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Abstract
Background Laparoscopic Roux-en-Y gastric bypass
(LRYGB) is one of the most effective bariatric procedures.
Internal hernia (IH) is the commonest long-term complication
seen after LRYGB. We analyzed the impact of closure of
mesenteric defect at primary surgery on the incidence of IH.
We also studied the effectiveness of pre-operative abdominal
contrast-enhanced computerized tomography (CECT) in diag-
nosing IH.
Methods This is a retrospective cohort study in which we
analyzed prospectively the collected data of all patients who
underwent LRYGB from 2005 to 2014. All patients post-
LRYGB presenting with unexplained abdominal pain with a
suspicion of IH were subjected to a CECTabdomen, in which

we looked specifically for Bwhirlpool^ sign and Bclustering of
bowel loops.^ All patients underwent diagnostic laparoscopy.
We compared the incidence of IH in those who did not under-
go mesenteric defect closure (2005–2008, i.e., group A) with
those who had the mesenteric defects closed during primary
surgery (2009–2014, i.e., group B). We also calculated the
sensitivity of abdominal CECT in diagnosing IH pre-
operatively.
Results Among patients who did not undergo closure of any
mesenteric defect (group A 2005–2009), 21/600 (3.5 %) de-
veloped IH, while 17/976 (1.7 %) patients who underwent
mesenteric defect closure (group B 2009–2014) developed
IH (p=0.027). Pre-operative CECT abdomen confirmed the
diagnosis of IH in 47.5 % (19/40 patients).
Conclusions Closing of mesenteric defects after laparoscopic
gastric bypass seems to be related to a lower incidence of
internal hernia in the follow up. As the sensitivity of abdom-
inal CECT is low, laparoscopic exploration is recommended
based on clinical suspicion.

Keywords Laparoscopic Roux-en-Y gastric bypass . Internal
hernia .Mesenteric defect closure

Introduction

The incidence and prevalence of morbid obesity is on the rise.
Bariatric surgery is the only treatment option leading to
sustained and effective weight loss [1]. Laparoscopic Roux-
en-Y gastric bypass (LRYGB) is one of the most frequently
performed surgeries for morbid obesity [2]. However, in spite
of its effectiveness and relative safety, it is associated with
certain short-term and long-term complications [1]. The most
common long-term complication following LRYGB is inter-
nal hernia (IH) [1]. IH can lead to small bowel obstruction
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(SBO), as well as bowel strangulation and gangrene. Various
modifications in surgical technique have been proposed in an
attempt to decrease the incidence of IH, and one of which is
the closure of mesenteric defects at the time of primary sur-
gery. The aim of this study is to determine the impact that
mesenteric defect closure during LRYGB has on the incidence
of IH. We also report the effectiveness of abdominal contrast-
enhanced computerized tomography (CECT) in diagnosing
IH and review the relevant literature.

Materials and Methods

A database of all patients undergoing bariatric surgery at the
specialized Minimal Access Surgery Department of this ter-
tiary care institute has been maintained concurrently using our
indigenous software, on a Microsoft Excel worksheet. The
present study is a retrospective cohort study, in which prospec-
tively collected data of those patients who underwent LRYGB
from 2005 to 2014 was analyzed. Patients included in this
study met the criteria for morbid obesity and underwent de-
tailed informed consent procedure, before opting for LRYGB.
The patients were operated on by one of five experienced
surgeons, using a standardized operative protocol. All five
surgeons were equally experienced, with over 10 years of
laparoscopic gastro-intestinal surgery experience, and were
involved in setting up the Minimal Access Surgery Depart-
ment at this institute.

