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Abstract

Sleeve gastrectomy (SG) is a restrictive bariatric
surgery technique that was first used as part of restric-
tive horizontal gastrectomy in the original Scopinaro
type biliopancreatic diversion. Its good results as a
single technique have led to a rise in its use, and it
is currently the second most performed technique
worldwide. SG achieves clearly better results than
other restrictive techniques and is comparable in some
aspects to the Roux-en-Y gastric bypass, the current
gold standard in bariatric surgery. These benefits
have been associated with different pathophysiologic
mechanisms unrelated to weight loss such as increased
gastric emptying and intestinal transit, and activation
of hormonal mechanisms such as increased GLP-1
hormone and decreased ghrelin. The aim of this review
was to highlight the salient aspects of SG regarding
its historical evolution, pathophysiologic mechanisms,
main results, clinical applications and perioperative
complications.

Key words: Bariatric surgery; Sleeve gastrectomy;
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Core tip: The most salient aspects of sleeve gastrectomy,
a restrictive bariatric surgery technique yielding better
results than other restrictive techniques that cannot
simply be explained by weight loss, are reviewed.
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HISTORY: FROM OUTSET TO TODAY

Sleeve gastrectomy (SG) began to be used in 1988
as a variation of biliopancreatic diversion (BPD) with
duodenal switch™™, In contrast to the BPD described
by Scopinaro et al¥ in which a horizontal gastrectomy
was performed, the pylorus and duodenum were
preserved in SG, yielding a reduction in dumping
symptoms and marginal ulcers. In addition, gas-
trectomy was more restrictive, permitting a decline
in the malabsorptive component and nutritional
secondary effects!?), Initially, this technique was
performed openly, with Ren et al*! being the first to
perform it laparoscopically in the late 1990’s. In the
early 2000’s, given the high frequency of complications
in patients with a high body mass index (BMI)™,
Regan et al”! described a two-step approach to treat
patients with high surgical risk. In a first step, SG
was implemented to achieve sufficient weight loss to
permit the Roux-en-Y gastric bypass (RYGB) or BPD
to be performed more safely in a second step™®?..
Given the good results obtained, a second intervention
was unnecessary in many cases which, together with
low morbidity and mortality, rapidly installed SG as a
single procedure™®*?l, Subsequently, Baltasar et a/t**
recommended a multipurpose strategy, applying SG
as a single procedure in mildly-obese patients or after
failed gastric banding, and as a 2-step procedure for
high-risk patients, who were either extremely obese
or had serious comorbidities. In recent years, some
technical modifications, such as a progressive decrease
in gastric remnant size, have been made in order to
prevent weight gain in the long term™, or the use of
natural transluminal orifice endoscopic surgery"® and
single incision laparoscopic surgery!*®.,

SG has gradually gained in popularity, becoming
established as the second most used bariatric
procedure worldwide, closer to RYGB, the considered
gold standard. Thus, according to the International
Federation for the Surgery of Obesity and Metabolic
Diseases, between 2008 and 2013, SG use increased
from 5.3% to 27.9% of all procedures while RYGB,
albeit remaining the most widely-used technique, has
fallen from 49.0% to 46.6%""".

THE TECHNIQUE

SG is a bariatric technique consisting of subtotal
vertical gastrectomy with preservation of the pylorus,
including longitudinal resection of fundus, corpus
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Figure 1 Sleeve gastrectomy.

and antrum, to create a tubular duct along the
lesser curvature. Resection comprises approximately
80% of the stomach and the remnant gastric has
a capacity > 100 mL. It is considered an easier
technique than other procedures such as RYGB, since
multiple anastomoses are required!®! (Figure 1).
Variants of SG have been described, and although
no comparative studies have been conducted, none
seems to offer advantages. Furthermore, SG has been
performed with different degrees of intestinal bypass,
including variants with 2 exits from the stomach such
as SG transit with bipartition™® and SG with loop
bipartition'®®. In an attempt to achieve a surgery with
more metabolic effects, SG has also been linked with
ileal transposition'?; finally, short-term studies on SG
with a gastric band have been reported®,

MECHANISMS

SG yields better results than other restrictive tech-
niques and is similar to RYGB in terms of weight
loss and carbohydrate metabolism improvement in
the short and medium term', This SG superiority
over other restrictive techniques has been related
to different mechanisms such as modification of
gastrointestinal motility, hormonal mechanisms,
alterations in bile acids and gut microbiote.

Unlike other restrictive techniques such as gastric
banding, SG provokes a rapid gastric emptying®* and
accelerated intestinal transit™®!. It seems that the rapid
transit may trigger hormonal mechanisms that will be
described below; it could also cause increased satiety,
as occurs with drugs that enhance gastric emptying™®,

GLP-1 is an incretin hormone secreted by L-cells
of the distal intestine in response to eating. It has
beneficial effects on weight and glucose metabolism
since it promotes insulin secretion, inhibits gastric
emptying, glucagon secretion and hepatic glucose
production’®!. SG has repeatedly produced an
exaggerated postprandial increase in GLP-12839
comparable to that of RYGB. In the latter, the rise in
GLP-1 could be explained by the hind-gut hypothesis,
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in which stimulation of the distal gut caused by
the bypass lead to an amplified increase in GLP-1.
However, after SG, the mechanism by which the
surgery would increase GLP-1 secretion is unclear. One
hypothesis could be that the enhanced transit resulting
from SG also causes distal intestine stimulation™. A
further possibility would arise from the lack of gastric
response to the intestinal signals that normally slow
emptying®®. Others have proposed that an increase
in GLP-1 levels would be an effort to restore intestinal
gastric motility in response to accelerated gastric
emptying[3”. Since GLP-1 response is also increased
by infusing nutrients directly into the duodenum,
the existence of an independent gastric emptying
mechanism has also been suggested'®". Moreover,
given the rapid increase in GLP-1 following ingestion
and presumably before nutrients contact L-cells, the
existence of a proximal-distal circuit causing GLP-1
secretion has been proposed that does not require
direct contact between chime and L-cells, which could
be mediated via a neural® or hormonal pathway
through cholecystokinin (CCK)P2.

Peptide YY (PYY), also known as peptide tyro-
sine tyrosine or pancreatic peptide YYs-36, is an
anorexigenic peptide released by L-cells in mucosa
of the gastrointestinal tract, especially the ileum
and colon, in response to feeding™*. In addition to
reduce appetite, PYY increases nutrient absorption in
the ileum, inhibits gastric and pancreatic secretion,
attenuates gallbladder contraction and slows gastric
emptying. Reduced secretion in obese patients, which
is associated with lower satiety, has been reported®.
Like GLP 1, numerous studies have demonstrated
a significant increase in PYY after SG, and again
the results are comparable to those observed after
RYGB**%, suggesting that the mechanism for increase
will be shared.

Ghrelin is a neuropeptide with orexigenic action
predominantly synthesized by oxyntic cells of the
gastric fundus®®®. Under physiologic conditions, ghrelin
levels increase during fasting with a preprandial peak
and are suppressed by food. It also has diabetogenic
effects such as the suppression of insulin secretion®”.,
A drop in ghrelin concentrations after SG compared to
baseline levels®®**! and other restrictive techniques***"
or RYGB™*! has consistently been demonstrated. This
drop off has been associated with fundus resection
and there is speculation that it may be one of the
main mechanisms accounting for the superiority of SG
over other restrictive techniques and its similarity to
RYGB. Nevertheless, some experimental studies found
that the decline in ghrelin concentrations could not
be decisive. Chambers et al*?' showed that ghrelin-
deficient mice continued to lose weight, had improved
glucose metabolism and inappetence for fatty foods
after SG. However, the authors warned that a possible
compensatory mechanism in ghrelin-deficient animals
may underestimate the effects of surgery. In favor
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of the beneficial effects of ghrelin reduction after SG,
an increase in ghrelin after weight loss by diet or by
other restrictive techniques has been observed™®!,
This suggests that weight loss triggers compensatory
mechanisms to recover weight that could be deleted
after SG*¥,

Leptin, synthesized in white adipose tissue pro-
portionally to the amount of body fat**, reduces intake
and body weight through actions in the central nervous
system. In obesity, a decreased sensitivity to leptin
has been suggested, resulting in an inability to detect
satiety despite high energy stores*®. It is unclear
whether the improvement in leptin resistance plays a
direct role in weight loss after SG. While related genes
seem to increase its expression*®, recent studies
suggest that the reversal of leptin resistance could be
regulated by protein availability™”..

