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Abstract
Purpose Among various staple-line reinforcement methods applied during sleeve gastrectomy (SG), although data on fullthickness-continuous-suturing (FTCS) is nearly nil, it has been considered as potentially harmful. The safety/efficacy profile
of FTCS is assessed.
Methods All consecutive SGs completing 3-month follow-up were studied. Data on peri-operative parameters, complications,
and follow-up were prospectively recorded. All reinforcements were completed by FTCS utilizing barbed suture. Super-super
obese, secondary SGs, SGs performed in patients with prior anti-reflux surgery, and SGs performed with additional concomitant
procedures were evaluated as “technically demanding” SGs. Student’s t/chi-square tests were used as appropriate.
Results Between January 2012 and July 2020, 1008 SGs (941 “primary-standard,” 67 “technically demanding”) were performed
without mortality/venous event. Single leak occurred in a patient with sleeve obstruction (0.1%). Thirteen bleedings, 4 requiring
re-surgery (0.4%), and 17 stenoses (1.7%) were encountered. Four stenoses were treated with gastric bypass (1 emergency), 6 by
dilatation(s), and one required parenteral nutrition. Six patients with stenosis chose not to have any treatment. No statistically
significant difference was observed in postoperative complications between “primary-standard” and “technically demanding”
SGs (p > 0.05). The median follow-up was 44 months. The excess weight loss % at 5th year was 80.1%. Suturing added 28.4 ± 6
minutes to the SG, 3 or fewer sutures were used to complete the reinforcement in > 95%. No mishap/complication occurred
related to suturing.
Conclusion FTCS produced excellent result in terms of leakage/hemorrhage with an acceptable stenosis rate at a low cost with
half-an-hour increase in the operating time. In contrast to previous allegations, no harm attributable to stitching itself occurred.
Keywords Staple-line reinforcement . Sleeve gastrectomy . Over-sewing . Full-thickness suturing . Complications

Introduction
No standard reinforcement technique is widely accepted as
gold-standard when dealing with the long staple-line during
sleeve gastrectomy (SG) [1–15]. Different techniques,
buttressing, over-sewing, and clip/sealant applications, have
been used, sometimes together, with varying degrees of success rates [1]. As stated by Barreto et al. [2], the term “over-
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sewing” traditionally refers to two distinct types of continuous
suturing: through and through, full-thickness-continuoussuturing (FTCS) of the staple line, the so-called baseball-suturing is one type; and imbrication of the staple-line by placing
sero-muscular bites on either side of the staple-line is the other. Imbrication is the currently preferred over-sewing method
worldwide [2–9], based on a debatable hypothesis of the
harmful effects of FTCS [10, 11]. Several authors have mentioned the theoretical dangers of FTCS [2, 12–14], but no clear
evidence is present. Only a single article provided comparative data on FTCS with barbed suture as a staple-line enforcement method following SG [15]. This revealed no increase in
complications.
In this report, data on the safety/efficacy of FTCS of the
staple-line by barbed suture in 1008 consecutive SGs are provided. To our knowledge, as a reinforcement technique, this is
the largest experience on FTCS reported up to date.

