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Abstract

Background Routine closure of mesenteric defects is generally considered standard part of laparoscopic gastric bypass surgery
today. Controversy still exists regarding the optimal method for mesenteric defects closure. The objective was to compare
different methods for mesenteric defects handling in laparoscopic gastric bypass surgery.

Methods Primary laparoscopic gastric bypass procedures from 2010 until 2015 reported to the Scandinavian Obesity Surgery
Registry (SOReg), where the mesenteric defects closure method was identifiable, were included. Main outcome measures were
serious postoperative complication within 30 days after surgery, and reoperation for small bowel obstruction within 5 years after
surgery. Quality-of-life before and after surgery, duration of surgery, and risk factors for complication were also analyzed.
Information on operation for small bowel obstruction was based on data from the SOReg, the Swedish National Patient
Register and reviews of hospital charts.

Results In all, 34,707 patients were included. Serious postoperative complication occurred in 174 (2.9%) patients with sutures, in
592 (3.1%, adjusted p = 0.079) with clips, and 278 (3.1%; adjusted p = 0.658) in the non-closure group. Reoperation for small
bowel obstruction within 5 years after surgery was lower with sutures (cumulative incidence 6.9%) and clips (cumulative
incidence 7.3%; adjusted HR 1.16, 95% CI 1.02-1.32, p=0.026), compared to non-closure (cumulative incidence 11.2%;
adjusted HR 1.63, 95% CI 1.44-1.84, p <0.0001).

Conclusion Closure of the mesenteric defects using either non-absorbable metal clips or non-absorbable running sutures is a safe
and effective measure to reduce the risk for small bowel obstruction after laparoscopic gastric bypass surgery. Sutures appear
slightly more effective and should remain gold standard for mesenteric defects closure.
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Background

the enormous expansion of laparoscopic gastric bypass sur-
gery over the last two decades [4]. During the same period of

The excellent long-term results of gastric bypass surgery [1]
together with the low risk for postoperative complication
using the laparoscopic technique [2, 3] has made way for
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time, small bowel obstruction due to internal hernia follow-
ing surgery has increased dramatically [5] with potentially
devastating consequences for the patient [6, 7]. Closure of
the mesenteric defects reduces the risk for small bowel ob-
struction [8] and is now an accepted part of any laparoscopic
gastric bypass procedure in many parts of the world. Several
methods are available for mesenteric defects closure. Non-
absorbable sutures have the highest tensile strength [9] and
best scientific documentation [10], but surgeons are some-
times discouraged by the technical challenge of the tech-
nique and the risk for kinking of the jejunojejunostomy
resulting in small bowel obstruction in the early postopera-
tive phase [10]. A technique using metal clips is potentially
easier to learn and master, and is gaining increasing popular-
ity. To date, no large trial comparing these two methods has
been conducted.
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The aim of the present study was to compare closure of
the mesenteric defects with sutures, metal clips or non-
closure, based on the hypothesis that there is no difference
between sutures and clips, and that the risk for small
bowel obstruction is reduced with both methods compared
to non-closure.

Methods

The Scandinavian Obesity Surgery Registry (SOReg) is a
national quality and research registry covering virtually
all bariatric surgical procedures in Sweden from 2010 on-
wards [11]. From the SOReg database, all patients oper-
ated with a primary laparoscopic gastric bypass procedure
between January 1, 2010 and December 31, 2015 were
assessed for eligibility. Retrocolic gastric bypass proce-
dures, unclear or mixed methods for mesenteric defects
closure, closure of only one mesenteric defect, or conver-
sion to open surgery were considered exclusion criteria.
Baseline characteristics, early postoperative complication
and quality-of-life were based on SOReg data. Data on
operations for small bowel obstruction were based on data
from the SOReg, and the Swedish National Patient
Register (NPR). Data on reoperations were available from
the NPR until December 31, 2015. A diagnosis of small
bowel obstruction (ICD-10 codes K45.0, K45.1, K56, and
K91.3) with a related, relevant abdominal operation was
considered surgery for small bowel obstruction. All charts
for patients with a diagnosis of K45.8 (other specified
abdominal hernia without obstruction) or with any uncer-
tainty in the registration in SOReg or NPR were reviewed.
Small bowel obstruction was then defined as acute pre-
sentation of abdominal pain with objective finding of
bowel obstruction at surgery [8, 10].

Outcome

Main outcomes were serious complication within 30 days af-
ter surgery, and operation for small bowel obstruction within
5 years after surgery. Secondary outcomes were duration of
surgery and quality-of-life.

