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Summary
Sleeve gastrectomy (SG) was initially described as a first-step
procedure followed by either biliopancreatic diversion with
duodenal switch or Roux-en-Y gastric bypass in super-super-
obese patients. Multiple recent reports have documented SG
as single therapy in the treatment of morbid obesity. How-
ever, the indications for this procedure are still under evalua-
tion. Accumulating data demonstrate that SG can be an effec-
tive and safe procedure for super-super-obese or high-risk pa-
tients either as a single operation or as a bridge to more
definitive surgery. SG can also be performed in patients who
require anti-inflammatory medication or in patients with con-
ditions such as Crohn’s disease, cirrhosis, anemia, or severe
osteoporosis which preclude intestinal bypass. Furthermore,
SG represents not only a safe alternative for morbidly obese
patients on anticoagulant medication or immunosuppressive
agents but also for those with multiple intra-abdominal adhe-
sions or after failed gastric banding. In addition, SG can be
performed safely in morbid obese adolescents. The main lim-
itation of this novel bariatric procedure is the lack of long-
term data on sustained weight loss and resolution of obesity-
related comorbidities. Moreover, the fact that SG is an irre-
versible operation adds to its weakness as a bariatric proce-
dure, at least until definitive results concerning its efficacy are
obtained. SG is effective and safe as a single-stage procedure
for certain cohorts of patients. However, the broad application
of SG as a single-stage procedure in the bariatric field can be
established only if the procedure is standardized and long-
term results are available.

Introduction

Bariatric surgery is considered as the only effective treatment with
long-term sustained results for morbid obesity [1, 2]. Sleeve gas-
trectomy (SG) has been introduced as a multi-purpose bariatric
operation [3]. SG was initially described as a first-step procedure
followed by either biliopancreatic diversion with duodenal switch
or Roux-en-Y gastric bypass in super-super-obese patients
(BMI > 60 kg/m2) or in high-risk patients [4, 5]. Since SG proved
to be effective, in short-term, in achieving considerable weight loss,
it has been proposed by some to be used as a stand-alone bariatric
procedure. Thus, SG has been indicated as a definitive treatment
in patients with BMI > 40 kg/m2 or BMI > 35 kg/m2 when asso-
ciated with comorbidities [3, 6, 7]. In this short review, we explore
the role of SG as a single bariatric procedure, noting its indications
but also its limitations.

Surgical Technique

As SG is a relatively new procedure, it is not included in current
consensus guidelines. Since 2003, SG has been gaining in popular-
ity, mainly in Europe. In Germany, during 2006 only 6 procedures
were documented in the quality assurance study registry, whereas
127 isolated SG operations were recorded in 2007 [8].
Although SG can be performed by an open laparotomy, it is mostly
performed through laparoscopy, which is the indicated approach.
SG involves removing the fundus and greater curvature portion of
the stomach, leaving only a lesser curvature tube [6]. The first step
of the procedure is the dissection of the Hiss angle, defining the
complete left crus of the diaphragm in order to facilitate the total
resection of the fundus. The division of the vascular supply of the
greater curvature of the stomach follows with the ligation of the
gastrocolic and gastrosplenic ligaments close to the stomach,
avoiding the gastroepiploic vessels. The third step of the procedure
is the longitudinal transection of the stomach, which creates the
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‘sleeve’ stomach. A bougie is used to obtain a precise calibration and
to avoid stenosis of the gastric remnant. There is no consensus in
terms of where to start the gastrectomy and which bougie size to use.
Nonetheless, a removed gastric volume of < 500 cm3 appears to be a
predictor of treatment failure or early weight regain (fig. 1) [9].
The stomach is reduced without functional impairment. The pylo-
ric preservation prevents dumping. Since no digestive anastomosis
is involved, the whole digestive tract remains accessible to endos-
copy and the risk of peptic ulcer is reduced. Moreover, no foreign
material is used, as in the case of gastric banding, nor does SG alter
the absorption of nutrients, vitamins, minerals, and drugs [10].

