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Abstract

The incidence of obesity is steadily rising, and it has been
estimated that 40% of the US population will be obese by
the year 2025 if the current trend continues. In recent years
there has been renewed interest in the surgical treatment of
morbid obesity in concomitance with the epidemic of obesity.
Bariatric surgery proved effective in providing weight loss of
large magnitude, correction of comorbidities and excellent
short-term and long-term outcomes, decreasing overall
mortality and providing a marked survival advantage. The
Laparoscopic Sleeve Gastrectomy (LSG) has increased in
popularity and is currently very "trendy" among laparoscopic
surgeons involved in bariatric surgery. As LSG proved to be
effective in achieving considerable weight loss in the short-
term, it has been proposed by some as a sole bariatric
procedure. This editorial focuses on the particular advantages
of LSG in the treatment of morbid obesity.
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INTRODUCTION

The incidence of obesity is steadily rising, and it has been
estimated that 40% of the US population will be obese by
the year 2025 if the current trend continues'. An alarming
indicator of the health crisis related to the epidemic of
obesity is that 15% of children and adolescents are obese
(body mass index BMI > 95th percentile on the Centers
for Disease Controls and Prevention standard charts), and
over 20% are at risk (BMI > 85 percentile)”. In recent
years there has been renewed interest in the surgical
treatment of morbid obesity in concomitance with the
epidemic of obesity, and application of the laparoscopic
techniques to the field of bariatric surgery as well. Bariatric
surgery proved effective in providing weight loss of large
magnitude, correction of comorbidities and excellent
short-term and long-term outcomes” decreasing overall
mortality and providing a marked survival advantage'®”.
The number of laparoscopic Roux-en-Y Gastric ByPass
(LRYGBP) procedures have continued to increase in
the last few years. This has contributed to the profound
enthusiasm of the surgical community for bariatric
surgery. In this context, new bariatric procedures can
be rapidly accepted by the surgical community, as has
already happened in the case of laparoscopic adjustable
gastric banding (LAGB). The latter is a paradigm of the
“surgical enthusiasm” for a bariatric procedure. LAGB has
rapidly reached wide diffusion, giving the label of bariatric
surgeon to any laparoscopic surgeon able to place a band
around the stomach of an obese patient. However, with
time this procedure proved not to be the panacea that
one would have thought it to be after its introduction.

Due to a high rate of long-term failure, the literature
indicates fewer LAGB procedures and more Roux-en-Y
gastric bypass (RYGBP) procedures are being performed,
and surgeons are choosing laparoscopic RYGBP"™"
The Laparoscopic Sleeve Gastrectomy (LSG) is being
performed more frequently and is currently very “trendy”
among laparoscopic surgeons involved in bariatric surgery.
LSG is not a new operation as it is the restrictive part of
a more complex malabsorbitive bariatric procedure; i.e.,
the biliopancreatic diversion with duodenal switch (BPD-
D). Gagner and coworkers adapted the BDP-DS
to the laparoscopic approachl13j, and then introduced the
concept of the staged approach to very obese patients
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with the LSG being the first stepm. As LSG proved to be
effective in the short-term in achieving considerable weight
loss, it has been proposed by some to be used solely as a
bariatric procedure.

SURGICAL TECHNIQUE

LSG involves a longitudinal resection of the stomach on
the greater curvature from the antrum starting opposite of
the nerve of Latatjet up to the angle of His. The first step
of the procedure is the division of the vascular supply of
the greater curvature of the stomach, which is achieved
with the section of the gastro-colic and gastro-splenic
ligaments close to the stomach. The greater curvature must
be completely freed up to the left crus of the diaphragm
to completely resect the gastric fundus that harbours the
ghrelin secreting cells of the stomach. The second step of
the procedure is the longitudinal gastrectomy that “sleeves”
the stomach to reduce it to a narrow tube. A naso-gasttic
tube is used to obtain a precise calibration and to avoid
stenosis of the gastric plasty. There is no consensus as to
where to start the gastrectomy, and which calibre of the
naso-gastric tube to use. Gagner recommended starting
the gastrectomy 10 cm proximal to the pylorusm. Baltazar
recommended starting 4 cm from the pylorus in the case
of DS, and only 2 cm from it if the L.SG is intended as
the sole bariatric procedure!'”. Different calibres of naso-
gastric tubes have been reported by different authors
from 32 Fr''” to 60 Fr'" The rational for starting closer
to the pylorus and using a small calibre bougie to fashion
the gastric tube is to increase the restrictive character of
the procedure. The final volume of the gastric tube has
been reported to be as small as 60 mL" and as large as
200 mL"*", The staple line can then be reinforced with
sutures or Seamguard to reduce the rate of staple line leak
or bleeding“(’1 (Figure 1).

