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Abstract

Introduction Internal herniation is a potential complica-

tion following laparoscopic Roux-en-Y gastric bypass

(LRYGB). Previous studies have shown that closure of

mesenteric defects after LRYGB may reduce the incidence

of internal herniation. However, controversy remains as to

whether mesenteric defect closure is necessary to decrease

the incidence of internal hernias after LRYGB. This study

aims to determine if jejeunal mesenteric defect closure

reduces incidence of internal hernias and other complica-

tions in patients undergoing LRYGB.

Methods 105 patients undergoing laparoscopic antecolic

RYGB were randomized into two groups: closed mesen-

teric defect (n = 50) or open mesenteric defect (n = 55).

Complication rates were obtained from the medical record.

Patients were followed up to 3 years post-operatively.

Patients also completed the gastrointestinal quality of life

index (GI QoL) pre-operatively and 12 months post-oper-

atively. Outcome measures included: incidence of internal

hernias, complications, readmissions, reoperations, GI QoL

scores, and percent excess weight loss (%EWL).

Results Pre-operatively, there were no significant differ-

ences between the two groups. The closed group had a longer

operative time (closed-153 min, open-138 min, p = 0.073).

There was one internal hernia in the open group. There was

no significant difference at 12 months for decrease in BMI

(closed-15.9, open-16.3 kg/m2, p = 0.288) or %EWL

(closed-75.3 %, open-69.0 %, p = 0.134). There was no

significant difference between the groups in incidence of

internal hernias and general complications post-operatively.

Both groups showed significantly improved GI QoL index

scores from baseline to 12 months post-surgery, but there

were no significant differences at 12 months between groups

in total GI QoL (closed-108, open-112, p = 0.440).

Conclusions In this study, closure or non-closure of the

jejeunal mesenteric defect following LRYGB appears to

result in equivalent internal hernia and complication rates.

High index of suspicion should be maintained whenever

internal hernia is expected after LRYGB.
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Background

As rates of morbid obesity in the United States have

increased over the past few decades, so has the utilization

of bariatric surgery to combat this growing epidemic. From

1998 to 2008, data from the Nationwide Inpatient Sample

(NIS) revealed that the number of bariatric surgery pro-

cedures performed during that time increased nearly ten-

fold [1, 2]. This is due, in large part, to the enduring

efficacy of surgical weight loss [3, 4], and the increased

safety of these procedures. The 30-day mortality rate fol-

lowing bariatric surgery ranges from 0.1 to 0.3 % [1, 5, 6].

Gastric bypass is the most common bariatric procedure

used for surgical weight loss. Estimates from the bariatric
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outcomes longitudinal database revealed that 55 % of ba-

riatric procedures performed in 2009 were some form of

gastric bypass [6]. Gastric bypass provides the greatest

amount of weight loss [7–9] compared to sleeve gastrec-

tomy, adjustable gastric band, and lifestyle changes.

The laparoscopic approach to the Roux-en-Y gastric

bypass (LRYGB) is now widespread and much more com-

monly used than the open approach [10]. While the laparo-

scopic approach provides many advantages over the open

approach, the incidence of internal hernias after gastric

bypass has been shown to be higher in patients whose gastric

bypass is done laparoscopically [11]. This is thought to be

due to the decreased formation of post-operative adhesions

after laparoscopy [12]. The formation of internal hernias in

patients who undergo LRYGB is one of the most serious

complications that can occur following this procedure.

The incidence of internal hernia formation following

LRYGB can range from 1.1–9 % [11–15], with a mean of

2.51 % [13]. The rate of internal herniation is higher in

patients who undergo laparoscopic RYGB versus open

RYGB (0.8–5 %) [11–13, 15, 16], and is primarily the

result of the creation of potential internal spaces due to the

Roux-en-Y anatomy [12] through which the small bowel

can herniate. In the antecolic approach, it is most com-

monly in the transverse mesocolon and Roux-limb mes-

entery (Petersen’s defect), or mesenteric defect at the

jejuno-jejunostomy [12]. Internal hernia after LRYGB is a

medical emergency that can lead to small bowel obstruc-

tion, small bowel ischemia, and even death [17].

Prevention of internal hernias is often done through

closure of the mesenteric defects created during LRYGB

[11, 12, 18, 19]. While many studies have shown that

closure of mesenteric defects after LRYGB surgery can

significantly decrease the risk of internal herniation, very

few randomized controlled trials have been done to dem-

onstrate that closure of the mesenteric defect indeed

reduces the incidence of internal hernias following

LRYGB [13, 18]. The purpose of this study is to determine

if jejuno-jejeunal mesenteric defect closure reduces inci-

dence of hernias and complications in patients undergoing

LRYGB.

