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Abstract
Introduction  Internal hernia (IH) after Roux-Y gastric bypass (RYGB) can lead to extended small bowel ischemia if it not 
recognized and treated promptly. The aim of this study is to show whether improvement in mesenteric defect (MD) closure 
reduces the incidence of IH.
Patients and Methods  Retrospective analysis of prospectively collected data from our database including all patients who 
underwent laparoscopic RYGB between 1999 and 2015. The usual technique was a retrocolic/retrogastric RYGB. We divided 
patients in four groups according to the closure technique for MD and compared incidences of IH between groups. All 
patients had at least 8 years of follow-up.
Results  A total of 1927 patients (1497 females/460 males, mean age of 41.5 ± 11 years) were operated. A retrocolic/retrogastric 
RYGB was performed in 1747 (90.7%) and an antecolic RYGB in 180 patients. Mean duration of follow-up was 15 (8–24) years. 111 
patients (5.8%) developed IH, the majority through the jejunojejunostomy (JJ, 3.7%) and Petersen (1.7%) defects. With improvement 
of closure technique, the incidence decreased over time, from 12.9% in the group with separate sutures to 1.05% in the most recent 
group with running non-absorbable sutures and an additional purse-string at the JJ defect (p < 0.0001).
Conclusion  Meticulous closure of MD during RYGB is a very important step that significantly reduces the IH risk after 
RYGB, even with a retrocolic/retrogastric anatomy. Using running non absorbable braided sutures and an additional purse-
string suture at the JJ is the most effective technique, but a small IH risk persists. A high index of suspicion remains necessary 
in patients who present with acute abdominal pain after RYGB.

Key Points 
Meticulous closure of all mesenteric defects effectively decreases 
the incidence of late internal hernia after Roux-en-Y gastric bypass.
Running and/or purse-string non-absorbable braided sutures are 
more effective than separate sutures to prevent internal hernia.
Even with meticulous closure of all mesenteric defects, internal 
hernia can develop, and a high index of suspicion should remain 
when patients present with abdominal pain.
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Introduction

Roux-en-Y gastric bypass (RYGB) is currently the second 
most performed metabolic/bariatric surgical procedure 
worldwide. With prevalence varying between countries 
and surgeons, it is still the most common operation in 
Switzerland. Despite good long-term outcomes regarding 
weight loss, improvement of obesity-related complica-
tions, and quality of life [1–4], RYGB has recently been 
outnumbered by sleeve gastrectomy (SG), mainly because 
the latter is perceived as easier to perform and associated 
with reduced early morbidity/mortality, also avoiding the 
risk of late internal hernia (IH).

IH is a feared complication that can develop due to 
adhesions or a mesenteric gap after several abdominal 
surgical procedures and is one of the leading causes of 
abdominal pain [5] and small bowel obstruction (SBO) 
after RYGB [6]. After RYGB, IH is often caused by 
incarceration of small bowel through a mesenteric defect 
(MD) created during the index operation. While IH was 

relatively unusual after open RYGB, with rates between 
1 and 4.7% [7, 8], its incidence increased after introduc-
tion of laparoscopic RYGB, with reported rates as high as 
14,4% [9], notably because laparoscopy results in fewer 
adhesions than open surgery but also because closure of 
mesenteric defects is more technically challenging. This 
problem was quickly recognized during the early years of 
laparoscopy. Consequently, several authors already sug-
gested to close the MD more than 20 years ago [10–12]. 
Others believed that non-closure of the MD was not the 
main cause of IH and that other factors (position of the 
Roux-limb, division of the greater omentum) were more 
important [13–15]. The debate lasted for years, albeit with 
a growing number of authors supporting systematic clo-
sure [16–20]. A first randomized controlled trial (RCT) 
involving 105 patients concluded in 2015 that closing the 
MD did not influence the risk of IH, but this study was 
largely underpowered [21]. In 2016, a large multicenter 
RCT from Scandinavia involving 2507 patients, compar-
ing non-closure with closure using running non-absorb-
able braided sutures in patients undergoing an antecolic 
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RYGB, concluded that the risk of reoperation for SBO 
was decreased in the closure group, although the risk of 
early post-operative kinking at the jejunojejunostomy was 
increased [22]. More recently, four systematic reviews and 
meta-analysis also concluded that closure of MD reduces 
the risk of IH, SBO and reoperation after RYGB [23–26]. 
The long-term results of the Scandinavian RCT showed 
that, despite closure, the cumulative 10-year incidence of 
IH remained non-neglectable at a 7.8% rate compared with 
14.9% in the non-closure group [27]. Despite the large 
body of evidence showing that systematic closure of MD 
should be the rule during RYGB surgery, a recent online 
survey among 34 countries revealed that 16/136 (11.7%) 
responding surgeons never closed any defect [28].

