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A B S T R A C T

Background: Bleeding from the staple line is a rare but serious problem following bariatric surgery. Staple line
bleeding control (SLBC) can be achieved in different ways such as the application of sutures, clips, glue or
buttressing materials over the staple line. Cauterization alone is generally not preferred due to concerns about
debilitating the staple line.
Objectives: The aim of this study was to compare the clip and monopolar cauterization methods for SLBC in
laparoscopic Roux-en-Y gastric bypass.
Setting: University hospital.
Methods: A total of 70 morbidly obese patients were randomized into two groups. Patients with previous upper
gastrointestinal surgery, re-do procedures and open surgeries were excluded. Their demographic characteristics,
intraoperative and postoperative outcomes were examined.
Results: A total of 489 SLBC interventions (274 clips and 215 cauterizations) were performed after 280 stapling
applications. SLBC intervention number and location, additional trocar requirement, blood loss and operation
time were not different between the groups. In the clip group, two patients required monopolar cauterization
when clipping failed. No intraabdominal bleeding or gastrointestinal leakage was seen in any group.
Postoperative gastrointestinal hemorrhage was seen in three patients, two in the clip group and one in the
cautery group. There was no difference between the groups in terms of postoperative pain score, abdominal
drainage amount, hemoglobin level alteration, morbidity or length of stay.
Conclusions: In laparoscopic Roux-en-Y gastric bypass, monopolar cauterization for SLBC can be used instead of
clipping. It appears that monopolar cautery is a safe and effective approach for SLBC in laparoscopic Roux-en-Y
gastric bypass.

1. Introduction

Obesity is a growing health problem in developed and developing
countries. According to the recent National Health and Nutrition
Examination Survey, fewer than one-third of the adult population in the
United States is not overweight [1]. In response to the obesity endemic,
bariatric surgery has gained an intense interest and sleeve gastrectomy
has become the most popular bariatric procedure in the world [2].
Roux-en-Y gastric bypass (RYGB) is the second most preferred bariatric
procedure worldwide even though it has restrictive and malabsorptive
features [2].

Both sleeve gastrectomy and RYGB require the use of stapling

devices and bleeding from the staple line is one of their major com-
plications [3]. In the literature, staple line bleeding control (SLBC)
studies were mostly examined in patients with sleeve gastrectomy and
they included studies that used synthetic/biological materials, clips and
sutures [4–7]. Using cautery for SLBC is not a new issue and possibly it
is a more frequent application in surgical practice than being a title in
an article. As far as we know, there was limited numbers of articles that
mentioned only in the “methods of the articles” about the cauterization
of staple lines with a bipolar cautery device during sleeve gastrectomy
[8,9] and to the best of our knowledge there has been no study com-
paring SLBC methods in laparoscopic RYGB or using monopolar cautery
for SLBC during any bariatric surgical procedure. Our aim was to
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investigate the efficacy of the clip and monopolar cauterization prac-
tices in laparoscopic RYGB in terms of SLBC.

2. Materials and methods

This study was approved by University Ethical Committee (2016/
180) and registered by www.clinicaltrials.gov (NCT03240367). All
procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or na-
tional research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Informed con-
sent was obtained from all individual participants included in the study.
In a power analysis, when α:0.05, 1-β(power):0.80 was calculated, the
bleeding difference between the cautery and the clip groups needed at
least 23 cases per group. However, we decided to increase the number
of patients in each group to 35 because of the potential loss of data and
the inability to reach statistical significance. The inclusion criteria were
patients with a body mass index (BMI) > 40 kg/m2 or 35–40 kg/m2

with accompanying obesity related comorbidities. Patients who had
previous gastric surgery, open RYBP cases, converted cases to open
surgery during trocar placements, patients with cirrhosis and patients
included in another randomized study were excluded. Groups were
randomized using a two by toss-up method. The surgical technique was
previously described in detail [10]. In summary, a gastric pouch and
gastrojejunostomy were created with linear staples (Ethicon Echelon
Flex Endopath or Medtronic Endo-Gia Universal - 60mm-blue load).
Alimentary and biliopancreatic limbs were 150–50 cm in length and the
anastomotic openings were closed intracorporeally by 3/0 poly-
propylene sutures. After stapling, we meticulously examined the staple
line and counted the number of all active bleeding points by one by and
then we did hemostatic application immediately by clip or cautery.
SLBC was performed with a 10mm disposable clip applier (Covidien-
ML-10mm) in the clip group, and in the other group monopolar cau-
terization was performed in coagulation mode (level of 40W), con-
nected to endoscopic scissors. No additional hemostatic material or
suturing was used. A drain was routinely placed in the left upper
quadrant trocar site.

