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Abstract

Introduction: Meckel's diverticulum (M’sD) is the most common congenital intestinal malfor-
mation diagnosed intraoperatively and requires surgical resolution once the diagnosis is
known. The present study describes the experience in the open and laparoscopic surgical
treatment of M’sD.

Methodology: This cross-sectional - retrospective study was carried out in children treated
at the Dr. Roberto Gilbert Elizalde Children's Hospital, Guayaquil - Ecuador, for over eight
years with a diagnosis of Meckel'sdiverticulum; variables such as age, sex, symptoms, post-
surgical diagnosis, surgical technique, hospital stay, complications, biopsy results, clinical
presentation are analyzed. Univariate descriptive statistics are used.

Results: 81 cases were analyzed, 52 men (64%), 25 infants (31%), 23 adolescents (28%). 50 cases
(62%) presented as acute abdomen, and 17 cases (21%) presented as intestinal hemorrhage.
Incidental M’sD during acute appendicitis was performed incidentally in 23 cases (52%). 67
cases (83%) underwent open surgery, and 14 (17%) underwent combined surgery. Complica-
tions were 8/67 cases (11.9%) in open surgery and 1/14 cases (7.1%) in combined surgery
(P=0.60).

Conclusion: Laparoscopic resection of M'sD did not increase the risk of morbidity or opera-
tive time.
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Introduction

Meckel's diverticulum (M’sD) is the most commoncon-
genital intestinal malformation; it originates from the
omphalomesenteric duct and has a prevalence of 2%
in the general population [1]. Itislocated in the terminal
ileum between 40 and 130 centimeters from the ile-
ocecal valve at the antimesenteric border [2, 3]. More
common in men than in women 1.5:1-4:1 [4-8]. M'sD is
generally asymptomatic [9]; the symptoms that have
been described in children are gastrointestinal bleed-
ing (25.3%) manifested by ulceration of the small intes-
tine; intestinal obstruction (47%) due to intussusception,
volvulus, tumor or incarcerated hernia; and diverticu-
litis (19.5%) due to diverticular obstruction of inflamma-
tory tissue or other foreign bodies, which can cause
perforation and peritonitis [10 - 12].

Only 11% of patients receive a correct preoperative
diagnosis of M’sD [13], but most are diagnosed in-
traoperatively [14]. The traditional treatment is excision
by laparotomy, either by segmental resection of the
small intestine or wedge resection and anastomosis.
Currently, minimally invasive surgery with excision and
anastomosis or wedge resection is performed after re-
moving the diverticulum from the abdominal cavity
through the umbilical incision [15, 16]. Additionally, lap-
aroscopic stapling devices allow intracorporeal diver-
ticulectomy [17-19].

According to the literature reviewed, no consensus
has been described on what type of surgical technique
to use in patients with symptomatic or asymptomatic
M’sD. It is also essential to evaluate the evolution and
complications of patients undergoing open and lapa-
roscopic surgery.

This study describes a single center's experience
treating Meckel's diverticulum with an open versus
laparoscopic-assisted supraumbilical approach in
children.

Population and methods

Design of the investigation

This is an observational, cross-sectional, retrospective
study.

Scenery
The study was conducted in the surgery service of the
Dr. Roberto Gilbert Elizalde Children's Hospital of the

Benevolent Board of Guayaquil, Ecuador. The study
period was from January 1, 2012, to December 31, 2020.

Inclusion criteria

Pediatric patients with Meckel's diverticulum in its
three clinical presentations, intestinal obstruction, gas-
trointestinal bleeding, and diverticulitis, who were
managed with two surgical techniques, entered the
study. Those patients diagnosed with M’sD incidentally
but who had not attended medical control were ex-
cluded from the study, and participants with incom-
plete records were excluded from the analysis.

Studio size

The population was made up of patients admitted to
the surgery service of the institution. The sample cal-
culation was nonprobabilistic, census type, where all
possible cases that can be analyzed are included.

Variables

The variables were age (grouped into four categories,
infants, preschoolers, school children, and adoles-
cents), sex, symptoms, postoperative diagnosis, surgi-
cal technique performed, hospital stay, complications,
and biopsy results. According to the surgery per-
formed, we classified them into open surgery and
combined surgery according to their presentation: in-
testinal hemorrhage, intestinal obstruction, diverticuli-
tis, and M’sD as incidental findings. Long MDs were
classified as having a height.diameter ratio (HDR
height:diameter ratio) = two and short ones with HDR
< 2. Therefore, those greater than 2 cm were classified
as wide bases, and those less than 2 cmwere classified
as small bases; pedunculated those that presented a
pedicle in their structure.