While closing MD has now clearly been established as 
a mandatory step at completion of RYGB, the precise tech-
nique for closure is still debated. The use of a mesh to rein-
force closure has even been described [29, 30]. As others, 
and despite systematic closure of all MD as of the begin-
ning of our experience with laparoscopic RYGB, we have 
observed a high incidence of IH initially (12.9%), which led 
us to adjust the closing technique to improve permanent clo-
sure and reduce the risk of IH. The aim of the present paper 
is to show that the implementation of a meticulous closing 
technique for MD can markedly decrease the incidence of 
IH and their associated risks in RYGB patients.

Patients and Methods

All patients who underwent primary or revisional laparo-
scopic RYGB for obesity between 1999 and 2015 in our two 
institutions, led by the same bariatric surgeon, were included 

in this retrospective study. Our prospectively maintained 
common bariatric database was analyzed regarding the 
occurrence of IH in relationship with the precise operative 
technique used to close the MD.

Indications for RYGB were a body mass index 
(BMI) ≥ 40 kg/m [2], or a BMI ≥ 35 kg/m [2] with obesity-
related medical conditions until 2010, and BMI ≥ 35 kg/m2 
as of 2011, after failure of conservative treatment and evalu-
ation by a multidisciplinary team (endocrinologist, psychia-
trist/psychologist, dietitian, and bariatric surgeon).

Patients were operated by laparoscopy with a standard-
ized technique by the same surgical team in both institu-
tions. The standard technique involved creation of a small 
10–20 ml gastric pouch along the upper portion of the 
lesser curvature using a linear stapler, division of the jeju-
num about 50 cm from the angle of Treitz and creation of a 
retro-colic and retro-gastric Roux-en-Y limb with a circular-
stapled gastrojejunostomy (GJS) using a 21-mm stapler. A 
latero-lateral jejunojejunostomy between the biliary limb 
and the Roux limb was performed 100 or 150 cm distal from 
the GJS using a linear stapler depending on whether the 
patient’s BMI was below or above 50. As of 2009, one sur-
geon started to use an antecolic and ante-gastric Roux limb. 
Most RYGB, however, were performed with a retro-colic 
and retro-gastric alimentary limb.

Except for two patients in our early experience where 
exposure was too limited, the mesenteric defects were closed 
at the end of the procedure in all patients. At the begin-
ning of our experience, we closed the classical three defects 
(Fig. 1A: Petersen window, mesocolic window (MC), and 
jejunojejunostomy (JJ) window). After observing the first 
case of IH though the space between the JJ and the anti-
obstruction stitch in 2007 (Fig. 1B), we also routinely closed 

