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Abstract

Background Internal hernia is a relatively common
postoperative complication after Roux-en-Y gastric bypass
(RYGB) procedure. It has been reported that 1-9 % of
laparoscopic RYGB patients develop internal herniation
through Peterson’s or mesenteric defect. However, a con-
siderable number of patients presenting with possible small
bowel obstruction (SBO) after laparoscopic RYGB do not
always have internal herniation.

Purpose The aim of our study was to determine the
causes of SBO for patients in which both potential internal
hernia spaces were closed at the time of the original
operation.

Setting  Academic Practice, USA.

Materials and methods Of 2,395 patients who underwent
laparoscopic RYGB between January 2004 and October 2012,
atotal of 93 (3.9 %) patients were reoperated for possible SBO
at our institution. A retrospective review of a prospectively
collected database was performed for all patients.

Results A total of 93 patients had 105 reoperations in the
study period, resulting in a reoperation rate for possible SBO
of 3.9 %. The mean time period between the laparoscopic
RYGB and the first 93 reoperations was 20.9 £ 18.1 months
(range 0-100). Eleven patients required secondary reopera-
tions at a mean period of 20.1 £ 17.7 months (range 0-52)
after the first reoperation. Of these 105 reoperations, 29
(27.6 %) showed internal herniation at the mesenteric defect
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(N = 23), Peterson’s defect (N = 5), and both (N = 1). A
total of 50 (47.6 %) reoperations revealed extensive adhe-
sions causing SBO. Of these 50 cases, 12 revealed adhesions
at the jejunojejunostomy, causing it to kink and obstruct. Ten
(9.5 %) cases showed intussusception of the jejunojejunal
anastomosis. Overall, reoperation rate due to internal her-
niation was 1.1 % in our patient population.

Conclusions Our findings indicate a 3.9 % reoperation rate
for abdominal pain and SBO, and more than 45 % of these
patients had symptoms secondary to adhesions. Only 1.1 %
of our laparoscopic RYGB patients developed internal her-
niation after closure of both internal hernia spaces.

Keywords Small bowel obstruction - Internal hernia -
Adhesions - Gastric bypass - Reoperation - complication

Obesity is an increasingly problematic trend in the world-
wide healthcare scene. As obesity and its comorbidities
grow at an alarming rate, surgical therapies for the man-
agement of obesity have become more commonplace. More
than 340,000 bariatric procedures were performed world-
wide in 2011. In 2011, there were 47,791 Roux-en-Y gastric
bypass (RYGB) procedures performed in the USA and
Canada alone [1]. With the conversion from open to a
laparoscopic approach for RYGB first reported in 1994 [2],
the procedure has become the standard for surgical man-
agement of obesity [3]. A well documented complication of
laparoscopic RYGB (LRYGB) is internal herniation lead-
ing to small bowel obstruction (SBO), with an incidence of
between 1 and 9 % [4-9]. It also has been reported that the
incidence of internal hernia is greater after LRYGB than
after the open approach [10, 11]. Due to difficulties in
detecting internal herniation on standard imaging modali-
ties and the potentially catastrophic risk of a missed
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diagnosis, surgical exploration remains common in any
patient with a high clinical suspicion of internal hernia [12].
Consequently, there have been numerous studies investi-
gating permutations of the procedure to reduce internal
hernia complications such as closure of Peterson’s defect,
closure of the jejunojejunal mesenteric defect, and con-
version to an antecolic approach, thus removing the
potential retrocolic hernia space [4-8, 12]. In light of pre-
viously published internal hernia rates and reported tech-
niques, we present a single surgeon’s, single-institution
experience with 2,414 consecutive LRYGB patients.

Materials and methods

After Institutional Review Board approval, and following
Health Insurance Portability and Accountability Act
guidelines, the authors performed a retrospective chart
review of a prospectively maintained database. This con-
sisted of 2,414 patients who underwent primary LRYGB
from 20 January 2004 to 11 October 2012.