Data sources/measurement

The data were collected from the clinical history in a
form designed exclusively for that purpose. The insti-
tutional electronic system was used for case investiga-
tion. In the patients treated by open surgery, an ex-
ploratory laparotomy was performed with a supra-in-
fra-median umbilical incision, the presence of the
M’sD was identified, and a decision was made to en
bloc resection with end-to-end anastomosis in two
planes or wedge resection of Meckel's diverticulum
with transverse raffia. In two planes with monofilament
or braided sutures (absorbable or not), depending on
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the surgeon's experience, an underwater tightness test with 25 (30.8%) patients and adolescents with 23 cases
was used to check the impermeability of the suture (28.4%) predominated (Table 1). The predominant
and closure by planes of the abdominal wall. symptomatology was abdominal pain, followed by
In cases of combined surgery, diagnostic laparos- vomiting and gastrointestinal bleeding, as detailed in
copy was performed with the placement of a trocar at Table L
the supraumbilical level, one in the left flank and the Among the postoperative findings, incidental
other in the right flank, the latter varied. Depending on M’sD was found in 44 patients (54.32%), of which 23
the case, it was placed in the left iliac fossa, with gen- (52.27%) presented acute appendicitis verified by bi-
eral visualization of the peritoneal cavity. Once the opsy; 5 (11.36%) had intussusception, 5 (11.36%) patients
M’sD was located, it was exteriorized through the su- with adnexal pathology such as ovarian and para tu-
praumbilical port wound, and an en bloc resection bal cysts, 3 (6.81%) with adherence syndrome due to
with end-to-end anastomosis or wedge resection of previous surgery, 2 (4.54%) had intestinal obstruction
the M’sD with primary raffia with monofilament or due to roundworms or seeds and 2 (4.54%) with a di-
braided suture, described above, was chosen, accord- agnosis of anorectal malformation, in addition to 4
ing to the trans-surgical characteristics found. The ab- (9.09%) patients who presented other diagnoses. The
sence of leaks in the sutures was verified with a her- patients who presented complications of the natural
meticity test, then intestinal loops were re-entered into evolution of the M’sD represented 37%, and they were
the abdominal cavity, and a plane closure of the ab- found to have intestinal obstruction, diverticulitis, and
dominal wall was performed. intestinal hemorrhage. Patients were diagnosed with
M’sD as a trans-surgical finding in previous surgery
Statistical method and were scheduled for diverticulectomy, as described
In the initial phase, the data analysis is univariate and in Table 2.
descriptive with frequencies and percentages. Propor-
tions are compared with the chi-square test. The sta- Table 1. General characteristics of patients with M'sD.
tistical package SPSS v.22 (IBM Corp., Armonk, NY.) n=81 %
was used for the analysis. Age
infants 25 31%
Results Preschool 16 20%
Eighty-one patients were analyzed (Figure }1). School 17 2
= Teen 23 28
Sex
/ \ Woman 29 36%
96 cases of admissions with M'sD in ( \ Men 52 64%
the study period. Symptoms
15cases Abdominal pain fifty 62%
were ex- Threw up 35 43%
cluded due to intestinal bleeding 17 21%
incomplete Classification of clinical presentation
] data. Intestinal obstruction 14 17%
81 cases were analyzed with com- intestinal bleeding 17 21%
plete data. Acute abdomen 15 62%
- J
Surgical procedures

open technique, of which 52 (78%) patients underwent
resection and end-to-end anastomosis, of which 41
General characteristics of the study sample (79%) were wide-based, 8 (15%) were small-based,
and 3 (6%) were pedunculated; 15 (22%) patients un-
derwent wedge resection of the M’sD, of which 3 (20%)
were wide-based and 12 (80%) were small-based.