Increasing endocrine functions for bile acids have
been recognized and associated with an increased
GLP-1 response, carbohydrate metabolism improvement
and reducing liver steatosis'*®. The increased serum
bile acid concentrations after SG**! are probably related
to rapid transit that will increase their availability in
the area of maximum absorption, the terminal ileum.
It also appears that these effects could be mediated
by the farsenoid X receptor (FXR), since Ryan et af*"
showed that this pathway is needed to improve glucose
metabolism, prevent compensatory hyperphagia and
maintain long-term weight loss after SG.

Another mechanism which potentially influences
the metabolic benefits of SG is the change in the gut
microbiome, which improves the flora composition
as in lean subjects™®*"! in a similar way to but less
striking than RYGB. Although the mechanisms are yet
to be discovered, the way is open to a complex and
promising system of host-bacteria interactions?.

With a view of greater perspective, control energy
homeostasis involves a sophisticated communication
system among the gut, adipose tissue and central
nervous system!*>*!, Via hormonal and neural signals,
the central nervous system integrates the information
on what happens in the gut, e.g., type and amount of
ingested nutrients and on energy reserves and acts
by regulating appetite, satiety and feeding behavior.
For instance, against a negative energy balance, this
system could compensate by hyperphagia or increasing
preference for high-calorie food to restore normal
weight™*®!, In this respect, the key for the effectiveness
of SG as metabolic surgery appears to lie in preventing
these compensatory responses, modifying both hor-
monal and neural signaling pathways or even leading
to changes at central level™”.

RESULTS

Weight loss
Although several studies have analyzed the efficacy of
SG compared with other techniques, few randomized
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Table 1 Randomized trials of bariatric surgery studies including laparoscopic sleeve gastrectomy

Ref. Country Follow-up Intervention Preoperative = Weight loss T2DM T2DM T2DM remision criteria
(mo) groups BMI (kg/m?) remission
Langer et al"™ Austria 6 SG (10) 483 61.4%EWL 10% NR
LAGB (10) 46.7 28.7%EWL 30%
Himpens et al®™  Belgium 36 SG (40) 39.0 66%EWL NR
LAGB (40) 37.0 48%EWL
Lee et al™ Taiwan 12 SG (30) 30.3 76.3%EWL 100% 93% FG <126 mg/dL and Alc < 6.5%
RYGB (30) 94.4%EWL 47% without hypoglycemic therapy
Karamanakos Greece 12 SG (16) 45.1 69.7%EWL
et al™ RYG (16) 46.6 60.5%EWL
Kehagias et al™  Greece 36 SG (30) 449 68.5%EWL 16.7% 80% FG <126 mg/dL without
RYGB (30) 45.8 62.1%EWL 16.7% 80% hypoglycemic therapy
Peterli et al®™ Switzerland 12 SG (11) 447 65.6%EWL 0%
RYGB (12) 46.7 77.0%EWL 0%
Schauer et al®™ USA 36 SG (50) 36.2 81%EWL 100% 26.5% Alc < 6.0% without
RYGB (50) 37.0 88%EWL 42% hypoglycemic therapy
Medical 36.8 13%EWL
therapy (50)
Schauer et al® USA 12 SG (50) 36.2 21.1%TWL 100% 29% Alc < 6.0% without
RYGB (50) 37.0 24.5%TWL 46% hypoglycemic therapy
Medical 36.8 42%TWL 0%
therapy (50)
Paluszkiewicz Poland 12 SG (36) 46.1 67.6%EWL 27.8% 40% FG <100 mg/dL and Alc <6.0%
et al™ RYGB (36) 48.6 64.2%EWL 38.9% 64.3% without hypoglycemic therapy
Ramoén et al™ Spain 12 SG (8) 435 NR 25.0% 100% NR
RYGB (7) 442 28.6% 100%
Vix et al™ USA 12 SG (45) 455 82.9%EWL 8.9% NR
RYGB (45) 47.0 80.3%EWL 8.9%

BMI: Body mass index; T2DM: Type 2 diabetes mellitus; EWL: Excess weight loss; LABG: Laparoscopic adjustable gastric banding; FG: Fassting glucose;
SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; %EWL: Percentage excess weight loss; %TWL: Percentage total weight loss; NR: Not reported;

LAGB: Laparoscopic adjustable gastric banding.

clinical trials showing SG superiority in terms of weight
loss compared with other restrictive techniques such
as laparoscopic adjustable gastric banding (LAGB) and
similar to RYGB have been conducted (Table 1)?%°3%2,
One of the main limitations of those clinical studies
was the small sample size that may have accounted
for the lack of differences with RYGB. In this regard,
Li et al'®* conducted a meta-analysis including 21
prospective and 12 retrospective studies with a total
of 1375 patients, and no differences were found in
excess percentage weight loss (%EWL) at 12 mo
between SG (67.1%) and RYGB (68.9%). The few
long-term observational studies indicate that although
patients regain weight after SG, they achieve a
“durable” long-term weight loss. A review of 16 long-
term studies revealed %EWL to be 62.3%, 53.8%,
43% and 54.8% at 5, 6, 7 and 8 or more years of
follow-up, respectively®®. Similarly, Himpens et a/*®
reported that patients regained weight over 3 to 6
years, but most subjects had maintained an %EWL
> 50% at 6 years. It is unclear whether this weight
regain after SG can justify that RYGB and SG cease to
be equally effective in the long term in terms of weight
loss. On the one hand, Lim et a*® found no difference
up to five years, although it is notable that a high
number of patients were lost to follow-up. Moreover,
a study by our group found that, unlike what occurs
during the first 4 years, RYGB was independently
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associated with greater weight loss than SG”\. This
weight regain after SG may have several potential
reasons. One could be gastric tube dilation. In this
respect, Weiner et a/l*®® published a weight regain
after SG associated with widening or enlargement of
the sleeve after surgery with increased capacity of
the gastric tube. A further possible explanation may
be incomplete resection of the gastric fundus where
ghrelin is produced.

Type 2 diabetes mellitus
Assessment of the effects of SG on diabetes mellitus
shows SG to be more than a restrictive bariatric surgery
procedure. Clinical studies with a 1-2-years follow-
up showed that SG produced higher type 2 diabetes
mellitus remission rates than those obtained after other
restrictive techniques such as LAGB™. Furthermore,
as with RYGB, this improvement occurred soon after
surgery when significant weight loss had not yet been
achieved . These findings could be attributed to
changes in the gut hormonal mechanisms previously
cited, such as increased GLP-1 secretion or decreased
ghrelin. Nevertheless, recent studies seem to show that
hormonal mechanisms would be crucial in the short
term but would outweigh other factors related to weight
loss such as hepatic and peripheral insulin sensitivity in
the medium to long term®".

However, it is noteworthy that in most studies
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Table 2 Complication and mortality rates of the different
bariatric surgery techniques according to the American

College of Surgeons - Bariatric Surgery Center Network

LSG LAGB LRYGB
30-d mortality 0.11 0.05 0.14
1-yr mortality 0.21 0.08 0.34
30-d morbidity 5.61 1.4 591
30-d readmission 5.40 1.71" 6.47
30-d reoperation 2.97 0.92' 5.02'

'Statistically-significant differences compared with LSG. LSG: Laparoscopic
sleeve gastrectomy; LAGB: Laparoscopic adjustable gastric banding;
LRYGB: Laparoscopic Roux-Y-gastric bypass.

RYGB showed a trend toward greater improvement in
type 2 diabetes mellitus, which may suggest there was
a lack of power in those studies. This fact appeared
to be confirmed in the meta-analysis of Li et ai*™ that
included 32 studies and 6,526 patients and in which
the diabetes remission rate was slightly higher with
RYGB (HR = 1.49, 95%CI: 1.04-2.12). This suggests
that SG would be placed slightly below RYGB and
clearly above other restrictive techniques in terms of
type 2 diabetes remission.