The salient features of the surgical steps performed are as
follows: All surgeries were performed laparoscopically. The
omentum is divided vertically in order to decrease tension on
the Roux limb. Initially, the Roux limb is prepared with a
biliopancreatic limb of 75 cm (100 cm for BMI>50) and
alimentary limb of 100 cm (150 cm for BMI>50), with divi-
sion of the mesentery. The jejuno-jejunostomy (JJ) is created
in a side-to-side fashion with a wide opening, by applying
60 mm linear endo-stapler with a white cartridge in both di-
rections, followed by closure of the common enterotomy by a
third application of 60 mm linear endo-stapler (white car-
tridge), i.e., the Btriple-stapled technique.^ A gastric pouch
20–30 ml size is formed by the serial application of 60 mm
linear endo-stapler (blue cartridge). The gastrojejunostomy
(GJ) is ante-gastric with ante-colic orientation of Roux limb
and is created using 25 mm circular stapler (3.5 mm stapler
height), the anvil being inserted orally by anesthetist (OrVil®).
After creation of the GJ, an intra-operative methylene blue test
(IOMBT) was performed to rule out anastomotic leak. If
IOMBT was positive, indicative of a leak from the GJ, addi-
tional sutures were taken at suspected sites of discontinuity.
All staple lines were examined for bleeding, and 200-mm
clips were applied for hemostasis. In case the control of bleed-
ing was not achieved with clips, hemostatic sutures were tak-
en. All ports larger than 10-mm diameter were closed under

vision. In the initial period, i.e., from 2005 to 2008, the
Petersen defect (i.e., the potential defect between the alimen-
tary Roux limb and the transverse meso-colon) as well as the
mesenteric defect at the JJ was not closed—this set of patients
is labeled group A. From 2009 to 2014, both these defects
were closed from the base of the mesentery to the apex by a
continuous non-absorbable suture technique—these patients
constitute group B.

Follow-up visits were scheduled at 1, 3, and 6 months and
at the end of 1, 3, and 5 years post-surgery. In case of the
absence of patient at scheduled follow-up, an attempt was
made to contact them telephonically. In addition, all patients
were provided with a 24-h emergency help-line number,
manned by experienced surgeons, and were actively advised
to report alarming symptoms such as abdominal pain,
vomiting, and bleeding per rectum.

All patients who presented in the follow-up period with
unexplained abdominal pain and a strong suspicion of internal
hernia (i.e., history of left-sided abdominal pain, colicky in
nature, increased following meals, aggravated by standing
erect, and relieved by bending forwards) were subjected to
CECT abdomen. The main signs that we looked for on the
scan were the following: first, clustering of dilated small bow-
el pressed against the abdominal wall with no overlying
omental fat, leading to central displacement of the colon as
well as the displacement of the mesenteric vascular trunk and
duodeno-jejunal junction (Fig. 1.), and second, the
Bwhirlpool^ sign, i.e., twisting of the mesenteric vessels and
bowel due to volvulus of the herniated small bowel (Fig. 2.).
All patients in whom IH was suspected were subjected to a
diagnostic laparoscopy, irrespective of CT findings.

In this study, we compared the incidence of IH in the two
groups of patients, i.e., those without closure of the mesenteric
defects (group A) and those with closure of the mesenteric

Fig. 1 Clustering of small bowel loops against the abdominal wall
without apposition of omental fat (thin arrow) leading to central
displacement of colon (thick arrow)
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defects (group B). We also studied the effectiveness of radio-
logical investigations, specifically an abdominal CECT scan
in making a pre-operative diagnosis of IH. We also considered
the outcomes of patients who developed IH and reviewed the
relevant literature.

Results

A total of 1576morbidly obese patients underwent LRYGB at
this institute between 2005 and 2014, of which 600 did not
undergo closure of either of the mesenteric defects (groupA—
operated from 2005 to 2008), while 976 were operated in the
period 2009–2014 and underwent closure of both the JJ mes-
enteric defect as well as Petersen’s defect (group B). The de-
mographic data of the entire patient population is presented in
Table 1. There were no statistical differences between the two
groups, with respect to age, sex, BMI, and comorbidities (i.e.,
hypertension and diabetes mellitus), at the time of LRYGB.

All 1576 caseswere successfully completed laparoscopically.
IOMBT was positive in 39/1576 (2.5 %) patients, and none of
these patients developed post-operative anastomotic leak. There
were no patients with significant intra-operative hemorrhage
(significant being defined by conversion to open surgery for
hemostasis). Two patients in group A and one in group B de-
veloped early post-operative intra-abdominal hemorrhage and

underwent diagnostic laparoscopy with the evacuation of the
blood clots, control of hemorrhage, and blood transfusions.