\Figure 1. Study participants. / Sixty-seven (82.71%) patients were operated on by the

The average age of diagnosis was 0.6 years (range
0.05-17 years). According to the age group, infants
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Table 2. patients with incidental M’sD and complications
Com- To- %

Open sur-

Post-surgical diagnosis bined tal
gery surgery
Incidental M”sD n=43 (54%)
Acute appendicitis 23 0 23 b2
Intussusception 4 1 5 1
Adnexal pathology 5 0 5 1
Adherence syndrome 3 0 3 7
Intestinal obstruction
(roundworms/seeds) 2 0 2 5
Anorectal malformation 2 0 2 5
Others (undescended tes- 4 0 4 9
tis, omphalocele, duodenal
membrane intestinal atre-
sia, intestinal atresia with
volvulus, occlusive bridle)
Intestinal obstruction n=13 (16%)
Intestinal volvulus due to
M'sD 3 1 4 31
Plastron M’sD 4 0 4 31
Obstructive band due to
M’sD 2 1 3 23
Intussusception 2 2 15
Diverticulitis n=5 (6%)
Inflamed dom 4 0 4 80
Perforated dom 1 0 1 20
Intestinal bleeding n= 12 (15%)
Intestinal bleeding 5 7 12 15
Finding in previous surgery n=7 (9%)
Finding in previous surgery 3 4 7 9

In the combined laparoscopic technique, 14 (17%)
cases were open surgery, 11 (79%) of these underwent
in bloc resection, and 8 (73%) with anastomosis; a wide
base of M'sD was found, and 3 (27%) a small base; 3
(21%) patients underwent wedge resection, in whom 2
(67%) had a small base and 1 (33%) had a wide base;
and 1 (7%) patient who started as combined resection
was decided to convert to exploratory laparotomy due
to perforation of the M’sD.

The characteristics of the diverticular base were
described in the trans-surgical findings as wide at 53

Table 3. Patients with M’sD according to clinical presentation

(65%), 25 (31%) with a small base, and 3 (4%) were pe-
dunculated (Table 3). The average surgical time for
the open technique was 130 min (range 50-210 min),
and for the combined technique, the average was 170
min (range 65-275 min).

Postsurgical evolution

The hospital stay for the open technique had an aver-
age 0f10.91 (range 2 - 60 days), and for the combined
technique, it had an average of10.1 (range 8 - 12 days).

Postsurgical complications

Nine (11.11%) postsurgical complications were found in
the total number of patients operated on using the two
techniques described; in the open technique, there
were 8 (10%), of which 4 (50%) presented adhesion syn-
drome, 3 (38%) patients manifested infection of the
surgical wound, and in 1 (12%) patient, an intestinal in-
vagination was found. In the combined technique,
there was 1 (1%) complication due to intestinal obstruc-
tion due to adherence syndrome, without statistical
significance (£ =0.606) (Table 4).

Biopsy results

The histopathological study only reported 21 of the 81
patients with ectopic tissue in situ, of which gastric tis-
sue was reported in 1l (14%) samples, intestinal tissue in
8 (10%) reports, 2 (3%) reports with pancreatic tissue,
and 60 patients whose pathology report did not spec-
ify the type of tissue in the biopsy.

DoM basis

Open surgery

Combined surgery

Patients % Block Cradle Patients % Block Cradle Patients %
N=52 N=15 N=67 N=11 N=3 N=14
Wide 53 65 41 3 44 66 8 1 9 64
Small 25 31 8 12 20 30 3 two 5) 36
Pedunculated 3 4 3 0 3 4 0 0 0 0
Table 4. Patients with M’sD according to postsurgical complications.
_ Open surgery Combined surgery

Complications Block Cradle Total % Block Cradle Total %

Wound infection 3 3 38 0 0 0 0

Adherence syndrome 3 1 4 15 1 0 1 1

Intussusception 1 1 12 0 0 0 0
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Discussion

In published studies, M’sD occurs more frequently in
males and infants (< 1 year) [20-21] with a male:female
ratio of 2:1 and 4:1, respectively. In our research, it is
those under two years old or infants followed by
adolescents and with a 2:1 ratio.

According to the clinic presented in the M’sD, the
most common symptom is abdominal pain in the
lower abdominal area. In addition, bloody stools,
followed by nausea and vomiting [22, 23.] In the
present report, they were abdominal pain, followed by
vomiting and gastrointestinal hemorrhage that
presented bloody stools.

In a pediatric series of 286 patients (1 day to 15
years of age), 19% of MDs were detected incidentally
[24]; in the present case, 54% of patients were found to
have incidental findings.