PHYSIOLOGY OF LSG

One of the mechanisms involved in weight loss observed
after the LSG is the dramatic reduction of the capacity of
the stomach. The concept of restriction has been widely
used in bariatric surgery in vertical banded gastroplasty
(VBG) and LAGB. The distension of the small gastric
pouch in the LAGB procedure or VBG is supposed to
account for the feeling of early fullness, enhanced satiety
and decreased hunger experienced by a patient after the
ingestion of small quantities of food. The fact that the
use of small calibre nasal-gastric tubes, as small as 30 Fr
for LSG as proposed by Baltazar, provides faster and
increased weight loss is in favour of the role of mechanical
restriction as an important determinant in terms of weight
loss that can be obtained with L.SG"”.

The hormonal modifications induced by LSG differ
from those found after a purely restrictive procedure as
LASGB. Ghrelin, a peptide hormone mainly produced in
the fundus of the stomach, is supposed to be involved in
the mechanisms regulating hunger and has been a focus
of interest in a growing number of recently published
papers'”’. Ghrelin is secreted by the endocrine cells of
the stomach (X/A-like cells), which reside in the oxyntic
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\ - Iy Figure 1 Laparoscopic sleeve gastre-
\' ( .Q{f ctomy.

glands of the gastric fundus"*™". Gastric ghrelin producing
cells are in contact with the basolateral membrane adjacent
to the blood-stream and most of them do not come
in contact with gastric content"*?'". The gastric fundus
contains 10 to 20 times more ghrelin per 1 X g of tissue
than the duodenum"** with diminishing concentrations
being found in the jejunum and ileum"*"™*). Ghrelin has
been also found in different additional tissues in very low
concentrations such as the lungs, kidney, pancreatic islets,
gonads, adrenal cortex, placenta and others®. Ghrelin
regulates the secretion of growth hormone release and is a
potent orexigenic (appetite-stimulating) peptide. This last
effect of ghrelin is mediated by the activation of ghrelin
receptors in the hypothalamus /pituitary area'™

There is some evidence that body weight is the major
determinant in the long-term regulation of the plasma
concentration of ghrelinm’m. Accordingly, it has been
shown that plasma concentration of ghrelin is increased in
the case of negative energy balance situations such as low-
calotie diets®, chronic exercise™”, cancer anorexia™,
and anorexia nervosa”| and are decreased in positive
balance situations such as weight regain after overfeeding,
or during the weight recovery phase of anorexia
nervosa Bl
mechanisms have been elucidated so far to explicate the
changes in the plasma levels of ghrelin in the long term,
further studies are necessary to define this issue.

On the other hand, plasma concentration of ghrelin
is acutely regulated by the intake of food with a meal to
meal vatiation'
before the onset of meal and declines thereafter suggesting
that ghrelin could play a role in the signal of meal
initiation"**>*>*"
meal-related satiation factors such as cholecystokinin,
peptide -YY, glucagons-like peptide 1. Although the
mechanisms responsible for the postprandial suppression
of ghrelin are not known there is evidence that neither
gastric nutrients nor gastric distension affect the plasma
level of ghrelin™. Different studies investigated the plasma
levels of ghrelin after different bariatric procedures, such
as LASGB, LRYGBP and BPD"". Unfortunately, the
results of these studies are difficult to compare because the
patients studied were in different states of energy balance,
the techniques of sampling were different, and either the
fasting or postprandial ghrelin levels were reported'”.
Nevertheless, there is overall evidence that LASGB is

ot in obese patients” . However as no putative

31,32] . . . .
). Plasma ghrelin concentration rises just

, acting as the counterpart of the several
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associated with significantly increased total plasma levels
of ghrelin as opposed to LRYGBP, which is followed by a
decrease of ghrelinmmj.

As LASGB preserves the whole stomach, the gastric
fundus, which is the major ghrelin producing tissue, is
not excluded form contact with food. Ghrelin levels are
increased with diet induced weight loss. Interestingly
RYGBP has been shown to be associated with low levels
of circulating ghrelin that persist at 1 and 3 years follow-
upm’m. On the contrary, LASGB, VBG™ and antireflux
surgical proceduresm’%’48J are not associated with a decline
of the circulating levels of ghrehnm]. The most important
difference between these procedures and LRYGBP
is the contact of food with the gastric fundus of the
stomach. The mechanism hypothesized to explain why
ghrelin is down-regulated after LRYGBP is the override
stimulation theory as described by Cummings. The empty
stomach that is acutely associated with increased levels of
circulating ghrelin would result in a continuous stimulatory
signal that ultimately suppresses ghrelin production[z”@.
However, whether weight loss after LRYGBP is directly
related to the changes in plasma levels of ghrelin is still a
matter of debate™”.