Fig. 1   A and (B) Types and 
positions of IH after retrocolic-
retrogastric RYGB. 1, transme-
socolic window; 2, Petersen’s 
space; 3, jejunojejunostomy 
window; 4. Paroz’ window
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this latter defect using a figure-of-eight or a short running 
non-absorbable sutures [31]. Initially, closure was done 
using separate absorbable Vicryl® sutures. As we observed 
a relatively large number of IH with absorbable sutures, we 
switched to non-absorbable separate stitches in 2004. With 
growing experience, we became stricter in the closure tech-
nique of the MD and introduced further changes. Separate 
stitches were replaced by running non-absorbable sutures 
using a braided suture material (Ethibond®). Later, realizing 
that most of our internal hernias were through the defect 
at the JJ, we added a purse-string suture on its posterior 
aspect for better closure. The technique has remained identi-
cal since then. All patients who had an antecolic Roux limb 
were operated on by the same surgeon who had extended 
experience with the retro-colic technique and MD closure, 
and all had their defects closed (Petersen and JJ) with run-
ning non-absorbable sutures (Ethibond®).

We divided patients into four groups according to the 
position of the Roux limb and the technique of closure 
(Table 1). Internal hernia was defined as an open mesenteric 
window visualized during subsequent surgery, related or not 
to RYGB, with or without associated clinical symptoms, and 
with or without bowel herniation through the defect at the 
time of revision.

The primary endpoint of the study was the incidence of 
IH in each group. Demographic data, location of mesenteric 
window, and clinical presentation of internal hernias were 
evaluated as secondary endpoints. Although IH can develop 
any time after RYGB, most hernia present during the first 
post-operative years according to our experience and that 
of other authors [11, 18, 32] In order to have a duration of 
follow-up of at least eight years for all the patients, only 
those operated until 2015 were analyzed.

All patients were included in the COOL cohort (COhorte 
Obésité Lausanne) and all provided written informed con-
sent for deidentified use of their data for scientific purpose. 
The use of data from this cohort was approved by the local 
Ethics committee (CER-VD 304/15).

Categorical variables were expressed as numbers (%) and 
compared with the Chi-squared test or the Fisher’s exact 
test. Continuous variables were expressed as mean ± stand-
ard deviation (SD) and compared using the t-test. A two-
sided p-value < 0.05 was considered threshold for statistical 
significance. All analysis were performed using the STATA/
SE 17.0 software for windows (StataCorp LLC, College Sta-
tion TX, USA).

Results

A total of 1927 patients underwent laparoscopic RYGB and 
were prospectively included in the database between 1999 
and 2015. RYGB was a primary operation in 1778 patients 
but was done as a secondary procedure for complication(s) 
and/or recurrence of weight after vertical banded gastro-
plasty or gastric banding in 249 patients. Table 2 shows the 
patients’ demographic data at baseline.

More than 90% of RYGB were performed with a retro-
colic and retro-gastric alimentary limb, whereas in 180 
(9.3%) patients, an ante-colic technique was used because 
of surgeon’s preference. Patient age increased slightly 
along our growing experience, and so did the proportion 
of male patients. Duration of follow-up is at least 8 years 
for all patients, with a mean of 15 (range 8–24) years and 
a median of 15.5 years. The follow-up rate of the entire 
cohort is 90.6%, 74.4%, and 59% after 10, 15, and 20 years 
respectively.

A total of 111 (5.8%) patients developed an IH during 
follow-up. Of these, two of our early patients in whom 
the MD were not closed during RYGB because of tech-
nical difficulty developed IH as an early complication 7 
and 15 days after surgery, requiring reoperation. All other 
patients presented with IH beyond the first post-operative 
month. There was no difference in the incidence of IH 
between primary and reoperative RYGB. Figure 2 shows 
the delay between initial surgery and IH presentation. 90 
(80%) patients developed an IH during the first 7 years 

Table 1   Characteristics of the four groups (A, absorbable; N-A, non-
absorbable; J-J, jejunojejunostomy; SS, separate stitches; RS, run-
nings sutures)

Group 1 2 3 4

Roux limb Retrocolic Retrocolic Antecolic Retrocolic
Suture material A / N-A N-A N-A N-A
Type of suture SS RS RS RS
Purse-string at J-J No No No Yes

