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Abstract
Background and Aims Bowel obstruction due to internal hernia (IH) is a well-known late complication of a laparoscopic roux-en-
y gastric bypass (LRYGBP). The objective of this study is to evaluate if closure of the mesenteric defect and Petersen’s space will
decrease the rate of internal hernias compared to only closure of the mesenteric defect.
Methods A single-center retrospective descriptive study was performed. All patients with LRYGBP from 2011 till April 2017
were included. An antecolic technique was used with closure of the mesenteric defect with a non-absorbable running suture
between 2011 and October 2013 (group A), and from November 2013, we added closure of the Petersen defect (group B).
Results From a total of 3124 patients, 116 patients (3.71%) had an exploratory laparoscopy due to suspicion of bowel obstruc-
tion, but in only 67 (2.14%) patients, an IH was found. Preoperative CT predicted the diagnosis in only 73%. In group A,
including 1586 patients, 53 (3.34%) were diagnosed with an internal hernia: 39 at Petersen’s space and 14 at the mesenteric
defect. The mean time interval was 24.2 months and the mean BMI 25.7 kg/m2. After routine closure of the Petersen defect in
1538 patients in group B, an internal hernia during laparoscopy was found in 14 (0.91%) patients after a mean period of
13.5 months: 11 at Petersen’s space and 3 at the mesenteric defect. In two subgroups (C and D) with an equal follow-up time
(24–42 m), the incidence of 1.15% (8/699) was halved in the closure group of both defects compared to the incidence of 2.58%
(23/893) in the group with only closure of the mesenteric defect.
Conclusions After descriptive analysis, these results can provide strong recommendation of closure of the mesenteric defect and
Petersen’s space, as we notice a tendency to lower incidence of internal hernias.
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Introduction

A well-known complication of LRYGBP is bowel obstruction
due to internal herniation (IH). The incidence of IH after
LRYGBP has been reported to be between 0.5 and 11% [1].
Clinical symptoms related to an IH can vary from vague nonspe-
cific symptoms, like intermittent or postprandial pain to persistent
abdominal pain and an acute abdomen [2]. Because of the non-
specific clinical presentation and the absence of reliable diagnos-
tic imaging, it can cause a high morbidity and even mortality.

The symptoms can develop at any time after the operation,
but the incidence of small bowel obstruction seems to be the
highest at 1–2 years after surgery [3]. This corresponds to the
time of the greatest weight loss with rapid loss of mesenteric
fat [4]. There are no guidelines concerning closure of the mes-
enteric defects, but it has been suggested that the mesenteric
defects should be closed during LRYGBP to reduce the risk of
IH. In the antecolic approach we used, two defects can be
defined, which are potential locations at risk for an internal
hernia. The mesenteric defect (Fig. 1 (1)) at the jejuno-
jejunostomy when creating the roux limb or the potential
space posterior to the roux limb immediately distal to the
mesocolon referred as Petersen defect (Fig. 1 (2)).

To our knowledge, no studies have been published
concerning the benefit of additional closure of the
Petersen and mesenteric defect compared to closure of
only the mesenteric defect. Therefore, the aim of this
study is to determine the impact of closure of the
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Petersen and mesenteric defect on the incidence of inter-
nal herniation. We also report the accuracy of CT in di-
agnosing IH after gastric bypass.

Methods

Study Design

We performed a large single center retrospective study and
included 3124 patients from 2011 until April 2017. All patients
underwent a laparoscopic gastric bypass in the IFSO certified
Obesity Centre ZNA Stuivenberg in Antwerp, Belgium. The
patients were divided in two groups, group A with closure of
the mesenteric defect (n = 1586) and group B in which the
mesenteric and Petersen defect was closed (n = 1538).

Surgical Procedure

During the laparoscopic antecolic gastric bypass, a very small
gastric pouch of 20 ml is created. The jejenunum is mobilized,
40–60 cm distal to the ligament of Treitz, and connected to the
pouch via an antecolic route to create a gastrojejenustomy. The
biliopancreatic loop is anastomosed to the alimentary loop
150 cm distally to the gastrojejunostomy. We used a linear
stapler for the gastrojejunostomy and the jejunojejunostomy,
with hand-sewn closure of the remaining defect. To close the

mesenteric defects (Fig. 2a), we used a non-absorbable running
suture. The first stitch started at transition between serosa of
small bowel/colon and themesentery, continuously down to the
bottom and then upwards to the first suture. For the Petersen
defect (Fig. 2b), only the infracolic part was closed.

Data Selection Process

Data from patients who underwent a LRYGBP and laparos-
copy for suspicion of bowel obstruction were retrospectively
retrieved from case files in our hospital database and we iden-
tified 116 patients who underwent an exploratory laparoscopy
for suspicion of small bowel obstruction in our center (Fig. 3).
After reviewing all the patient’s files and operation reports
manually, we determined that only in 67 patients, an internal
hernia was proven during laparoscopy. The patients in which
an open mesenteric or Petersen defect was found without a
sign of small bowel obstruction at the time of operation were
not included in these 67 patients, as the existence of intermit-
tent hernia cannot be objectified. All patients were followed
up till April 2017. To define the diagnostic value of CT scan,
the radiology reports were analyzed whether the typical
known signs of IH were described: mesenteric swirl, small
bowel obstruction, mushroom sign, clustered loops, hurricane
eye, small bowel behind the superior mesenteric artery, and
right-sided anastomosis [5].

