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Abstract
Background Internal hernia is a rare but a potentially fatal complication of laparoscopic Roux-En-Y gastric bypass (LRYGB).
The aims of this study are to determine the impact of mesenteric defects closure on the incidence of internal hernia after LRYGB
and to determine the symptoms, characteristics, and management of internal hernias after LRYGB.
Methods A retrospective study for a total of 2093 LRYGB was carried out from 1998 to December 2013. Four hundred twenty-
one patients were operated without closure of the mesenteric defects (group A). From January 2005 to December 2013, 1672
patients were operated with closure of the mesenteric defects at Petersen defect (PD) and at jejunojejunal anastomosis (J-J) defect
(group B). The incidence of internal hernias was compared between the two periods.
Results Out of the 2093 patients who underwent LRYGB, 20 patients (0.95%) developed a symptomatic internal hernia that
required primary surgical intervention; 7 patients (1.66%) in group A all at J-J DEFECT versus 13 patients (0.78%) in (group B)
6 at (J-J DEFECT), 5 at PD, and 2 at PD, J-J DEFECT. This incidence was significantly lower in (group B) (p = 0.0021). The
median interval between LRYGB and reoperation was 53 months in group A and 26 months in group B. A CT scan was
performed in 8 patients, 40%, and showed signs of occlusion in all cases.
Conclusions The closure of mesenteric defects during LRYGB is recommended because it is associated with a significant
reduction in the incidence of internal hernia.
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Introduction

Obesity represents a major health problem worldwide [1, 2]
and is associated with many major comorbidities [3–5].
Bariatric surgery has become the most popular therapeutic
option for managing morbid obesity. Laparoscopic Roux-en-
Y gastric bypass (RYGB) is one of the most performed
bariatric/metabolic operations across the world, counting for
30.1% of all procedures. The RYGB remains and is consid-
ered by many surgeons as the gold standard. It represents the
first most performed procedure in some European countries
and in Latin America. Since 2016, in France, sleeve gastrec-
tomy (SG) has been the most frequently performed bariatric
procedure representing 64.9% of all procedures and laparo-
scopic Roux-en-Y gastric bypass (RYGB) became, with one
anastomosis gastric bypass (OAGB), the second most fre-
quently performed bariatric procedure at 14% [6]. In other
countries, such as the USA, Canada, and Australia, SG also
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become the most frequently performed bariatric procedure [6].
Besides significant and lasting weight loss, it can improve or
resolve obesity-related comorbidities (hypertension, diabetes,
hypercholesterolemia, and obstructive sleep apnea) [7].

The advantages of laparoscopy compared to the open tech-
nique have been widely demonstrated. Nonetheless, the lapa-
roscopic approach appears to be associated with a higher in-
cidence of internal hernias, which is the most common late
postoperative complication. According to studies, the inci-
dence of internal hernias following Roux-en-Y gastric bypass
with mesenteric defects closure ranges from 2 to 9%, depend-
ing on the loss of abdominal fat and the surgical techniques
performed [8–11]. Possible sites of herniation include J-J de-
fect, Petersen defect (PD), and transverse mesocolon defect.
The interval between the surgical procedure and the onset of
clinical presentation is highly variable [9, 11, 12]. The com-
plications of internal hernias may include small-bowel ob-
structions, leading to gastric remnant dilatation, anastomotic
leakage, and bowel ischemia with risk of perforation. The
mortality rate associated with internal hernias after LRYGBP
is 1.6% [8, 9].

The aims of this study are:

1) To determine the impact of mesenteric defects closure on
the incidence of internal hernia after (LRYGB);

2) To determine the symptoms, characteristics, and manage-
ment of internal hernia after (LRYGB).

Methods

This is a retrospective study of a total of 2093 LRYGB which
were carried out at Nice University Hospital BL’Archet 2^ at
the Department of Gastrointestinal Surgery and Liver
Transplantation.

The data were retrospectively analyzed from a prospective-
ly collected database at our center for morbidly obese patients
undergoing bariatric surgery, and included the following: age,
gender, an interval of time elapsed between LRYGBP and
internal hernia, BMI (at time of LRYGBP, as well as at inci-
dence of internal hernia), weight loss, previous bariatric pro-
cedures, type of clinical presentation (acute versus chronic),
symptoms and signs, contribution of imaging to diagnosis,
closure of defects at time of LRYGB, surgical treatment (lap-
arotomy versus laparoscopy, localization of internal hernia,
reduction of internal hernia, and defect repair with or without
bowel resection and associated procedures), postoperative
complications, and mortality.