Results on the efficacy of SG in long-term diabetes
remission are also scant. Abbatini et al*** reported a
type 2 diabetes remission rate up to three years of
80.9% with SG, similar to that obtained with RYGB
(81.2%) and higher than with LAGB (60.8%). Jiménez
et al”” meanwhile detected no differences between
SG and RYGB in their cohort of 155 diabetic patients
followed for 35.4 £ 13.5 mo.

Hypertension

SG effectiveness in hypertension is greater than
other restrictive techniques and below RYGB. In
a systematic review, Braghetto et a/’? reported a
hypertension remission rate of 69% (55%-82%) for
SG, 45% (27%-56%) for LAGB and 81% (68%-88%)
for RYGB. Similarly, the meta-analysis of Li et a/**™
detected HR of 1.47 (1.115-1.86) for hypertension
remission with RYGB. The superiority of SG over
LAGB can be justified by the fact that weight loss is a
crucial factor in achieving hypertension remission”.
Moreover, the superiority of RYGB over SG can be
explained by the effects of incretin hormones on blood
pressure.

Dyslipidemia

Regarding lipid profile, like other restrictive tech-
niques, SG has a neutral effect on LDL cholesterol
concentration”*7®1, Consistent with these results,
the hypercholesterolemia remission rate of in the
meta-analysis of Li et a®* was higher for RYGB and
more clearly so than in other comorbidities (HR =
2.41, 95%CI: 1.87-3.11). Several data support the
hypothesis that the main factor involved in lowering
LDL cholesterol is the malabsorptive effect of the
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surgical technique. First, Pihlajaméaki et al’® found, as
expected based on observed weight loss, decreased
serum levels of cholesterol synthesis markers after
RYGB or gastric banding. However, a reduction in
cholesterol absorption markers was only observed
after RYGB, an effect not reported following gastric
banding. Second, a relationship exists between the
extent of intestinal bypass, which in turn relates to a
reduced intestinal absorption area, and the effects on
LDL cholesterol. This fact could explain the greater
reduction (50%) in LDL cholesterol concentrations seen
after purely malabsorptive techniques such as BPD'”
compared to the 17%-20% reported for RYGB"®, a
technique with a lower degree of malabsorption.

For HDL cholesterol, SG, like RYBG, produces an
increase in its concentration in the short term. We
must emphasize that, in a study by our group, the
increase in HDL cholesterol was higher for SG”. This
finding needs to be corroborated by other studies.

Finally, with respect to triglycerides, weight
loss is the major factor involved in the reduction in
their concentration after different bariatric surgery
techniques. As in weight loss, no differences between
RYGB and SG in terms of triglyceridemia improvement
have been detected””..

Gastroesophageal reflux

SG may worsen gastroesophageal reflux (GER) owing
to increased intragastric pressure, reduced gastric
emptying and decreased lower esophageal sphincter
pressure. On the other hand, acceleration of gastric
emptying and weight loss may improve GER. The
results of clinical studies are controversial®®”, This
controversy could be attributed to methodologic
differences in the evaluation of GER and the different
follow-up. Some authors proposed that randomized
clinical trials should be conducted and that standardized
criteria to define GER, validated questionnaires and
objective measurements such as pH monitoring should
be used to assess the effects of SG*.

COMPLICATIONS

The introduction of different technical advances has
caused a dramatic reduction in bariatric surgery-
related mortality. Thus, mortality in RYGB is 10 times
higher when performed in open surgery compared
with laparoscopy™®. Mortality after bariatric surgery
is currently low and no significant differences exist
among the different bariaric surgery techniques
according to data from the American College of
Surgeons - Bariatric Surgery Center Network including
28616 patients in 25 hospitals in the USA (Table 2)®,
By contrast, both early complications (< 30 d) and
time of surgery for SG vyield better results than RYGB
and slightly worse than LAGB.

Technical differences among surgeries may cause
certain complications that are characteristic of each
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technique. It should be noted that up to 20% of subjects
who undergo LAGB may require reoperation due to
complications related to the gastric band®, These
reinterventions often occur in the medium to long term
and detract from the low rate of early complications after
LAGB. Moreover, after SG patients are free of the severe
complications of RYGB such as severe hypoglycemia™®,
and others such as micronutrient deficiencies or
internal hernias are less frequent®®. Nevertheless,
nutritional deficiencies are not uncommon after SG, with
multivitamin therapy and postoperative follow-up being
recommended™®,

One of the most common and characteristic
complications of SG is staple line leak. Although
its prevalence is variable, a meta-analysis of 36
studies and 2570 patients showed a frequency
of 2.7%""®, but can be < 1% in expert hands®®".
Leaks occur in approximately 90% of cases in the
angle of His, leading to detection and therapy being
more complex than in RYGB. Different approaches
to their management have been proposed, ranging
from conservative treatment with fasting until
reoperation to a stent or endoscopic treatment by
placing clips, fibrin and pyloric dilation to reduce
intragastric pressure’®®. Moreover, different staple
line reinforcement options have been tested and have
proven ineffective to prevent leaks®".

SPECIAL POPULATIONS

In 1991, the National Institutes of Health (NIH) limited
bariatric surgery indication to subjects aged an age
between 18 and 60 years and who were very large (BMI
> 40 kg/m?) or large (BMI > 35 kg/m?) with obesity-
related complications™”. Since then, numerous studies
on adolescents, the elderly and subjects with BMI < 35
kg/m” have been reported.

As in the general population, the prevalence of
obesity in children and adolescents has gradually
increased in recent years. In Spain, a rise from
13.9% in 2005 to 19.1% in 2011 was estimated
for this specific population®®**, There is currently a
paucity of data on the long-term efficacy of bariatric
surgery in this age range. Data available to date
show that SG is safe and effective in the short term
and is associated with minimal morbidity and 70%
comorbidity resolution®. Moreover, SG may have
several advantages that render it the technique of
choice in obese adolescent candidates for bariatric
surgery. On the one hand, SG has a lower risk of late
complications such as dumping syndrome or nutritional
deficits that patients would suffer for the rest of their
lives. Moreover, in cases of significant weight gain,
patients could be reoperated on in a second step with
a malabsorptive technique.

In patients < 60 years of age RYGB is considered
the technique of choice ahead of LAGB given its better
risk-benefit ratio®, In contrast, in subjects > 60
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years, the risk of surgical complications post-RYGB
increases significantly and has led some authors to
propose LAGB as the technique of choice®. No data
on the efficacy and safety of SG in patients > 60 years
of age are available; however, if the results of patients
< 60 years are reproduced, then SG could become the
technique of choice in this age range.

In Spain, 17.5% of the population have obesity
grade 1 and are therefore without indication for
bariatric surgery according to the NIH®®. Conventional
treatment for obesity has proved ineffective in this
obese category, which has led to increased research
on the effects of bariatric surgery in this weight range.
Data currently available are scant and refer only to the
short term. Two clinical trials in subjects with BMI < 35
kg/m?, including SG in one group, have been reported.
In the randomized controlled trial by Schauer et ai*”,
34% of subjects had a BMI < 35 kg/m?; weight loss
and diabetes remission with SG were greater than with
conventional treatment and comparable to RYGB (Table
1). Moreover, Lee et al* randomized 60 subjects to
SG or minigastric bypass. In that study, no differences
in weight loss between SG and minigastric bypass (94%
vs 76% EWL, respectively) were detected; however,
the diabetes remission rate was higher with minigastic
bypass (93% vs 47%). We must emphasize that SG
was a safe technique in both studies.

Recently, the International Federation for the
Surgery of Obesity!®”’ recommended that bariatric
surgery should be considered when sufficient weight
loss is not achieved after a reasonable period of time
with conventional treatment. The indication of bariatric
surgery must be based on more on comorbidities
than BMI levels, and these comorbidities should be
evaluated in the expected response to the bariatric
surgery compared with medical treatment. This
statement does not specify what the procedure of
choice would be at this BMI level. Given that one of
the main reasons to indicate bariatric surgery at this
BMI range may be the presence of type 2 diabetes
mellitus, SG can play a major role if the same results
are reproduced in terms of weight loss and diabetes
remission in subjects with BMI > 35 kg/m”.