LRYGB was performed by one surgeon according to the
National Institutes of Health criteria for the management of
morbid obesity. All patients underwent a laparoscopic an-
tecolic, antegastric RYGB with routine closure of the Pet-
erson’s defect and placement of a gastric remnant
gastrostomy tube. The jejunojejunal mesenteric defect was
not closed in the period between 13 March 2006 and 20
November 2010. Postoperatively, patients were followed-up
at our office clinic at 1, 3, 6, and 12 months postoperatively
and yearly thereafter. When patients presented with nausea,
vomiting, or abdominal pain, an upper endoscopy, abdomi-
nal ultrasound, abdominal computed tomography (CT) and/
or upper gastrointestinal imaging was performed for diag-
nosis. Patients with identified gall bladder pathology,
ulceration, fistula, and strictures were not counted as possible
SBO in the present study.

All patient data and complications were collected until
the time of this review. Data collection included gender,
age, body mass index (BMI), reoperations, findings on
exploration, and follow-up time. All data for age and BMI
are demonstrated as mean =+ standard deviation, unless
otherwise noted. Statistical analysis was performed using
descriptive analysis.

Surgical technique
Laparoscopic Roux-en-Y gastric bypass technique
LRYGB was performed creating a 15-30 cc gastric pouch,

with one transverse and four vertical firings of a linear
stapler, on average. The jejunum was transected at 40 cm

Table 1 Demographics of patients with reoperations for possible
small bowel obstruction

Characteristics

Gender (n)
Female 83 (89.2 %)
Male 10 (10.8 %)

Mean age (years) 39.4 £+ 9.4 (range 20-66)

Mean preoperative body mass index 47.7 &+ 7.1 (range 37.8-71.7)

(kg/m®)

Comorbidities
Hypertension 43 (46.2 %)
Diabetes mellitus 28 (30.1 %)
Gastroesophgeal reflux disease 37 (39.8 %)
Sleep apnea 27 (29.0 %)

Data are presented as n (%) or mean + standard deviation unless
otherwise indicated

from the ligament of Treitz. Roux limb was measured for
75-150 cm depending on the patient’s BMI, and jejuno-
jejunostomy was created using a linear stapler Echelon
Endopath 45 and 60 (Ethicon Endo-surgery, Somerville,
NJ, USA). The Roux limb was oriented in an antecolic,
antegastric fashion. The Echelon Endopath 45 stapler was
inserted in enterotomy and gastrotomy and fired at the
2.5 cm mark, creating the gastrojejunal anastomosis. The
opening for the Endopath was closed transversely with the
Echelon Endopath 45 and 60 in two applications after
advancing the Edlich tube to the jejunum. No buttress
material was used in the gastrojejunal anastomosis. The
staple line was reinforced with a running stitch of 2-0
Polysorb. The Peterson’s defect and jejunojejunal mesen-
teric defect were closed using a 2-0 polysorb suture with a
10 mm Endo Stitch (Covidien, Mansfield, MA, USA) when
applicable.

Of our 2,414 patients undergoing LRYGB, 13 were
converted to an open procedure. One (0.04 %) mortality
occurred due to ventricular tachycardia and cardiac arrest
15 days after the procedure.

Results

Of our 2,414 patient population, 18 (0.7 %) patients who
were lost to follow-up and one (0.04 %) mortality patient
were excluded from the data analysis. Reoperations for
possible SBO occurred in 93 patients (3.9 %). Demo-
graphics of these patients are shown in Table 1.