Procedures

The technique for laparoscopic gastric bypass in Sweden is
well standardized, using an antecolic, antegastric laparoscopic
gastric bypass procedure [12]. The techniques for mesenteric
defects closure with sutures (videos available at: https://s3m.
10/yZTGe and https://s3m.io/RcFQy) [10], and clips [13] have
been described previously.
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Definitions

The Clavien-Dindo classification [14] was used to classify
postoperative complications. Complications scoring >3b
on the Clavien-Dindo scale (i.e., complications requiring
intervention under general anesthesia, resulting in organ
failure or mortality) were considered serious postoperative
complications.

Quality-of-life at baseline and 2 years after surgery
was estimated using the obesity problem scale (OP) and
the bodily pain dimension from the short form-36 (SF-
36RAND). OP is a disease-specific scale measuring the
impact of obesity on psychosocial functioning, reporting
aggregate scores from 0 to 100, with lower scores
representing better well being [15]. The bodily pain di-
mension on the SF-36RAND is also reported as a score
from 0 to 100, with higher scoring representing better
well being [16]. Comorbidity was defined as a specific
obesity-related condition requiring pharmacological
treatment or continuous positive airway pressure
treatment.

Statistics

Mesenteric defects closure with sutures was considered
reference method. Continuous variables were analyzed
using linear regression, categorical variables with logis-
tic regression. For serious postoperative complication,
odds ratios (OR) with 95% confidence intervals (95%
CI) were reported as measures of association. The risk
for reoperation due to small bowel obstruction within
5 years after surgery was estimated and visualized using
the Kaplan-Meier method and presented as cumulative
probability (1-Kaplan-Meier estimate). All patients were
followed until first reoperation due to small bowel ob-
struction, and censored if the mesenteric defects were
closed during any operation, at last known follow-up,
at 5 years or December 31, 2015. Cox regression was
used to calculate Hazard ratios (HR) with 95% CI for
this outcome. Odds ratios and Hazard ratios were ana-
lyzed unadjusted and adjusted for year of surgery, age,
sex, body mass index (BMI), and specified comorbidi-
ties. Abdominal operations for any cause were estimated
using the Kaplan-Meier method and unadjusted Cox re-
gression. Quality-of-life was analyzed as difference be-
tween baseline value and reported estimate at 2 years
using linear regression unadjusted (adjusted for baseline
value), and adjusted for baseline value, age, sex, per-
centage excess BMI-loss at 2 years after surgery, and
specified comorbidities.

P <0.05 was considered statistically significant. All data
were analyzed using SPSS Statistics version 22.
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Results

A total of 38,078 patients operated with a primary laparoscop-
ic gastric bypass procedure during the inclusion period were
identified. After exclusion of retrocolic procedures (n = 184),
mixed or non-reported mesenteric defects closure techniques
(n=2294), closure of only one mesenteric defect (n=803),
and conversion to open surgery (n=90), 34,707 patients
remained for analysis. Completed quality-of-life forms were
collected both at baseline and 2-year follow-up from 9219
patients concerning the OP-scale, and 9190 patients
concerning SF-36RAND. Follow-up at day 30 was 98.1%
(n=34,040). The mesenteric defects were closed with non-
absorbable, running sutures in 6149 patients (17.7%), with
non-absorbable metal clips in 19,436 patients (56.0%), and
left open in 9122 patients (26.3%).

The mean age at the time of surgery was 40.8 £ 11.24 years,
mean BMI 42.1 +5.27 kg/m?, the majority were women (n =
26,284; 75.7%), and 19,067 (54.9%) had a comorbid disease
(Table 1).

The mean operation time was 70.3 +=24.53 min in the su-
tures group, 60.6 +20.02 min (p < 0.0001) in the clips group,
and 79.9 +36.26 min (p < 0.0001) in the non-closure group. A
postoperative complication occurred within 30 days after
2632 (7.7%) operations, with 1044 (3.1%) meeting the criteria
for serious postoperative complication (Table 2). A serious
postoperative complication occurred in 174 (2.9%) patients
with sutures, 592 (3.1%; adjusted OR 1.18, 95% CI 0.98—
1.42, p=0.079) with clips, and 278 (3.1%; adjusted OR
1.05, 95% CI 0.85-1.29, p =0.658) in the non-closure group
(Table 3).