Patients with extreme obesity have a higher risk of
perioperative complications and mortality than those
with a BMI < 50 kg/m*®®. As mentioned previously,
SG was initially designed as a first step before a
BPD in obese subjects at high risk™*. SG as a single
technique does not seem appropriate for extremely
obese patients since a high percentage maintain
a BMI > 40 kg/m? in the medium term™, Weight
loss and improvement in comorbidities after SG are
associated with improved Anesthesiologist American
Society (ASA) risk and consequently a reduced risk of
surgical complications™”. This approach of two steps
being safer that one step has proved effective in terms
of weight loss and improvement in comorbidities in
extremely-obese patients'®®,
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Table 3 Sleeve gastrectomy may be preferable to other

procedures in the following situations

Table 4 Clinical outcomes of sleeve gastrectomy and Roux-

en-Y gastric bypass

Extreme obesity (BMI > 50 kg/m’): first-step procedure
ASA 1V morbidly-obese patient

Absence of hypercholesterolemia

To avoid drug malabsorption

Extreme ages

BMI of 35-40 kg/m’ with comorbidity

Class I obesity

Crohn’s disease

Prevent potential consequences of hypoglycemia in specific occupations

BMI: Body mass index.

FUTURE PERSPECTIVES AND
CONCLUSION

It can be concluded that SG can indeed be considered
more than a restrictive bariatric surgery procedure.
Its benefits are far more than those associated with
a reduction in gastric volume and its results in terms
of weight loss and improvement of comorbidities
are superior to those obtained with other restrictive
procedures. Additionally, SG offers further advantages
such as high efficiency, low technical complexity
and low rate of surgical complications. All these
characteristics render SG preferable to other pro-
cedures in certain situations (Table 3) and may, in
a near future, place it as the next gold standard in
bariatric surgery at the expense of RYGB (Table 4).
However, long-term studies aimed at establishing SG
as non-inferior relative to the current gold standard,

RYGB, are required.

REFERENCES

1 Hess DS, Hess DW. Biliopancreatic diversion with a duodenal
switch. Obes Surg 1998; 8: 267-282 [PMID: 9678194 DOI: 10.138
1/096089298765554476]

2 Lagacé M, Marceau P, Marceau S, Hould FS, Potvin M, Bourque
RA, Biron S. Biliopancreatic Diversion with a New Type of
Gastrectomy: Some Previous Conclusions Revisited. Obes Surg
1995; 5: 411-418 [PMID: 10733837 DOI: 10.1381/096089295765
557511]

3 Marceau P, Hould FS, Simard S, Lebel S, Bourque RA, Potvin
M, Biron S. Biliopancreatic diversion with duodenal switch.
World J Surg 1998; 22: 947-954 [PMID: 9717420 DOI: 10.1007/
$002689900498]

4 Scopinaro N, Gianetta E, Adami GF, Friedman D, Traverso
E, Marinari GM, Cunco S, Vitale B, Ballari F, Colombini M,
Baschieri G, Bachi V. Biliopancreatic diversion for obesity at
eighteen years. Surgery 1996; 119: 261-268 [PMID: 8619180 DOI:
10.1016/s0039-6060(96)80111-5]

5 Ren CJ, Patterson E, Gagner M. Early results of laparoscopic
biliopancreatic diversion with duodenal switch: a case series of 40
consecutive patients. Obes Surg 2000; 10: 514-23; discussion 524
[PMID: 11175958 DOI: 10.1381/096089200321593715]

6 Kim WW, Gagner M, Kini S, Inabnet WB, Quinn T, Herron D,
Pomp A. Laparoscopic vs. open biliopancreatic diversion with
duodenal switch: a comparative study. J Gastrointest Surg 2003; 7:
552-557 [PMID: 12763415 DOI: 10.1016/s1091-255x(02)00149-x]

7 Regan JP, Inabnet WB, Gagner M, Pomp A. Early experience with
two-stage laparoscopic Roux-en-Y gastric bypass as an alternative

Baishidenge ~ WJG | www.wjgnet.com

11810

SG RYGB
Weightloss  No differences with RYGB ~ No differences with SG
67.1 %EWL at 12 mo'®” 68.9% EWL at 12 mo'®”
Type 2 Early improvement before Slightly more effective
diabetes significant weight loss than SG. HR 1.49, 95%CI:
mellitus More effective than other  1.04-2.12 for type 2 diabetes
remission restrictive techniques mellitus remission in favor
of RYGB'™!
Hypertension Greater efficacy than other =~ More effective than SG
remission restrictive techniques
69% (55-82) Hypertension HR of 1.47, 95%Cl:
remission for SG and 45%  1.115-1.86 for Hypertension
(27-56) for LAGB"™ remission in favor of
RYGB"™!
Dyslipidemia Same as other Clearly more effective than
remission malabsorptive techniques, SG. HR = 2.41, 95%CTI:
no hypercholesterolemia  1.87-3.11 for Dyslipidemia
improvement remission in favor of
RYGB™
Mortality No differences (detailed in No differences
table 2)
Surgical Less surgical time, lowest Increased risk of nutritional
complications 30-d morbidity, 30-d deficiencies
readmission and 30-d
reoperation. (detailed in
table 2)
Characteristic Characteristic
complications: staple line complications: severe
leaks (2.7%"; < 1% in hypoglycemia
expert hands™)
Long-term Limited evidence Effective and safe in the
results long term
Other Possibility of conversion to
advantages a malabsorptive surgery

SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; %EWL: Percentage
excess weight loss; HR: Hazard ratio; LABG: Laparoscopic adjustable gastric
banding.

in the super-super obese patient. Obes Surg 2003; 13: 861-864
[PMID: 14738671 DOI: 10.1381/096089203322618669]

8 Cottam D, Qureshi FG, Mattar SG, Sharma S, Holover S,
Bonanomi G, Ramanathan R, Schauer P. Laparoscopic sleeve
gastrectomy as an initial weight-loss procedure for high-risk
patients with morbid obesity. Surg Endosc 2006; 20: 859-863
[PMID: 16738970 DOI: 10.1007/s00464-005-0134-5]

9 Silecchia G, Rizzello M, Casella G, Fioriti M, Soricelli E, Basso
N. Two-stage laparoscopic biliopancreatic diversion with duodenal
switch as treatment of high-risk super-obese patients: analysis
of complications. Surg Endosc 2009; 23: 1032-1037 [PMID:
18814005 DOI: 10.1007/s00464-008-0113-8]

10  Felberbauer FX, Langer F, Shakeri-Manesch S, Schmaldienst E,
Kees M, Kriwanek S, Prager M, Prager G. Laparoscopic sleeve
gastrectomy as an isolated bariatric procedure: intermediate-
term results from a large series in three Austrian centers. Obes
Surg 2008; 18: 814-818 [PMID: 18392898 DOI: 10.1007/
$11695-008-9483-1]

11 Moon Han S, Kim WW, Oh JH. Results of laparoscopic sleeve
gastrectomy (LSG) at 1 year in morbidly obese Korean patients.
Obes Surg 2005; 15: 1469-1475 [PMID: 16354529 DOI: 10.1381/
096089205774859227]

12 Langer FB, Bohdjalian A, Felberbauer FX, Fleischmann E,
Reza Hoda MA, Ludvik B, Zacherl J, Jakesz R, Prager G. Does
gastric dilatation limit the success of sleeve gastrectomy as a sole
operation for morbid obesity? Obes Surg 2006; 16: 166-171 [PMID:

November 7, 2015 | Volume 21 | Issue 41 |



13

17

18

19

20

21

22

23

24

25

26

JBaishideng®

16469218 DOI: 10.1381/096089206775565276]

Baltasar A, Serra C, Pérez N, Bou R, Bengochea M, Ferri L.
Laparoscopic sleeve gastrectomy: a multi-purpose bariatric
operation. Obes Surg 2005; 15: 1124-1128 [PMID: 16197783 DOI:
10.1381/0960892055002248]