Most patients complained of abdominal pain (N = 89),
most commonly occurring in the left upper quadrant when
identified, as intermittent, sharp, or crampy. Pain in the
right upper quadrant, right lower quadrant, and left lower
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Fig. 1 Intraoperative findings, causes of small bowel obstruction
after gastric bypass during the first intervention. JJ jejunojejunal

quadrant was reported in other patients. Of these patients,
five also complained of nausea and vomiting at presenta-
tion. Four patients had major complaints of nausea and
vomiting, with or without concurrent abdominal pain.
Mean time elapsed from LRYGB to presentation was
20.9 £ 18.1 months (range 3 days—100 months). Nine
(9.6 %) patients presented with abdominal pain within
30 days after the primary procedure.

Reasons for reoperations

These 93 patients required a total of 105 reoperations. Of
the first 93 reoperations due to possible SBO, 45 (48.4 %)
cases were related to adhesions (Fig. 1). Severe adhesion
was the reason for SBO in 28 (30.1 %) reoperations, 11
(11.8 %) reoperations found adhesions causing kinking of
the jejunojejunal anastomosis, and six (6.5 %) cases
showed bands of adhesions resulting in SBO.

Internal herniation was identified as the reason for SBO
in 26 (28.0 %) cases. Herniation through the mesenteric
defect was more common, resulting in 20 (21.5 %) cases,
while herniation through the Peterson’s defect only
occurred in five (5.4 %) cases. One (1.1 %) case showed
herniation through both defects.

A total of 10 (10.8 %) cases showed jejunojejunal
intussusception, which was treated with release of intus-
susception with or without plication. Two (2.2 %) cases
showed herniation through the opening of the omentum as
the cause of SBO. Incisional hernia and diverticulitis were
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Fig. 2 Additional reoperations in accordance to the first reoperations
in gastric bypass patients with possible small bowel obstruction (top
row boxes: first reoperation) * One patient from this group required a
third reoperation due to adhesions. JJ jejunojejunal anastomosis, SBO
small bowel obstruction

identified as the reason for SBO in one case each. This one
patient with incisional hernia required small bowel resec-
tion. In eight (8.6 %) cases, no signs of SBO were
identified.

Out of 67 cases without internal herniation, nine mes-
enteric defects and seven Peterson’s defects were closed as
they were found to be open without evidence of internal
herniation. All reoperations were done laparoscopically,
except in three patients (3.2 %). One patient with incisional
hernia, one with diverticulitis and one with severe adhe-
sions were converted to open procedures.

Reasons for additional reoperations

Of these 93 patients, 11 (11.7 %) required additional 12
reoperations for possible SBO at a mean period of
20.1 £ 17.7 months (range 6 days—52 months) following
the first reoperation. A descriptions of first and subsequent
reoperations in these patients are shown in Fig. 2. Three
out of five patients who were identified as having SBO due
to adhesions were found to have mesenteric internal her-
niation at the second reoperations. One patient with
extensive adhesions at her first reoperation underwent lysis
of adhesions, small bowel resection, and revision of je-
junojejunal anastomosis at the second reoperation.

All patients who had mesenteric internal hernia repaired
at their first reoperation did not have further complications
with internal herniation. However, one patient still showed
opening of the mesenteric defect, which was closed again at
the second reoperation. One patient from this group required
a third reoperation 57 months following the second
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reoperation for possible SBO, which only showed extensive
adhesions. All second and third reoperations were performed
laparoscopically, except in two patients (16.7 %) who
underwent extensive lysis of adhesions and were converted
to an open procedure in their second reoperations.

All patients with reoperations did well after treatment at a
mean follow-up of 36.5 + 22.3 months (range 1-105 months).
No mortality occurred after the reoperation.

Discussion

Our findings indicate an overall reoperative rate for pos-
sible SBO of 3.9 % in our population of 2,395 patients. Of
those who needed reoperation for possible SBO, an average
of 1.1 reoperations were required (105 reoperations in 93
patients). When the causes of SBO are delineated from
intraoperative findings, the rate of internal hernia is 1.1
versus 1.9 % for SBO due to adhesions. Our rate is on the
lower side when compared with the rate of 1-9 % for
internal hernia previously published [4-7, 13, 14].