A total of 2243 patients underwent reoperation for small
bowel obstruction (Fig. 1, Table 4). In the sutures group, 341

patients were operated for small bowel obstruction within
5 years after surgery (cumulative incidence 6.9%), while 956
were operated for small bowel obstruction in the clips group
(cumulative incidence 7.3%, unadjusted HR 1.13, 95% CI
0.99-1.28, p =0.060; adjusted HR 1.16, 95% CI 1.02-1.32,
p=0.0.026), and 946 in the non-closure group (cumulative
incidence 11.2%, unadjusted HR 1.63, 95% CI 1.44-1.84,
p<0.0001; adjusted HR 1.74 95% CI 1.53-1.98,
p<0.0001). Other significant risk factors were female sex
(adjusted HR 1.20, 95% CI 1.07-1.34, p=0.001), while in-
creasing age (adjusted HR 0.98, 95% CI 0.98-0.99/year,
p<0.0001), increased BMI (adjusted HR 0.97, 95%CI
0.96-0.98/BMI-unit, p < 0.0001), hypertension (adjusted HR
0.80, 95% CI 0.71-0.91, p=0.001), and diabetes (adjusted
HR 0.70, 95% C10.60-0.83, p < 0.0001) were associated with
reduced risk.

In the sutures group, 598 patients underwent an abdominal
operation within 5 years (cumulative incidence 12.0%), while
1720 were operated in the clips group (cumulative incidence
12.6%, p = 0.008), and 1489 in the non-closure group (cumu-
lative incidence 17.4%, p <0.0001).

Quality-of-Life comparison

The OP-score prior to surgery was 62.3 +25.40 in the sutures
group, 61.5£26.35 in the clips group (p =0.270), and 60.7 =
26.74 (p=0.026) in the non-closure group. Two years after
surgery, the OP-score was 18.2+22.63 in the sutures group,
20.6 +£24.27 (p < 0.0001) in the clips group, and 21.7 +24.55
(p<0.0001) in the non-closure group. The mean improve-
ment in OP-score was lower for clips (mean difference 2.63,
95% CI 1.46-3.81, p < 0.0001; adjusted mean difference 2.32,
95% CI 1.16-3.49, p<0.0001), and non-closure (mean

Table 1 Baseline characteristics

Sutures Clips No-closure

Missing data Missing data Missing data
BMI, mean + SD, kg/m2 0 41.1+5.10 0 42.2+5.29 0 42.6+5.24
Age, mean £ SD, years 0 40.9+11.09 0 40.6+£11.33 0 41.1+11.12
Sex
Female 0 4801 (78.1%) 0 14,580 (75.0%) 0 6903 (75.7%)
Male 0 1348 (21.9%) 0 4856 (25.0%) 0 2219 (24.3%)
Comorbidity, 1 (%) 0 2991 (48.6%) 0 11,548 (59.4%) 0 4528 (49.6%)
Sleep apnea, n (%) 0 592 (9.6%) 0 2183 (11.2%) 0 782 (8.6%)
Hypertension, n (%) 0 1439 (23.4%) 0 5093 (26.2%) 0 2436 (26.7%)
Diabetes, n (%) 0 669 (10.9%) 0 2959 (15.2%) 0 1328 (14.6%)
Dyslipidemia, n (%) 0 528 (8.6%) 0 1986 (10.2%) 0 980 (10.7%)
Dyspepsia/GERD, n (%) 0 551 (9.0%) 0 2418 (12.4%) 0 712 (7.8%)
Depression, n (%) 0 846 (13.8%) 0 3103 (16.0%) 0 1311 (14.4%)
Previous DVT/VTE 472 (7.7%) 153 (2.7%) 303 (1.6%) 494 (2.6%) 1573 (17.2%) 184 (2.4%)
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Table 2 Specified postoperative complications during day 0-30

Suture Clips Non-closure

n (%) n (%) P! n (%) P!
Any postoperative complication 478 (7.8%) 1433 (7.6%) 0.504 721 (8.0%) 0.812
Leak/intra-abdominal abscess 66 (1.1%) 258 (1.4%) 0.091 151 (1.7%) 0.003
Small bowel obstruction/paralysis 75 (1.2%) 225 (1.2%) 0.802 82 (0.9%) 0.052
Bleeding 115 (1.6%) 343 (1.8%) 0.371 194 (2.1%) 0.030
Other wound complication 46 (0.8%) 114 (0.6%) 0.198 75 (0.8%) 0.625
Port-related complication 16 (0.3%) 62 (0.3%) 0.426 50 (0.5%) 0.010
Stricture 10 (0.2%) 41 (0.2%) 0.428 17 (0.2%) 0.738
Marginal ulcer 28 (0.5%) 85 (0.5%) 0.922 39 (0.4%) 0.789
Cardiovascular complication 10 (0.2%) 19 (0.1%) 0.210 19 (0.2%) 0.531
Pulmonary complication 50 (0.8%) 78 (0.4%) 0.0001 63 (0.7%) 0.378
DVT/VTE 8 (0.1%) 16 (0.1%) 0.311 11 (0.1%) 0.865
Urinary tract infection 32 (0.5%) 52 (0.3%) 0.064 42 (0.5%) 0.592
!'Based on unadjusted logistic regression using suture group as reference
difference 1.97,95% CI 1.36-2.58, p <0.0001, adjusted mean ~ Discussion

