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Abstract
Introduction Internal herniation (IH) probably is the most elu-
sive complication of laparoscopic Roux- en-Y gastric bypass
(LRYGB) surgery. This study provides a definition for IH, a
diagnosing algorithm, and information on several factors
influencing IH formation.
Method Baseline characteristics, laboratory findings, imaging
studies, operative findings, and follow up data of 1583 pa-
tients that underwent LRYGB at our bariatric facility between
2007 and 2013 were recorded. Follow up varied between 3
and 76months, and 85% of the data was available for analysis
at 12 months. Our surgical technique was standardized.
Intermesenteric spaces were not closed until July 2012, where
after they were closed. To facilitate comparison, IH cases were
matched with controls.
Results Forty patients (2.5 %) had an IH during re-lapa-
roscopy. The modal clinical presentation is acute onset

epigastric discomfort, often crampy/colicky in nature.
Additional examinations included laboratory testing, ab-
dominal X-ray, abdominal ultrasound, and abdominal CT
scanning. Patients who developed an IH lost a signifi-
cantly higher percentage of their total body weight than
their matched controls at every time point. IH incidence
was higher in the non-closure group than the closure
group.
Conclusion The large variation in reported IH incidence is due
to the large variation in IH definition. To gain more uniformity
in reporting IH prevalence, we propose the use of the
AMSTERDAM classification. Post-LRYGB patients with
acute onset crampy/colicky epigastric pain should undergo ab-
dominal ultrasound to rule out gallbladder pathology and of-
fered re-laparoscopy with a low threshold. IH incidence is
highest among patients with rapid weight loss and non-
closure of intermesenteric defects.

Keywords Laparoscopic Roux-en-Y gastric bypass . Morbid
obesity . Internal herniation . Small bowel obstruction .

Complication . Classification

Introduction

Laparoscopic Roux-en-Y gastric bypass (LRYGB) is the
most performed bariatric procedure for the management
of morbidly obese patients [1]. After LRYGB, several
defects remain in the intermesenteric spaces. A defect on
both sides of the jejunal mesentery remains at the
jejunojejunostomy between the alimentary limb and the
biliary limb (JJ defect). The defect that remains between
the alimentary limb and the mesocolon is generally ad-
dressed as Petersen’s space. In retrocolic positioning of
the alimentary limb, an extra defect is created in the
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mesocolon. These three spaces are potential hernia sites in
which bowel can migrate, leading to an internal herniation
(IH).

IH is probably the most elusive complication of LRYGB
surgery for several reasons. First, we have no knowledge of
the exact prevalence of IH. IH incidence varies largely in the
literature: 0–14.4 % [2–16]. This is remarkable for a condition
that will affect many LRYGB patients. Life table analysis
from a large Norwegian cohort revealed that up to 11 % of
all LRYGB patients will develop an IH within 5 years [7].
Second, the presentation of IH is as diverse as the reported
incidence rates. Patients present with complains ranging from
vague abdominal discomfort to acute small bowel obstruction
(SBO). The incidence of SBO after LRYGB is 0.6–9.7% [17].
IH has been said to account for 42–55% of all SBO cases [15,
17].

Third, IH is difficult to diagnose. Computer tomography
(CT) has a reported sensitivity of 63–92 % [18–20], with the
so-called mesenteric swirl being the most sensitive sign [21,
22]. CT might not be suited for detecting intermittent IH. A
lack of a clear definition of IH might be responsible for the
large incidence range reported in the literature. Furthermore, it
might cause underdiagnoses and treatment delay of this po-
tentially fatal complication.

Finally, we have very little knowledge of which factors
contribute to or prevent IH formation. The antecolic or
retrocolic positioning of the alimentary limb, closure or non-
closure of the intermesenteric defects, and postoperative rapid
weight loss are factors that have been postulated in the litera-
ture, but without unanimous results.

This study has three aims. First, to expose how the lack of a
clear diagnosis of IH can lead to multiple incidence rates;
second, to extract the predominant clinical features of IH from
our own LRYGB cohort and comment on the role of labora-
tory and radiodiagnostic findings in the diagnosing process;
and third, to investigate how several factors influence IH
formation.