Holdstock e a/™” found increased levels of ghrelin
12 mo after GBP and argued that weight loss is not
directly related to plasma concentration of ghrelin. Faraj
et al’" proposed that the plasma levels of ghrelin are
related to the state of energy balance. During the period of
weight loss after GBP, ghrelin is secreted by sources other
than the stomach because of the negative energy balance
resulting in plasma levels higher than controls. Once
patients have completed their weight loss phase and have
reached a state of energy balance, plasma levels of ghrelin
are comparable to those of controls despite massive
weight loss The disparate results reported in the literature
on the mechanism involved in weight loss after LRYGBP
imply that the relationship between the mechanical effects
of surgery and neuroendocrine response is complex and
far from being clearly elucidated.

Lager ez al™ reported significantly reduced levels of
ghrelin in 10 obese patients undergoing LSG at 1 and
6 mo after surgery. Interestingly, these patients were
prospectively compared with 10 patients undergoing a
LASGB procedure that resulted in significantly increased
levels of ghrelin at 1 and 6 mo. This was paralleled by a
superior weight loss in the group of patients undergoing
LSG, which might be related to the low levels of circulating
ghrelin with no compensatory hunger. In the case of BPD,
the circulating levels of ghrelin are differently affected,
depending on the type of gastrectomy that is associated
with the BPD. In the case of BDP, according to Scopinaro,
the gastric fundus is preserved and ghrelin levels are not
reduced as reported by Adami ez al. On the contraty,
when the BPD is associated with the pylorus preserving
sleeve gastrectomy and duodenal switch (BPD-DS), the
circulating levels of ghrelin are markedly suppressed[53].

Ghrelin seems to play a key role in the complex energy
balance loop and it is logical to hypothesize that its changes
are involved in the neurophysiologic mechanisms responsible
for the changes in appetite observed after bariatric surgery. At
the moment, the short term results of I.SG are more similar

to those observed after LRGBP than other purely restrictive
procedures. Whether the observed change in circulating
ghrelin level is a predictor of the long-term success of a given
bariatric procedure, such as LSG, is not yet clear.

PRO AND CONS OF LSG

The seducing potential of LSG relies in the fact that
this operation is a straightforward procedure that can be
generally completed laparoscopically, even in the case of an
extremely obese patient. It does not involve any digestive
anastomosis, no mesenteric defects are created eliminating
the risk of internal hernia”™¥
as in the case of gastric banding, the whole digestive tract
remains accessible to endoscopy, it is not associated with
Dumping syndrome, the risk of peptic ulcer is low and the
absorption of nutrients, vitamins, minerals and drugs is
not altered.

However, some points need to be underlined at
least for those who are too enthusiastic about LSG.
First, although LSG is generally an easy procedure, it
may become a true nightmare in the very obese patient,
especially in men with a huge left liver lobe, and the long
staple line may leak postoperatively. Secondly, in face of
the eventual regain of lost weight or insufficient weight

, no foreign material is used

loss, the surgeon must be ready to do a second procedure
that must be part of his technical armamentarium. The
last problem is represented by the choice of the second
procedure, which is traditionally the BPD-DS in the case
of patients with a BMI > 50. Other teams propose the
LRYGBP but it is still not clear whether the latter can
provide further weight loss in the case of patients with
an initial BMI > 50. The Scopinaro procedure or the
VVLRYGBP are other alternatives, and the stomach might
be re-sleeved in case of gastric tube dilation.

RESULTS OF LSG

Only a few studies on sleeve gastrectomy for morbid
obesity have been published so far. By performing a search
in PubMed MEDLINE (National Library of Medicine) for
English-language articles published until March 2007 using
the key words /laparoscopic, sleeve gastrectomy, and considering
only series reporting at least 30 patients, a total of 6 papers
reporting a total of 328 cases was obtained" ™", Table 1
summarizes relevant data collected from these articles.
Mean initial BMI ranged from 37.2 kg/m2[57’58] to
65.4 kg/mzm with a case of a patient with an extreme
BMI at 91 kg/m”™. These data suggest that very high and
even extreme BMI does not represent a contraindication
to LSG. In fact, the two staged approach is becoming
the rule in the case of super-super obese patients (BMI
> 60 kg/m’) in which more complex procedures such as
RYGBP or biliopancreatic diversion are very difficult to
perform. The rational of the staged approach to super
and super-super obese patients is to achieve a substantial
weight loss with the consequent amelioration of obesity-
related comorbidities with a simple procedure such as
LSG, thus allowing the second procedure in patients with
lower operative risks. Of the 328 cases, data on gender
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Table 1 Studies of Sleeve Laparoscopic Sleeve Gastrectomy including at least 30 patients