difference 1.54, 95% CI 0.93-2.14, p <0.0001) compared to
sutures.

Bodily pain on the SF-36 RAND prior to surgery was 55.8
+26.94 in the sutures group, 54.5+27.11 (p =0.065) in the
clips group, and 56.2+£27.06 (p =0.599) in the non-closure
group. Two years after surgery, bodily pain was 75.5 +28.62
in the sutures group, 72.3 +29.37 (p <0.0001) in the clips
group and 72.3 £29.09 (p =0.0001) in the non-closure group.
The mean improvement in bodily pain was lower for clips
(mean difference 2.54, 95% CI 1.17-3.91, p =0.0003, adjust-
ed mean difference 1.94, 95% CI 0.56-3.31, p =0.006), and
non-closure (mean difference 1.64, 95% CI 0.93-2.36,
p<0.0001; adjusted mean difference 1.21, 95% CI 0.49—
1.92, p=0.001) compared to sutures.

Table 3 Severity of postoperative complications during day 0-30

Suture Clips Non-closure

n (%) n (%) n (%)
No complication 5612 (92.2%) 17,454 (92.4%) 8342 (92.0%)
I 77 (1.3%) 223 (1.2%) 90 (1.0%)
I 206 (3.4%) 545 (2.8%) 273 (3.0%)
Ila 21 (0.3%) 73 (0.4%) 80 (0.9%)
b 158 (2.6%) 554 (2.9%) 258 (2.8%)
v 11 (0.2%) 35 (0.2%) 18 (0.2%)
v 5(0.1%) 3 (0.0%) 2 (0.0%)

Severity of postoperative complications classified according to the
Clavien-Dindo scale (grade I is a complication without need for pharma-
cological, surgical, endoscopic, or radiological intervention; grade II re-
quires pharmacological treatment; grade Illa requires intervention with-
out general anesthesia; grade I1Ib intervention under general anesthesia;
grade IV single or multi-organ failure; grade V death)
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Closure of the mesenteric defects using either sutures or clips
in antecolic laparoscopic gastric bypass surgery was associat-
ed with lower risk for small bowel obstruction compared to
non-closure. However, sutures were slightly more effective
after adjustment for other potential risk factors. Both groups
improved health-related quality-of-life and bodily pain signif-
icantly, but slightly less so with clips compared to sutures.
Since there is a strong association between bodily pain and
chronic abdominal pain, one possible concern may be that the
lower tensile strength of clips may result in slightly higher
rates of intermittent internal herniation [9, 17]. Although the
differences in health-related quality-of-life were negligible
from a clinical perspective, all things considered, sutures ap-
pears slightly more effective than clips.

The main concern with mesenteric defects closure has been
related to safety issues, mainly in terms kinking of the
jejunojejunostomy [10, 18]. Several adjustments in technique
have been tried in an attempt to reduce this risk, such as an
antiobstructive stitch [19], wide division of the mesentery
[20], and creation of a wide jejunojejunostomy using a double
stapling technique [21]. The scientific support for any of these
preventive measures, however, remains weak. Closure of the
mesenteric defects using metal clips is generally viewed as a
potentially easier technique to master, and may also lead to a
slight reduction in the duration of surgery. On the other hand,
the use of clips increases instrument costs, which may matter
in situations where resources are limited [22]. In the present
study, both techniques for mesenteric defects closure were
found to be safe, with a tendency for a small, but acceptable,
increased risk for bowel obstruction during the first 30 days,
compared to non-closure. Both methods were associated with
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Fig. 1 Cumulative probability of
operation for small bowel
obstruction
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lower risk for early small bowel obstruction than that reported
previously [10, 18]. Given the scientific evidence available at
present, it can be concluded that routine closure of both mes-
enteric defects in antecolic laparoscopic gastric bypass surgery
reduces the risk for internal hernia and small bowel obstruc-
tion, and should be a routine part of this procedure [10, 20,
23-25].