Table 2   Demographic and 
anthropometric characteristics 
of the patients at baseline 
(#: p < 000.1 versus 1 and 2, 
##p < 0.0001 versus 3). BMI, 
body mass index; SD, standard 
deviation

Group 1 2 3 4 p-value

Number 409 577 180 761 N/A
Females (%) 312 /76.3) 442 (76.6) 152 (84.4) 561 (73.3) 0.02
Mean age (SD) 39.3 (10.2) 40.6 (10.7) 41.5 (10.4) 43.3 (11.6) #  < 0.001
Mean BMI (SD) 45.4 (7.5) 44.7 (5.7) 43.9 (5.2) 44.8 (6.7) 0.08
Primary procedures (%) 367 (89.7) 529 (91.7) 174 (96.7) 657 (86.3) ##  < 0.001
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after RYGB. Table 3 compares some baseline characteris-
tics and weight loss data expressed as %total body weight 
loss (%TWL) between patients with and without IH. There 
were no differences between groups in patients’ character-
istics at baseline except for younger age in patients with 
IH. Patients with IH, however, presented significantly 
higher %TWL at all time intervals (2, 5, and 10 years after 
RYGB) than those without IH.

Table 4 shows the number of patients with an IH in the 
different groups and their location. Since several patients had 
more than one open MD at revision, the total number of IH is 
superior to the number of affected patients. In patients with a 
retro-colic and retro-gastric Roux limb, the prevalence of IH 
decreased by one-third when moving from separate stitches 
to running sutures. The addition of a purse-string suture 
at the JJ markedly contributed to a further reduction with 
a 1.05% rate in patients operated from 2008 to 2015, sig-
nificantly lower than the two other retro-colic groups. This 

was even significantly lower than the 3.3% rate observed in 
patients with an antecolic Roux limb.

Emergency surgery was performed for IH repair in 66 
(59.4%) patients and a small bowel resection was required 
in three of them. The other 44 (39.6%) patients were reoper-
ated on electively, and this information is missing for one 
patient. Of patients reoperated on electively, 7 were reoper-
ated for another reason than IH, but had an IH diagnosed and 
repaired during this procedure. A laparoscopic approach was 
used in 102 (91.9%) patients, of which 14 required conver-
sion to open surgery, and 9 patients had an open approach.

Discussion

This study shows that the implementation of a meticulous 
technique for closure of MD effectively reduces the inci-
dence of IH after RYGB. In the most recent group of patients 
with a retrocolic and retrogastric Roux limb, the IH rate 

Fig. 2   Delay between surgery 
and IH presentation

Table 3   Comparison of baseline and weight loss data in patients with 
and without internal hernia. Data are expressed as mean (SD) for 
numerical values and number (%) for categorical values. BMI, body 
mass index; RYGB, Roux-en-Y gastric bypass; %TWL, % total body 
weight loss

Internal hernia No Yes p-value

BMI at baseline (kg/m [2]) 44.9 (6.5) 43.9 (5.8) 0.12
Age at baseline (years) 41.7 (11.1) 38.5 (10.3) 0.003
Female sex 1377 (75.8) 90 (81) 0.25
Primary RYGB 1630 (89.7) 97 (87.4) 0.42
%TWL at 2 years 33.5 (10.4) 36.5 (10.6) 0.005
%TWL at 5 years 29.4 (11.7) 33.6 (11.4)  < 0.001
%TWL at 10 years 26.5 (13.1) 30.2 (11.1) 0.009

Table 4   Number of patients with IH (internal hernia), emergency 
operations and the different locations of IH in the different groups. 
($p ≤ 0.01 versus 1, #p < 0.001 versus 1 and 2, *p = 0.03 versus 3, 
**p = 0.03 versus 1, &p = 0.002 versus 2)

Group 1 2 3 4

Number of patients 409 577 180 761
Number with IH (%) 53 (12.9) 44 (7.6) $ 6 (3.3) # 8 (1.05) * #