Statistics

Data were analyzed using STATA/SE version 13.1. Normality
of continuous variables was evaluated using sk (skewness and
kurtosis) test. Categorical data were compared withX2 test and
continuous data with the independent sample t test. Survival
analysis is used for analyzing the occurrence of IH in both
groups. A two-tailed p < 0.05 was considered significant.

Results

Between January 2011 and April 2017, a total of 3124 mor-
bidly obese patients underwent a LRYGBP. In 1586 patients
of group A, only the mesenteric defect was closed, while in
group B in 1538 patients, the mesenteric and Petersen defect
(infracolic portion) was closed.

From both groups, a total of 116 patients underwent an
explorative laparoscopy for suspicion of bowel obstruction,
but only in 67 patients, an IH, with proven bowel in the mes-
enteric defects, was found. Other causes found were adhesions
in 28 patients and food impaction at the jejuno-jejunostomy in
one patient. In the remaining 28 patients, no reason could be
determined. In the last group, we did not assess the exact

Fig. 1 Gastric bypass anatomy, antecolic approach: (1) mesenteric defect
(2) Petersen defect
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number of patients with open mesenteric defects. Although in
all patients, the defects were closely inspected during explor-
ative laparoscopy and closed if they were found open.

From the 67 patients with an internal herniation, 53 were in
group A and 14 in group B (Table 1). There were no statistical
differences between both groups according to age, BMI, and

comorbidities (hypertension, diabetes mellitus, and sleep ap-
nea). Female to male ratio was 9:1 in group A and 1:1 in group
B. Previous bariatric surgery (e.g., gastric banding) was per-
formed in six patients in group A and one in group B.

In group A, 39 patients (74%) had a herniation at Petersen’s
defect and 14 (26%) at the mesenteric defect. The mean BMI
at the time of laparoscopy was 25.7 kg/m2 and the mean ex-
cess BMI loss 96%. The mean time after the LRYGBP was
24.2 months (18.5–24.4). The observation period was from 42
till 76 months.

After closure of the Petersen defect in group B, an internal
hernia during laparoscopy was found in 11 patients (79%) at the
infracolic portion of the Petersen defect and in 3 patients (21%) at
the mesenteric defect. A total of 13.5 months (5.7–16) was the
mean time interval between LRYGBP and IH. The mean BMI at
that moment was 25.6 kg/m2 and the mean excess BMI loss
97%. In this group, the follow-up period is from 0 till 42 months.

In our hospital database, we have a follow-up time of 75%
after 1 year and 50% after 2 years of the patients after bariatric
surgery. Clinical follow-up is performed every 3 months dur-
ing the first year, every 6 months during the second year and
annually thereafter. Follow-up at the dietician is planned after
6 and 12 months and then annually combined with a blood
examination to check the vitamin status.

Due to the different follow-up time in both groups, therewas a
significant (p = 0.002) difference in time of IH after LRYGBP,
749 days in group A and 420 days in group B. To compare both
groups, a survival analysis was performed (Fig. 4). The log rank
test for equality of survivor functions was significant (p = 0.000),
showing a tendency of a lower number of IH after closure of the
mesenteric and Petersen defect.

A preoperative CT was performed in 61 patients and con-
firmed the diagnosis in 70% in group 1 and 86% in group 2
(Table 1). We did not demonstrate any false positive reports.

To compare the groups within an equal follow-up time (24–
42 m), two subgroups were created (Fig. 5). In group C, 893
had a LRYGBP with closure of the mesenteric defect. While
in group D, 699 underwent a LRYGBP with closure of both
defects. The incidence of IH in group C was 2.58% (n = 23);
however, only eight patients developed an IH in group D, an
incidence of 1.15%. The incidence was halved in the closure
group of both defects compared to the group with only closure
of the mesenteric defect. The locations were 6 at the mesen-
teric and 17 at the Petersen defect in group C and 1 at the
mesenteric and 7 at the Petersen defect in group D. We have
no explanation for the reduction of IH in the mesenteric de-
fects and the higher proportion of IH at the Petersen defect in
both groups, as these groups are too small for report any sig-
nificant differences.

Complications due to closure of the defects were not
assessed.