Patients' age, gender, body mass index, comorbid diseases, antic-
oagulant history, preoperative INR level, prior abdominal surgery,
SLBC numbers and locations, additional intervention requirements,
additional trocar requirement, duration of surgery, blood loss and blood
replacement requirement, hemoglobin level decline, amount of ab-
dominal drainage, visual analog scales (VAS) scores, intraoperative and
postoperative morbidities were noted.

Postoperative hemoglobin decrease was considered as the difference
between the admission and discharge levels. Prior abdominal surgeries
were categorized as upper and lower abdominal operation. The location
of SLBC was as follows: the first transverse staple to the stomach was
recorded as number 1, while the other two vertical gastric staples were
recorded as number 2–3 and transecting the small bowel was recorded
as number 4 (Fig. 1). To assess the postoperative pain, a visual analog
scale (VAS) was used that ranged between zero (no-pain) and 10 (worst-
pain) [11]. VAS scores were asked in the morning before any analgesic
requirements. Postoperative complications were categorized according
to the Dindo-Clavien classification [12].

The work has been reported in line with Consolidated Standards of
Reporting Trials (CONSORT) Guidelines.

3. Statistical analysis

Statistical analysis was performed according to the intention to treat
protocol. Descriptive statistics including mean values and percentages
are provided for all data. The continuous and categorical variables were
compared using unpaired t-tests. The categorical variables were com-
pared with each other by the Chi-square test or Fisher's exact test.
Statistical significance was accepted as p < 0.05. The data were ana-
lyzed using SPSS version 16.0 and Microsoft Excel 2013.

4. Results

Between November 2016 and November 2017, a total of 169 mor-
bidly obese patients were treated with laparoscopic RYGB. Seventy
eligible patients (59 female, mean age 37.7 years and mean BMI
47.2 kg/m2) were included (Fig. 1). Forty-nine percent had previous

Fig. 1. Flow chart of the study.
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abdominal surgeries and 39% had co-morbidities (Table 1). Patients
were divided into two groups by block randomization each including 35
patients. There was no difference between the two groups in terms of
demographic features (Table 1). An additional trocar was required for
one patient in each group (for retraction of a large left liver lobe in the
clip group and to facilitate a troublesome gastroenterostomy anasto-
mosis in the cautery group).

After 280 (70×4) stapler applications, intervention for SLBC was
necessary to treat 489 active bleeding points (274 clips and 215 cau-
terizations). Overall mean SLBC interventions for the first, second, third
and the fourth staple lines were 2.1, 3.5, 1.8 and 6.1, respectively
(Fig. 2). In two patients in the clip group, the hemostasis method was
switched to monopolar cautery when SLBC failed with clips. According
to the intention-to-treat analysis, these patients and their results were

evaluated in the clip group. Intraoperative complications occurred in
four patients. A trocar site bleeding was controlled with Ligasure in the
clip group. Two nasogastric entrapments into the staple lines and one
submucosal gastrojejunostomy were all in the cautery group and all of
these complications were managed without the need for conversion to
open surgery. There was no difference between the groups in terms of
operating time and blood loss (Table 1).

There were three postoperative complications and all of them were
gastrointestinal bleedings diagnosed with melena and a decrease in
hemoglobin level, two in the clip and one in the cautery group (Dindo-
Clavien 2). Two patients were treated successfully by conservative
methods but a patient in the clip group required laparotomy for a he-
matoma in the remnant stomach and a perforation at the proximal
common limb. After bleeding control, the perforation was repaired
primarily and the patient was discharged on the 14th postoperative day
(Dindo-Clavien 3B). There was no difference between the groups in
terms of hemoglobin decrease. The amount of daily abdominal drainage
decreased progressively by day (80ml, 46ml, and 36ml) and there was
no difference between groups in terms of abdominal drainage. Overall
postoperative VAS scores diminished progressively within days (4.4,
3.5, and 2.4) and the VAS scores of both groups were similar (Table 1).
There was no mortality and patients were discharged with a median on
day three (range 3–14 days).