To diminish the risk of functional stenosis

Hurst, tungsten-filled esophageal bougie, Teleflex-Pilling, Morrisville, NC, USA

This will be the subject of a future report
b

Numbers in parenthesis are reference numbers

a

To abandon the risk of bougie stapling [16]
522th case

648th case
Firm lateral traction by the 1st assistant

Bougie size
Pneumoperitoneum
Full thickness continuous suturing

Table 1

All consecutive SGs who completed at least 3-month followup were included. Secondary SGs done with re-do bariatric
intent, patients who had a prior anti-reflux operation, cases in
whom a fundoplication was combined with SG, cases where
giant para-esophageal hernias (PEH) were repaired concomitantly with SG and patients with super-super obesity (body
mass index (BMI) > 60 kg/m2) were evaluated as “technically
demanding” cases.
Our protocols on bougie type/size/usage [16], preoperative workout/SG technique which are the same for all
BMIs [17], and just recently, virus related changes during
the Covid-19 pandemic have been reported [18]. A low pneumoperitoneum strategy which was continued during the pandemic [18] was already in place (Table 1). Technical differences in patients who have had a prior anti-reflux operation
[19] and those undergoing concomitant giant PEH repair have
also been reported with video footage [20] . Table 1 summarizes technical changes that we adapted during our entire practice. For the prevention of venous thromboembolism (VTE),
all patients received low molecular weight heparin (LMWH)
by pre-operative subcutaneous injection according to BMI
(BMI > 50 received 60 mg, BMI < 50 received 40 mg of
enoxaparin sodium, repeated every 24 h, for 10 days)
(Clexane, pre-filled syringe, Sanofi, Turkey). Patients who
were already on oral or novel anti-coagulants were managed
by bridging with LMWH and weaning off other anti-coagulation. Pneumatic stocking usage during surgery/hospitalization
and early mobilization were routine. In patients with a VTE
history, hypercoagulability and with any condition that may
prolong immobility, LMWH use was extended individually.
All SGs were performed by the senior author (M.A.Y.) or
partly by the surgical staff under his direct supervision. SGs
were done routinely over a bougie starting a few centimeters
away from the pylorus. Leak test was selective. All patients
were drained with a 7-mm Jackson Pratt drain, removed on the
third postoperative day after the total output was recorded. In
terms of reinforcement, all SGs were completed with the same
material/technique.

Protocol changes adapted during 1008 consecutive sleeve gastrectomies

Inclusion criteria

Change

The study was approved by the institutional ethics committee
and written informed consent was obtained from all participants for both surgery and for the use their data anonymously.

Bougie type

Material and methods

36 F hollow bougie is abandoned in favor of a blunt
tipped-flexible-rigid bougiea
36 F is abandoned in favor of 42 F
Low pressure protocol [18]
Purse-string inversion of the upper corner is abandoned
in favor of the presented technique (Video 2)
Abandoned during the first two staplings (Video 2)

Aim of change
Timing of change

Furthermore, technical and ergonomic improvements over
time, with special emphasis when using barbed suture for
FTCS, are addressed.

To lower the risk of stenosis
To diminish pneumoperitoneum related risks
Inversion was deemed unnecessary and counterproductiveb

Langenbecks Arch Surg (2021) 406:1683–1690

522th case
645th case
645th case
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Reinforcement technique
After the bougie was withdrawn, starting from the upper corner, entirety of the staple-line is continuously sutured by a 6″
(15 cm), 000, barbed suture (V-Loc 180; Medtronic,
Minneapolis, MN, USA). All bites were meticulously placed
4–6 mm apart, from just beneath the staple line, in a fullthickness, through and through manner (Video 1). Upon needle clearance from the tissue, each suture was carefully
snugged down with special care to avoid thread misplacement
and “locked” tightly. No gap between consecutive sutures was
allowed and in time, subsequent sutures overlapped the end of
previous one at least 1 cm in order to secure that all staple-line
was adequately addressed (Video 2). First knot cannot be
trusted since the suture thread is not “barbed” in close vicinity
to the hole. Ergonomic refinements in our technique with increasing experience are addressed in Video 2 and major protocol changes are summarized in Table 1. Upon completion of
suturing and forceful washout and irrigation of the staple-line,
any further bleeding was addressed by re-stitching with the
same material/technique (Video 3). Clips were used rarely as a
definitive hemostatic method. In situations when an arterial
bleeder became apparent upon the opening of the stapler
mouth, clips were still used. Most such clips were removed
once the FTCS addressed that segment. No glue/sealant was
ever used. The same material/technique was used for the repair of serosal tears and staple misfires (Video 4) as well as the
staple-line bleedings requiring re-surgery (Video 3). Four defects related to the freeing of 3 inadvertently stapled nasogastric tubes in three patients were also repaired utilizing the same
suturing material/technique and video footage has been recently reported [16].
Postoperative day 1 upper GI series was routine. All patients were discharged on the third postoperative day unless
there was a complication. During the pandemic, early discharge was encouraged [18].

