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Abstract: Since the early 2000s, laparoscopic sleeve gastrectomy has increasingly gained 

 consensus in bariatric surgery, thanks to good to excellent results in terms of weight loss and 

comorbidity resolution, and to simpler technical aspects than in Roux-en-Y gastric bypass 

and biliopancreatic diversion. In yearly consensus summits, surgical indications, technical details, 

and management of complications, together with continuous update of data concerning clinical 

outcome, have been debated on the basis of increasing collective experience. In experimental 

studies and clinical trials, the pathophysiological mechanisms of weight loss and remission of 

cardiometabolic comorbidities subsequent to sleeve gastrectomy have been extensively discussed. 

The aim of this paper is to offer a review of state of the art laparoscopic sleeve gastrectomy and 

to focus attention on the currently most debated topics and future prospects of this procedure.

Keywords: sleeve gastrectomy, type 2 diabetes mellitus, gastroesophageal reflux disease, 

revisional, quality of life

Introduction
Sleeve gastrectomy (SG) was proposed and performed in 1988 by Hess and Hess1 as 

part of a hybrid malabsorptive procedure, the biliopancreatic diversion with duodenal 

switch (BPD-DS), because of the high incidence of marginal ulcers at the gastro-ileal 

anastomosis in the original Scopinaro biliopancreatic diversion (BPD) procedure.2 In 

the BPD conceived by Hess and Hess,1 an end-to-end suprapapillary duodeno-ileal 

anastomosis was combined with a vertical gastrectomy (SG) to achieve the gastric 

restriction required by Scopinaro BPD. In 1998, Marceau et al compared the clinical 

outcome of 252 patients undergoing BPD with 465 patients undergoing BDP-DS with 

a 100 cm long common channel (Scopinaro BPD: 50 cm).3 The authors reported weight 

loss after BPD-DS greater than that after BPD, as well as a significant improvement 

in the malabsorption related side effects such as diarrhea, number of daily stools, 

vomiting, bone pain, and lack of serum vitamins and minerals.

In 2000, Ren et al demonstrated the feasibility of BPD-DS with a laparoscopic 

approach.4 Because of the high rate of complications and mortality in his early experi-

ence, he proposed a two stage laparoscopic BPD-DS: SG first and BPD-DS after an 

average 11 month interval.5 The results of the first step laparoscopic SG (LSG) were 

comparable with those of Roux-en-Y gastric bypass (RYGBP) in terms of weight loss 

and resolution of comorbidities.6 Thus, a growing number of surgeons were encour-

aged to perform LSG as a sole bariatric operation. In 2010, the American Society for 

Metabolic and Bariatric Surgery (ASMBS) issued a position statement recommending 

LSG as an approved bariatric procedure.7
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In 2011, LSG became the second most performed bariatric 

operation after gastric bypass (27.8% versus 46.6%), according 

to a survey of the International Federation for the Surgery of 

Obesity and Metabolic Disorders, with a five-fold increase when 

compared to data from a similar questionnaire in 2008.8,9

Since 2007 an International SG Summit Conference has 

been held every 2 years, allowing surgeons performing LSG 

to share clinical experiences and discuss technical aspects 

of the procedure.10–13 At the 2012 International SG Summit 

Conference, 130 surgeons reported on 46,133 procedures 

with a mean follow-up of 5 years.14

Materials and methods
The PubMed database was searched for citations that 

included LSG, using the keyword “sleeve gastrectomy” 

matched with the other heading terms of this paper, namely 

adolescents AND class I obesity AND leaks AND type 2 

diabetes AND weight loss, etc. English language citations for 

human and animal studies reported from 1997 to December 

2013 were included in the search. After an initial review of 

titles and abstracts, about 100 reports were analyzed and the 

full text reviewed when appropriate. Additional citations 

were obtained by manually reviewing the bibliographies of 

the reports selected for review.