5. Discussion

Increasing the number of staple applications as expected leads to an
increase in the number of staple line complications. Sleeve gastrectomy
seems to have one of the longest staple lines in gastrointestinal surgery
and the majority of serious complications following sleeve gastrectomy
are associated with this long staple line. Therefore, most studies in the
literature on staple line related complications, their prevention and
management, are about sleeve gastrectomy. However, RYGB has a
longer total length of staple lines than sleeve gastrectomy (on both sides
as the gastric pouch and the remnant stomach and on the two trans-
ected small bowel sides). As far as we know, there is no study on SLBC
methods following RYGB. Here, in a randomized study comparing clip
application and monopolar cauterization for SLBC during laparoscopic
RYGB, we demonstrated that there was no difference among the groups
in terms of complications and other outcomes. Based on these results,
we concluded that monopolar cautery for SLBC during laparoscopic
RYGB as safe and effective. Moreover, it is practical and cheap and it is
our preferred technique for SLBC.

There are several methods such as applications of sutures, clips,
fibrin glue or buttressing materials for SLBC. Most of these methods
have been studied on patients who underwent sleeve gastrectomy and
there is no consensus on the best procedure [13–22]. In our daily
practice, we are not using these materials for SLBC and we have pre-
ferred only monopolar cautery for years. We transferred this practice to
our laparoscopic routine from our open surgical experience of 20 years.
From the beginning of our bariatric surgery program (March 2006), we
have performed more than 1000 bariatric procedures so far, mainly
RYGB (85%), with this hemostasis technique and have found no adverse
effects of monopolar cauterization for SLBC. Interestingly, we could not
find any previous study on monopolar cauterization for SLBC during
laparoscopic bariatric surgeries. In a limited number of papers, it has
been reported that bipolar cauterization is rarely performed for SLBC in
laparoscopic sleeve gastrectomies and their suture line leak rate was
reported as 1% [8,9]. Since the staple line leak rates have been specified
as between 0.5 and 5% following sleeve gastrectomy [13–22], the
monopolar cauterization method should not be considered to increase
the rate of staple line leaks.

We predicted that an intervention with monopolar cautery for SLBC
would increase the likelihood of intraluminal hemorrhage because the
cautery has no mechanical effect like the clips. However, there were
two clinically significant events of intraluminal bleeding in the clip

Table 1
Demographic, perioperative and postoperative data.

Parameters Clipping (n:35) Cautery (n:35) P

Gender (Female/Male) 30/5 29/6 1.00
Age 37.6 ± 11.3 37.9 ± 10.3 0.90
Body mass index 46.9 ± 7.4 kg/m2 47.6 ± 7.3 kg/m2 0.69
Co-morbidity 12 (34%) 15 (42%) 0.62
Diabetes mellitus 7 (20%) 7 (20%)
Hypertension 7 (20%) 4 (11%)
Chronic obtructive pulmonary
disease

3 (8%) 1 (2%)

Cardiac disease 1 (2%) 1 (2%)
Goiter 2 (5%) 3 (8%)
Periferic vascular disease 1 (2%) 2 (5%)
Allergy 0 1 (2%)

Prior abdominal surgery 18 (51%) 16 (45%) 0.81
Upper quadrant

Cholecystectomy 2 4
Splenectomy 1 0
Epigastric hernia 0 1

Lower quadrant
Gynecological operation 12 11
Appendectomy 3 0

INR 0.99 ± 0.05 0.98 ± 0.09 0.56
Additional trocar requirement 1 (%2) 1 (2%) 1.00
Intraoperative complications 1 (2%) 3 (%8) 0.61
Nasogastric tube trapping into
staple line