Methods

All 1583 patients that underwent a primary or revisional
LRYGB at our bariatric facility between December 2007
and September 2013 were included in this study, allowing
for a follow up of at least 1 year. In order to minimize the
chance of missing IH cases, patients were searched in dupli-
cate. Forward, every LRYGB patient was checked if they had
undergone a re-laparoscopy. Backward, every laparoscopy
patient was checked for LRYGB in their medical history. All
laparoscopic procedures in this period were searched for pa-
tients that had undergone a LRYGB. Baseline characteristics,
laboratory findings, imaging studies, operative findings, and
follow up data were recorded in a database. Information on

clinical symptoms was extracted from electronic patient charts
made on the emergency department and/or the outpatient clin-
ic. Special attention was given to clinical or radiologic signs of
SBO: abdominal distention, vomiting, and dilated bowel
loops on imaging studies. All radiologic reports of conducted
imaging studies were searched for signs related to IH: the
swirling of the mesenteric veins (whirlpool sign), dilation of
bowel, and/or fluid levels within the bowel. From the surgical
reports of the re-intervention, details of the IH were extracted:
location of the IH, the management of the IH, and if there were
any sign of SBO preoperatively (dilated bowel loops, intra-
abdominal fluid, and questionable viability of bowel).
Postoperative weight loss is presented as percentage of preop-
erative total body weight (%TBW). Nadir weight was the
lowest recorded weight reported in the medical record. To
compare the patients that did develop an IH to those who
did not, a case–control analysis was performed. Cases were
matched to controls by age, preoperative BMI, surgeon, year
of surgery, and operative technique (closure or non-closure of
the intermesenteric defects during primary LRYGB).

Surgical Technique

All gastric bypass procedures were performed in a standard-
ized way with a 30–50 ml gastric pouch (approximately
4 × 8 cm), an antecolic/antegastric alimentary limb of
150 cm, a side to side 30mm linear stapled gastrojejunostomy,
closed with an absorbable unidirectional barbed 3–0 V-Loc™
suture (Covidien, Dublin, Ireland), and a side to side
jejunojejunostomy with a 50-cm biliary limb. The
gastrojejunal anastomosis is tested for leakage with methylene
blue through the orogastric tube. All surgeries were performed
by one of the four surgeons working at our facility. All sur-
geons were trained at our facility and applied the same surgi-
cal technique. A full description of our technique and modifi-
cations that were made over time is available elsewhere [23].
The mesenteric defects and Peterson’s space were left open
until July 2012. Closure of the intermesenteric spaces (both at
primary LRYGB and re-laparoscopy) was accomplished with
an EndoHernia stapler (Covidien, Dublin, Ireland). An illus-
trated description of this device is provided elsewhere [7]. It
was our practise to close open mesenteric spaces at re-lapa-
roscopy, even if no IH was present.

Statistics

Patient characteristics are presented as a mean (±SD) or me-
dian, depending on the normality of the distribution. Between-
group comparisons were performed with the Mann–Whitney
U test or the independent sample t test in case of continuous
data, depending on parametric distribution. Categorical
between-group comparisons were made with the chi-square
test or Fisher’s exact test when the expected frequencies were
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less than 5. The level of significance was set at p< .05. All
statistical analyses were performed with SPSS version 21
(IBM corporation, New York, USA). Kaplan–Meier time-to-
event curves were made with GraphPad version 6 for Mac
(GraphPad, La Jolla, California, USA).

Results

Out of the 1583 LRYGB patients, 40 (2.5 %) had an IH at re-
laparoscopy. Thirty-three patients underwent re-laparoscopy
for a clinical suspicion of IH. In the seven remaining patients,
IH was found co-existent with gallbladder pathology, during a
scheduled cholecystectomy. Eight patients were re-operated
because of a clinical suspicion of IH, but IH was not present
at re-laparoscopy. In five of these eight cases, other pathology
was found (adhesions). In the three remaining patients, no
other pathology was found. The intermesenteric spaces were
closed, and these patients were all symptom-free for a mini-
mum of 3 months postoperatively (see Fig. 1). Patients had a
mean age of 40 years and a median preoperative BMI of
42 kg/m2. Most patients who developed an IH had no closure
of the intermesenteric spaces on LRYGB. There were no sta-
tistically significant differences between the cases and the

matched controls (see Table 1). Follow up varied between 3
to 76 months, and 85 % of all patient data was available for
analysis at 12 months.

Clinical Symptoms

Median time between LRYGB and first onset of IH symptoms
was 9 months (range 0–32). Ninety percent of all IH devel-
oped within 20 months (see Fig. 2). Most patients presented
with complaints at regular check-ups at the outpatient clinic
(60 %). All patients presented with abdominal complaints,
mostly with an acute onset (80 %), cramping/colicky nature
(65 %), and located in the epigastrium (45 %) (see Table 2).