Study type Sample Sex Age(yr) Mean follow Death (%) Complications Mean operative Initial BMI EWL (%) Reference
size up (mo) time (min)
Retrospective 31 NA NA 3-27 32 n.1 bleeding Gr1:>61 NA 15
(requiring laparoscopic Gr2: > 40
reoperation) Gr 3: 25-30
Gr 4:NA
Retrospective 60 8M 30 (16-62) 12 1.6 1 leak 70 (45-100)  37.2 (30-56.1) NA 57
1 delayed bleeding
1 atelectasis
Tpostoperative
vomiting
Retrospective 126 59 M 49.5 (20-74) 12 0.8 5 strictures 143 (90-120)  65.4 (45-91) 45 (for the 54 pts 56
2 leaks who underwent the
2 pulmonary embolus phase II operation
Srespiratory LRYGBP)
insufficiencies
4 renal failures
Prospective 41 13M 446+97 222 0 1 leak 111 +£31 57.3+6.5 NA (butaverage BMI 55
1 transient renal after 1 yr was
failure bleeding 40.8 £8.5)
Randomized 40 9M 40 (22-65) 36 0 1 bleeding NA 39 (30-53) 66 58
prospective 1 gastric ischemia
(LSG vs gastric
banding)
Retrospective 30 7M 40 (17-69) 6 0 3 dehydrations 1 leak 80 (65-130) 41.4 (33-59) 52.8 59

NA: Non Applicable; M: Men; EWL: Excess Weight Loss; min: Minutes; pts: Patients; ref: Reference.

were available for 297 cases, for a total of 96 males (32%)
and 201 females (68%) undergoing the procedure. In fact,
beside high BMI, male gender is another important risk
factor for postoperative morbidity and mortality and is
associated with technical difficulties at the time of surgery.
Men, in fact, often have an android body habitus whereby
excess body fat is localized in the peritoneal cavity and
the left lobe of the liver is often enlarged rendering the
access to the stomach and hiatal region difficult™. Thus,
the relatively high percentage of male patients undergoing
SG in the literature reflects the choice of the bariatric
surgeon in favour of SG, which is less challenging than
other procedures requiring larger dissections and intestinal
anastomoses.

In 3 of the 6 studies analyzed (total of 130
patients)msgj, LSG was performed as the sole procedure;
i.e. not followed by other types of bariatric operations.
However, one of these patients” ' underwent a
laparoscopic gastric bypass one year after LSG because
he failed to achieve a satisfactory weight loss. In the last
3 studies, enrolling a total of 198 patients'™*" L.SG
was intended as the first step of a combined approach to
achieve an initial weight loss in “difficult” patients with
the second step being a LRYGBP or DS. Among the
198 patients undergoing the LSG as the first step of the
combined approach strategy, 51 patients finally underwent
the second procedure: 36 had a LRYGBP and 15 a DS.
Interestingly, in the 3 studies in which LSG was performed
as a first step procedure, only a part of the initially
programmed second procedures were finally performed.
It can be speculated that at least in some of the cases the
weight loss achieved after LSG alone was satisfying[ss’%’sg].

Mean operative time was cleatly reported in 4 of the
6 studies”™"", ranging from 70 min®” to 143 min®. As
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expected, the operative time is longer in patients with high
BML

Unfortunately complete data about excess weight
loss are reported in 3 of the 6 studies” . This is a main
concern as the primary outcome of bariatric surgery
is excess weight loss, and a given procedure cannot
be evaluated correctly if the functional results are not
reported. Mean excess weight loss ranged from 52.8%
(follow up 6 mo)™ to 83.3% (follow up 12 mo).

Three postoperative deaths were recorded for 328
patients (death rate of 0.9%) and a total of 34 major and
minor complications were reported (morbidity 10.3%).
Fifteen of these were considered minor complications:
5 transient renal failures not requiring dialysis, 5 patients
requiring ventilatory support for > 24 h, 1 pulmonary
atelectasis, 1 case of prolonged postoperative vomiting
treated conservatively and spontaneously resolved, 3
dehydrations. By excluding minor complications, a total
of 19 major complications occurred (major complication
rate 5.8%). Major complications managed conservatively
included 4 cases of staple-line leaks, 5 strictures of the
gastric plasty, 2 cases of bleeding and 2 cases of pulmonary
embolus™ . Six patients with major postoperative
complications required re-operation. Re-operations were
petformed by laparoscopy in 4 cases of intraperitoneal
bleeding"***"*?. One case of staple-line leak™ and a case
of gastric ischemia required re-operation by laparotomy™.,

Bariatric surgery is associated with a mortality
rate of 0.1-2.0 in large studies™ ", In a recent meta-
analysis by Buchwald ez #/*”, postoperative mortality was
0.5% for RYGBP, 0.1% for gastric banding, and 1.1%
for malabsorpitive procedures. In one of the largest
prospective studies®”, the SOS trial, postoperative
complications occurred in 13% of patients, including
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bleeding in 0.5%, embolism or thrombosis in 0.8%, wound
complications 1.8%, and pulmonary complications in 6.1%.
In a recent review of the literature, Baker ¢ a/*" reported
an average rate of leak after LRYGBP of 2.77% (range
0.3% to 8.3%).