Emergency reoperation 25 (6.1) 30 (5.2) 4 (2.2) 7 (0.9) #

Jejuno-jejunostomy 29 (7.1) 37 (6.4) 1 (0.5) # 4 (0.5) #

Mesocolon 16 (3.9) 7 (1.2) ** 1 (0.5) $ 0 $ &

Petersen’s space 20 (4.9) 6 (1.0) $ 3 (1.7) 3 (0.4) $

Paroz window 9 (2.2) 5 (0.8) 2 (1.1) 2 (0.2) $
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after a mean of 11.5 (8–15) years was 1.05%. The most 
common sites for IH were the JJ window and the Petersen 
defect, even in the most recent group. IH through the meso-
colic defect, initially observed during our early experience, 
completely disappeared in the last group of patients. This 
1.05% rate compares favorably with the long-term results 
reported recently from the Scandinavian RCT where the 
10-year cumulative IH rate was 7.8% [27] or with the rates 
reported after closure of MD in four recent meta-analysis 
comparing the incidence of IH with or without systematic 
closure of MD [23–26]. In the present series, TWL was 
higher in patients who developed IH. Schneider et al. also 
reported lower BMIs in patients with IH than in the rest 
of their cohort [33]. With more weight loss, the mesenter-
ies become thinner, which probably facilitates herniation 
through a small defect.

IH is a feared complication after RYGB that can lead to 
extended bowel necrosis requiring extensive resection result-
ing in short-bowel syndrome if not recognized and treated 
promptly, so that its prevention is an essential part of the 
procedure. While relatively high rates were reported in the 
early days, many authors individually realized that the sys-
tematic closure of MD reduces the incidence of IH and SBO 
and modified their technique accordingly [34–39]. One large 
multicenter RCT and four meta-analysis came to the same 
conclusions [22–27]. Some complications related to closure 
(bleeding or hematoma in the mesentery) or possibly related 
to closure (kink at the JJ) have been reported. Closure has 
also been associated with an increased risk of SBO due to 
adhesions [39], but a recent large study involving more than 
5000 patients showed that systematic closure is safe if the 
appropriate technique is used [40]. Despite some ongoing 
debate, we can safely confirm that, based on the current evi-
dence from the literature and our own experience, routine 
closure of all MD is a very important step in laparoscopic 
and probably also robot-assisted RYGB.

Most surgeons perform RYGB with the Roux limb placed 
in an antecolic and antegastric position. This technique is 
often perceived as easier and many surgeons consider that 
having only two mesenteric windows, as opposed to three 
when a retrocolic route is used, should reduce the risk of IH 
[12, 14, 20]. In 2016, a meta-analysis comparing the ante-
colic with the retrocolic route concluded that the former 
reduces the risk of IH [41]. The authors of another meta-
analysis published the same year found reduced rates of 
both IH and SBO with the antecolic technique but felt that 
a RCT was necessary to draw definitive conclusions [42]. 
Carmody et al. and Miyashiro et al. both reported low rates 
of IH after retrocolic RYGB [17, 19]. In the present study, 
a very low rate of IH has been achieved with meticulous 
closure of all MD in patients operated with a retrocolic Roux 
limb. Furthermore, the majority of IH developed at the JJ 
and Petersen defect with only a minority of IH at the MC 

defect in our early experience, and none in the most recent 
group. We conclude that, provided the MC defect is closed 
appropriately, the risk of IH through the MC window is very 
low after retrocolic RYGB.