Definitions
Leak was defined as the presence of extra-gastric contrast
material in tomography [21].
Bleeding was defined as hemorrhage requiring surgery or
transfusion. High drain output consistent with a hemoglobin
drop managed without transfusion/surgery was also recorded
as bleeding.
Stenosis was defined as acute (i.e., inability to start oral
liquids, nausea, vomiting) or chronic complaints (i.e., intolerance to solids, frequent vomiting, increased reflux complaints,
low weight, malnutrition) in the presence of findings at contrast swallow studies and gastroscopy. Any stenotic segment
at upper GI contrast study that is gastroscopically traversable
was labeled as functional stenosis (FS). All gastroscopies were
done by the senior author (M.A.Y.). In addition to patients
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who required an intervention due to FS (i.e., central vein catheterization, dilatation, re-surgery), those who had a confirmed
FS but declined treatment were also recorded as “sweet” stenosis. In our practice, excluding emergencies, first-line therapy for FS was to do sequential pneumatic balloon dilatations
repeated on a maximum of 3 occasions, increasing the diameter and inflation duration; all performed by B.A. as the interventional radiologist and M.A.Y. as the endoscopist. Surgery
was reserved only for those with an emergency need or when
the dilatation(s) did not work.
Weight loss data is presented as percent excess weight loss
(%EWL). Patients were followed up at 3rd and 6th months, 1
year after surgery and yearly thereafter. Patients who were
unable to attend follow-up were reached by phone/video calls
to record their weight and stenosis related symptoms.
Data on demographics, duration of surgery (minutes),
length of stay (days), the total number of barbed sutures required to suture the entirety of the staple-line per patient, total
drain output (milliliters), intra-operative problems (i.e., trocar
insertion complications, CO2 emboli, staple misfirings, serosal tears, orogastric tube entrapments), blood product use,
early/late complications, and outcome/follow-up parameters
were retrieved from our prospectively updated database.
The time (minutes) required to complete the staple-line
suturing was measured for the last 400 cases utilizing the
video recordings.

Statistics
Statistical analysis was performed using SPSS software, version 23 (IBM Corp., Armonk, NY, USA). Categorical and
numeric parameters were assessed using chi-square and
Student t-tests, respectively. P values < 0.05 were regarded
as significant.

Results
Between January 2012 and July 2020, 1008 consecutive patients underwent SG with a minimum of 3-month follow-up.
Nine hundred and forty-one patients had a “primary-standard”
SG and 67 were regarded as “technically demanding” either
due to a secondary/nonstandard bariatric procedure (n: 40) or
because they were super-super obese (n: 27). (i.e., 17 were
done in patients with concurrent (n: 10) or previous lap/open
bands (n: 7) including one with concomitant plication; 1 was a
re-sleeve; 1 was done in a patient with previous endo-stitching
with Apollo system; 15 were done in patients who had a prior
anti-reflux procedure [19]; 3 were done concomitantly with a
partial fundoplication; 3 were done concomitantly with giant
PEH repair including a patient with intra-thoracic stomach
[20]; 27 had BMI > 60 kg/m2). Demographics and weight data
are summarized in Table 2.
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Demographics and baseline data

n
Age (years)
Sex (F/M)
Body mass index (kg/m2)
(range)

Total

Standard-primary
sleeve gastrectomies

Technically demanding
sleeve gastrectomies

1008
37.4 ± 11.0
614/394
42.1 ± 7.3
(28.0–74.2)

941
37.2 ± 11.1
575/367
41.7 ± 6.2
(28–59.8)

67
40.9 ± 9.9
40/27
49.7 ± 12.9
(28–74.2)

Data on duration of surgery, length of stay, number of sutures per patient, total drain output, and intra-operative problems are summarized in Table 3. Except for an increase in
duration of surgery, trocar injuries, total drain output, and
CO2 emboli, the remaining parameters were distributed evenly
in primary-standard and technically demanding SGs (Table 3).
Two trocar injuries affected the colon and all others were liver
lacerations. The left colonic injury was a sealed perforation and
was managed conservatively as recently reported [17]. The
other colonic injury was a serosal tear of the transverse colon
and managed by suturing. CO2 emboli occurred in two patients
with deep liver lacerations due to trocar injuries and were managed intra-operatively without any sequela.
No mortality occurred. One open conversion was required
in a patient with previous open band insertion-extraction operations, both done elsewhere. Upon confronting a large mass
in “bursa omentalis,” open conversion was required and a
“retained” foreign body which was identified as surgical towel
was successfully removed. No further sequelae occurred in
this patient and the staple-line was sutured openly, with the
same material/technique. Distribution of post-operative complications were not statistically different in primary-standard
and technically demanding SGs (Table 4). No VTE, including
mesenteric vein thrombosis became clinically evident.