The evolution of obesity related comorbidities after
SG has not been clearly reported. However, SG should be
effective in improving comorbidities, such as non alcoholic
fatty liver disease/nonalcoholic steatohepatitis (NAFLD/
NASH) %1 as with any other procedure that induces weight
loss because the improvement of comorbidities is directly
dependent on weight loss. Overall these results suggest
that L.SG is safe and effective in the short term to achieve
a substantial weight loss. There is no evidence so far that
weight loss obtained with LSG can be maintained in the
long term.

WEIGHT REGAIN AFTER LSG INDUCED
INITIAL WEIGHT LOSS

In other words, can LSG be proposed as a sole bariatric
procedure? When the LSG is done as the first step of
a staged approach in very obese patients, the second
procedure is generally done when the weight loss reaches
a plateau, in the case of weigh regain or simply when the
patient can undergo more safely the second step regardless
of weight loss stabilization or regain. The possible
mechanisms that account for the limited weight loss or
weight regain include a technical problem, such as an
incomplete resection of the fundus of the stomach where
the ghrelin producing cells are located. This may occur
in patients with hiatal hernia, which is often associated

with excessive body weight[()()]. Gastric dilatation has been
evocated as being responsible for poor weight loss after
LSG with or without DS, An excessive large pouch
may be the result of an excessively large pouch created
at the initial operation due to a too large calibration tube,
or because of inappropriate surgical technique such as
missed posterior gastric folds. Excessive pressure against
the pouch wall by large meals, repeated vomiting or distal
obstruction may also account for pouch dilation”". Other
factors may be claimed as responsible for poor weight
loss or weight regain after L.SG, such as the spontaneous
dilation of the gastric tube over time, the switch to a
high caloric, soft, liquid diet, and, last but not least, LSG
may have a limited potential for weight loss as do most
restrictive procedures.

The question whether the LSG may work as a sole
bariatric procedure in the long term cannot be answered
yet. For this reason LSG should be proposed as the first
step of a staged approach in patients for whom a BPD-DS
or LRYGBP seems too hazardous because of very high
BMI (super obesity-BMI > 50 or super-super obesity-BMI
> 60), and/or associated diseases whether related or not to
obesity. The decision to do a LSG may also be made during
surgery in the case of intraoperative findings, such as liver
cirrhosis, adhesions, too thick mesenteria contraindicating
a more complex procedure. Then, the second step may be
deferred until deemed necessary because of insufficient
weight loss or weight regain. On the other hand, the LSG

should not be proposed to patients with a BMI < 50 until
evidence is provided for its effectiveness in achieving
weight loss in the long term compared to the results
obtained with RYGBP, which remains the gold standard
of bariatric procedures at the moment. Exceptions might
warrant a pure trestrictive procedure, such as for patients
with inflammatory bowel disease for whom the intestinal
bypass is not advised, and transplanted patients for whom
the intestinal bypass may interfere with the absorption of
immunosuppressive drugs.

ACKNOWLEDGMENTS

The authors thank Mr B. Maes for his help with the figure
drawing,

REFERENCES
1  Kopelman PG. Obesity as a medical problem. Nature 2000;
404: 635-643

2 Hoppin AG. Obesity and the liver: developmental
perspectives. Semin Liver Dis 2004; 24: 381-387

3 Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W,
Fahrbach K, Schoelles K. Bariatric surgery: a systematic review
and meta-analysis. JAMA 2004; 292: 1724-1737

4 Maggard MA, Shugarman LR, Suttorp M, Maglione M,
Sugerman HJ, Livingston EH, Nguyen NT, Li Z, Mojica WA,
Hilton L, Rhodes S, Morton SC, Shekelle PG. Meta-analysis:
surgical treatment of obesity. Ann Intern Med 2005; 142:
547-559

5 Sugerman HJ, Kral JG. Evidence-based medicine reports on
obesity surgery: a critique. Int | Obes (Lond) 2005; 29: 735-745

6 Christou NV, Sampalis JS, Liberman M, Look D, Auger
S, McLean AP, MacLean LD. Surgery decreases long-term
mortality, morbidity, and health care use in morbidly obese
patients. Ann Surg 2004; 240: 416-423; discussion 423-424

7 Flum DR, Dellinger EP. Impact of gastric bypass operation on
survival: a population-based analysis. | Am Coll Surg 2004; 199:
543-551

8 Muller MK, Attigah N, Wildi S, Hahnloser D, Hauser
R, Clavien PA, Weber M. High secondary failure rate of
rebanding after failed gastric banding. Surg Endosc 2007

