaches. Laparo-
scopic Meckel diverticulectomy has been demonstrated by
multiple studies to be safe [14—19], and this present study
represents one of the largest case series to date.

The diverticulectomy may be performed intracorporeally
or extracorporeally. In the former method, a laparoscopic
stapler is inserted into the abdomen and the diverticulum
removed under direct vision. In the latter technique, the MD
is exteriorized (most commonly via the umbilical incision)
and the diverticulectomy is performed [3, 20]. This tech-
nique easily allows for stapled or sutured diverticulectomy.
Single-port techniques have been described [21].
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For all methods of diverticulectomy, it is recommended
that the bowel is stapled or sutured transversely (perpen-
dicular to the long axis of the bowel) to minimize narrow-
ing of the intestinal lumen [22].

Laparoscopic-stapled diverticulectomy was the most
commonly performed surgery in this study and it is the
authors’ preferred technique due to the ease of perfor-
mance and avoidance of opening the bowel. In some
cases, SBR will be mandatory, such as for gangrenous
bowel or intestinal perforation. As such, these patients
were excluded from this study. Patients in whom there is
concern that diverticulectomy will excessively narrow the
lumen of the bowel are not necessarily obligated to receive
SBR. In these cases, a sharp diverticulectomy with closure
of the bowel in a Heineke—Mikulicz fashion may be the
procedure of choice [3, 14]. However, a small group of
patients with a very short MD that has a broad and thick
base may still require a small bowel resection.

Due to its multi-institutional nature, this work repre-
sents one of the largest studies to date of bleeding Meckel
diverticulum. However, one limitation of this study is
that follow-up data were only collected from the hospital
where the surgery was performed. Given that the primary
outcome dealt with hemorrhage which occurred during
the initial hospitalization, concerns about data integrity
and follow-up are somewhat allayed. Additionally, the
retrospective nature of the study means that there may
be selection bias present. As the operating surgeon was
able to choose the operative technique, it is possible that
more stable patients (or patients with less pre-operative
blood loss) were selected for one surgical approach over
another. Likewise, the fact that study conclusion favored
diverticulectomy over SBR and the surgeons predomi-
nantly chose diverticulectomy as their surgical approach
increases the probability of a type I error. Lastly, the num-
ber of patients excluded due to incomplete data was larger
than the authors would have liked. With the available
information, it is impossible to tell how the exclusion of
those patients biased the study, if at all.

Conclusion

We conclude that diverticulectomy, whether laparo-
scopic or open, is a safe treatment for bleeding MD. This
approached is favored over SBR as it has a lower overall
complication rate and avoids creation of a gastrointestinal
anastomosis, eliminates the contaminated surgical field,
may be easily performed laparoscopically, and is likely
faster.
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