Table 2 presents the post-operative complications encoun-
tered after LRYGB.

The follow-up rate of our case series was 71 % at 1 year
post-surgery and dropped to 62 % at 5 years post-surgery.

The mean age of patients who developed IHwas 40.4 years
(range, 16–61 years), with an almost equal distribution be-
tween sexes (male 19, female 21). The mean duration to pre-
sentation was 15.84 months (range, 7–28 months) after sur-
gery, and all of them had over 50% excess weight loss (EWL),
with mean %EWL being 59.2 %. The cases of IH were uni-
formly distributed over the entire time period, in both groups.

Forty patients underwent diagnostic laparoscopy on the
basis of a clinical suspicion of IH. IH was present in 38 pa-
tients, while two had adhesive small bowel obstruction. Pre-
operative CECT confirmed the diagnosis of IH in 19/40
(47.5 %) while the remaining did not have conclusive radio-
logical features and were diagnosed only at the time of lapa-
roscopy. The sites of occurrence of IH were as follows: JJ
mesenteric defect in 29 (16 in group A versus 13 in group
B) and Petersen’s defect in 9 (5 in group A versus 4 in group
B). The incidence of IH in the non-closure group was 3.5 %
(21/600). However, only 17/976 patients in the closure group
developed IH, an incidence of 1.7 %. The incidence of IH was
found to be doubled in the non-closure group as compared to
the group with mesenteric defects closed. On applying chi-
square test to a 2×2 contingency table, p value is equal to
0.027, which is statistically significant (p<0.05). Of the 38
patients with IH, 37 underwent successful laparoscopic reduc-
tion of the hernia, and closure of both the mesenteric defects.
However, one patient had developed gangrene of the Roux
limb, extending onto the common limb, and had to undergo
open resection of small bowel with reversal of the gastric
bypass. There was no mortality in any of the patients with
IH in our study.

Discussion

This study shows that the incidence of IH was significantly
reduced when the mesenteric defects were closed at the time
of primary surgery (3.5 % incidence in non-closure group

Fig. 2 BWhirlpool^ sign. Swirling of mesenteric vessels (arrow) due to
volvulus of small bowel loops in the hernia

Table 1 Demographic data of the
entire patient population at
LRYGB

Age Sex (% female) BMI Hypertension Diabetes mellitus

2005–2009

Group A

40.43 ± 11.73 59.5 % 46.4 ± 6.7 307/600 = 51.2 % 256/600 = 42.7 %

2009–2014

Group B

41.17 ± 10.92 58 % 45.9 ± 7.08 468/976 = 47.9 % 464/976 = 47.5 %

p value* 0.204 0.563 0.227 0.480 0.247

*p value <0.05 is significant
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versus. 1.7 % incidence in closure group, p=0.027). It was
also observed that CECT abdomen is helpful in pre-operative
diagnoses of IH in less than half the patients (47.5 %), empha-
sizing the fact that IH should be strongly suspected when post-
LRYGB patients present with unexplained abdominal pain.

The distribution of cases of IH was uniform in both groups
over the entire period of time. This may be attributed to the
fact that all five surgeons were equally experienced and had
entered the field of laparoscopic bariatric surgery after several
years of extensive laparoscopic gastro-intestinal surgical
experience.

The strengths of our study are the large numbers in-
cluded, the standardized surgical protocol followed, and
two distinct groups available for comparison (i.e., closure
versus non-closure). The drawbacks include the fact that it
is a retrospective comparative non-randomized study, con-
ducted only at a single-center. Also patients operated on in
the latter part of study period may yet present with IH in
the future.

The most common long-term complication following
LRYGB is the occurrence of IH [1]. LRYGB involves a
rearrangement of anatomy of the gastrointestinal tract,
resulting in the formation of two or three potential sites
at which herniation can occur, depending on the tech-
nique employed. Firstly, there is a potential space be-
tween the mesentery of two small bowel loops at the JJ.
The second site where an IH could occur is the Petersen
space, between the Roux limb and the transverse colon,
mesocolon, or retroperitoneum. The third possibility is
unique to retro-colic Roux limb construction and in-
volves an IH developing in the trans-mesocolic space.

