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Abstract
Purpose Currently, there are two laparoscopic stapling tech-
niques to perform the gastrojejunostomy in gastric bypass sur-
gery: the linear stapling and circular stapling techniques. The
aim of the study was to compare the two techniques regarding
postoperative morbidity and weight loss at an accredited bar-
iatric reference center in Switzerland.
Methods We compared two consecutive cohorts at a single
institution between November 2012 and June 2014 undergoing
laparoscopic gastric bypass surgery. The frequency of compli-
cations and weight loss at 1 year was assessed in 109 patients
with the 21-mm circular stapling technique (CSA) and 134
patients with the linear stapling technique (LSA).
Results Postoperative complications were more frequent in
the CSA group with 23.9 versus 4.5% in the LSA group
(p = <0.0001). The main difference was the frequency of
strictures, which occurred in 15.6% in the CSA group versus
0% in the LSA group. As a result, endoscopic dilation was

required at least once in 15 patients. There was no statistically
significant difference in percentage of excessive weight loss
(EWL) in both groups; EWL was 74% in the CSA group and
73% in the LSA group (p = 0.68).
Conclusion Linear stapled laparoscopic gastric bypass had
fewer stenotic strictures with similar weight loss at 1 year
compared to circular stapling technique.

Keywords Linear stapling anastomosis . Circular stapling
anastomosis . Gastrojejunostomy . Gastric bypass . Operation
technique . Stenosis . Stricture rate

Introduction

Bariatric surgery is considered the most effective treatment for
morbid obesity and results in substantial weight loss as well as
in an improvement of the obesity-associated comorbidities,
such as arterial hypertension, diabetes mellitus type II, sleep
apnea, and hypercholesterolemia [1, 2]. In 2013, a total of
468,609 bariatric procedures were performed worldwide,
95.7% of which were conducted laparoscopically [3]. Today,
one of the most frequently performed techniques is still the
laparoscopic Roux-en-Y-Gastric Bypass (LRYGB), which
was first introduced byWittgrove et al. in 1993 [4]. The critical
step of the operation is the gastrojejunostomy. Currently, there
are two standard stapling techniques for the gastrojejunostomy:
the circular stapling anastomosis (CSA) as described early by
Wittgrove and Clark [4] and the linear stapling anastomosis
(LSA) as described by Williams and Champion [5]. The main
objective is to achieve a low frequency of complications, such
as leaks, strictures, and marginal ulcer at the anastomosis.
While the leakage rate has dropped dramatically to less than
3%within the last decades, the occurrence of anastomotic stric-
tures and stenosis has been reported for both techniques and it
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remains unclear whether one is superior [6–8]. Therefore, we
assessed the postoperative complication rate and weight loss
between the two techniques at our institution.

Materials and methods

Data from all patients who underwent a proximal laparoscopic
gastric bypass surgery in our reference center for bariatric
surgery were collected from November 2012 to June 2014.
After excluding reoperations, conversions (e.g., band to by-
pass), and patients with previous laparotomy, two consecutive
cohorts with 109 patients who underwent a LRYGB using a
21-mm circular stapler and 134 patients who underwent a
LRYGB performed by a linear stapling technique were ana-
lyzed in the given time period. Two experienced bariatric sur-
geons, each of whom has performed more than 500 cases,
conducted the operations. One surgeon performed LSA and
the other one performed CSA according to their preference.
The database included patients demographics, comorbidities,
weight measurements preoperatively and 1 year postopera-
tively, operation time, length of hospital stay, 30-day compli-
cation rate, secondary interventions, and long-term complica-
tions at 1 year. Complications were defined according to the
Clavien/Dindo classification [9]. A stenosis was defined if the
diameter of the gastrojejunostomy was less than 10 mm [10].
All patients underwent standardized preoperative assessment
according to the national guidelines including routine endos-
copy withHelicobacter pylorus testing. A thorough follow-up
was conducted equally in all patients according to our center
guidelines in accordance with the Swiss society for the study
of morbid obesity and metabolic diseases (smob.ch). The
follow-up is set up as to detect and treat any malnutrition or
imbalance of vitamins as well as the adaptation of the medical
therapy of the comorbidities. The appointments are held in
standardized time intervals (as described below) and they in-
clude a thorough physical exam as well as standardized labo-
ratory tests [11].

Operation technique

The LSA technique: A gastric pouch (volume approximately
15 ml) was created using 2–3 Endo GIA tri stapler™ (purple,
60-mm magazines). After identification of the ligament of
Treitz and measurement of 50-cm jejunal limb, a side-to-side
gastrojejunostomy was performed with an Endo GIA tri
stapler™ (purple, 45-mm magazine). Caution was taken
to insert the stapler no more than 2 cm. The enterotomy was
then closed using a single layer hand-sewn continuous suture
with a 3.0 PDS™ (polydiaxonone suture, Ethicon).
Measurement of 150-cm Roux limb and creation of the
jejuno-jejunal anastomosis side-to-side with an Endo GIA tri
stapler™ (tan, 60-mm magazine) was then performed.