Diagnostic Tools

Seventy-eight percent of all IH patients underwent laboratory
testing, which was normal in the majority of the cases. An
abdominal X-ray was taken in 30 % of the IH patients. In five
patients, bowel distension or fluid levels were visible on ab-
dominal X-ray. An abdominal ultrasound was performed in
72.5 % of the IH patients, which revealed cholecystolithiasis
or cholecystitis in the majority of the cases. Abdominal CT
scanning was done in 60 % of the IH patients. The whirlpool

Fig. 1 Flow chart of all LRYGB
patients operated between
December 2007 and September
2013. IH internal herniation,
question mark lost to follow up
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sign was visible on CT in six patients. Upper endoscopy was
not performed in any of the IH patients. Seven patients pre-
sented with clinical or radiological signs of SBO (see Table 3).

Findings During Re-laparoscopy

Median time between the onset of IH symptoms and re-
laparoscopy was 1 month (range 0–31). Ninety percent of all
patients with clinical suspected IH were re-operated within
14 months (see Fig. 3). Seventy-five percent of IH’s were
located at the jejunojejunostomy. The vast majority of the
IH’s were managed by reduction and closure of the
intermesenteric defects. Resection of bowel due to question-
able viability was needed in two patients. There were four
conversions (10 %) to an open procedure because the bowel
could not be mobilized laparoscopically. Peroperative 14 pa-
tients (35 %) had signs of SBO (see Table 4).

Postoperative Weight Loss

Patients that developed an IH had lost significantly more
%TBW than their matched controls at 3 (18 versus 14 %,
p= .008), 6 (26 versus 21 %, p= .028), and 12 months (35

versus 28 %, p= .001) follow up. Nadir %TBW loss was also
highest in IH patients compared to matched controls (36 ver-
sus 28 %, p= .001) (see Fig. 4) (Table 5).

Table 1 Patient characteristics

Cases (N= 40) Controls (N= 40) p

Age (mean ± SD) 40.2 ± 9.3 40.2 ± 9.3 ns

BMI (median, range) 42 (35.1–56.8) 41.9 (34–55.8) ns

Gender (n (%) males) 5 (12.5) 5 (12.5) ns

Closure of intermesenteric spaces (n (%))

None 35 (87.5) 35 (87.5) ns

Both 3 (7.5) 4 (10) ns

Only jejunojejunostomy 2 (5) 1 (2.5) ns

SD standard deviation, BMI body mass index in kg/m2 , ns not significant

Fig. 2 Kaplan–Meier curve for the development of internal herniation

Table 2 Overview of clinical symptoms in patients with IH (N= 40)

Presentation (n (%))

Emergency department 16 (40)

Outpatient clinic 24 (60)

Abdominal pain (n (%)) 40 (100)

Cramping/colicky 26 (65)

Continuous 13 (32.5)

Acute onset 32 (80)

Chronic (>3 months) 5 (12.5)

Left 11 (27.5)

Right 8 (20)

Peri umbilical 5 (12.5)

Epigastric 18 (45)

Diffuse 3 (7.5)

Radiation to back/flank 8 (20)

Relation to food intake 8 (20)

Acute abdomen 0 (−)
Nausea (n (%)) 11 (27.5)

Vomiting (n (%)) 7 (17.5)

Abdominal distention (n (%)) 4 (10)

Anorexia (n (%)) 7 (17.5)

Abnormal defecation (n (%)) 11 (27.5)

IH internal herniation

Table 3 Diagnostic tools and findings in patients with IH (N= 40)

Laboratory studies (n (%)) 31 (78)

Normal 19

Elevated infectious parameters 8

Dehydration 1

Other 3

Abdominal X-ray (n (%)) 12 (30)

Normal 2

Bowel distention/fluid levels 5

Obstipated 5

Abdominal ultrasound (n (%)) 29 (72.5)

Normal 11

Cholecystolithiasis/-it is 16

Other 2

Abdominal CT scan (n (%)) 24 (60)

Normal 10

Whirlpool sign 6

Bowel distention 3

Other 5

Upper endoscopy (n (%)) 0 (−)
Clinical or radiologic findings of SBO (n (%)) 7 (17.5)

CT computer tomography, SBO small bowel obstruction
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Closure of Mesenteric Defects

In 1028 cases of the 1583 LRYGB procedures, the
intermesenteric spaces were left open. Five hundred fifty-
five patients had their intermesenteric spaces closed during
LRYGB. Of the group with open intermesenteric defects, 35
patients (3.4 %) developed an IH. In the group with closed
intermesenteric defects, five patients (0.9 %) developed an IH.
This difference is significant (p= .013). We did not encounter
any perioperative or short-term complications of our stapling
technique. In the five patients that were re-operated for IH
whom previously underwent closure of their intermesenteric
spaces with the hernia stapler, no long-term complications of
the stapling technique were found.