The technique used to close MD has been a matter of 
debate for a long time, and several methods have proved 
to reduce the incidence of IH compared with non-closure. 
Some surgeons use separate stitches and others use metal 
clips or staples, both resulting in separate sutures, but most 
use running sutures. With separate sutures, there is a theo-
retical increased risk that, with thinning of the mesentery 
resulting from weight loss, small gaps between clips or 
sutures increase in size over time and facilitate the develop-
ment of IH. This risk is probably lower with running sutures 
provided the bites are not too far apart. In the past, even 
the use of mesh has been suggested to increase adhesions 
at the MD [29, 30]. We are convinced that materials such 
as braided non-absorbable sutures that create more inflam-
mation, hence more adhesions, at the MD, are efficient 
and more likely to result in permanent closure than mono-
filaments. In a large registry-based study, Stenberg et al. 
concluded that using non-absorbable running sutures was 
probably slightly more effective than using metal clips [43]. 
Yang et al. also concluded, albeit only in a small study, that 
using running sutures was more effective that using separate 
stitches [44]. With experience, the time needed to close does 
not depend on the suture material, so that we recommend 
using running braided non-absorbable sutures.

In the present study, most patients requiring reoperation 
for IH had acute symptoms that warranted emergency sur-
gery. Despite this, many of them could be treated using a 
laparoscopic approach, and conversion to open surgery was 
only necessary in a minority. An open approach was primar-
ily chosen in very few patients, most of the time by general 
surgeons with limited experience in MD exploration after 
RYGB, or in patients with extensive small bowel disten-
sion. General surgeons nowadays should be acquainted with 
the frequently performed RYGB procedure and minimally 
invasive management of its complications. Help from an 
experienced bariatric surgeon, however, should be sought 
in more complex cases, because the anatomy is often diffi-
cult to understand. In the present series, only three patients 
(0.1%) required a small bowel resection, and none developed 
short-bowel syndrome because of extensive resection. This 
compares well with the 0.3% rate reported by Edholm et al 
[45]. Apart from acute severe symptoms, IH can cause acute 
occasional colicky abdominal pain that resolves spontane-
ously. When recurrent, such symptoms suggest intermittent 
IH and warrant elective laparoscopic exploration. When 
reoperating on a patient with a history of RYGB, whatever 
the indication for surgery, all mesenteric defects should be 
explored and all those found open should be closed with 
running non-absorbable sutures [46]. Depending on the 
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technique used to perform RYGB, IH can develop at unusual 
locations, notably between the JJ and the suture line closing 
the mesenteric window or the anti-obstruction stich at the 
JJ (Paroz’ defect), and these potential sites should also be 
checked [31, 47].

The present study has some limitations. First, it involves 
comparisons between consecutive groups of patients with 
different durations of follow-up and increasing surgical 
experience. Most IH, however, develop during the first 7 
post-operative years, and all patients had a minimal duration 
of follow-up of 8 years, with a mean of more than 11 years 
in the most recent group, and 15 years in the total series. It 
is therefore unlikely that observed rates of IH will mark-
edly change with longer follow-up. In a large review from 
the New York Statewide Planning and Research Collabora-
tive System including more than 46,000 patients operated 
over a period of 11 years, experience and surgical expertise 
have been shown to favorably impact the rate of IH during 
the initial three post-operative years, with a decrease from 
7.3 to 4.9% [48]. Experience probably also plays a role in 
the present study, although its importance is impossible to 
evaluate. The initial group, however, includes 409 patients, 
so that a large experience had been developed even before 
the first major technical change was made. On the other side, 
this study has strengths in that the groups are relatively large 
with high follow-up rates even in the long-term, and that 
duration of follow-up by far exceeds the mean interval to 
IH, so that most IH events are captured.

Conclusions

Implementation of a meticulous technique using running 
braided non-absorbable sutures for closure of all MD dur-
ing RYGB effectively reduces the incidence of IH, even with 
retrogastric and retrocolic RYGB, and this is a very impor-
tant step at completion of the procedure. Despite all efforts, 
however, IH cannot be eliminated, and a low risk persists. A 
high index of suspicion remains necessary for patients who 
present with acute abdominal pain with/without symptoms 
of bowel obstruction after RYGB, with liberal use of com-
puterized tomography and even laparoscopic exploration if 
in doubt.
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