Closure of the enterotomy was achieved using a single
layer hand-sewn continuous suture with a 3.0 PDS™
(polydiaxonone suture, Ethicon). The gastrojejunostomy was
separated with an Endo GIA tri stapler™ tan magazine.

The CSA technique: After preparation of the pouch with
one horizontal 60-mm Echelon stapler line (Ethicon), a 21-
mm circular stapler head (ILS Ethicon) was inserted through a
gastrotomy at the greater curvature close to the first stapler
line. Then, a vertical stapler line (60 mm) was applied close
to the angle of His in order to complete the pouch formation
and to separate the gastrotomy from the pouch. The gastric
remnant with the gastrotomy was then resected using a small
wedge resection with one or two stapler firings. After identi-
fication of the ligament of Treitz and measurement of
50-cm jejunal limb, the circular stapler was inserted into
the jejunal limb and connected to the stapler head to
form the gastrojejunostomy. Then, the 21-mm circular
stapler was fired and withdrawn without any plastic
sheet. The jejuno-jejunal anastomosis was created side
to side using the Echelon stapler after measurement of
150-cm Roux limb. Finally, the gastrojejunostomy was
separated from the jejuno-jejunostomy using an Echelon
stapler (Ethicon). All mesenteric defects were closed at the
end of both procedures. The circular stapler insertion site
was cleaned with two sterile gauzes to prevent subcutaneous
infection.

Postoperative care and follow-up

After upper gastrointestinal series with contrast swallow on
postoperative day one, a diet consisting of pureed foods was
introduced and maintained for 1 month. Patients were
discharged around day 5 with proton pump inhibitors, tempo-
rary thrombosis prophylaxis, and vitamin and mineral supple-
mentation. Follow-up was conducted at 2 and 4 weeks and 3,
6, 9, and 12 months. If a patient showed nausea, vomiting, or
food intolerance, an anastomotic stricture or stenosis was
ruled out by endoscopy. In case of confirmed stenosis, patients
underwent immediate endoscopic balloon dilation up to
15 mm. If a leakage was suspected, a contrast-enhanced ab-
dominal computed tomography and endoscopy was per-
formed. Depending on the findings, a diagnostic laparoscopy
was then conducted. All other unspecific complaints were
noted in the patient’s medical file.

Data analysis and statistics

Univariate analysis was performed to determine any as-
sociations between complications and the gastrojejunostomy
technique, using Fisher’s exact test. Weight loss data was
assessed with t test. Comorbidities were analyzed with a chi-
square test. A p value of <0.05 was being considered as sta-
tistically significant.
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Results

Demographics

The demographics and length of hospital stay did not differ
between the investigated groups (Table 1).

Follow-up

For patients in the CSA group, the follow-up rate was 94.5%
and for patients in the LSA group, it was 90.6% at 12 months.
The follow-up rate after 30 days was 100% for both groups.

Comorbidities

Apart from a higher incidence of obstructive sleep apnea syn-
drome in the CSA group (45 versus 27.6%, p < 0.05), the
distribution of the comorbidities was comparable in both
groups at the time of operation (Table 2). One year after the
operation, the remission rate of diabetes mellitus type II (DM
II) was similar in both groups. In the CSA group, 17 of 25
(68%) patients had remission. In the LSA group, 15 of 21
(71%) had remission (p = 0.915).

Complications and operative time

The overall complication rate in the CSA group was higher
with 23.9% compared to 4.5% (p < 0.0001) in the LSA group
(Table 4). The operative time was significantly longer in the
CSA group (CSA 130.2 (±33.1) minutes compared to LSA
89.4 (±21.1) minutes; p < 0.05). The most frequent complica-
tion in the CSA group was a stenosis at the gastrojejunostomy,
which occurred in 15.6% of the patients at a mean of 26.4 days
(±6) postoperative. Table 5 shows the number of dilations
needed to treat the strictures. There were no patients with a
stenotic stricture in the LSA group. Leakage at the
gastrojejunostomy occurred in 0.74% (one patient) in the
LSA and in 1.8% (two patients) in the CSA group
(p = 0.422). The leaks occurred at postoperative days 3, 8,
and 30. All three cases needed immediate laparoscopy with
reconstruction of the gastrojejunostomy (Tables 3 and 4). In
one patient of the LSA group, the esophagus was accidentally
injured during the pouch formation. This lesion was recog-
nized immediately during primary surgery and stenting of
the esophagus was performed postoperatively. In both groups,
there was one patient with an intra-abdominal hematoma. In
the CSA group, it occurred spontaneously and was managed
conservatively. The patient in the LSA group was bleeding
under oral anticoagulants, needed the placement of a comput-
ed tomography-guided drainage and was classified as a grade
3a complication. There were two cases of wound infection in
the CSA group, none in the LSA group. In one case, it could
be treated without any further measures and healed

