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Abstract
Background Laparoscopic sleeve gastrectomy (LSG) is
gaining wide acceptance as a single surgical treatment for
obesity. The reported morbidity and mortality rates are low.
We herein report the results of LSG performed in a high-
volume center by an experienced team.
Methods Retrospective analysis of a prospectively maintained
database of all bariatric surgery (BS) was performed between
May 2006 and December 2014. Data inspected included op-
erative time, length of hospital stay (LOS), comorbidity reso-
lution, re-operation, percent excess weight loss (%EWL), and
30-day morbidity and mortality.
Results In the study period, 3003 patients underwent BS
(1901 (63 %) female). Mean age and body mass index
(BMI) were 43 years (range 14–73) and 42.8 kg/m2 (range

35–73), respectively. %EWL at 1 year was 72 % (n=937;
57 % follow-up rate). There was 1 perioperative mortality
due to bleeding (0.03 %). Comorbidity improvement and res-
olution were 98 % for obstructive sleep apnea, 79 % for dia-
betes mellitus, 87 % for dyslipidemia, and 85 % for hyperten-
sion. Mean operative time and LOS were 50 min (range 32–
94) and 2.2 days (range 1–38), respectively. Of the patients,
132 had complications (4.4%), 25 leaks (0.83%), 63 bleeding
(2.1 %), 1 intra-abdominal abscesses (0.03 %), 3 sleeve stric-
tures (0.1 %), 2 mesenteric vein thromboses (0.06 %), 10
trocar site hernias (0.3 %), and 78 symptomatic cholelithiasis
(2.6 %). Re-operation was needed in 13 patients (0.43 %).
Conclusion In a high-volume center with an experienced
team, LSG can be performed with low morbidity and
mortality.
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Background

Obesity is a chronic disease associated with an increased risk
of comorbidities and mortality. The World Health
Organization (WHO) calculates that there are 600 million
obese people in the world as of 2014, representing 10 % of
the population [1, 2].

Bariatric surgery is effective in reducing obesity-related
comorbidities as well as stabilizing long-term weight loss [3,
4]. Laparoscopic sleeve gastrectomy (LSG) is the secondmost
commonly performed procedure worldwide [3, 5].

LSG is a primarily restrictive, effective, and safe bariatric
procedure. Its major advantages are its relative operative sim-
plicity, lack of anastomoses, retention of normal gastrointesti-
nal continuity, absence of a malabsorptive component, and the
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induction of a favorable hormonal change, facilitating weight
loss through restriction and appetite suppression [5–7]. Faster
gastric emptying has also been suggested as a contributory
mechanism [8, 9]. Its disadvantages include irreversibility
and the risk of stapling complications [10].

As in the rest of the world [3], the absolute number, as well
as the percentage of LSGs performed in Israel, has increased
rapidly. It has become the most frequent bariatric procedure,
accounting for 80 % of all bariatric operations performed.
Different reports reveal a startling lack of unity regarding sur-
gical technique. Surgery is carried out by different teams with
various degrees of experience and with remarkable variability
between institutions.

The Israel Center for Bariatric Surgery (ICBS) is a multi-
disciplinary referral center dedicated to the treatment of mor-
bid obesity. It was initiated in 2006 and has since acquired
extensive experience in laparoscopic bariatric procedures. It
includes four fellowship-trained bariatric surgeons, two plastic
surgeons, a gastroenterologist, two psychologists, four bariat-
ric dietitians, coordinators, and a nurse, alongside an admin-
istrative team.

We herein report the results of 3003 consecutive patients
who underwent LSG over 8 years by a bariatric team.

Methods

Study Design

Retrospective analysis of a prospectively maintained database
of all bariatric procedures performed was carried out querying
all LSG cases performed between May 2006 and December
2014 (n=3003). Information collected included patient demo-
graphics, anthropometrics, comorbidity presence and im-
provement/resolution, operative and perioperative data, per-
cent excess weight loss (%EWL), and 30-day morbidity and
mortality.

All patients operated were eligible for bariatric surgery ac-
cording to the national guidelines, namely, patients with a
body mass index (BMI)>40 kg/m2 or 35<BMI<40 kg/m2

with significant weight-related comorbidities, such as type 2
diabetes mellitus, hypertension, and obstructive sleep apnea,
were included. Patients deemed unsuitable for surgery due to
medical or psychological reasons were excluded.