Methods

105 patients undergoing laparoscopic antecolic RYGB [20]

were randomized into two groups: closed mesenteric defect

(n = 50) and open mesenteric defect (n = 55). LRYGB

procedures were performed using a standard RYGB

15–30 cm3 pouch and a 125 cm Roux Limb. The omentum

was divided up to transverse colon to allow an antecolic

orientation of the Roux limb. The jejunum was divided

40 cm distal to the ligament of Treitz and a jejuno-

jejunostomy was performed with proximal and distal fir-

ings of the Endo-GIA 45 mm white load stapler. The Roux

limb was mobilized from the mesentery and placed in an

antecolic position. Gastric pouch was completed with

multiple linear blue load firings to the Angle of His in a

vertical fashion, and the Roux limb was intubated with a

25 mm EEA stapler, docked with the anvil, and fired to

create the gastro-jejunostomy.

In all patients, potential defects between the transverse

mesocolon and Roux-limb mesentery (Petersen’s defect)

were closed using a 2-0 braided polyester suture in inter-

rupted fashion. For patients in the closed group, the addi-

tional defect at the jejuno-jejunostomy was closed using

the same technique.

Outcome measures at 1 year included incidence of

internal hernia, other complications, readmissions, reopera-

tions, gastrointestinal quality of life index scores (GI QoL),

and percent excess weight loss (%EWL). Any patient com-

plaining of upper abdominal pain suggesting acute intestinal

obstructionwas evaluated for presence of internal hernia. CT

scan with intravenous and oral contrast was done and lapa-

roscopic exploration was done as indicated.

Complication rates were obtained from the medical

record. Complications recorded include anastomotic leak,

GI bleed, abdominal abscess, small bowel obstruction,

DVT/PE, wound infection, vitamin deficiency/dehydration,

ulcer, and strictures. Readmissions and reoperations were

also obtained from medical records. Patients were con-

tacted up to 3 years post-operatively to obtain incidences

of complications that may not have been captured from

institutional records. Patients also completed the GI QoL

pre-operatively and 12 months post-operatively in order to

determine symptoms associated with obstruction.

IRB approval was obtained for this study (Stanford

IRB#18347). Informed consent was obtained from patients

as they were recruited from clinic. Randomization was

performed by random number table on day of surgery.

Inclusion criterion was primary laparoscopic gastric bypass

and exclusion criterion was revisional bariatric surgery. A

power analysis was performed with a proposed paired, 2

sided T test analysis, 0.05 a level, 0.8 desired power, a 6 %

incidence rate with non-closure, 0 % incidence rate for

closure, 12 % sigma standard deviation rate and the

resultant sample size was 32 per cohort.

Dichotomous variables were analyzed using v2 test, and
continuous using two-tailed t test. Analysis was performed

using STATA software, release 12, and GraphPad Prism 6.

Results

Pre-operatively, there were no significant demographic

differences between the two groups. Both closed and open
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groups had pre-operative (pre-op) demographics similar to

other bariatric populations, with a pre-op BMI greater than

40 kg/m2, and the majority of patients as female, white,

and having private insurance. Both groups had similar rates

of prior abdominal surgeries, and there were no significant

differences in pre-op comorbidities including hypertension,

diabetes mellitus (type 2), gastroesophageal reflux disease

(GERD), and metabolic syndrome. The closed group had

longer operative times compared to the open group (closed-

153 min, open-138 min, p = 0.073). However, this dif-

ference was not significant. Pre-operative demographics

are summarized in Table 1.

Between the two groups, there was no significant dif-

ference at 12 months for decrease in BMI (closed-15.9,

open-16.3 kg/m2, p = 0.288), change in waist circumfer-

ence (closed-24.1 cm, open-30.0 cm, p = 0.359), or the

%EWL (closed-75.2 %, open-69.1 %, p = 0.179).

Average follow-up for incidence of internal hernias and

other complications for both groups was 34 months post-

operative (post-op) at time of analysis. Clinical follow-up at

12 months was 75 %; however, all (100 %) patients were

contacted approximately 36 months post-op to determine

incidence of internal hernias and other complications.

There was no significant difference between the groups in

incidence of internal hernias. In the open group, 1 internal

hernia was noted 14 months post-op (Incidence rate 1.9 %).

Laparotomy at an external institution revealed site of hernia

to be at the jejuno-jejunal anastomosis. Additionally, there

were no significant differences in incidence of major or

minor 30-day post-operative complications. Also, there

were no differences in incidence of strictures or ulcers

beyond the initial 30-day post-operative period. Both closed

and open groups had 2 patients with 30-day readmissions

after LRYGB (p = 0.904), and there were no significant

differences in 30-day reoperations between the two groups

(p = 0.253). Results are summarized in Table 2.