spontaneously and therefore was classified as a grade 1 com-
plication. The other wound needed to be opened and cleaned
and antibiotic treatment was initiated; this was classified as a
grade 2 complication. There was no further complication/
stenosis at 1 year in both groups, and we did not observe
any severe hypoglycemia (Table 5).

Weight loss

The mean weight and body mass index (BMI) at 1 year post-
operative was similar in both groups with 86 kg (±24.6) and
30.2 kg/m2 (±5.1) in the CSA versus 84.2 kg (±24) and
29.9 kg/m2 (±4.7) in the LSA group (p = 0.68). There was
no statistically significant difference in percentage of total
weight loss (TWL) and percentage of excess weight loss
(EWL) in both groups; TWL was 32% in both groups
(p = 0.41); EWL was 74% in the CSA group and 73% in the
LSA group (p = 0.68) (Table 6).

Discussion

This publication compares the LSA to the CSA technique
using a 21-mm stapler head in gastric bypass surgery. It shows
that the number of stenotic strictures was higher and the op-
eration time was longer using the CSA technique, while the
weight loss at 1 year was comparable in both groups.

Table 1 Demographics

CSA LSA p value

Patients (n) 109 134 NA

Age (years) 44.9 (±12.8) 41.9 (±11.7) NS

Sex (f/m) 66/34 (%) 72/38 (%) NS

Weight (kg) 126.3 (±19.5) 124.1 (±20.6) NS

BMI (kg/m2) 44.3 (±5.8) 43.5 (±5.8) NS

LOS (d) 6.5 (±4.7) 6.2 (±1.3) NS

Data are given as mean ± standard deviation

BMI body mass index, CSA circular stapling technique, LSA linear sta-
pling technique, LOS length of hospital stay

Table 2 Comorbidities

CSA (109) LSA (134) p value

AHT 46.8% (51) 36.6% (49) 0.107

DM II 22.9% (25) 15.7% (21) 0.151

OSAS 45% (49) 27.6% (37) <0.05

Hyperlipidemia 32.1% (35) 25.4% (34) 0.247

AHT arterial hypertension,DM II diabetes mellitus type 2,OSAS obstruc-
tive sleep apnea syndrome, CSA circular stapling technique, LSA linear
stapling technique
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When looking at the preferred gastrojejunostomy tech-
nique in an online survey of the American Society for
Bariatric Surgery, the CSA was preferred by 43% of the sur-
geons, followed by LSA and hand-sewn anastomosis [12].
This preference implies that the CSA technique may be easier,
but we found that operation time was considerably increased
with the CSA technique. This is in line with the findings of
recently published data by Sima E. et al. 2014 [13] as well as
Edholm et al. 2015 [14], who showed that CSA is associated
with increased operation time, hospital stay, and incidence in
postoperative complications compared to LSA. Prolonged op-
eration time is more costly and may expose the patient to a
higher risk of complications such as thromboembolic events
[15]. Preoperative BMI, age, and gender were comparable in
our groups. Therefore, increased operation time cannot be
explained by more challenging conditions. We found no dif-
ference regarding length of hospital stay between the two
techniques despite an increased complication rate in the
CSA group. This can be explained by the fact that most com-
plications were stenotic strictures, which tend to occur after

the patient’s discharge. Two large meta-analyses looked at
stricture rates in both anastomosis techniques and also found
a significantly increased stenosis rate in CSA, although the
stapler size was not specified [16, 17]. Most studies compared
the 21-mm to the 25-mm stapler head and found that
gastrojejunostomy stenosis was increased when using the
21-mm stapler head (17 versus 7%) [18–20]. The reported
stenosis rates range from 7 to 31% in CSA depending on the
literature [19, 21, 22]. In our LSA group, we did not find any
strictures, which may be a real benefit of the LSA technique.
The stenosis rate in our CSA group was 15.6%, and 15 out of
17 patients required a balloon dilation at least once. The addi-
tional endoscopic treatment is cost intensive and an unneces-
sary burden for the patient. The pathophysiology of the
gastrojejunostomy stenosis is still speculative. Some of the
reasons may be patient related, such as smoking or excessive
scar formation. Additional important factors are most likely
the diameter of the gastrojejunostomy and ischemia with or
without ulceration causing scarring at the anastomotic junc-
tion. Contributing to the tightness of the anastomosis is a small
diameter of the anastomosis, created in CSA technique with a
stapler head <25 mm [10, 20], whereas the LSA technique
results in a wide anastomosis. The different anastomosis tech-
niques did not have an impact on the frequency in leaks.
Consistent with the current findings in literature, the anasto-
motic leakage rate was comparable in both groups [7, 13, 23,
24]. The wound infection rate was slightly higher in the CSA
group. In the literature, the infection rate varies between 4.7
and 23% [8, 16, 21]. The passing of the circular stapler and
anvil through the abdominal wall is suspected to contaminate
the subcutaneous tissue and to cause wound infections.