Table 3

P

0.01
0.80
0.15

The single leak occurred in a super-super obese patient
who had a complete obstruction due to a twisted sleeve. He
required emergency surgical conversion to a Roux-en-Y gastric bypass for the combined treatment of the leak/stenosis on
the 9th postoperative day. This novel approach avoiding the
use of stents has been published [21].
Bleeding requiring re-surgery occurred in 4 patients. In one
patient, the bleeding was from the splenic hilum and was
managed by emergency open surgery 1 day after SG without
sequelae. Three were from the staple-line: 2 intra-abdominal,
1 intra-luminal. Two intra-abdominal bleedings from the
staple-line were addressed with re-laparoscopy and stitching
using the same material/technique (Video 3). The intraluminal bleeding was managed by a novel approach as recently video-reported [22]. Under gastroscopic guidance, the same
material/technique was used re-laparoscopically. Among 9
patients with non-surgically treated bleedings, 2 were thought
to result from the right trocar site since ultrasound revealed a
hematoma at the right upper quadrant. The third was a subcapsular splenic hematoma which was managed conservatively with success. The site of bleeding remained unknown in 6.
The average time required to complete continuous suturing
was 28.4 ± 6 min (min: 14, max: 49). Three or fewer separate
sutures were used in more than 95% of the patients during the

Peri-operative data and intra-operative complications
P

Total

Standard-primary
sleeve gastrectomies

Technically demanding
sleeve gastrectomies

941
100.4 ± 19.0
3.1 ± 0.4
2.9 ± 0.4

67
130.1 ± 39.1
3.7 ± 0.6
3

0.01
0.26
0.41

Total drain output (milliliters)
Stapler misfire n (%)

1008
102.1 ± 22.1
3.1 ± 0.9
2.9 ± 0.4
(range 2–4)
150.1 ± 95.9
5 (0.5)

148.3 ± 83.4
5 (0.5)

185.2 ± 144.8
0

0.01
1

Staple-line serosal opening n (%)
Staple-line NGTa entrapment n (%)
Trocar injury n (%)
CO2 emboli n (%)

39 (3.9)
3 (0.3)
13 (1.4)
2 (0.2)

36 (3.8)
3 (0.3)
10 (1.0)
1 (0.1)

3 (4.5)
0
3 (4.5)
1 (1.5)

0.73
1
0.01
0.01

n
Duration of surgery (minutes)
Length of stay (days)
Number of barbed suture used per patient

a

Nasogastric tube
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Data on complications
Total

Standard-primary
sleeve gastrectomies

Technically demanding
sleeve gastrectomies

n
Open conversion n (%)
Bleeding requiring re-surgery n (%)
Bleeding requiring transfusion n (%)

1008
1 (0.1)
4 (0.4)
8 (0.8)

941
0
4
7

67
1
0
1

Bleeding by hemoglobin drop n (%)
Total bleeding n (%)
Stenosis requiring emergency surgery n (%)
Stenosis treated successfully with dilatation n (%)
Stenosis treated with gastric bypass n (%)
Stenosis requiring total parenteral nutrition n (%)
Sweet stenosis n (%)
Total stenosis n (%)
Leak n (%)
Venous thromboembolism n (%)
Pneumonia n (%)
Drop foot n (%)
Wound infection n (%)
Rehospitalization n (%)
Mortality n (%)

1 (0.1)
13 (1.3)
1 (0.1)
6 (0.6)
3 (0.3)
1 (0.1)
6 (0.6)
17 (1.7)
1 (0.1)
0
6 (0.5)
5 (0.5)
8 (0.8)
6 (0.6)
0