Rosenthal RJ, Diaz AA, Arvidsson D, Baker RS, Basso N,
Bellanger D, Boza C, El Mourad H, France M, Gagner M,
Galvao-Neto M, Higa KD, Himpens J, Hutchinson CM, Jacobs
M, Jorgensen JO, Jossart G, Lakdawala M, Nguyen NT, Nocca
D, Prager G, Pomp A, Ramos AC, Rosenthal RJ, Shah S, Vix M,
Wittgrove A, Zundel N. International Sleeve Gastrectomy Expert
Panel Consensus Statement: best practice guidelines based on
experience of & gt; 12,000 cases. Surg Obes Relat Dis 2012; 8: 8-19
[PMID: 22248433 DOI: 10.1016/j.s0ard.2011.10.019]

Ramos AC, Zundel N, Neto MG, Maalouf M. Human hybrid
NOTES transvaginal sleeve gastrectomy: initial experience. Surg
Obes Relat Dis 2008; 4: 660-663 [PMID: 18794028 DOI: 10.1016/
j-s0ard.2008.06.009]

Saber AA, Elgamal MH, Itawi EA, Rao AJ. Single incision
laparoscopic sleeve gastrectomy (SILS): a novel technique. Obes
Surg 2008; 18: 1338-1342 [PMID: 18688685 DOI: 10.1007/
$11695-008-9646-0]

Buchwald H, Oien DM. Metabolic/bariatric surgery worldwide
2011. Obes Surg 2013; 23: 427-436 [PMID: 23338049 DOI:
10.1007/511695-012-0864-0]

Shabbir A, Teh JL. A New Emerging procedure - Sleeve
Gastrectomy. In: Essentials and Controversies in Bariatric Surgery.
InTech, 2014 [DOI: 10.5772/58844]

Santoro S, Castro LC, Velhote MC, Malzoni CE, Klajner S,
Castro LP, Lacombe A, Santo MA. Sleeve gastrectomy with transit
bipartition: a potent intervention for metabolic syndrome and
obesity. Ann Surg 2012; 256: 104-110 [PMID: 22609843 DOI:
10.1097/51a.0b013e31825370c0]

Mui WL, Lee DW, Lam KK. Laparoscopic sleeve gastrectomy
with loop bipartition: A novel metabolic operation in treating obese
type 1I diabetes mellitus. /nt J Surg Case Rep 2014; 5: 56-58 [PMID:
24441436 DOLI: 10.1016/j.ijscr.2013.12.002]

de Paula AL, Macedo AL, Prudente AS, Queiroz L, Schraibman V,
Pinus J. Laparoscopic sleeve gastrectomy with ileal interposition
(“neuroendocrine brake”)--pilot study of a new operation. Surg
Obes Relat Dis 2006; 2: 464-467 [PMID: 16925382 DOI: 10.1016/
j-s0ard.2006.03.005]

Karcz WK, Karcz-Socha I, Marjanovic G, Kuesters S, Goos M,
Hopt UT, Szewczyk T, Baumann T, Grueneberger JM. To band or
not to band--early results of banded sleeve gastrectomy. Obes Surg
2014; 24: 660-665 [PMID: 24464518 DOI: 10.1007/s11695-014-
1189-y]

Abbatini F, Rizzello M, Casella G, Alessandri G, Capoccia D,
Leonetti F, Basso N. Long-term effects of laparoscopic sleeve
gastrectomy, gastric bypass, and adjustable gastric banding on type
2 diabetes. Surg Endosc 2010; 24: 1005-1010 [PMID: 19866235
DOI: 10.1007/s00464-009-0715-9]

Chambers AP, Smith EP, Begg DP, Grayson BE, Sisley S, Greer
T, Sorrell J, Lemmen L, LaSance K, Woods SC, Seeley RJ, D’
Alessio DA, Sandoval DA. Regulation of gastric emptying rate and
its role in nutrient-induced GLP-1 secretion in rats after vertical
sleeve gastrectomy. Am J Physiol Endocrinol Metab 2014; 306:
E424-E432 [PMID: 24368666 DOI: 10.1152/ajpendo.00469.2013]
Trung VN, Yamamoto H, Furukawa A, Yamaguchi T, Murata S,
Yoshimura M, Murakami Y, Sato S, Otani H, Ugi S, Morino K,
Maegawa H, Tani T. Enhanced Intestinal Motility during Oral
Glucose Tolerance Test after Laparoscopic Sleeve Gastrectomy:
Preliminary Results Using Cine Magnetic Resonance Imaging.
PLoS One 2013; 8: 65739 [PMID: 23823622 DOI: 10.1371/
journal.pone.0065739]

Torra S, Ilzarbe L, Malagelada JR, Negre M, Mestre-Fusco
A, Aguadé-Bruix S, Florensa E, Suiié¢ P, Gras B, Hernandez JJ,
Casamitjana R, Garcia MA, Ros FB, Delgado-Aros S. Meal size
can be decreased in obese subjects through pharmacological
acceleration of gastric emptying (The OBERYTH trial). Int J

WJG | www.wjgnet.com

Benaiges D et a/. Laparoscopic sleeve gastrectomy review

27

28

29

30

31

32

33

34

35

36

37

38

39

40

11811

Obes (Lond) 2011; 35: 829-837 [PMID: 20938444 DOI: 10.1038/
j0.2010.210]

Holst JJ. The physiology of glucagon-like peptide 1. Physiol
Rev 2007; 87: 1409-1439 [PMID: 17928588 DOI: 10.1152/
physrev.00034.2006]

Ramén JM, Salvans S, Crous X, Puig S, Goday A, Benaiges D,
Trillo L, Pera M, Grande L. Effect of Roux-en-Y gastric bypass vs
sleeve gastrectomy on glucose and gut hormones: a prospective
randomised trial. J Gastrointest Surg 2012; 16: 1116-1122 [PMID:
22402955 DOI: 10.1007/s11605-012-1855-0]

Peterli R, Steinert RE, Woelnerhanssen B, Peters T, Christoffel-
Courtin C, Gass M, Kern B, von Fluee M, Beglinger C. Metabolic
and hormonal changes after laparoscopic Roux-en-Y gastric
bypass and sleeve gastrectomy: a randomized, prospective trial.
Obes Surg 2012; 22: 740-748 [PMID: 22354457 DOI: 10.1007/
$11695-012-0622-3]

Yousseif A, Emmanuel J, Karra E, Millet Q, Elkalaawy M,
Jenkinson AD, Hashemi M, Adamo M, Finer N, Fiennes AG,
Withers DJ, Batterham RL. Differential effects of laparoscopic
sleeve gastrectomy and laparoscopic gastric bypass on appetite,
circulating acyl-ghrelin, peptide YY3-36 and active GLP-1 levels
in non-diabetic humans. Obes Surg 2014; 24: 241-252 [PMID:
23996294 DOI: 10.1007/s11695-013-1066-0]

Jiménez A, Casamitjana R, Flores L, Delgado S, Lacy A, Vidal
J. GLP-1 and the long-term outcome of type 2 diabetes mellitus
after Roux-en-Y gastric bypass surgery in morbidly obese subjects.
Ann Surg 2013; 257: 894-899 [PMID: 23579541 DOI: 10.1097/
SLA.0b013e31826b8603]

Rocca AS, Brubaker PL. Role of the vagus nerve in mediating
proximal nutrient-induced glucagon-like peptide-1 secretion.
Endocrinology 1999; 140: 1687-1694 [PMID: 10098504 DOI:
10.1210/en.140.4.1687]

Beglinger S, Drewe J, Schirra J, Goke B, D’Amato M, Beglinger
C. Role of fat hydrolysis in regulating glucagon-like Peptide-1
secretion. J Clin Endocrinol Metab 2010; 95: 879-886 [PMID:
19837920 DOI: 10.1210/jc.2009-1062]

Batterham RL, Cowley MA, Small CJ, Herzog H, Cohen MA,
Dakin CL, Wren AM, Brynes AE, Low MJ, Ghatei MA, Cone
RD, Bloom SR. Gut hormone PYY(3-36) physiologically inhibits
food intake. Nature 2002; 418: 650-654 [PMID: 12167864 DOI:
10.1038/nature00887]