It has commonly been accepted that SBO after RYGB is
an internal hernia until proven otherwise, usually in the
form of operative exploration [13, 15]. However, in our
patient population, 48.4 % of the first reoperations for SBO
found adhesions to be the cause without the presence of an
internal hernia, while 28.0 % had internal hernia as a
finding. The occurrence of internal herniation was greatly
lower than that in a published data by Rogula et al. [16],
which reported 40.9 % internal hernia versus 34.1 %
adhesions. The study by Rogula et al. [16] was weakened by
their conversion from a retrocolic, retrogastric to an ante-
colic, antegastric approach during the study period. Our
operations were all performed by the same surgeon at a
single institution with the same antegastric, antecolic
approach. This is one of the strengths of our study and
reduces the chance of a difference in technique or postop-
erative management confounding the data. We routinely
closed the Peterson’s defect, and our results show a sig-
nificantly low number of internal herniation through the
Peterson’s defect (N = 5) when compared with that of
mesenteric defect (N = 20). We did not close the mesen-
teric defect from March 2006 to November 2011, and
believe this had an impact on the number of patients with
mesenteric internal herniation. Of note, we have had no
patients with mesenteric internal hernia since we started
closing the mesenteric defect in November 2011. Steele
et al. [7] reported that the antecolic antegastric approach
with closure of internal defects led to fewer internal hernias
than the retrocolic retrogastric approach. Our data not only
support that, but also show that we can decrease the chances
of internal hernia by closing the defect in the antecolic
antegastric approach.

It has been previously reported that a running closure of
the mesenteric defect with non-absorbable suture has led to
a decline in internal hernia rates [4, 6, 7]. Our technique
was to use a 2-0 Polysorb, which has a reported tensile
strength of 80 % at 2 weeks and 30 % at 3 weeks. The aim
of closing the defects was to create natural adhesions
between the two divided areas of mesentery and not to
mechanically hold the edges together long term. When we
look at our low number of internal herniation through
Peterson’s defect, we believe the absorbable suture was
enough to create natural adhesions.

Al Harakeh [11] named obstruction at the jejunojeju-
nostomy as the second most common cause of SBO fol-
lowing antecolic LRYGB, at a rate of 1.8 % [17]. In our
study population, the frequency of this complication was
lower, at 0.5 %. It was also interesting to find ten cases of
jejunojejunal intussusception. Intussusception is a rare but
devastating complication when not diagnosed promptly
[18, 19]. We believe that, when patients present with
possible SBO, intussusception should be considered for
differential diagnosis. We would also like to note that no
patient required small bowel resection among those with
internal herniation, while one patient with extensive
adhesion and one with incisional hernia did. Out study
demonstrates various other reasons for SBO following
LRYGB, most of which can be safely managed laparo-
scopically. A lower frequency of internal herniation did not
necessarily mean fewer reoperations, as extensive adhesion
can be the more common reason for SBO, and the treat-
ment for SBO following RYGB is surgical.

The weakness of our study is that it is a retrospective
review. Also, we were only able to gather reoperation
information carried out at our institution. Of note, our
bariatric surgeon performed general surgical procedures,
including diagnostic laparoscopy and cholecystectomy, on
our patients who needed them after the bariatric proce-
dure [20]. Furthermore, the patients in the later portion of
our data collection would still be within the average
period of reoperation, potentially confounding our data
and leading to an under-reporting of internal hernia and
SBO rates. Nevertheless, we believe that a large enough
number of patients were included in this study to validate
our results.

Conclusions

Our retrospective review of 2,395 consecutive LRYGB
cases reveals a rate of 3.9 % reoperation for SBO. Internal
hernia accounted for 28.0 % of these reoperations, while
adhesions accounted for 48.4 %. Our rate of internal hernia
with routine closure of Peterson’s defect in antecolic,
antegastric technique was 1.1 %.
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