LSGwas performed using a four-port technique: The lesser
sac was opened at a point across the incisura angularis. The
omentum was separated from the stomach distally to 1–2 cm
from the pylorus and proximally to the angle of His with
harmonic shears (Ethicon Endosurgery, Cincinnati, OH) or
Liga-Sure™ (Covidien, Norwalk, CT). The left crus of dia-
phragm was completely exposed with any posterior attach-
ment to the lesser sac divided. The greater curvature of the
stomach was resected with endoscopic linear staplers

(Echelon 60 Endopath Stapler®, Ethicon Endosurgery,
Cincinnati, OH or Endo GIA™ Staplers with Tri-Staple™

reloads, Covidien, Norwalk, CT) alongside a round-tipped
silicone bougie (Pilling® Hurst Bougie Tungsten, Teleflex
Medical, High Wycomb, UK). The bougie sizes used in the
procedure were 32 and 34 F, according to surgeon preference.
A fifth port was occasionally added for additional retraction.
Endoscopic clips were used liberally for hemostasis of the
stapler line [11]. Routine upper GI imaging has been aban-
doned and was performed only to assess patients with a clin-
ical suspicion of a leak or obstruction. All patients received
venous thromboembolic prophylaxis with pneumatic com-
pression stockings and subcutaneous, low-molecular-weight
heparin, initiated within 12 h of surgery. This was continued
for 2 weeks postoperatively. The doses of low-molecular-
weight heparin were 40, 60, 80, and 100 mg for patients
weighing >100, 101–140, 141–180, and >180 kg,
respectively.

Clear fluid oral intake was started on the first postoperative
day, and the patients were discharged when able to tolerate a
daily intake of 2 L. Specific dietary instructions were given in-
house by a bariatric dietitian. Patients were prescribed a proton
pump inhibitor for 6 weeks postoperatively.

Follow-up visits after surgery were performed at 2 weeks;
3, 6, and 12 months; and then annually.

For hypertension, diabetes, and dyslipidemia, comorbidity
resolution was defined as maintenance of normal values with-
out the use of medications. Improvement for these comorbid-
ities was defined as using lower doses or less medication types
than before surgery for control.

Statistical analysis: Analysis of data was performed using
SPSS 11.0 statistical analysis software (SPSS Inc., Chicago,
IL, USA). Continuous variables were described as mean (min-
imum-maximum). Continuous variables were compared by
using Student’s t test for independent samples. Categorical
variables were described using frequency distributions and
are presented as frequency (%). Categorical variables were
compared using the chi-squared or Fisher’s exact test as nec-
essary. All tests are two-tailed and considered significant at
p<0.05.

This study was approved by the institutional review board.

Results

Between May 2006 and December 2014, 3003 sleeve gastrec-
tomies were performed at ICBS (Table 1). In-hospital data
were collected for all patients. The 30-day follow-up rate
was 100 % but dropped precipitously at the yearly planned
visits. The number of LSG procedures performed doubled
from 2010 (n=307) to 2013 (n=605).

Females comprised the majority of cases (n = 1901;
63.3 %). Mean age was 43 years (range 14–73), with 8.1 %
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of patients older than 60 years old and 1.8 % younger than 18.
The mean weight and BMI were 120.5 kg (range 75–220) and
42.8 kg/m2 (range 35–73), respectively. Fifteen percent of the
patients (n=451) were super obese (BMI≥50 kg/m2; Table
1).

LSG was the primary procedure in 2826 patients (94 %);
the remaining 177 patients (6 %) underwent a conversion
from a previous restrictive procedure.

One-hundred fifty-eight patients had a previous LAGB. Of
these, 113 patients underwent concomitant band removal and
LSG and 45 patients underwent LSG after a previous band
removal; 7 patients had a previous vertical banded
gastroplasty (VBG) and 12 patients had a previous LSG.

Mean operative time was 50 min (range 32–94). The me-
dian length of hospital stay was 2.2 days (range 1–38).

No conversions to an open procedure occurred during the
primary procedure. Synchronous procedures (461 cases,
15%) included cholecystectomy in 204 (7%), abdominal wall
hernia repair in 68 (2 %), and diaphragmatic hernia repair in
189 (6 %) cases.

Early postoperative complications were seen in 132 (4.4%)
patients (Table 2). This included one death (0.03 %) in a male
patient due to bleeding from a short gastric artery that was
only identified after collapse of the patient and re-operation
within hours of the initial LSG.

Bleeding was the most common complication after LSG
(63 patients, 2.1 %; Table 3). In the vast majority of cases
(n=50, 80%), the bleeding was resolvedwithout any invasive

intervention. Of these, 23 required blood transfusions and,
occasionally, plasma, while 27 were managed without blood
transfusion. In 13 (20 %) patients, re-exploration was neces-
sary to control bleeding; all performed laparoscopically. In
three of these patients, a distinct bleeding source was found
and controlled; three patients had intra-gastric bleeding. In
seven patients, no clear source of bleeding was found during
laparoscopy and cleansing of the abdomen with clot removal
sufficed. Two of these patients were converted to open sur-
gery; one underwent splenectomy and the other required open
hemostasis due to omental bleeding.