Le Roux CW, Batterham RL, Aylwin SJ, Patterson M, Borg CM,
Wynne KJ, Kent A, Vincent RP, Gardiner J, Ghatei MA, Bloom
SR. Attenuated peptide Y'Y release in obese subjects is associated
with reduced satiety. Endocrinology 2006; 147: 3-8 [PMID:
16166213 DOI: 10.1210/en.2005-0972]

Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa
K. Ghrelin is a growth-hormone-releasing acylated peptide from
stomach. Nature 1999; 402: 656-660 [PMID: 10604470 DOI:
10.1016/j.beem.2004.07.001]

Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity
in rodents. Nature 2000; 407: 908-913 [PMID: 11057670 DOI:
10.1038/35038090]

Goitein D, Lederfein D, Tzioni R, Berkenstadt H, Venturero M,
Rubin M. Mapping of ghrelin gene expression and cell distribution
in the stomach of morbidly obese patients--a possible guide for
efficient sleeve gastrectomy construction. Obes Surg 2012; 22:
617-622 [PMID: 22231739 DOI: 10.1007/s11695-011-0585-9]
Basso N, Capoccia D, Rizzello M, Abbatini F, Mariani P, Maglio
C, Coccia F, Borgonuovo G, De Luca ML, Asprino R, Alessandri
G, Casella G, Leonetti F. First-phase insulin secretion, insulin
sensitivity, ghrelin, GLP-1, and PYY changes 72 h after sleeve
gastrectomy in obese diabetic patients: the gastric hypothesis. Surg
Endosc 2011; 25: 3540-3550 [PMID: 21638183 DOI: 10.1007/
500464-011-1755-5]

Hady HR, Golaszewski P, Zbucki RL, Dadan J. The influence of
laparoscopic adjustable gastric banding and laparoscopic sleeve
gastrectomy on weight loss, plasma ghrelin, insulin, glucose and
lipids. Folia Histochem Cytobiol 2012; 50: 292-303 [PMID:
22763970 DOI: 10.5603/thc.2012.0039]

November 7, 2015 | Volume 21 | Issue 41 |



41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

JBaishideng®

Benaiges D et a/. Laparoscopic sleeve gastrectomy review

Wang Y, Liu J. Plasma ghrelin modulation in gastric band
operation and sleeve gastrectomy. Obes Surg 2009; 19: 357-362
[PMID: 18841429 DOI: 10.1007/s11695-008-9688-3]

Chambers AP, Kirchner H, Wilson-Perez HE, Willency JA, Hale
JE, Gaylinn BD, Thorner MO, Pfluger PT, Gutierrez JA, Tschop
MH, Sandoval DA, Seeley RJ. The effects of vertical sleeve
gastrectomy in rodents are ghrelin independent. Gastroenterology
2013; 144: 50-52.¢5 [PMID: 22995675 DOI: 10.1053/
j-gastro.2012.09.009]

Leibel RL, Rosenbaum M, Hirsch J. Changes in energy expenditure
resulting from altered body weight. N Engl J Med 1995; 332:
621-628 [PMID: 7632212 DOI: 10.1056/nejm199503093321001]
Kelesidis T, Kelesidis I, Chou S, Mantzoros CS. Narrative
review: the role of leptin in human physiology: emerging clinical
applications. Ann Intern Med 2010; 152: 93-100 [PMID: 20083828
DOI: 10.7326/0003-4819-152-2-201001190-00008]

Park HK, Ahima RS. Physiology of leptin: energy homeostasis,
neuroendocrine function and metabolism. Metabolism 2015; 64:
24-34 [PMID: 25199978 DOI: 10.1016/j.metabol.2014.08.004]
Stefater MA, Pérez-Tilve D, Chambers AP, Wilson-Pérez HE,
Sandoval DA, Berger J, Toure M, Tschop M, Woods SC, Seeley
RJ. Sleeve gastrectomy induces loss of weight and fat mass in
obese rats, but does not affect leptin sensitivity. Gastroenterology
2010; 138: 2426-236, 2426-236, [PMID: 20226189 DOI: 10.1053/
j-gastro.2010.02.059]

Fedonidis C, Alexakis N, Koliou X, Asimaki O, Tsirimonaki
E, Mangoura D. Long-term changes in the ghrelin-CB1R axis
associated with the maintenance of lower body weight after sleeve
gastrectomy. Nutr Diabetes 2014; 4: 127 [PMID: 25027795 DOI:
10.1038/nutd.2014.24]

Kohli R, Setchell KD, Kirby M, Myronovych A, Ryan KK,
Tbrahim SH, Berger J, Smith K, Toure M, Woods SC, Seeley RJ.
A surgical model in male obese rats uncovers protective effects
of bile acids post-bariatric surgery. Endocrinology 2013; 154:
2341-2351 [PMID: 23592746 DOI: 10.1210/en.2012-2069]
Moore BC, Peters RW, Glasberg BR. Auditory filter shapes at low
center frequencies. J Acoust Soc Am 1990; 88: 132-140 [PMID:
2380441 DOLI: 10.1002/0by.20548]

Ryan KK, Tremaroli V, Clemmensen C, Kovatcheva-Datchary P,
Myronovych A, Karns R, Wilson-Pérez HE, Sandoval DA, Kohli
R, Bickhed F, Seeley RJ. FXR is a molecular target for the effects
of vertical sleeve gastrectomy. Nature 2014; 509: 183-188 [PMID:
24670636 DOI: 10.1038/nature13135]

Damms-Machado A, Mitra S, Schollenberger AE, Kramer
KM, Meile T, Konigsrainer A, Huson DH, Bischoff SC.
Effects of surgical and dietary weight loss therapy for obesity
on gut microbiota composition and nutrient absorption.
Biomed Res Int 2015; 2015: 806248 [PMID: 25710027 DOI:
10.1155/2015/806248]

Nicholson JK, Holmes E, Kinross J, Burcelin R, Gibson G, Jia
W, Pettersson S. Host-gut microbiota metabolic interactions.
Science 2012; 336: 1262-1267 [PMID: 22674330 DOI: 10.1126/
science.1223813]

Langer FB, Reza Hoda MA, Bohdjalian A, Felberbauer FX,
Zacherl J, Wenzl E, Schindler K, Luger A, Ludvik B, Prager G.
Sleeve gastrectomy and gastric banding: effects on plasma ghrelin
levels. Obes Surg 2005; 15: 1024-1029 [PMID: 16105401 DOI:
10.1381/0960892054621125]

Himpens J, Dapri G, Cadi¢re GB. A prospective randomized study
between laparoscopic gastric banding and laparoscopic isolated
sleeve gastrectomy: results after 1 and 3 years. Obes Surg 2006;
16: 1450-1456 [PMID: 17132410 DOI: 10.1381/09608920677886
9933]

Lee WJ, Chong K, Ser KH, Lee YC, Chen SC, Chen JC, Tsai
MH, Chuang LM. Gastric bypass vs sleeve gastrectomy for type 2
diabetes mellitus: a randomized controlled trial. Arch Surg 2011;
146: 143-148 [PMID: 21339423 DOI: 10.1001/archsurg.2010.326]
Karamanakos SN, Vagenas K, Kalfarentzos F, Alexandrides
TK. Weight loss, appetite suppression, and changes in fasting and
postprandial ghrelin and peptide-YY levels after Roux-en-Y gastric

WJG | www.wjgnet.com

11812

57

58

59

60

61

62

63

64

65

66

67

68

69

70

bypass and sleeve gastrectomy: a prospective, double blind study.
Ann Surg 2008; 247: 401-407 [PMID: 18376181 DOI: 10.1097/
SLA.0b013e318156f012]

Kehagias I, Karamanakos SN, Argentou M, Kalfarentzos F.
Randomized clinical trial of laparoscopic Roux-en-Y gastric bypass
versus laparoscopic sleeve gastrectomy for the management of
patients with BMI& It; 50 kg/m2. Obes Surg 2011; 21: 1650-1656
[PMID: 21818647 DOI: 10.1007/511695-011-0479-x]