0 2

Submucosal tunneling during
anastomosis

0 1

Bleeding from trocar site 1 0
Duration of surgery 167 ± 55min 170 ± 55min 0.81
Intraoperative bleeding 56 ± 42ml 50 ± 59ml 0.61
Postoperative complications 2 (5%) 1 (%2) 1.00
Gastrointestinal bleeding 2 1
Intraabdominal hemorrhage 0 0
Anastomotic leakage 0 0
Infection 0 0
Mortality 0 0

Postoperative hemoglobin
decrease

1.6 ± 0.8 1.8 ± 0.9 0.32

VAS score on postoperative day
1

4.1 ± 2.4 4.6 ± 1.8 0.32

VAS score on postoperative day
2

3.8 ± 2.1 3.1 ± 1.8 0.13

VAS score on postoperative day
3

2.6 ± 2.5 1.9 ± 1.4 0.15

Total VAS score for three days 10,6 ± 6.3 9,6 ± 3.9 0.42
Abdominal drainage on

postoperative day 1
61.2 ± 59.5 98.5 ± 124.5 0.11

Abdominal drainage on
postoperative day 2

40.5 ± 40.1 50.5 ± 54.8 0.38

Abdominal drainage on
postoperative day 3

43.6 ± 52.8 28.0 ± 33.2 0.14

Total abdominal drainage
amount for three days

116.0 ± 92.6 161.0 ± 163.5 0.16

Length of hospital stay 3.6 ± 2.1 days 3.1 ± 0.5 days 0.17

VAS: visual analog scale. Upper quadrant surgery does not involve gastric
surgery, which is included in the exclusion criteria of the study.
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group (5.7%) but only one in the cautery group (2.8%). Alasfar and co-
workers [23] checked for intraluminal bleeding by routine in-
traoperative endoscopy during RYGB and found its rate was 3.4%, and
our 2.8% rate with the monopolar cautery was not significantly dif-
ferent than this reported rate. The number of hemostasis interventions
for SLBC was slightly higher in the clip group but it was not significant.
When cautery was applied, it affected a wider contact surface on the
staple line than the clip. In other words, the clip is a vertical application
to the staple line but the cautery is a horizontal one. For this reason, the
number of interventions in the cautery group were lower. At the be-
ginning of the study, we expected that bleeding control with cautery
would take less time than clipping. However, there was no difference in
operation time. Using a disposable clip applicator might have been
time-consuming. To ensure the hemostasis by monopolar cauterization,
cautery had to have contact with the staple line for a few seconds but
clipping had a shorter application time. Lastly, cauterization caused
some smoke that clouded the view and required some waiting or de-
sufflation that resulted in extra operative time.

We found the bleeding points were more after small bowel division
than the stomach divisions. This was because our preference of blue-
cartridge in all divisions. Using a stapler with a white-loaded cartridge
on small intestine may decrease the number of those bleeding points.
Another issue is using bipolar cautery that may cause less thermal in-
jury than monopolar cautery. Here we compared the monupolar cau-
tery, it was our choice for SLBC for years, with the one of the most
popular hemostatic method. Future studies are necessary to analyze the
efficiency and safety of bipolar cautery for SLBL as well.

RYGB is a commonly used bariatric surgical procedure that results
in successful weight loss for a long time. Despite the increased experi-
ence and improvements in equipment in bariatric surgical procedures,

staple line leaking and the bleeding are still major problems and both
are main research topics at the present time. The increased number of
bariatric surgeries is also a burden on general health expenditures. The
economic burden brought about by the surgical equipment is becoming
increasingly important. In a study investigating the effectiveness of
products to support the staple line, the materials increased the cost per
patient of $1600 without the advantage of a shortened hospitalization
time [24]. Although a limitation of our study was the lack of analysis of
cost, we believe that SLBC with a monopolar cautery was a less ex-
pensive method than the others.

6. Conclusions

We believe that the use of monopolar cautery for SLBC during la-
paroscopic RYGB has similar results to clip application. It appears that
monopolar cautery is a safe and effective approach for SLBC in la-
paroscopic Roux-en-Y gastric bypass. We continue to prefer monopolar
cauterization, because besides its safety and efficiency, it is also
cheaper.
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