Discussion

The most common definition of IH is ‘IH being present on re-
laparoscopy.’According to this definition, our IH incidence is
2.5 %, well within the range of the reported literature [2–16].
There are three characteristics of IH that are not accounted for
in this definition. First of all, IH is well known to present in an

intermittent fashion [15, 24–26]. After a period of entangle-
ment (and concomitant subacute clinical symptoms), peristal-
tic movements can cause the bowel to slip into place again.
Consequently, no IH can be found during re-laparoscopy
(bearing in mind that a vague abdominal discomfort is not
characterized as a surgical emergency some delay will be
common). In our series, 3 of the 41 patients that underwent
re-laparoscopy under clinical suspicion of IH did not have an
IH and did not have any other anomaly present. Surprisingly
enough, they were symptom-free for at least 3 months after
closure of the intermesenteric spaces. These patients might
have suffered from intermittent IH and should be added to
the count, bringing our IH incidence up to 2.7 %. Secondly,
IH can be accompanied by other pathological findings that
mimic the clinical presentation of IH (gallbladder pathology,
SBO caused by adhesions, etc.). In our series, IH was found as
a coincidental finding in seven patients during laparoscopic
cholecystectomy. Since the clinical symptoms of IH have
some resemblance to those of gallbladder pathology, it re-
mains elusive, which of the two caused the symptoms. This
has implications for the definition on IH: when we only count
the cases in which we can certainly say that IH caused the
symptoms, our IH incidence count drops to 2.1 %. Another
inconsistency in the current definition is the resolution of com-
plaints after re-laparoscopy and closure of the intermesenteric
defects. Nine of the 40 patients were not symptom-free after-
wards, which does not only raise the question of closure pa-
tency but also of the diagnosis. When only patients that were
symptom-free after re-laparoscopy and closure of the
intermesenteric spaces are taken into account, the incidence
decreases to 2 %. In our opinion, these factors should be
addressed in any study investigating the incidence and etiolo-
gy of IH.

To help future authors present their data on IH incidence
rates, we have developed the AMSTERDAM classification.
This tool classifies patients with signs and symptoms of IH in
to six scales of likeliness that their symptoms are caused by
IH. Class I–III includes patients with IH being present during
re-laparoscopy, but sets apart patients with other comorbidity
present. Class IV includes patients with no IH present, but
remission of their clinical symptoms after closure of their
intermesenteric spaces (so-called intermittent IH). Class V
and VI is reserved for patients with no IH during re-laparos-
copy, but were it is doubtful that IH has caused their clinical
symptoms. We suggest that when reporting on IH incidence,
class I to IV is included. We realize that the clinical use for
such a scale is limited, but we aim to narrow future estimation
on IH incidence rate.

The most common clinical presentation of LRYGB pa-
tients with IH was acute onset, crampy/colicky abdominal
pain, mostly located in the epigastrium. Laboratory studies
were done in the majority of the cases, but did not reveal
any major pathology. Plain abdominal X-rays were only

Fig. 3 Kaplan–Meier curve of time-to-re-intervention

Table 4 Peroperative findings in patients with IH (N= 40)

Location of herniated bowel (n (%))

Jejunojejunostomy 30 (75)

Petersen 6 (15)

Both 4 (10)

Management (n (%))

Reduction of bowel and closure of defects 38 (95)

Bowel resection 2 (5)

Conversion to open procedure (n (%)) 4 (10)

SBO peroperative (n (%)) 14 (35)

SBO small bowel obstruction
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performed in 12 patients and revealed bowel distension or/and
fluid levels in 5 of them. Abdominal ultrasound was the most
performed radio diagnostic study and revealed gallbladder
pathology in 16/29 patients. This illustrates that like IH, gall-
bladder pathology is a very common finding in patients that
underwent LRYGB surgery. An abdominal CT scan was per-
formed in 24 patients. The whirlpool sign was present in six
patients. Unfortunately, we lack information about the timing
of the CT scanning to the complaints, because we suspect that
the chances of finding an anomaly on CT scanning will in-
crease if patients undergo the scan while experiencing abdom-
inal symptoms. Taking clinical symptoms and radio diagnos-
tic findings together, almost 18% of the patients showed signs
of SBO. Surprisingly, signs of SBO were found in twice as
many patients during re-laparoscopy. This suggests that clin-
ical symptoms are an ill representation of the actual pathology.
We find that the work up for LRYGB patient presenting with
abdominal complaints should be as follows: patients present-
ing with acute signs of SBO (vomiting, acute abdomen)
should be considered a surgical emergency and require imme-
diate re-laparoscopy. Subacute presenting patients should un-
dergo an abdominal ultrasound to assess whether or not