9 Weber M, Muller MK, Bucher T, Wildi S, Dindo D, Horber F,
Hauser R, Clavien PA. Laparoscopic gastric bypass is superior
to laparoscopic gastric banding for treatment of morbid
obesity. Ann Surg 2004; 240: 975-982; discussion 982-983

10 Weber M, Muller MK, Michel JM, Belal R, Horber F, Hauser
R, Clavien PA. Laparoscopic Roux-en-Y gastric bypass, but
not rebanding, should be proposed as rescue procedure for
patients with failed laparoscopic gastric banding. Ann Surg
2003; 238: 827-833; discussion 833-834

11 Hess DS, Hess DW. Biliopancreatic diversion with a duodenal
switch. Obes Surg 1998; 8: 267-282

12 Hess DS, Hess DW, Oakley RS. The biliopancreatic diversion
with the duodenal switch: results beyond 10 years. Obes Surg
2005; 15: 408-416

13 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: 514-523; discussion
524

14 Regan JP, Inabnet WB, Gagner M, Pomp A. Early experience
with two-stage laparoscopic Roux-en-Y gastric bypass as an
alternative in the super-super obese patient. Obes Surg 2003;
13: 861-864

15 Baltasar A, Serra C, Perez N, Bou R, Bengochea M, Ferri L.
Laparoscopic sleeve gastrectomy: a multi-purpose bariatric
operation. Obes Surg 2005; 15: 1124-1128

16 Consten EC, Gagner M, Pomp A, Inabnet WB. Decreased
bleeding after laparoscopic sleeve gastrectomy with or without

www.wjgnet.com



826 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

February 14, 2008 Volume 14 Number 6

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

duodenal switch for morbid obesity using a stapled buttressed
absorbable polymer membrane. Obes Surg 2004; 14: 1360-1366
Lee H, Te C, Koshy S, Teixeira JA, Pi-Sunyer FX, Laferrere B.
Does ghrelin really matter after bariatric surgery? Surg Obes
Relat Dis 2006; 2: 538-548

Date Y, Kojima M, Hosoda H, Sawaguchi A, Mondal
MS, Suganuma T, Matsukura S, Kangawa K, Nakazato
M. Ghrelin, a novel growth hormone-releasing acylated
peptide, is synthesized in a distinct endocrine cell type in the
gastrointestinal tracts of rats and humans. Endocrinology 2000;
141: 4255-4261

Ariyasu H, Takaya K, Tagami T, Ogawa Y, Hosoda K,
Akamizu T, Suda M, Koh T, Natsui K, Toyooka S, Shirakami G,
Usui T, Shimatsu A, Doi K, Hosoda H, Kojima M, Kangawa K,
Nakao K. Stomach is a major source of circulating ghrelin, and
feeding state determines plasma ghrelin-like immunoreactivity
levels in humans. | Clin Endocrinol Metab 2001; 86: 4753-4758
Neary NM, Small CJ, Wren AM, Lee JL, Druce MR, Palmieri
C, Frost GS, Ghatei MA, Coombes RC, Bloom SR. Ghrelin
increases energy intake in cancer patients with impaired
appetite: acute, randomized, placebo-controlled trial. | Clin
Endocrinol Metab 2004; 89: 2832-2836

Sakata I, Nakamura K, Yamazaki M, Matsubara M, Hayashi
Y, Kangawa K, Sakai T. Ghrelin-producing cells exist as
two types of cells, closed- and opened-type cells, in the rat
gastrointestinal tract. Peptides 2002; 23: 531-536

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

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse
BE, Weigle DS. A preprandial rise in plasma ghrelin levels
suggests a role in meal initiation in humans. Diabetes 2001; 50:
1714-1719

van der Lely AJ, Tschop M, Heiman ML, Ghigo E. Biological,
physiological, pathophysiological, and pharmacological
aspects of ghrelin. Endocr Rev 2004; 25: 426-457

Sun Y, Wang P, Zheng H, Smith RG. Ghrelin stimulation of
growth hormone release and appetite is mediated through
the growth hormone secretagogue receptor. Proc Natl Acad Sci
USA 2004; 101: 4679-4684

Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma MK,
Dellinger EP, Purnell JQ. Plasma ghrelin levels after diet-
induced weight loss or gastric bypass surgery. N Engl | Med
2002; 346: 1623-1630

Tschop M, Weyer C, Tataranni PA, Devanarayan V, Ravussin
E, Heiman ML. Circulating ghrelin levels are decreased in
human obesity. Diabetes 2001; 50: 707-709

Wisse BE, Frayo RS, Schwartz MW, Cummings DE. Reversal
of cancer anorexia by blockade of central melanocortin
receptors in rats. Endocrinology 2001; 142: 3292-3301