The mean incidence of IH after LRYGB is 2.5 % [3],
range 0.5 to 11 % [4]. The incidence increases with
longer periods of follow-up, with the mean duration of
follow-up prior to the occurrence of IH being approxi-
mately 2 years [3]. The figures in our study are similar,
−1.7 % incidence in the group undergoing mesenteric
defect closure and 3.5 % incidence in the non-closure

group, with time to presentation ranging from 7–
28 months. The incidence of IH is also higher following
the laparoscopic approach as compared to open. This is
postulated to be due to the decreased formation of intra-
abdominal adhesions after laparoscopic surgery [3]. An-
other contributing factor to the etiology of IH is rapid
weight loss and consequent loss of intra-abdominal fat,
resulting in the widening of potential mesenteric spaces
[5, 6]. Hence, careful follow-up of bariatric patients’
post-LRYGB is necessary.

Patients with IH post-LRYGB have generally lost
more than 50 % of their original excess weight. The
pain is often localized to the left hypochondrium and
is colicky in nature, increasing after meals. The patient
may find it difficult to stand erect and may experience
relief on bending forward. The pain may be intermittent,
lasting several hours [7], but resolved when the hernia
reduces. However, it may also present with vague per-
sistent abdominal discomfort. IH is the most common
cause of SBO following LRYGB [6, 8, 9] and can re-
sult in complications such as bowel strangulation and
gangrene, irrespective of the presence or absence of
SBO. Therefore, a clinician must be alert to the possi-
bility of IH when a patient post-LRYGB presents with
unexplained abdominal pain.

The diagnosis of IH on a radiological basis is diffi-
cult, and imaging may be inconclusive. The radiological
investigation of choice is an abdominal CT scan with
intra-venous as well as enteral contrast [10]. A number
of signs have been described, with the clustering of
small bowel loops and swirling of mesentery, i.e., the
whirlpool sign, being the most reliable [11]. The latter
sign has a sensitivity of 78–100 % and a specificity
between 80–90 % [8]. As the symptoms are often vague
and the radiological findings may be inconclusive, it is
recommended to keep a low threshold for diagnostic
laparoscopy in a patient who is post-LRYGB and pre-
sents with unexplained abdominal pain [8]. In our study,

Table 2 Complications after
LRYGB Complications Number of patients (n)

Group A (n= 600) (%) Group B (n = 976) (%)

Internal hernia 21 (3.5) 17 (1.7)

Adhesive SBO 1 (0.17) 1 (0.1)

Obstructed hernias 2 (0.33) 3 (0.31)

Marginal ulcer perforation 0 (0) 1 (0.1)

Anastamotic leak 2 (0.33) 4 (0.41)

Post-operative hemorrhage 2 (0.33) 1 (0.1)

Roux-en-O 0 (0) 1 (0.1)

Data presented is for the entire series of 1576 patients
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a pre-operative CECT scan was diagnostic of IH in less
than half the patients (19/40, i.e., 47.5 %). Not only
does laparoscopy aid in confirming the diagnosis but it
also offers the potential for definite therapeutic
intervention.

The definitive management consists of a reduction of the
herniated bowel loops and closure of all potential mesenteric
defects by non-absorbable suture material. In case of gangrene
and necrosis, affected bowel will need resection followed by
restoration of bowel continuity. In case massive small bowel
resection is required, the gastric bypass is reversed so as to avoid
potentiating the malabsorption that is expected to occur second-
ary to short-gut syndrome [12]. The decision of whether to pro-
ceedwith this laparoscopically or to convert to laparotomywould
depend on a number of factors including the general condition of
the patient, surgical expertise, and facilities available.