Table 4 Complication type

CSA (109) LSA (134) p value

Stenosis (GJ) 15.6%(17) 0% (0) <0.0001

Leakage (GJ) 1.8% (2) 0.74% (1) 0.422

Esophageal lesion 0% (0) 0.74% (1) 0.724

Marginal ulcer 0.91% (1) 0% (0) 0.224

Hematoma 0.91% (1) 0.74% (1) 0.752

Wound infection 1.8% (2) 0% (0) 0.115

Pneumonia 0% (0) 0.74% (1) 0.724

Others 2.8% (3) 1.5% (2) 0.521

Total 23.9% (26) 4.5% (6) <0.0001

Type of early complications (within 30 days); others include pain, con-
stipation, and syncope

GJ gastrojejunostomy, CSA circular stapling technique, LSA linear sta-
pling technique

Table 3 Dindo
complication grade CSA (109) LSA (134)

1 7.3% (8) 1.5% (2)

2 0.91% (1) 0.75% (1)

3a 12.8% (14) 0.75% (1)

3b 1.8% (2) 0.75% (1)

4a 0.91% (1) 0.75% (1)

5 0% (0) 0% (0)

Early complications (within 30 days)
according to the Clavien /Dindo
Classification [9]

CSA circular stapling technique, LSA line-
ar stapling technique

Table 6 Weight loss

CSA (109) LSA (134) p value

BMI at 1 year (kg/m2) 30.2 (±5.1) 29.9 (±4.7) 0.68

TWL 32% 32% 0.41

EWL 74% 73% 0.68

Data are given as mean ± standard deviation for body mass index (BMI)
and % for total weight loss (TWL) and excess weight loss (EWL)

CSA circular stapling technique, LSA linear stapling technique

Table 5 Required
endoscopic dilations Number of

dilations
CSA (109) LSA (134)

1 10 0

2 4 0

3 1 0

Total 15 0

CSA circular stapling technique, LSA
linear stapling technique
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Subcutaneous wound infections may result in a serious threat
to the patient. The need for antibiotic treatment and secondary
surgical interventions are often required. The reduction of the
wound infection rate is therefore a substantial benefit.

It has been propagated to use the CSA technique in order to
achieve better restriction and weight loss compared to the
LSA technique [25]. However, we found no difference regard-
ing weight loss at 1-year follow-up. While not all of the au-
thors looked at weight loss [7, 18, 26], Gould et al. found
similar weight loss when comparing 21-mm to 25-mm stapler
[19]. Lee et al. did see a greater weight loss during the first few
months after LRYGB in patients with gastrojejunostomy ste-
nosis, independent of the surgical technique, but after
12 months, the difference had disappeared [22]. Bohdjalian
et al. and the recent publication of Schneider et al. compared
LSA to CSA and found no difference in weight loss after
2 years, which up to now is the longest follow-up time when
comparing the LSA to the CSA technique [27, 28]. Therefore,
the use of the CSA technique for better weight control seems
to be unjustified. Although there was no statistically signifi-
cant difference, we did see a tendency in better remission of
DM II in the LSA group. Long-term data are needed in order
to fully clarify this question and to address the role of restric-
tion as well as the amelioration of the comorbidities. Multiple
modern concepts other than restriction, that explain weight
loss after LRYGB surgery, have been recently identified.
Altered bile flow, changes in gastrointestinal hormones, and
changes in metabolic rate are most likely more important than
restriction and malabsorption [29–32].

The shortcoming of this study is its retrospective design and
potential bias related to these kinds of analyses, such as the
comparison of the results of two different surgeons. However,
all patients were treated equally in the same institution by the
same team in a short period in order to minimize era bias or
change of patient care. In addition, our obesity center has a large
experience performing over 200 cases per year and each step
from the operation to the postoperative care is standardized.

Conclusion

In conclusion, our data show that there is no advantage in using
the 21-mm CSA technique compared to the LSA tech-
nique. On the contrary, the stricture rate is higher with no
difference concerning weight loss at 1 year. Therefore, the
LSA technique might be the preferred technique to perform
the gastrojejunostomy in LRYGB.
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