Zigman JM, Elmquist JK. Minireview: From anorexia
to obesity--the yin and yang of body weight control.
Endocrinology 2003; 144: 3749-3756

Otto B, Cuntz U, Fruehauf E, Wawarta R, Folwaczny C, Riepl
RL, Heiman ML, Lehnert P, Fichter M, Tschop M. Weight gain
decreases elevated plasma ghrelin concentrations of patients
with anorexia nervosa. Eur | Endocrinol 2001; 145: 669-673
Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka
M, Nozoe S, Hosoda H, Kangawa K, Matsukura S. Plasma
ghrelin levels in lean and obese humans and the effect of
glucose on ghrelin secretion. | Clin Endocrinol Metab 2002; 87:
240-244

Saad MF, Bernaba B, Hwu CM, Jinagouda S, Fahmi S,
Kogosov E, Boyadjian R. Insulin regulates plasma ghrelin
concentration. | Clin Endocrinol Metab 2002; 87: 3997-4000
Tschop M, Wawarta R, Riepl RL, Friedrich S, Bidlingmaier
M, Landgraf R, Folwaczny C. Post-prandial decrease of
circulating human ghrelin levels. | Endocrinol Invest 2001; 24:
RC19-RC21

Williams DL, Cummings DE, Grill HJ, Kaplan JM. Meal-
related ghrelin suppression requires postgastric feedback.
Endocrinology 2003; 144: 2765-2767

Overduin J, Frayo RS, Grill HJ, Kaplan JM, Cummings DE.

www.wjgnet.com

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Role of the duodenum and macronutrient type in ghrelin
regulation. Endocrinology 2005; 146: 845-850

Leonetti F, Silecchia G, Iacobellis G, Ribaudo MC,
Zappaterreno A, Tiberti C, lannucci CV, Perrotta N, Bacci
V, Basso MS, Basso N, Di Mario U. Different plasma ghrelin
levels after laparoscopic gastric bypass and adjustable gastric
banding in morbid obese subjects. | Clin Endocrinol Metab 2003;
88: 4227-4231

Fruhbeck G, Diez-Caballero A, Gil MJ, Montero I, Gomez-
Ambrosi ], Salvador ], Cienfuegos JA. The decrease in plasma
ghrelin concentrations following bariatric surgery depends
on the functional integrity of the fundus. Obes Surg 2004; 14:
606-612

Hansen TK, Dall R, Hosoda H, Kojima M, Kangawa
K, Christiansen JS, Jurgensen JO. Weight loss increases
circulating levels of ghrelin in human obesity. Clin Endocrinol
2002; 56: 203-206

Nijhuis J, van Dielen FM, Buurman WA, Greve JW. Ghrelin,
leptin and insulin levels after restrictive surgery: a 2-year
follow-up study. Obes Surg 2004; 14: 783-787

Stoeckli R, Chanda R, Langer I, Keller U. Changes of body
weight and plasma ghrelin levels after gastric banding and
gastric bypass. Obes Res 2004; 12: 346-350

Hanusch-Enserer U, Cauza E, Brabant G, Dunky A, Rosen
H, Pacini G, Tuchler H, Prager R, Roden M. Plasma ghrelin
in obesity before and after weight loss after laparoscopical
adjustable gastric banding. | Clin Endocrinol Metab 2004; 89:
3352-3358

Lin E, Gletsu N, Fugate K, McClusky D, Gu LH, Zhu JL,
Ramshaw BJ, Papanicolaou DA, Ziegler TR, Smith CD. The
effects of gastric surgery on systemic ghrelin levels in the
morbidly obese. Arch Surg 2004; 139: 780-784

Christou NV, Look D, McLean AP. Pre- and post-prandial
plasma ghrelin levels do not correlate with satiety or failure to
achieve a successful outcome after Roux-en-Y gastric bypass.
Obes Surg 2005; 15: 1017-1023

Foschi D, Corsi F, Rizzi A, Asti E, Carsenzuola V, Vago
T, Bevilacqua M, Riva P, Trabucchi E. Vertical banded
gastroplasty modifies plasma ghrelin secretion in obese
patients. Obes Surg 2005; 15: 1129-1132

Gualillo O, Lago F, Gomez-Reino ], Casanueva FF, Dieguez C.
Ghrelin, a widespread hormone: insights into molecular and
cellular regulation of its expression and mechanism of action.
FEBS Lett 2003; 552: 105-109

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

Adami GF, Cordera R, Marinari G, Lamerini G, Andraghetti
G, Scopinaro N. Plasma ghrelin concentratin in the short-
term following biliopancreatic diversion. Obes Surg 2003; 13:
889-892