Peterli R, Wolnerhanssen B, Peters T, Devaux N, Kern B,
Christoffel-Courtin C, Drewe J, von Fliie M, Beglinger C.
Improvement in glucose metabolism after bariatric surgery:
comparison of laparoscopic Roux-en-Y gastric bypass and
laparoscopic sleeve gastrectomy: a prospective randomized trial.
Ann Surg 2009; 250: 234-241 [PMID: 19638921 DOI: 10.1097/
SLA.0b013e3181ae32e3]

Schauer PR, Kashyap SR, Wolski K, Brethauer SA, Kirwan JP,
Pothier CE, Thomas S, Abood B, Nissen SE, Bhatt DL. Bariatric
surgery versus intensive medical therapy in obese patients with
diabetes. N Engl J Med 2012; 366: 1567-1576 [PMID: 22449319
DOI: 10.1056/NEJMo0al200225]

Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA,
Navaneethan SD, Aminian A, Pothier CE, Kim ES, Nissen SE,
Kashyap SR. Bariatric surgery versus intensive medical therapy for
diabetes--3-year outcomes. N Engl J Med 2014; 370: 2002-2013
[PMID: 24679060 DOTI: 10.1056/NEJMoal401329]
Paluszkiewicz R, Kalinowski P, Wroblewski T, Bartoszewicz
Z, Biatobrzeska-Paluszkiewicz J, Ziarkiewicz-Wroblewska
B, Remiszewski P, Grodzicki M, Krawczyk M. Prospective
randomized clinical trial of laparoscopic sleeve gastrectomy versus
open Roux-en-Y gastric bypass for the management of patients
with morbid obesity. Wideochir Inne Tech Maloinwazyjne 2012; 7:
225-232 [PMID: 23362420 DOI: 10.5114/wiitm.2012.32384]

Vix M, Diana M, Liu KH, D’Urso A, Mutter D, Wu HS,
Marescaux J. Evolution of glycolipid profile after sleeve
gastrectomy vs. Roux-en-Y gastric bypass: results of a prospective
randomized clinical trial. Obes Surg 2013; 23: 613-621 [PMID:
23207829 DOI: 10.1007/s11695-012-0827-5]

Li JF, Lai DD, Lin ZH, Jiang TY, Zhang AM, Dai JF. Comparison
of the long-term results of Roux-en-Y gastric bypass and sleeve
gastrectomy for morbid obesity: a systematic review and meta-
analysis of randomized and nonrandomized trials. Surg Laparosc
Endosc Percutan Tech 2014; 24: 1-11 [PMID: 24487151 DOI:
10.1097/SLE.0000000000000041]

Diamantis T, Apostolou KG, Alexandrou A, Griniatsos J,
Felekouras E, Tsigris C. Review of long-term weight loss results
after laparoscopic sleeve gastrectomy. Surg Obes Relat Dis 2014;
10: 177-183 [PMID: 24507083 DOI: 10.1016/j.s0ard.2013.11.007]
Himpens J, Dobbeleir J, Peeters G. Long-term results of
laparoscopic sleeve gastrectomy for obesity. Ann Surg 2010; 252:
319-324 [PMID: 20622654 DOL: 10.1097/SLA.0b013e3181¢90b31]
Lim DM, Taller J, Bertucci W, Riffenburgh RH, O’Leary J,
Wisbach G. Comparison of laparoscopic sleeve gastrectomy to
laparoscopic Roux-en-Y gastric bypass for morbid obesity in a
military institution. Surg Obes Relat Dis 2014; 10: 269-276 [PMID:
23273712 DOI: 10.1016/j.s0ard.2012.08.012]

Parri A, Benaiges D, Schroder H, Izquierdo-Pulido M, Ramén J,
Villatoro M, Flores-Le Roux J, Goday A. Preoperative predictors
of weight loss at 4 years following bariatric surgery. Nutr Clin
Pract 2015; 30: 420-424 [PMID: 25631913 DOI: 10.1177/088453
3614568154]

Weiner RA, Weiner S, Pomhoff I, Jacobi C, Makarewicz W,
Weigand G. Laparoscopic sleeve gastrectomy--influence of sleeve
size and resected gastric volume. Obes Surg 2007; 17: 1297-1305
[PMID: 18098398 DOI: 10.1007/s11695-007-9232-x]

Rao RS, Yanagisawa R, Kini S. Insulin resistance and bariatric
surgery. Obes Rev 2012; 13: 316-328 [PMID: 22106981 DOI:
10.1111/j.1467-789X.2011.00955.x]

Benaiges D, Flores Le-Roux JA, Pedro-Botet J, Chillaron
JJ, Renard M, Parri A, Ramoén JM, Pera M, Goday A. Sleeve
gastrectomy and Roux-en-Y gastric bypass are equally effective in

November 7, 2015 | Volume 21 | Issue 41 |



71

72

73

74

75

76

71

78

79

80

81

82

83

JBaishideng®

correcting insulin resistance. /nt J Surg 2013; 11: 309-313 [PMID:
23462580 DOI: 10.1016/.ijsu.2013.02.007]

Jiménez A, Casamitjana R, Flores L, Viaplana J, Corcelles R, Lacy
A, Vidal J. Long-term effects of sleeve gastrectomy and Roux-
en-Y gastric bypass surgery on type 2 diabetes mellitus in morbidly
obese subjects. Ann Surg 2012; 256: 1023-1029 [PMID: 22968072
DOI: 10.1097/SLA.0b013e318262ee6b]

Braghetto I, Csendes A, Lanzarini E, Papapietro K, Carcamo
C, Molina JC. Is laparoscopic sleeve gastrectomy an acceptable
primary bariatric procedure in obese patients? Early and
S-year postoperative results. Surg Laparosc Endosc Percutan
Tech 2012; 22: 479-486 [PMID: 23238373 DOI: 10.1097/
SLE.0b013e318262dc29]

Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Bouchard
C, Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjostrom CD,
Sullivan M, Wedel H. Lifestyle, diabetes, and cardiovascular risk
factors 10 years after bariatric surgery. N Engl J Med 2004; 351:
2683-2693 [PMID: 15616203 DOI: 10.1056/nejmoa035622]
Asztalos BF, Swarbrick MM, Schaefer EJ, Dallal GE, Horvath
KV, Ai M, Stanhope KL, Austrheim-Smith I, Wolfe BM, Ali M,
Havel PJ. Effects of weight loss, induced by gastric bypass surgery,
on HDL remodeling in obese women. J Lipid Res 2010; 51:
2405-2412 [PMID: 20631298 DOI: 10.1194/j1r.P900015]
Benaiges D, Flores-Le-Roux JA, Pedro-Botet J, Ramon JM,
Parri A, Villatoro M, Carrera MJ, Pera M, Sagarra E, Grande L,
Goday A. Impact of restrictive (sleeve gastrectomy) vs hybrid
bariatric surgery (Roux-en-Y gastric bypass) on lipid profile.
Obes Surg 2012; 22: 1268-1275 [PMID: 22544352 DOI: 10.1007/
$11695-012-0662-8]

Pihlajamiki J, Gronlund S, Simonen M, Kikeld P, Moilanen L,
Padkkonen M, Pirinen E, Kolehmainen M, Kirja V, Kainulainen
S, Uusitupa M, Alhava E, Miettinen TA, Gylling H. Cholesterol
absorption decreases after Roux-en-Y gastric bypass but not after
gastric banding. Metabolism 2010; 59: 866-872 [PMID: 20015521
DOI: 10.1016/j.metabol.2009.10.004]

Hanusch-Enserer U, Zorn G, Wojta J, Kopp CW, Prager R,
Koenig W, Schillinger M, Roden M, Huber K. Non-conventional
markers of atherosclerosis before and after gastric banding
surgery. Eur Heart J 2009; 30: 1516-1524 [PMID: 19380349 DOI:
10.1093/eurheartj/ehp108]

Nguyen NT, Varela E, Sabio A, Tran CL, Stamos M, Wilson SE.
Resolution of hyperlipidemia after laparoscopic Roux-en-Y gastric
bypass. J Am Coll Surg 2006; 203: 24-29 [PMID: 16798484 DOI:
10.1016/j.jamcollsurg.2006.03.019]