1
12
0
5
3
1
6
15 (1.6)
1 (0.1)
0
6 (0.5)
4 (0.4)
8 (0.8)
6 (0.6)
0

0
1
1
1
0
0
0
2 (3.0)
0
0
0
1 (2.5)
0
0
0

entire series. The cost of one barbed suture was 20 USD at the
time of writing this article.
During the entire follow-up, including the leak case, 17
patients (1.7%) were diagnosed as having an FS. Four FSs
were diagnosed prior to discharge, another one on day 10
and ten were diagnosed between 4 and 18 months following
the SG. The remaining two FSs were diagnosed at 2nd and 4th
year. All FSs were at the classical mid-gastric portion, except
one which occurred at the gastro-esophageal junction. Eleven
underwent interventions (Table 4).
Patients were followed up between 3 and 97 months (median follow-up: 44 months). Although no patient was lost to
follow-up at 3rd and 6th months, at 1st, 3rd, and 5th year
follow-ups, 29 of 944 (drop-out % = 3%), 112 of 647 (dropout % =17.3%), and 136 of 392 (drop-out % =34.7%) patients
were lost to follow-up, respectively. The EWL% at 1, 3 and 5
years were 90.8 ± 26.5%, 82.7 ± 24.5% and 80.1 ± 26.4%,
respectively. In patients who did not complete the third month
follow-up, no leak, bleeding, VTE, or stenosis was diagnosed.

Discussion
SG is becoming the most popular primary bariatric procedure
worldwide. There is little doubt that the staple-line, which is
the longest in any given abdominal procedure, has to be reinforced [1, 23–25]. SG has 4 major complications: leakage,
bleeding, stenosis, and VTE. The optimum reinforcement