This study was carried out from 1998 to December 2013. A
total of 421 patients were operated on without closure of the
mesenteric defects (group A). From January 2005 to
December 2013, 1672 patients were operated with closure of

the mesenteric defects at Petersen defect (PD) and at J-J defect
(Group B). The incidence of internal hernias was compared
between two periods.

In the postoperative phase, the follow-up was carried out
according to local institutional protocols: every 3 months the
first year and every 6 months the second and third year. After
3 years, the follow-up was scheduled annually. In group A, the
follow-up data at 5, 8, and 10 years after surgery were collect-
ed, respectively, for 70.2%, 52.4%, and 22.1% of patients.
While in group B, the follow-up rate at 5, 8, and 10 years after
surgery was 73%, 54.4%, and 26.4% of patients, respectively.
A follow-up rate of 100%was recorded at least at the 20th and
24th month after surgery in group A and group B, respective-
ly. LRYGBwas defined as a procedure that was attempted and
completed laparoscopically. Patients undergoing either open
RYGB or conversion to open RYGBwere excluded. Relevant
surgical technique details of the standard laparoscopic tech-
nique for LRYGBP adopted at our center include the follow-
ing: the ad hoc division of the greater omentum when too
thick; the gastric pouch size of ≤ 30 mL, and the vertical ori-
entation with the gastro-jejunostomy constructed over a 34-
French bougie using handsewn gastro-jejunal anastomosis
remained constant throughout the period of this study. The
biliopancreatic limb was 50 cm from the ligament of Treitz
without division of the mesentery, and the length of alimentary
limb was 150 cm, the positioning of Roux en-Y was anterior
to the transverse colon according to the antecolic technique
and it was right-oriented with the cut end of the bowel
pointing to the greater curvature of the stomach. The jejuno-
jejunostomy was constructed using a linear cutting stapler and
the common enterotomy was closed by hand sewing. This
jejuno-jejunostomy results in a potential hernia defect in the
small bowel mesentery called J-J defect. The closure of the
mesenteric defect of the Roux-en-Y loop is performed with
non-absorbable continuous sutures.

Statistical Analysis

Parametric or nonparametric data analysis was conducted de-
pending upon the distribution of the variables. Continuous
data are presented as the median. Qualitative variables were
compared using the chi-square test, while quantitative vari-
ables were analyzed using Student’s t test. Two-sided P values
were computed; P < 0.05 was considered statistically signifi-
cant. All analyses were performed using MedCalc for
Windows, version 10.2.0.0 (MedCalc Software, Belgium).

Results

Nice University Hospital BL’Archet 2^ Department of
Gastrointestinal Surgery and Liver Transplantation started
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bariatric surgery in 1998. Between 1998 and 2013, 3253 pa-
tients were operated for morbid obesity at Nice University
Hospital BL’Archet 2^ Department of Gastrointestinal
Surgery and Liver Transplantation. A total of 2093 patients
(64.34%) underwent LRYGB. Of these, 421 patients
(20.11%) were operated without the closure of all defects
(group A), 1672 patients (79.89%) were operated with the
closure of all defects at Petersen defect (PD) and jejunojejunal
anastomosis (J-J defect), using non-absorbable suture (group
B). Out of the 2093 patients who underwent LRYGB, there
were 421 patients—40 male patients (9.5%) and 381 female
patients (90.5%) in (group A) and 1672 patients—536 male
patients (32%) and 1136 female patients (68%) in (group B)
(p = 0.001). The overall median age was 40 years (16–69):
42 years (18–69) in (group A) and 39 years (16–69) in (group
B) (p = 0.001). Their preoperative body mass index (BMI)
was 41 kg/m2 (21–64): 43 kg/m2 (21–64) in (group A) and
41 kg/m2 (35–55) in (group B) (p = 0.001) (Table 1, Fig. 1).