Prevention of IH by various technical modifications is the
matter of much discussion in the world of obesity surgery.
Undoubtedly, the construction of an ante-colic Roux limb in-
stead of retro-colic has markedly reduce the incidence of IH as
it eliminates one potential hernia site, i.e., the trans-mesocolic
defect [4]. In fact, a number of case series [4, 8, 13] have found
that this trans-mesocolic defect created for the passage of a
retro-colic Roux loop is the commonest site of IH. In case of
ante-colic Roux-en-Y construction, the most common site
seems to be the JJ mesenteric defect [6]. This was seen in
our study too, where 29 IHs occurred at the JJ mesenteric
defect, and only nine were at the Petersen defect.

Another technical modification of importance is the closure
of mesenteric defects so as to eliminate potential sites of her-
niation. A meta-analysis performed in 2014 [13] showed that
the lowest incidence of IH was in ante-colic group with clo-
sure of both defects (1 %), followed by ante-colic group with
all defects left open, and retro-colic group with closure of
mesenteric and meso-colic defects (2 % each). The highest
incidence of IHwas 3% and occurred in ante-colic group with
closure of only the jejunal defect as also in the retro-colic
group with closure of all defects. These findings are consistent
with those in our study. The opponents of mesenteric closure
state that the step can be technically difficult as well as time-
consuming. They cite various complications of mesenteric
closure such as tearing of mesentery and bleeding, tension to
the GJ or JJ due to suturing, and risk of injury to mesenteric
vessels. They also state that the defects may open out after loss
of mesenteric fat permitting the formation of IH, despite clo-
sure of the defects at the time of initial surgery [8, 14, 15]. In
fact, in a small study conducted by Hope et al. [16], it was
found that in 15/18 patients, the mesenteric or meso-colic
defects had opened up, in spite of closure at the time of pri-
mary surgery. Despite this opposition, it seems from our study
as well as with various others [13] that the closure of mesen-
teric defects at the time of primary surgery does decrease,
although it does not eliminate, the incidence of IH [17].

Various techniques of closure have been described including
the use of staplers and sutures, whether absorbable or non-
absorbable, running or continuous. Durability of closure de-
pends on surgeon skill as well as the technique used. Some
surgeons report Bcutting through^ and opening up of defects
when non-absorbable sutures are used [16], while on the other
hand, some say that absorbable sutures may lead to adhesion
formation and SBO [18, 19]. Aghajani used a stapling device
to close the defects, the advantage being that it is less time-
consuming and easier to perform. However, four patients
(0.2 %) required reoperation for bowel obstruction caused
by the staples [20].

Other techniques to decrease internal herniation have been
described, such as mesenteric irritation, i.e., rubbing against
the mesenteric edges till petechiae appear so that adhesions
may be induced to be formed, which may in turn ensure that
the defects stay closed and thereby avoid IH [21]. Some have
suggested that the use of fibrin glue on the staple lines and
mesenteric edges may play a role in decreasing IH [22]. Some
recommend positioning the distal closed end of the alimentary
limb towards the right so that the bowel loop curves towards
the left [23]. However, till date, there are no conclusive ben-
efits of any of these modifications.

A significant drawback of a retrospective cohort study is
that one cannot estimate the sample size and hence power of
the study. IH post-LRYGB has a very low incidence. Hence,
we recommend further studies, preferably a prospective two-
sided study design, using the same two groups, i.e., with and
without closure of mesenteric defects. Presuming an alpha risk
of 0.05 and a beta risk of 0.2, and basing the same size calcu-
lation on our findings, i.e., assuming the difference between
1.7 and 3.5 % incidence in non-closure and closure group
respectively to be statistically significant, 1260 patients have
to be included in each group if the dropout rate is 0 %, i.e.,
follow-up rate 100 %; if this rate raises to 20%, the number of
patients to be included has to be increased to 1575 per group,
and if the loss to follow-up rate is 40 % (as it is in many
bariatric series), 2100 patients per group have to be included
to find the presented differences as statistically significant.
Such a study would give the best possible chance for a defin-
itive answer on this topic.

Conclusion

The incidence of IH can be reduced, although not eliminated,
by the closure of mesenteric defects at the time of LRYGB. As
the symptoms are vague and radiological findings are often
inconclusive, a high index of suspicion is required, and one
must proceed to diagnostic laparoscopy on the basis of clinical
judgment alone, in order to avoid the disastrous complications
of strangulation and gangrene.
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