Fig. 2 a Closure of mesenteric defect. b Closure of Petersen defect
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Discussion

This study shows a tendency to lower incidence of internal her-
niation after closure of the mesenteric and Petersen’s defect in
groupsA andB. If we compare two groupswith an equal follow-
up period, we found a significant reduced incidence from 2.58 to

1.15%. These results are comparable with previously reported
data. In literature, a mean incidence of IH after LRYGBP is
2.5% [6], varying from 0.5 till 11% [1]. A nationwide Danish
study by Kristensen et al. [7] revealed a 4% cumulative 5-year
incidence of IH without routinely closure of any defect. Studies
comparing the effect of closure of both defects compared to no
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Fig. 3 Data selection process

Table 1 Characteristics group A and B

Group A: mesenteric
defect closed (n = 53)

Group B: mesenteric
and Petersen defect closed (n = 14)

P value

♀ vs ♂ 47 (89%) vs 6 (11%) 7 (50%) vs 7 (50%) 0.001
Mean age at LRYGBP (years) 38 (95% CI 35–41) 40 (95% CI 33–46) 0.64
Mean BMI at LRYGBP (kg/m2) 40.4 (95% CI 39.5–41.3) 39.7 (95% CI 38.3–41.1) 0.46
Comorbidities
Hypertension 8 (15%) 3 (21%) 0.57
Diabetes 3 (6%) 1 (7%)
Sleep apnea 5 (9%) 4 (29%) 0.06

Previous bariatric surgery
Gastric banding 5 (9%) 1 (7%) 0.79
Gastric sleeve 1 (2%) 0 0.61

Type of IH
Petersen defect 39 (74%) 11 (79%) 0.70
Mesenteric defect 14 (26%) 3 (21%)

Mean BMI at IH (kg/m2) 25.7 (95% CI 24.7–26.6) 25.6 (95% CI 23.9–27.3) 0.97
Mean % excess BMI loss (%) 96 (95% CI 90–102) 97 (95% CI 85–108) 0.94
Mean time IH after LRYGBP (days) 749 (95% CI 647–851) 420 (95% CI 290–551) 0.002
CT diagnosis conclusive 37 (70%) 12 (86%) 0.61
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closure can already be found. Chowbey et al. [8] described a
reduced incidence from 3.5% if no mesenteric defects were
closed to 1.7% after closure of both defects. None show the
added value of closure of the Petersen defect.

In our study, 116 patients (3.71%) underwent a diagnostic
laparoscopy for suspicion of small bowel obstruction.
Stenberg et al. [3] defined the number of reoperations for
small bowel obstruction as main outcome and reported a sig-
nificantly reduced cumulative incidence in the closure group
(0.055) compared to non-closure (0.102). In 20 patients, no
cause could be defined during surgery. It is possible that some
of these patients had an intermittent IH [7] that was not iden-
tified during the procedure.

Although an abdominal CT scan is the recommended radio-
logic investigation to diagnose IH, the results are often incon-
clusive.Mesenteric swirl is one of the best indicators of IH after
gastric bypass surgery [5, 9]. The sensitivity in our study is 70–
86%, equivalent to previously reported values from 76% [10]

to 85% [3]. So, a negative CTscan cannot rule out the potential
for internal hernia and surgical exploration should remain the
gold standard when there is a clinical suspicion for IH.

The strength of this study is the large number of patients
from a single center and the equally experienced surgeons in
laparoscopic bariatric surgery, using the same technique for
closure of the defects. All defects were closed with a non-
absorbable running suture. The use of other techniques is also
a subject of debate, like stapling [11] and fibrin glue. In liter-
ature, suturing or using clips, having the highest tensile
strength, was superior and equally effective at closing the
mesenteric defect, but the use of fibrin glue needs to be further
investigated [12]. We do not believe that closure of the
supracolic portion of the Petersen defect would decrease the
number of IH. We think that the mechanism of IH at the
Petersen defect is originating at a medial angle of Treitz from
which the small bowel can pass medially in the infracolic
portion of the Petersen defect to cause an IH.
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We did not demonstrate a learning curve for closure of the
Petersen defects, as this standardized procedure was per-
formed by highly skilled and well-experienced bariatric sur-
geons trained in closure of the mesenteric defects.

Complications reported related to closure of the mesenteric
defects in other studies are IH due to incomplete closure
(1.4%), kinking (0.2%), hematoma (0.9%), and adhesions
(4.6%). Although the overall risk for this seems low [13],
our study did not particularly focus on complications.

Our study is not without limitations. One of the drawbacks of
this non-randomized retrospective study is that patients present-
ing with IH at other hospitals are not included. Although all
patients were encouraged to come to our hospital if they experi-
ence any abdominal complaints, we can assume that some pa-
tients are missing at a comparable rate in both groups. So, this
may slightly underestimate the true incidence of IH in this study.
Another limitation is that the remaining data of the 3008 patients
without IH were no subject of further evaluation in this particular
study. The last limitation is the difference in follow up-time, so
that patients operated in a later period of the study can still present
with an IH in the future. Therefore, we created two subgroups, to
compare groups with a same observation period from 24 to
42 months. We will continue the follow-up for analysis of longer
term results. As the incidence of IH is very low, it is difficult to
estimate the sample size and power of the study necessary to
define statistically significant differences.

Conclusion

We report a reduced incidence of internal herniation after ad-
ditional closure of the Petersen defect. We provide a strong
recommendation to close the mesenteric and the Petersen de-
fect, although this will not bring the risk down to zero. A
diagnostic laparoscopy remains the gold standard in suspicion
of bowel obstruction, as clinical symptoms and radiologic
findings are often inconclusive.
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