gallbladder pathology is present. A low threshold for elective
re-laparoscopy should be set for these patients to prevent
SBO. The algorithm presented by Agaba et al. included an
abdominal CT scan. Of the 75 patients who were examined
for abdominal complaints, 40 revealed signs of IH in that
study. Thirty-nine (98 %) of them did have an IH on re-lapa-
roscopy. Of the 35 patients that did not have any anomaly on
CT scanning, 20 (69 %) turned out to have an IH at re-
laparoscopy [27]. Garza et al. examined 1000 LRYGB pa-
tients for signs of IH. Of the 34 patients that had an IH, 22
(64 %) had signs of IH on their CT scan [26]. In our study,
6/24 (40 %) of the IH patients had signs of an IH on CT
scanning. From the results above, we conclude that a negative
CT scan does not rule out an IH, which makes us uncertain
about making CT scanning a routine part of our IH work up.

Rapid weight loss has been associated with the formation
of IH. In theory, rapid ‘melting’ of intra-abdominal fat could
cause enlargement of the intermesenteric spaces that can lead
to the formation of IH [15, 28]. When compared to 40
matched controls, we found that patients with IH had more
total body weight loss (percent) within the first year after
LRYGB. Our finding is supported by Schneider et al., who
defined ‘rapid weight loss’ as an excess weight loss above the
90th percentile of the group average in 934 post LRYGB
patients. They found that patients who developed an IH were
1.83 times more likely to have undergone one or multiple
periods of rapid weight loss [29].

Another factor influencing the formation of IH is closure of
the intermesenteric defects during LRYGB. The positive in-
fluence of closure on IH formation is a heavily debated sub-
ject. A recent meta-analysis of 31,320 patients revealed a low-
er IH incidence rate in an antecolic LRYGB patient group
where the intermesenteric spaces had been closed in compar-
ison to groups without closure [30]. Other authors warn that
closure does not prevent IH formation [16, 28, 31], can in
itself cause IH [2, 32], or can cause serious complications like
bleeding by tearing of the mesentery [7, 13, 33, 34]. From

Fig. 4 Percentage total body weight lost after laparoscopic Roux-en-Y
gastric bypass for patients who developed an internal hernia and their
matched controls. %TBW percentage total body weight

Table 5 AMSTERDAM
classification for reporting IH IH present? Other

pathology
present?a

Full remission of all
complains after
re-laparoscopy?b

Most probable
etiology?

Classification

Yes + obstruction No Yes Obstructive IH I (Acute)

Yes No Yes IH II

Yes Yes Yes IH or Comorbidity III

No No Yes Intermittent IH IV

No Yes Yes Intermittent IH or Comorbidity V

No No No Unknown VI

a Any clear finding that plausibly could explain the symptoms, e.g., marginal ulcer, gallbladder pathology,
abdominal wall hernia
b Remission should be complete and definitive (free of complains >3 months) in order to rule out any temporary
placebo-effect of re-laparoscopy
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July 2012, we started to close the intermesenteric spaces with
a stapling device. The IH incidence dropped from 3.4 to
0.9 %. We are very well aware of the fact that this decrease
in incidence rate may very well be the result of the shorter
follow up duration in the closure group, as is advocated by
several authors [14, 15, 24]. Ninety percent of all patients with
IH herniation presented within 20 months after LRYGB sur-
gery, indicating that a maximum follow up of 1 year and
2 months might not be enough time for all patients to present.

This is a retrospective study and therefore is subjected to all
the potential flaws associated with this form of analysis. Loss
to follow up and unavailability of patient data are well-known
obstacles in any retrospective study involving bariatric pa-
tients. In our study, data of 85 % of the LRYGB patients
was available for analysis after 1 year, but decreased thereaf-
ter. Given the fact that IH is a complication that can develop
many years after LRYGB surgery, this is a major limitation in
our study. In theory, it could be possible that IH patients were
admitted and treated in another hospital, but we think this
number is low (it is common practise to report complications
in bariatric patients to the treating bariatric facility). However,
the reported incidence of IH in our patients is probably
underestimated. Only randomized prospective studies have
sufficient methodological value to report on the true IH inci-
dence. What does come forth very clearly from our data is the
fact that there is a mismatch between clinical signs of SBO
and peroperative signs of SBO in patients with IH. The risk of
conversion during re-laparoscopy is many times higher than
the reported rates of ~1 % [35, 36]. A low threshold for re-
laparoscopy should be set for LRYGB patients presenting
with intermittent abdominal complaints.
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