Mori K, Yoshimoto A, Takaya K, Hosoda K, Ariyasu H,
Yahata K, Mukoyama M, Sugawara A, Hosoda H, Kojima
M, Kangawa K, Nakao K. Kidney produces a novel acylated
peptide, ghrelin. FEBS Lett 2000; 486: 213-216

Wu JT, Kral JG. Ghrelin: integrative neuroendocrine peptide
in health and disease. Ann Surg 2004; 239: 464-474

Holdstock C, Engstrom BE, Ohrvall M, Lind L, Sundbom M,
Karlsson FA. Ghrelin and adipose tissue regulatory peptides:
effect of gastric bypass surgery in obese humans. | Clin
Endocrinol Metab 2003; 88: 3177-3183

Faraj M, Havel PJ, Phelis S, Blank D, Sniderman AD, Cianflone
K. Plasma acylation-stimulating protein, adiponectin, leptin,
and ghrelin before and after weight loss induced by gastric
bypass surgery in morbidly obese subjects. | Clin Endocrinol
Metab 2003; 88: 1594-1602

Langer FB, Reza Hoda MA, Bohdjalian A, Felberbauer FX,
Zacherl ], 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

Kotidis EV, Koliakos G, Papavramidis TS, Papavramidis ST.
The effect of biliopancreatic diversion with pylorus-preserving
sleeve gastrectomy and duodenal switch on fasting serum



lannelli A et al. Sleeve gastrectomy

827

54

55

56

57

58

59

60

61

ghrelin, leptin and adiponectin levels: is there a hormonal
contribution to the weight-reducing effect of this procedure?
Obes Surg 2006; 16: 554-559

Iannelli A, Facchiano E, Gugenheim ]. Internal hernia after
laparoscopic Roux-en-Y gastric bypass for morbid obesity.
Obes Surg 2006; 16: 1265-1271

Silecchia G, Boru C, Pecchia A, Rizzello M, Casella G, Leonetti
F, Basso N. Effectiveness of laparoscopic sleeve gastrectomy
(first stage of biliopancreatic diversion with duodenal switch)
on co-morbidities in super-obese high-risk patients. Obes Surg
2006; 16: 1138-1144

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
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

Himpens J, Dapri G, Cadiere 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

Roa PE, Kaidar-Person O, Pinto D, Cho M, Szomstein S,
Rosenthal R]. Laparoscopic sleeve gastrectomy as treatment
for morbid obesity: technique and short-term outcome. Obes
Surg 2006; 16: 1323-1326

Flum DR, Dellinger EP. Impact of gastric bypass operation on
survival: a population-based analysis. | Am Coll Surg 2004; 199:
543-551

Poulose BK, Griffin MR, Moore DE, Zhu Y, Smalley W,
Richards WO, Wright JK, Melvin W, Holzman MD. Risk
factors for post-operative mortality in bariatric surgery. | Surg

62

63

64

65

66

67

68

69

70

71

Res 2005; 127: 1-7

Pratt GM, McLees B, Pories WJ]. The ASBS Bariatric Surgery
Centers of Excellence program: a blueprint for quality
improvement. Surg Obes Relat Dis 2006; 2: 497-503; discussion
503

Raftopoulos Y, Gatti GG, Luketich JD, Courcoulas AP.
Advanced age and sex as predictors of adverse outcomes
following gastric bypass surgery. JSLS 2005; 9: 272-276

Flum DR, Salem L, Elrod JA, Dellinger EP, Cheadle A, Chan
L. Early mortality among Medicare beneficiaries undergoing
bariatric surgical procedures. JAMA 2005; 294: 1903-1908
Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W,
Fahrbach K, Schoelles K. Bariatric surgery: a systematic review
and meta-analysis. JAMA 2004; 292: 1724-1737

Sjostrom L, Lindroos AK, Peltonen M, Torgerson ], 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 | Med 2004;
351: 2683-2693

Baker RS, Foote ], Kemmeter P, Brady R, Vroegop T, Serveld M.
The science of stapling and leaks. Obes Surg 2004; 14: 1290-1298
Helling TS, Gurram K. Nonalcoholic fatty liver disease,
nonalcoholic steatohepatitis, and bariatric surgery: a review.
Surg Obes Relat Dis 2006; 2: 213-220

Wilson L], Ma W, Hirschowitz BI. Association of obesity with
hiatal hernia and esophagitis. Am | Gastroenterol 1999; 94:
2840-2844

Gagner M, Rogula T. Laparoscopic reoperative sleeve
gastrectomy for poor weight loss after biliopancreatic
diversion with duodenal switch. Obes Surg 2003; 13: 649-654
Deitel M. Surgery for morbid obesity. Overview. Eur |
Gastroenterol Hepatol 1999; 11: 57-61

S- Editor LiuY L-Editor LutzeM E-Editor Wang HF

www.wjgnet.com