In a systematic review of the complications
inherent to the chronology of the pathology of M’sD,
39.5% corresponded to intestinal obstruction, 44% to
gastrointestinal hemorrhage, and 22.5% to diverticulitis
[9]. In the present study, 16% presented intestinal
obstruction, 15% gastrointestinal hemorrhage, and 6%
diverticulitis, corresponding to 37% of patients who
presented complications.

Pediatric minimally invasive surgery is not yet the
surgical standard for most M’sD resection processes;
49.3% of cases were approached laparoscopically
because it requires the availability of instruments of
appropriate size according to age, more perfect
working space, and less potential for physiologic
disturbances related to carbon dioxide insufflation, so
it is preferred to use in older children and leave the
technique open for younger ones [25]. In the present
study, open surgery was performed in 83% of patients;
78% of these patients underwent intestinal resection
and end-to-end anastomosis, and 22% underwent
wedge resection. In the combined technique, 17% of
which  79% underwent resection and terminal
anastomosis, and 21% underwent wedge resection.
This technique also allowed for palpation of Meckel's
diverticulum, helping to rule out any thickening of the
base and evaluating for the presence of any ectopic
gastric mucosa [2-6].

It is essential to decide the indications for
laparoscopic exploration and evaluate the resection of

the incidental M’sD. The optimal treatment strategy is
determined by determining the following risk factors:
(1) patient age <50 years, (2) male sex, (3) diverticulum
length >2 cm, and (4) ectopic or abnormal features.
within a diverticulum [3, 27, 28]. Taurus et al. [9]
suggested resection of a normal-appearing M’sD in
each case of appendectomy or
laparotomy/laparoscopy for an acute abdomen to
avoid secondary complications [9]. Although the
overall risk of tumors in M’sD is low, there is evidence
of a high risk of neoplasia in the ileum according to the
Surveillance study [29], which states that the benefits
of resection of this area of high risk of cancer outweigh
risks [29]. In this study, incidental resection was
performed in 54% of the patients, of whom 52%
presented appendicitis, 1% intussusception, 1%
adnexal pathology, 7% adhesion syndrome due to
previous surgery, and 5% intestinal obstruction due to
another unrelated cause. With the M’sD, 5% with
anorectal malformation and 9% are cataloged in other
diagnoses.

Varcoe et al. [30]. found that all long M’sDs with a
height:diameter ratio (HDR height:diameter ratio) = 2
had heterotopic gastric mucosa at the tip of the
diverticulum, but in short M’sDs with HDR < 2,
heterotopic gastric mucosa involved the base of the
M’sD [30]. Therefore, we based ourselves on
classifying those larger than 2 cm on wide bases; as
has been described, 65% were wide-based, 31% were
small-based, and 4% pedunculated.

The times between Ilaparoscopy and open
surgery seem comparable, with an operative time of
only six minutes more in laparoscopic cases [31]. The
results were similar to the surgical times of the present
study, where a mean of 130 min was identified for the
open technique and 170 min for the combined
technique, taking into account the bias time in
laparoscopic instrumentation and the surgeon's
expertise; the combined technique has a good
average.

The study by Huang et al. [9] reported a 5%
complication rate for Meckel resection. Intestinal
obstruction accounts for 26-53% of complications [
2,9.20.21]. The most common complications were
surgical site infection, postoperative ileus, and
anastomotic leakage, which are complications of any
small bowel surgery [32]. In the present study, 11% of
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complications were found, of which 88% corresponded
to the open technique, predominating intestinal
obstruction due to adhesion syndrome in 50%, followed
by surgical wound infection in 38%, and 12% presented
an intestinal intussusception. In the assisted technique,
a complication corresponding to 1% was evidenced,
with intestinal obstruction due to adhesion syndrome.
When comparing the complications presented in both
techniques, no statistically significant difference was
found (~. 0.606).

Stanescu [22]. The histopathological results are
described according to the four types of mucosa:
ectopic tissue with 34%, gastric with 25%, pancreatic
with 6.8%, and intestinal with 2.3% [2]. In this report, 14%
was gastric tissue, 10% intestinal, and 2% pancreatic,
different results from the referenced bibliography.

As a limitation, it is essential to mention that this
study is retrospective and not randomized, so we
suggest conducting prospective studies with a larger
number of patients.

Conclusions

Laparoscopic resection of M’sD did not increase the
risk of morbidity, operative time, or complications.
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