Indications and Limitations

Although classified as a restrictive procedure, SG appears to be
more than just a gastric restrictive operation. Ghrelin, a potent or-
exigenic hormone, is mainly synthesized in the gastric fundus [11,
12]. With SG, almost the whole of the gastric fundus is surgically
removed and the levels of ghrelin are significantly reduced [13].
Thus, SG is not only a multi-purpose operation but also a multi-
factorial one, with a restrictive aspect and a complex neurohormo-
nal aspect not yet fully elucidated [14].
Patients experience excellent weight loss after SG alone, and mul-
tiple recent reports have documented SG as single therapy in the
treatment of morbid obesity [15, 16]. However, the indications for
this procedure remain vague and are still under evaluation. Lap-
aroscopic sleeve gastrectomy (LSG) can be offered in different
groups of morbidly obese patients.
In super-super-obese patients, bariatric operations are more fre-
quently related to technical difficulties due to bad exposure and an
undersized operating field, caused by the excessive intra-abdom-
inal fat deposition and ponderous fatty livers. SG represents an ef-
fective and safe procedure for these patients either as a single op-
eration or as a bridge to more definitive surgery after significant

improvement of BMI and comorbidities [17]. Moreover, LSG can
be beneficial for high-risk obese patients who require a short op-
eration due to severe respiratory, cardiovascular disease, or ad-
vanced age [18, 19]. LSG is associated with much less surgical in-
tervention than laparoscopic gastric bypass; it can be done with rel-
ative technical ease and short operating time, and can thus
minimize stress on such patients.
LSG can also be performed in patients requiring anti-inflamma-
tory medication or in patients with conditions such as Crohn’s dis-
ease, cirrhosis, anemia, or severe osteoporosis, which preclude in-
testinal bypass. Furthermore, LSG represents a safe alternative for
morbidly obese with contraindications to malabsorptive opera-
tions, including patients on anticoagulant medication or immuno-
suppressive agents as well as adolescents [20]. In addition, LSG
has been reported to be a safe and effective option for patients
with multiple intra-abdominal adhesions, after extensive previous
surgery, and for patients in need of rapid weight loss as a first step
to a non-bariatric second procedure [7, 21]. Other indications for
LSG as a primary procedure include morbidly obese patients in en-
demic regions (e. g. Japan, Chile) at risk of stomach cancer, where
ongoing endoscopic surveillance is required [7]. SG has also been
used effectively as a redo procedure in patients after failed gastric
banding [22, 23]. Finally, recent reports demonstrated the short-
term efficacy of SG in the management of morbidly obese patients
with type 2 diabetes mellitus and the metabolic syndrome [24].
‘Durable’ weight loss is one of the most important benefits of bar-
iatric surgery, and it is a standard by which success or failure of
weight-reducing procedures is measured. The main limitation of
this novel bariatric procedure is the lack of long-term (> 5 years)
data on sustained weight loss and resolution of obesity-related co-
morbidities. There is no clear evidence so far that weight loss ob-
tained with LSG can be maintained in the long term. On the con-
trary, early results in small cohorts have demonstrated a regain of
body weight at 5 years following LSG (fig. 2) [9]. Sleeve dilation is
considered to be a major factor of long-term failure. However,
there is no clear evidence that dilatation occurs after SG and,
furthermore, there is no data demonstrating that dilatation is the
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Fig. 1. Postoperative volume measurement of the resected part of the sto-
mach.

Fig. 2. Prospective (within 5 years) change of BMI after LSG for a total of
120 patients. The number of patients at every follow-up interval is shown in
parenthesis. Total sample baseline: n = 120.



main cause of failure as more complex mechanisms of gastric adap-
tation plus patients’ eating habits seem to play a key role in the
long-term efficacy of SG [25]. In the case of eventual regain of lost
weight or insufficient weight loss, the surgeon must be ready to
proceed to a second operation that must be part of his technical ar-
mamentarium.
The fact that SG is an irreversible bariatric operation highlights an-
other major weakness of the procedure, at least until definitive re-
sults over its efficacy are obtained. Furthermore, SG has been re-
ported to pose a risk of gastroesophageal reflux, perhaps because
of alteration in the anatomy of the angle of Hiss [26]. Therefore,
SG should be applied to morbidly obese patients with pre-existing
gastroesophageal reflux disease in a cautious manner.
The LSG is not a ‘simple’ procedure. Although low, a mortality of
approximately 1% has been reported, which in a high-volume cen-
ter for LSG was increased to 3.2% for the group of high-risk pa-
tients [3, 27]. Additionally, a median complication rate of 4.5% has
recently been demonstrated after a collective analysis of 17 cohorts
of patients receiving SG [27].

Conclusion

LSG is an effective and generally safe operation as a first-step pro-
cedure before gastric bypass or duodenal switch and as a single-
stage procedure for certain cohorts of patients. Nonetheless, long-
term studies are needed before LSG can be offered as a surgical
option in the general bariatric field. Thus, it may be considered as
stand-alone technique but further studies must establish a defini-
tive standard of the procedure and also demonstrate its efficacy in
the long term.
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