Both groups showed improvement in GI QoL index

scores from baseline to 12 months post-op (closed-25 %,

Open-21.6 % improvement, p = 0.672), but there were no

significant differences at 12 months between groups in total

GI QoL (closed-108, open-112, p = 0.440), physical

domain score (closed-17.9, open-17.7, p = 0.909), and

symptoms domain score (closed-60.2, open-60.0,

p = 0.919). However, closed group had a lower emotional

domain score at 12 months post-operation compared to

open group (closed-14.5, open-16.7, p = 0.042). All other

domains showed no significant differences. Results are

summarized in Table 3. For the purposes of this analysis 3

patients (2 from closed group, 1 from open group) were

excluded due to the fact that LRYGB being preformed was

a revisional procedure at the time of this study.

Table 1 Pre-operative and 12-month characteristics

Closed Open p value

n 48 54

Age @ surgery 46.9 ± 1.7 44.1 ± 1.7 0.267

White (%) 28 (58.3 %) 29 (53.7 %) 0.639

Private insurance 38 (79.2 %) 46 (79.6 %) 0.426

Female 38 (79.2 %) 43 (85.2 %) 0.954

Pre-op BMI (kg/m2) 46.2 ± 0.92 48.1 ± 0.90 0.156

Pre-op waist (cm) 131.1 ± 1.38 137.2 ± 0.89 0.138

Op time 153 ± 7.5 138 ± 4.5 0.073

Length of stay 2.88 ± 0.63 2.35 ± 0.11 0.385

Prior Abd surgery (%) 30 (62.5 %) 38 (70.4 %) 0.400

Pre-op comorbidities

HTN 29 (60.4 %) 36 (66.7 %) 0.512

GERD 16 (33.3 %) 21 (38.9 %) 0.560

DM2 22 (45.8 %) 16 (29.6 %) 0.091

Metabolic syndrome 13 (27.1 %) 20 (37.0 %) 0.284

12-month characteristics

BMI (kg/m2) 30.1 ± 0.75 32.7 ± 0.81 0.021

Waist (cm) 98.5 ± 1.0 110.0 ± 1.3 0.012

%EWL 75.2 ± 3.5 69.05 ± 2.5 0.179

BMI change 0–12 months

(kg/m2)

14.9 ± 1.2 16.3 ± 0.7 0.288

Waist change 0–12 months

(cm)

24.1 ± 2.5 30.0 ± 0.9 0.359

Mean follow-up 34.0 ± 0.45 34.2 ± 0.41 0.771

Table 2 Incidence of hernias and complications

Closed Open p value

n 48 54

Internal hernia 0 1 0.343

Any 30-day complication 4 (8.0 %) 7 (12.7 %) 0.452

30-day major complications 2 (4.0 %) 4 (7.3 %) 0.488

Anastomotic leak 1 0 0.287

Abdominal abscess 0 0 1.000

DVT/PE 1 1 0.933

Small bowel obstruction 0 0 1.000

GI bleed 0 3 0.097

30-day minor complications 2 (4.0 %) 3 (5.5 %) 0.746

Wound infection 1 2 0.629

Ulcer 0 0 1.000

Stricture 1 1 0.933

Vitamin deficiency 0 0 1.000

30-day readmissions 2 2 0.904

30-day reoperations 1 0 0.287

Ulcer[30-days post-op 3 1 0.253

Stricture[30-days post-op 3 1 0.253

Small bowel obstruction

[30-days post-op

0 1 0.343
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Discussion

In this study, closure or non-closure of the jejeunal mes-

enteric defect following LRYGB appears to result in

equivalent internal hernia and complication rates, and is

consistent with published literature.

The mean time from surgery to internal hernia has been

reported to be approximately 9–28 months [11, 13–15].

While follow-up for our study was approximately 34

months on average, longer follow-up may be needed to

capture all incidence of internal hernia. Internal herniation

in patients who have undergone LRYGB has been noted to

occur up to 6 years after surgery.

Although this study did not show a statistically signifi-

cant difference in the rate of internal hernias following

LYRGB between patients with closed defects versus those

with open, a high clinical index of suspicion for internal

herniation should always be maintained in any LRYGB

patient who presents abdominal pain and/or clinical signs

and symptoms of small bowel obstruction. A laparoscopic

approach can be undertaken to reduce the hernia contents

and close all defects [14, 21, 22].

While this study was a randomized controlled trial,

larger, multi-center randomized controlled trials may be

needed to provide a definite recommendation. Our sample

size was 105, and larger trials may provide more statistical

power to determine whether closure of mesenteric defect

leads to lower rates of internal hernias in LRYGB patients.

Our practice is to close all potential defects in LRYGB

patients.
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