A leak occurred in 25 patients (0.83 %). Leaks were iden-
tified in the early postoperative phase (0–2 days) in 8 patients,
intermediate (3–7 days) in 10 patients, and late (>7 days) in 7
patients. In 23 of the patients (92 %), the leak site was located
in the upper sleeve. Leaks were treated bymultiple modalities,
including endoscopic clipping, stenting, imaging-guided per-
cutaneous drainage, and re-operation, and eventually
resolved.

Three patients (0.1 %) presented with nausea, vomiting,
and an inability to tolerate fluid intake within 30 days of sur-
gery. Readmission and fluoroscopic imaging revealed a
narrowing of the sleeve which was successfully treated by
endoscopic dilatation.

Complications were more frequent in revisional cases, but
this trend was not statistically significant (5.65 vs 4.35 % in
primary LSG; p=0.53). However, leak occurrence was four-
fold in revisional than in primary LSG (2.5 vs. 0.7 %, respec-
tively; p=0.001) (Table 2).

Late complications were seen in 88 patients (2.9 %); 78
patients (2.6 %) developed cholelithiasis and 10 patients
(0.33 %) developed trocar site hernia.

Overall, 44 patients that required re-operations were 1.4 %
(Table 4).

Comorbidity resolution was observed in 44.2 % (n=381)
for hypertension, 68.9 % (n= 573) for diabetes mellitus,
51.4 % (n=697) for dyslipidemia, and 67.6 % (n=322) for
obstructive sleep apnea (Table 5).

Mean percent excess weight loss was 72 % (n=937) at
1 year, at which time the follow-up rate was 57 %.

Discussion

In recent years, LSG has become the preferred bariatric pro-
cedure by both patients and surgeons [3, 12, 13]. In Israel,
sleeve gastrectomy surgery has rapidly gained acceptance,
comprising 80 % of all bariatric procedures (Israel National
Bariatric Registry 2014).

Various complications are reported following LSG, includ-
ing leaks, bleeding, strictures, and nutritional deficiencies.
The reported postoperative complication rates vary between
1 and 29 % [7, 11, 14, 15]. The most frequently encountered

Table 1 Patients’ general characteristics (n = 3003)

Patient characteristic Variable

Demographics

Mean age, years 43 (range 14–73)

Age ≥ 60 244 patients (8 %)

Age ≤ 18 56 patients (1.8 %)

Gender

Female 1901 (63.3 %)

Male 1102 (36.7 %)

Mean body mass index (BMI) 42.8

BMI ≥ 50 451 patients (15 %)

Mean hospital stay 2.2 days (range 1–38)

Mean total operative time 50 min (range 32–94)

Conversion to open approach 0 (0 %)

Previous bariatric surgery 177 (6 %)

Synchronous procedures 461 (15 %)

Comorbidities

Diabetes mellitus 832 (27.7 %)

Hypertension 862 (28.7 %)

Obstructive sleep apnea 476 (15.9 %)

Dyslipidemia 1357 (45.2 %)
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major complications include leaks (0–10 %), suture line hem-
orrhage (0–10%), and major organ injury (0–5 %). Staple line
leaks can result in severe peritonitis, sepsis, multiorgan failure,
and rarely, patient demise. The leak rate in our series was
0.83 % (n=25), consistent, and slightly lower, with that re-
ported elsewhere. Leak management is dependent on several
parameters, including the time to diagnosis, magnitude of the
systemic response, and location and size of the leak [10, 16,
17]. Poor operative outcome and a greater leakage rate are
associated with super morbid obesity, male gender, older
age, previous bariatric procedure, medical comorbidities, and
the surgeon’s experience [18–20].

The majority of leaks after SG are noted within the first
days following the surgery, a large proportion of which are
discovered after patient discharge; almost all are detected

within the first 30 days following surgery. The most common
leak site is at the proximal portion of the staple line, particu-
larly around the gastroesophageal junction [10]. Intra-
operative leak testing with air/methylene blue was not per-
formed as it is not predictive of leaks discovered later [10,
21]. In our experience, leak occurs four times more frequently
in revisional cases than in primary LSG.