Internal Hernia

Out of the 2093 patients who underwent LRYGB, 20 patients
(0.96%) developed a symptomatic internal hernia (IH) that
required primary surgical intervention: 7 patients (1.66%) in
group A, all at J-J DEFECT, versus 13 patients (0.78%) in
group B, with 6 at J-J DEFECT (0.35%), 5 at PD (0.29%)
and 2 at PD, J-J DEFECT (0.12%). This incidence was sig-
nificantly lower in group B (p = 0.0021). The median age was
39 years (range = 20–64) (p = 0.98), and there were 18 fe-
males (90%) and 2 males (10%) (p = 0.75). The rest of the
results are in Table 2 and Fig. 1.

Fourteen patients (70%) (5 in group A) were admitted to
the emergency room. A CT scan was performed in 8 patients
(40%) and showed signs of occlusion in all cases.

The surgery was performed by laparoscopy in 8 patients
(40%) and by laparotomy or conversion in 12 patients (60%);
there is a high prevalence of laparotomy or conversion accord-
ing to the difficulty of access in laparoscopy because the ad-
hesions and some of the operations were done by young gen-
eral surgeons for the patient who was admitted by emergency.
In all cases, the internal hernia was reduced, and all defects
were closed. In only one patient in group A, the small bowel at
J-J DEFECT was resected. There was no mortality and one

patient had pneumonia with acute respiratory distress, which
was treated medically.

Discussion

LRYGB has largely replaced the open approach due to im-
proved outcomes in postoperative pain, length of stay, and
preoperative morbidity. Nonetheless, at the beginning of lap-
aroscopic surgery, the incidence of conversion is closely relat-
ed to surgeon learning curve. Roux-en-Y reconstruction of the
alimentary tract creates defects in the mesentery and potential
internal hernia sites. In the retrocolic technique, the alimentary
limb was placed posterior to the transverse colon into the
lesser sac by way of a defect created in the transverse
mesocolon. Therefore, three mesenteric defects are produced:
the mesocolic defect where the alimentary limb traverses the
mesocolon into the lesser sac, Petersen defect between the
mesentery of the alimentary limb and the transverse
mesocolon, and J-J defect at the jejunojejunostomy between
the mesenteries of the alimentary limb and the biliopancreatic
limb and common channel. In the antecolic technique, which
is used in our center, two mesenteric defects are created:
Petersen defect and J-J defect. Like the open operation, the
Roux limb was done and Petersen defect and J-J defect were
not routinely closed in early experience with LRYGB.
However, unlike the open approach, the laparoscopic ap-
proach resulted in a higher incidence of internal hernia ranging
from 0 to 11% which is thought to be due to decreased adhe-
sion formation [13]. In this study, there is a relatively high
conversion or laparotomy rate (14.7% in group A and 3.7%
in group B) in group A during the initial stages of RYGB at
our center.

Small bowel obstruction has been reported to occur in 2.5
to 9.7% of patients after RYGB [2, 10, 14–18]. The most
frequent reasons for the obstructions are adhesive disease
and internal hernias [19, 20].

Here, we compared the impact of the closure of the mes-
enteric defects on the incidence of symptomatic internal her-
nia before and after starting to close all defects. We found the
incidence of symptomatic internal hernia to be 0.96% after
LRYGB, with a statistically significant lower incidence

Table 1 Demographics of
patients in the two periods (A and
B). BMI, body mass index

Total A B p value

Patient 2093 421 1672 0.0021

Age, years 40 (16–69) 42 (18–69) 39 (16–69) 0.008

Sex 0.001

Male 576 40 536

Female 1517 381 1136

Pre-operative BMI, Kg/m2 41 (21–64) 43.5 (21–64) 41.8 (35–55) 0.001
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(0.87%) when all of the defects were closed compared to
1.66% without all defects being closed (p = 0.0021).