Lakdawala MA, Bhasker A, Mulchandani D, Goel S, Jain S.
Comparison between the results of laparoscopic sleeve gastrectomy
and laparoscopic Roux-en-Y gastric bypass in the Indian
population: a retrospective 1 year study. Obes Surg 2010; 20: 1-6
[PMID: 19802646 DOI: 10.1007/s11695-009-9981-9]

De Groot NL, Burgerhart JS, Van De Meeberg PC, de Vries
DR, Smout AJ, Siersema PD. Systematic review: the effects of
conservative and surgical treatment for obesity on gastro-oesophageal
reflux disease. Aliment Pharmacol Ther 2009; 30: 1091-1102 [PMID:
19758397 DOI: 10.1111/j.1365-2036.2009.04146.x]

Smith MD, Patterson E, Wahed AS, Belle SH, Berk PD,
Courcoulas AP, Dakin GF, Flum DR, Machado L, Mitchell JE,
Pender J, Pomp A, Pories W, Ramanathan R, Schrope B, Staten
M, Ude A, Wolfe BM. Thirty-day mortality after bariatric surgery:
independently adjudicated causes of death in the longitudinal
assessment of bariatric surgery. Obes Surg 2011; 21: 1687-1692
[PMID: 21866378 DOI: 10.1007/511695-011-0497-8]

Hutter MM, Schirmer BD, Jones DB, Ko CY, Cohen ME,
Merkow RP, Nguyen NT. First report from the American College
of Surgeons Bariatric Surgery Center Network: laparoscopic sleeve
gastrectomy has morbidity and effectiveness positioned between
the band and the bypass. Ann Surg 2011; 254: 410-20; discussion
420-2 [PMID: 21865942 DOI: 10.1097/SLA.0b013e31822c9dac]
Boza C, Gamboa C, Perez G, Crovari F, Escalona A, Pimentel F,
Raddatz A, Guzman S, Ibafiez L. Laparoscopic adjustable gastric
banding (LAGB): surgical results and 5-year follow-up. Surg

WJG | www.wjgnet.com

Benaiges D et a/. Laparoscopic sleeve gastrectomy review

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

11813

Endosc 2011; 25: 292-297 [PMID: 20652325 DOI: 10.1007/
s00464-010-1176-x]

Marsk R, Jonas E, Rasmussen F, Nislund E. Nationwide cohort
study of post-gastric bypass hypoglycaemia including 5,040
patients undergoing surgery for obesity in 1986-2006 in Sweden.
Diabetologia 2010; 53: 2307-2311 [PMID: 20495972 DOI:
10.1007/s00125-010-1798-5]

Gehrer S, Kern B, Peters T, Christoffel-Courtin C, Peterli R.
Fewer nutrient deficiencies after laparoscopic sleeve gastrectomy
(LSG) than after laparoscopic Roux-Y-gastric bypass (LRYGB)-a
prospective study. Obes Surg 2010; 20: 447-453 [PMID: 20101473
DOLI: 10.1007/511695-009-0068-4]

Brethauer SA, Hammel JP, Schauer PR. Systematic review of
sleeve gastrectomy as staging and primary bariatric procedure.
Surg Obes Relat Dis 2009; 5: 469-475 [PMID: 19632646 DOI:
10.1016/j.s0ard.2009.05.011]

Peterli R, Borbély Y, Kern B, Gass M, Peters T, Thurnheer M,
Schultes B, Laederach K, Bueter M, Schiesser M. Early results
of the Swiss Multicentre Bypass or Sleeve Study (SM-BOSS):
a prospective randomized trial comparing laparoscopic sleeve
gastrectomy and Roux-en-Y gastric bypass. Ann Surg 2013;
258: 690-64; discussion 695 [PMID: 23989054 DOI: 10.1097/
SLA.0b013e3182a67426]

Csendes A, Braghetto I, Leon P, Burgos AM. Management of leaks
after laparoscopic sleeve gastrectomy in patients with obesity. J
Gastrointest Surg 2010; 14: 1343-1348 [PMID: 20567930 DOI:
10.1007/s11605-010-1249-0]

Gagner M, Buchwald JN. Comparison of laparoscopic sleeve
gastrectomy leak rates in four staple-line reinforcement options: a
systematic review. Surg Obes Relat Dis 2014; 10: 713-723 [PMID:
24745978 DOI: 10.1016/j.s0ard.2014.01.016]

Hubbard VS, Hall WH. Gastrointestinal Surgery for Severe
Obesity. Obes Surg 1991; 1: 257-265 [PMID: 10775921]

Serra Majem L, Ribas Barba L, Aranceta Bartrina J, Pérez
Rodrigo C, Saavedra Santana P, Pefa Quintana L. [Childhood
and adolescent obesity in Spain. Results of the enKid study
(1998-2000)]. Med Clin (Barc) 2003; 121: 725-732 [PMID:
14678693 DOI: 10.1016/s0025-7753(03)74077-9]

Ortega Anta RM, Lopez-Solaber AM, Pérez-Farinos N. Asso-
ciated factors of obesity in Spanish representative samples. Nutr
Hosp 2013; 28 Suppl 5: 56-62 [PMID: 24010744 DOI: 10.3305/
nh.2013.28.5up5.6918]

Bliiher S, Raschpichler M, Hirsch W, Till H. A case report and
review of the literature of laparoscopic sleeve gastrectomy in
morbidly obese adolescents: beyond metabolic surgery and visceral
fat reduction. Metabolism 2013; 62: 761-767 [PMID: 23219586
DOI: 10.1016/j.metabol.2012.11.001]

Santry HP, Gillen DL, Lauderdale DS. Trends in bariatric surgical
procedures. JAMA 2005; 294: 1909-1917 [PMID: 16234497 DOI:
10.1001/jama.294.15.1909]

Silecchia G, Greco F, Bacci V, Boru C, Pecchia A, Casella G,
Rizzello M, Basso N. Results after laparoscopic adjustable gastric
banding in patients over 55 years of age. Obes Surg 2005; 15:
351-356 [PMID: 15826468 DOI: 10.1381/0960892053576622]
Gutiérrez-Fisac JL, Guallar-Castillon P, Leén-Muifioz LM,
Graciani A, Banegas JR, Rodriguez-Artalejo F. Prevalence of
general and abdominal obesity in the adult population of Spain,
2008-2010: the ENRICA study. Obes Rev 2012; 13: 388-392
[PMID: 22151906 DOI: 10.1111/j.1467-789X.2011.00964.x]
Busetto L, Dixon J, De Luca M, Shikora S, Pories W, Angrisani L.
Bariatric surgery in class I obesity: a Position Statement from the
International Federation for the Surgery of Obesity and Metabolic
Disorders (IFSO). Obes Surg 2014; 24: 487-519 [PMID: 24638958
DOI: 10.1007/s11695-014-1214-1]

Sarela AL, Dexter SP, McMahon MJ. Use of the obesity surgery
mortality risk score to predict complications of laparoscopic
bariatric surgery. Obes Surg 2011; 21: 1698-1703 [PMID:
21399971 DOI: 10.1007/s11695-011-0379-0]

Gagner M, Gumbs AA, Milone L, Yung E, Goldenberg L, Pomp A.
Laparoscopic sleeve gastrectomy for the super-super-obese (body

November 7, 2015 | Volume 21 | Issue 41 |



Benaiges D et a/. Laparoscopic sleeve gastrectomy review

mass index & gt; 60 kg/m(2)). Surg Today 2008; 38: 399-403 stage of biliopancreatic diversion with duodenal switch) on co-
[PMID: 18560961 DOI: 10.1007/s00595-007-3645-y] morbidities in super-obese high-risk patients. Obes Surg 2006;

100 Silecchia G, Boru C, Pecchia A, Rizzello M, Casella G, Leonetti 16: 1138-1144 [PMID: 16989696 DOI: 10.1381/0960892067783
F, Basso N. Effectiveness of laparoscopic sleeve gastrectomy (first 92275]

P- Reviewer: Jurowich CF, Parikh M S- Editor: YuJ
L- Editor: A E- Editor: Wang CH

Raishidenge ~ WJG | www.wjgnet.com 11814 November 7, 2015 | Volume 21 | Issue 41 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

“‘H ‘H ll
© 2015 Baishideng Publishing Group Inc. All rights reserved.