Early postoperative bleeding is not uncommon following
SG. In our cohort, bleeding was the most common in-hospital
complication (n=63, 2.1 %). The most common bleeding site
is the staple line after transection of the stomach, but it may
also occur from the gastroepiploic or short gastric vessels
during dissection of the greater curvature. The gastrosplenic
ligament may be short, or missing, with virtual fusion of the
fundus to the upper pole of the spleen. Therefore, care must be
taken to stay close to the stomach tissue, thus avoiding

Table 2 Incidence of early
postoperative complications
(≤30 days)

Primary procedure N (%) Revision N (%) P Value All N (%)

N of operations 2826 (94 %) 177(6 %) 3003 (100 %)

Death 1 (0.04) 0.06 1 (0.03)

Leak 20 (0.71) 5 (2.82) 0.001 25 (0.83)

Bleeding 60 (2.12) 3 (1.69) 0.9 63 (2.1)

Abdominal wall hematoma 6 (0.21) 0.8 6 (0.2)

Intra-abdominal hematoma 6 (0.21) 0.8 6 (0.2)

Intra-abdominal abscess 5 (0.18) 1 (0.56) 0.8 6 (0.2)

Portal vein thrombosis 4 (0.14) 0.5 4 (0.13)

Deep vein thrombosis 1 (0.04) 0.06 1 (0.03)

Diabetic keto acidosis 2 (0.07) 0.2 2 (0.07)

Splenectomy 1 (0.04) 0.06 1 (0.03)

Infarct of upper pole of spleen 2 (0.07) 0.2 2 (0.07)

Clostridium difficile infection 4 (0.14) 0.5 4 (0.13)

Obstruction/blockage of sleeve 2 (0.07) 1 (0.56) 0.4 3 (0.1)

Wound infection 2 (0.07) 0.2 2 (0.07)

Pneumonia 2 (0.07) 0.2 2 (0.07)

Urinary tract infection 2 (0.07) 0.2 2 (0.07)

Atrial fibrillation 1 (0.04) 0.06 1 (0.03)

Small-bowel ischemia 1 (0.04) 0.06 1 (0.03)

Pericarditis 1 (0.04) 0.06 1 (0.03)

Total 123 (4.35) 10 (5.65) 0.53 133 (4.43)

Table 3 Bleeding source after sleeve gastrectomy

Bleeding source after LSG Number Percent

Omentum 4 6.35

Spleen 3 4.76

Stapler line 3 4.76

Intra-gastric 4 6.35

Gallbladder bed 1 1.59

Unknown origin 48 76.2

Total 63 100

Table 4 Re-interventions

Leak 22

Bleeding 13

Obstruction of sleeve 3

Intra-abdominal hematoma 2

Abdominal wall hematoma 1

Abdominal abscess 1

Mesenteric thrombosis and small-bowel necrosis 2

Total 44
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inadvertent injury to the splenic capsule. This capsule might
also be torn in cases of omental adhesions vigorously retracted
while attempting to better visualize the proximal greater
curvature.

Early recognition of postoperative bleeding is crucial. We
routinely leave a closed-suction drain near the staple line,
although this is definitely not evidence-based [22]. Careful
clinical and hemodynamic monitoring, in combination with
observation of the intra-abdominal drain output, may help
avoid hypovolemic shock. In this study, 67% of postoperative
bleedings were managed conservatively, without the need for
invasive intervention.

There is still debate in the literature regarding the utility of
reinforcement or buttressing of the staple line to prevent or
decrease the leak and bleeding rate [23–25]. In our patients,
we utilized suturing, various types of buttressing, or no rein-
forcement. This was not done according to a specific protocol
but reflects the changes in our everyday practice throughout
the study period. We therefore cannot presume to make rec-
ommendations in this respect.

Our experience echoes that of previously reported
data, namely, that LSG is safe and effective in achiev-
ing significant and durable weight loss with improve-
ment of comorbidities. It is an excellent weight loss
operation in the short- and mid-term periods (3–5 years).
As a high-volume multidisciplinary bariatric center, the
rate of complications, re-operations, and mortality were
4.4, 1.5, and 0.03 %, respectively, which compares fa-
vorably with those reported elsewhere [7, 15, 26].

The ICBS is a private practice group which, unfortunately,
resulted in a large dropout from follow-up. After the first few
months, most patients preferred HMO-covered appointments
with dietitians, psychologists, and physicians and were lost to
us for data retrieval. This makes any attempt at drawing con-
clusions beyond the first-year presumptuous and therefore not
done.

As a non-randomized, retrospective study, inherent limita-
tions preclude definitive statements regarding specific surgical
techniques or management choices. A larger, randomized,
comparative study might shed more light on these topics that
this study was unable to demonstrate. There appears to be a

need for standardization of the procedure in order to allow
such comparisons and perhaps make this procedure safer.

Conclusion

A high-volume, dedicated center may offer a lower than ex-
pected morbidity and mortality achieved by a meticulous and
standardized approach.
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