P

1

0.22

0.32
0.06
1
0.40
0.21
0.46
0.52
1

technique should result minimal rates of leak and bleeding
and must not put the patient under increased risk for VTE
and stenosis.
In our experience, FTCS of the staple-line achieved less
than 0.1% leak and 0.4% surgical bleeding rates without any
VTE in 1008 consecutive SGs. Technically demanding SG
patients had no statistically different rate for post-operative
complications. Leak, the most feared complication of SG, occurred only in one patient who developed a completely
obstructed sleeve, a known risk factor for leak. The 0.1% leak
rate was therefore remarkable and is lower than the minimum
range of all reported evidence from previous meta-analyses
[23–25] and systematic reviews [1, 26]. Hypothetically, the
second continuous layer with FTCS, by providing higher
bursting pressure, might have had a protective effect.
Apparently, in almost 1000 consecutive SGs, we had zero leak
rate in patients without stenosis.
Notably, only 3 staple-line bleedings were diagnosed. Even
if we assume all 6 bleedings with unknown source were also
from the staple-line, a 0.9% rate of staple-line bleeding is
comparable with other reports [1, 23–25].
Since continuous suturing can narrow the sleeve further, it
may be reasonable to assume that the stenosis rates might be
higher with this practice. Several authors [5, 9] reported increased stenosis by imbrication suturing and Cottam et al.
mentioned 5 cases of stenosis that they attributed to oversewing [3]. However, suturing was not associated with higher
stenosis rate in other reports [6, 15]. We must emphasize that
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the “tolerable” stenoses were also included in our analysis.
Such patients, as long as they do not get severely malnourished, are reluctant to have an intervention because of the fear
of weight regain. These tolerable stenoses are frequently
underreported but were not excluded herein. Therefore, our
1.7% FS rate is actually comparable to the reported rates in
series using different reinforcement techniques where extended terms of follow-up is employed, specifically scrutinizing
on FSs. Importantly, by technical refinements such as no lateral traction during the first 2 staplings and extreme caution to
avoid a twist across the staple-line, no new FS was diagnosed
in 360 patients during the last 2.5 years. In contrast, after a
similar follow-up, we had observed 2.4% FS rate in our initial
337 SG patients [21]. It is possible that an FS mainly occurs
due to errors in stapling rather than suturing. Most commonly,
“too-tight” stapling across the “incisura angularis” (which is
mainly the function of left lateral traction) or the twisting of an
un-evenly stapled sleeve, especially if effects the mid-gastric
portion, leads to stenosis. Suturing may have a secondary
effect, if not done meticulously (i.e., taking very large bites
or bites that are too far apart). The single proximal stenosis
case which required dilatation was thought to have resulted
from the practice of purse string inversion of the upper corner.
This practice was abandoned later (Table 1).
In contrast to imbrication suturing, buttressing methods, or
any clips/sealants, FTCS, by nature, provides a water-tight
secondary layer as mentioned above and addresses all probable staple-line misadventures even though some may not even
come to attention intra-operatively. This may well be another
reason for the low leak rate achieved with the presented technique. No bariatric re-do is easy and all are technically demanding. Cases having had a previous band or undergoing a
band removal concomitantly with SG, patients who had previous anti-reflux surgery, or a prior sleeve may be more prone
to staple-line complications because of adhesions, scar tissue,
distorted anatomy, or presence of staples/clips. The technique
presented herein, therefore, may be even more useful in such
patients.
The results achieved herein may not be reproduced in inexperienced hands and this may be regarded as a potential
weakness of the study. However, suturing the staple-line of
an SG is relatively easy provided that reasonable intracorporeal suturing experience is available, a basic requirement
in bariatric practice. Although this study cannot provide data
on a learning curve since the duration of suturing was measured only in the last 400 cases, entire suturing added less than
30 min to surgical time. Reports on over-sewing by imbrication [2, 4, 9, 14] or by FTCS [15] showed an increase in the
operating time, similar to herein. The cephalo-caudally oriented vertical staple-line is located just across the camera residing
between the both hands of the surgeon. With proper monitor
placement, excellent optical correctness is readily available,
allowing great comfort to either a left or a right-handed
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surgeon. Therefore, the presented technique, unlike many
handsewn anastomoses in difficult locations, is reproducible
and no extreme skill is necessary. Importantly, in contrast to
the previous hypothesis [10] and theoretical concerns [2,
11–14] on the potentially tearing and thereby harmful effect
of FTCS, not even a single mishap/complication related to
suturing itself occurred during our entire practice.
Barbed sutures are being increasingly used during various
operations, including bariatric procedures [15, 27]. Some are
routinely using them when closing staple openings or mesenteric defects and staple-line reinforcement by continuous “imbrication” with a barbed suture has already produced good
results in comparison to no-reinforcement [14]. Several points
deserve emphasis when using barbed sutures. First, it is unidirectional and once the needle is cleared from the tissue, the
thread cannot and should not be pulled back. For this reason,
each bite must be meticulously taken and each suture must be
very carefully snugged down to a proper position without any
displacement since once the locking occurs, there will not be
another chance to adjust. This detail is especially important
during the first lock, using the “hole,” when performing the
initial knot. Care needs to be taken with the first knot since the
suture is not barbed nearby the hole. Unless the first knot is a
thick bite, you will only be able to lock it after the second bite.
Second, each subsequent suture must overlap the previous one
at by least 1 cm to avoid any unaddressed segment. Some
bleedings in our series may have resulted from such technical
failures. It is noteworthy however that thousands of individual
sutures were used, but we never encountered even a single
episode of suture snapping, although the suture was held firmly by a needle holder at similar spots repeatedly and pulled
strongly when snugging down. Preferring the 15 cm in length
product instead of longer ones allows best ergonomics for
perpetual suturing as addressed in Video 2.
No use of any buttress material or any other hemostatic
product and fewer clip usage are factors making the presented
technique considerably cheaper than most other reinforcement
methods. The additional cost per patient is around 60 USDs,
making this around 10 times cheaper than some popular
buttressing alternatives [4, 28]. Duration of surgery has negligible impact on the overall cost in our country. It should be
noted however, in centers where theater cost is calculated by
minutes, cost savings may be less significant. Furthermore,
the technique presented herein gives the surgeon an opportunity to do size re-adjustments of the sleeve, by taking thicker
bites in order to diminish the diameter of the sleeve. Special
care is required to avoid this practice around the mid-gastric
portion to avoid FS.
A major weakness of our study is that it does not provide
comparative data. Therefore, we can only speculate when
making any comparison with other methods. Other reinforcing methods may well be equally satisfactory and a definitive
comparison can only be made by a randomized trial. Another
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weakness is that we might have underdiagnosed some VTEs
as no routine imaging was done, which would have been
unethical, in asymptomatic patients. Similarly, we accept the
fact that our stenosis rate reflects a minimum because of midterm lost to follow-ups. A few stenoses might have remained
undiagnosed. However, our report describes prospectively recorded complications in a large consecutive series of SGs
without exclusions that were performed and followed up by
the same team, under a protocol. It dispels the notion that
reinforcement of a gastric staple line by FTCS is risky.
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Conclusion
Meticulous, FTCS of the staple-line utilizing barbed suture
produced excellent results in terms of leakage, the most devastating complication of SG, with a very low cost. The technique was also effective in achieving bleeding and stenosis
rates comparable to previous reports. Importantly, in contradiction to previous allegations, no evidence of harm was observed attributable to stitching itself.
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