In this study, there is no internal hernia at PD in group A
(100% of IH rate at J-J DEFECT), which was not closed,

however there were incidences (0.35%) of internal hernia at
PD in group B which were closed (IH rate 46.1% at J-J
DEFECT; 38.4% at PD; 15.3% at PD + J-J DEFECT).
However, this is not significant (p = 0.6). Several

Fig. 1 Study design

Table 2 Demographics of patients developing a symptomatic internal hernia. EWL, total weight loss; EWL, excess weight loss; LRYGB, laparoscopic
Roux-en-Y gastric bypass; BMI, body mass index

Total A B p value

Patient 20 7 13 0.78

Age, years 39 (20–64) 39 (25–63) 38 (20–64) 0.98

Sex 0.75

Male 2 0 2

Female 18 7 11

Preoperative weight, Kg 112 (95–150) 110 (100–150) 114 (95–130) 0.17

Preoperative BMI, Kg/m2 42.8 (34.9–59.6) 46.1 (35.9–59.6) 42.4 (34.9–48) 0.27

Anthropometrics of internal hernia

Weight, Kg 73 (48–120) 80 (50–120) 65 (48–100) 0.16

BMI, Kg/m2 26.6 (16.3–45.7) 30.1 (16.3–45.7) 25.3 (17.8–36.7) 0.22

%EWL 67 (2–108) 61 (2–108) 67 (31–90) 0.79

TWL % 40 (18–54.5) 39 (18.4–54.5) 37 (18–54.4) NS

The interval between LRYGB and reoperation 26.5 months
(1–116 months)

53 months
(1–116 months)

26 months
(9–73 months)
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complications related to closure of the mesenteric defects after
LRYGB are reported in literature as small bowel obstruction
because of internal hernia, kinking of the small bowel, and
hematoma. Furthermore, in some studies, it appears that inter-
nal hernia after LRYGB occurs because of incomplete closure
of the mesenteric defects or with its failure. Consistent with
our data, most studies have shown decreased rates of internal
hernia with closure of defects and most authors have advocat-
ed closure of the mesenteric defects [21–23]. How should we
close the mesenteric defects in a continuous or interrupted
suture? And which type of suture used has been debated in
the literature? Many argue that the closure should be per-
formed using continuous non-absorbable suture [24]—with
some series showing a decrease in internal hernia rates in
consecutive patients when closed with permanent suture [24,
25]. Some studies found no difference in internal hernia rates
between continuous versus interrupted sutures [9].

The most common symptom was vague postprandial ab-
dominal pain, 14 patients (70%) were followed by abdominal
pain associated with nausea (8 (17.8%)). One of the studies
shows abdominal pain as the most common symptom of in-
ternal hernia (53.4%) 13. There is some variation in the loca-
tion of the abdominal pain between the epigastric,
periumbilical, and left hypochondriac, and there is also varia-
tion in the type: acute and chronic The most common symp-
tom was vague postprandial abdominal pain (14 patients
(70%)), followed by abdominal pain associated with nausea
(2 (10%)) and abdominal pain associated with nausea and
vomiting (3 (15%)). Two patients (10%) presented with acute
abdominal pain, and one patient (5%) presented with perito-
nitis and an acute surgical compression and who the small
bowel at J-J DEFECT was resected for him. In our study, 14
patients (70%) were admitted to the emergency room. All on-
call surgeons must consider internal hernia in patients who
have abdominal pain in the emergency room especially if he
has a history of gastric bypass (Table 3).

In this study, Petersen defect and J-J defect are closed using
a continuous purse-string non-absorbable braided suture
(Ethibond Excel ®-EthiconTM). This study did not show a
statistically significant difference in the rate of internal hernias
following LYRGB in age, gender, BMI, and excess weight
loss; a high clinical index of suspicion for internal herniation
should always be maintained in any LRYGB patient who
presents with abdominal pain and/or clinical signs and symp-
toms of small bowel obstruction. A laparoscopic approach can

be undertaken to reduce the hernia contents and close all de-
fects. In this study,

This study has some limitations, such as the rate of symp-
tomatic internal hernias, internal hernias that were incidentally
repaired during other operations, and those that were not in-
cluded, and we were unable to follow patients who may have
been lost to follow-up and treated elsewhere for an internal
hernia. Regardless, there is no reason to suspect a difference
between the two groups, which is the group with the higher
number of patients with all defects closed, when compared to
the group without all defects closed presented to outside
hospitals.

Conclusion

In conclusion, internal hernia is a potentially life-threatening
complication that can present at any time, ranging from a few
weeks to several years after LRYGB. A high index of suspi-
cion must be maintained since symptoms may be nonspecific
and imaging may be negative. The antecolic approach is the
Roux-limb Bright-oriented,^ systematic closure of the defects
with tight non-absorbable continuous sutures.
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