Despite the reduced risk for small bowel obstruction, this
complication will continue to occur. At 5 years, the incidence
rates of small bowel obstruction were approximately 7% for
both clips and sutures, and it is reasonable to assume that this
complication will continue to occur after 5 years as well.
Besides non-closure of the mesenteric defects, female sex,
younger age, lower BMI, and absence of comorbidity were
all risk factors for small bowel obstruction. This result lies
well in line with previous reports [10]. All of these risk factors
are associated with a more rapid weight reduction that may
lead to opening of the mesenteric defects, and have been sug-
gested as a potential risk factor for internal herniation [10, 26,
27]. Furthermore, a significant number of women, in particu-
lar, those in the younger age-group, experience increased fer-
tility after bariatric surgery [28]. Although pregnancy has not

T T T T
1 2 3

Time (Years after operation)

-

5794 5000 3801 2741 1329
19436 17005 12246 6260 2250 652
8732 8180 7677 6835 4421

been fully established as a risk factor for small bowel obstruc-
tion after laparoscopic gastric bypass surgery, the risk for
small bowel obstruction is high during pregnancy in this
group of patients [29, 30]. Apart from handling of the mesen-
teric defects, none of these risk factors are preventable. An
increased awareness, however, may aid in the evaluation of
patients with abdominal pain after laparoscopic gastric bypass
surgery.

The study is not without limitations. First, it was a non-
randomized trial. The technique for mesenteric defects closure
may therefore be less well controlled. Furthermore, small dif-
ferences between the study groups may exist. Technically, su-
turing is generally considered a more challenging technique
than using clips. For this reason, performance of this technique
may be biased towards more experienced surgeons. On the
other hand, surgeons may have chosen sutures to close more
technically challenging defects. Since this was an observational
study, we do not have information on intention-to-treat. A ran-
domized clinical trial would be the optimal design to compare
clips to sutures, but such a trial would be much larger than what
was considered possible at the time when this study was de-
signed. In the present study, data from two reliable nationwide

Table 4 Cumulative incidence of reoperation for small bowel obstruction after surgery

1 year 2 years 3 years 4 years 5 years

n (%) n (%) n (%) n (%) n (%)
Suture 133 (2.2%) 241 (4.2%) 295 (5.3%) 328 (6.3%) 341 (6.9%)
Clips 493 (2.6%) 790 (4.6%) 911 (5.9%) 947 (6.7%) 956 (7.3%)
Non-closure 238 (2.6%) 546 (6.1%) 746 (8.5%) 879 (10.1%) 946 (11.2%)

Total number of patients with reoperation for small bowel obstruction at each time with cumulative incidence as estimated by use of the Kaplan-Meier

method
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registers complemented by data from hospital charts were used.
Despite this, the risk for slight underestimation of the number of
reoperations for small bowel obstruction remains. Based on
previous reports, it is likely that this would affect the control
group to a greater extent and would therefore underestimate the
beneficial effect of treatment of mesenteric defects closure to
some extent [8]. Many patients in the clip group were censored
before postoperative year five due to limited follow-up time,
limiting the evaluation of long-term efficacy for this group.
There is therefore a risk that higher long-term follow-up may
reveal increased difference between clips and sutures with time.
Further studies addressing long-term efficacy of clips are thus
still needed.

The clips technique has increased in popularity, and a larger
proportion of patients operated in recent years received clips
compared to sutures and non-closure. Since duration of surgery
falls with increased experience of the surgical team, this factor
is likely to affect comparison between groups [3]. We have
attempted to compensate for this using adjusted linear regres-
sion analysis, but the mean operation time is likely to overesti-
mate the time reduction related to the technique used for mes-
enteric defects closure. Non-closure of the mesenteric defects
was more common in the early stages of the study. Closure of
the mesenteric defects became more common later on in the
study. Since operation time improves with time and increase in
experience, this is probably the explanation for this difference.

Finally, OP-score and bodily pain from the SF-36RAND
were used as measures of patient-reported outcome. Missing
data on these parameters, both at baseline and after 2 years,
limits the interpretation and reliability of these outcome mea-
sures. However, it is unlikely that the missing data would
cause differential bias between the study groups. Quality-of-
life is an important aspect when comparing different methods
of treatment and was thus included in this study, although
interpretation of the results should be regarded with caution.

Conclusion

Closure of the mesenteric defects using either non-absorbable
metal clips or non-absorbable running sutures is a safe and
effective measure to reduce the risk for small bowel obstruc-
tion. Sutures appear slightly more effective than clips and
should be considered gold standard for mesenteric defects
closure.
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