Surgical technique
The laparoscopic surgical technique was first described and 

standardized by Ren et al.4 Under general anesthesia, the 

patient is positioned in reverse-Trendelenburg position, with 

legs abducted and the surgeon standing between the patient’s 

legs. Four to six trocars are used. The procedure starts with 

the division of the vascular supply of the greater curvature of 

the stomach by means of ultrasonic or radiofrequency sealing 

devices. The division begins 4 to 6 cm from the pylorus and 

proceeds upwards until the gastric fundus and the angle of 

His are completely freed. If the dissection is too close to the 

pylorus, the antral pumping mechanism may be defective 

and the patient may experience nausea because of delayed 

emptying of the stomach. The most critical technical point 

is full mobilization of the gastric fundus after exposure of 

the left pillar of the diaphragm. These maneuvers will enable 

the surgeon to perform a complete fundectomy, the main 

precondition for a successful SG. To ascertain the occurrence 

of a hiatal hernia (HH) there must be careful exploration of 

the hiatal area. The hiatal area can be approached from the 

right side on the lesser curvature, as in standard antireflux 

surgery, or from the left side after completing mobilization of 

the fundus. HH, when evidenced, should be repaired, either 

before or after transection of the stomach.15 Before transec-

tion, a bougie is inserted by the anesthesiologist down to the 

pylorus alongside the lesser curvature to calibrate the gastric 

tubule. The majority of surgeons use a 36F bougie, although 

the range may vary from 32F to 50F. Accurate placement 

of the bougie against the lesser curve of the stomach and 

stretching of the gastric walls by traction on the greater curve 

are of paramount importance to achieve a correct resection 

that will leave a residual gastric capacity of 60–80 mL. LSG 

is performed using a linear stapler with closed height not less 

than 2.0 mm for the antrum (green cartridge) and not less 

than 1.5 mm (blue cartridge) for the fundus; when revisional 

surgery is performed, the use of 2.0 mm or higher cartridges 

may be advisable. The gastric transection begins 4 to 6 cm 

from the pylorus, while the last upper firing should stay 

1–2 cm away from the esophagogastric junction to minimize 

the risk of leakage (Figure 1).16 To reduce the incidence of 

postoperative complications such as bleeding or leakage, 

75% of surgeons routinely reinforce the staple line by means 

of buttressing materials or by oversewing with absorbable 

suture.14 At the end of the procedure, the staple line is usually 

tested by methylene blue or, more rarely, by intraoperative 

endoscopy. The gastric remnant can be extracted in a retrieval 

bag, using an “endo-loop” tightened at one extremity of the 

gastric specimen, or by simply retrieving the antral tip with 

a laparoscopic grasper through a slightly enlarged 12 mm 
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Figure 1 Gastric fundus vascularization.
Notes: (A) vascular transitional area (critical area). The gastric fundus is vascularized 
by branches of the left gastric artery, the lower third of the esophagus by esophageal 
branches from the aorta. (B) “Safer” (S) line of section. Springer and Surg Endosc, 25, 
2011, 444–449,  Laparoscopic sleeve gastrectomy as first stage or definitive intent 
in 300 consecutive cases, Basso N, Casella G, Rizzello M, et al, Figure 4.16 with kind 
permission from Springer Science and Business Media.
Abbreviations: ca, critical area; eA, esophageal arteries; LGA, left gastric artery; 
PGA, posterior gastric artery; SA, splenic artery.
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trocar site.17 Postoperative upper gastrointestinal contrast 

study with water-soluble iodinated radiopaque contrast 

(Gastrografin®; Bracco Diagnostics Inc, Melville, NY, USA) 

may be performed 1 to 3 days after surgery.

New surgical approaches
Single incision laparoscopic surgery (SiLS)
The application of SILS to bariatric surgery is quite recent. 

The first bariatric procedure to be reported using a single inci-

sion approach was the adjustable gastric banding in 2007,18 

while 2 years later the first case report of single incision 

transumbilical laparoscopic RYGBP was described.19 There 

has been growing literature on single incision transumbilical 

LSG since the first paper by Saber et al in 2008.20  However, 

even if published data are comparable with those of standard 

LSG in terms of operative time, weight loss, and incidence 

of postoperative complications, this approach still has lim-

ited application.21,22 This is because obesity enhances the 

technical challenges of SILS, such as loss of triangulation, 

conflicts between instruments inside and outside the abdo-

men, and lack of traction and counter traction. Moreover, 

the increased xypho-umbilical distance and enlarged liver 

could make access to the angle of His very difficult. The 

issues associated with the xypho-umbilical distance have 

been resolved with careful selection of patients and the 

application of longer instruments and flexible optics, while 

adequate liver retraction has been achieved with the addition 

of a subxiphoid trocar,23 retracting the left hepatic lobe to the 

anterior abdominal wall with a monofilament suture24 or by 

using the laparoscope itself as a retractor.25

Natural orifice transluminal  
endoscopic surgery (NOTeS)
The initial clinical experience with human NOTES transvagi-

nal SG was reported by Ramos et al in 2008.26 The authors 

described a hybrid approach entailing three abdominal 

trocars for establishment of pneumoperitoneum, dissection 

and stapling of the stomach, and one transvaginal trocar, 

which was used to introduce the laparoscope (or the flexible 

endoscope) and to retrieve the specimen at the end of the 

procedure. Mean operative time was 95 minutes, the postop-

erative course was uneventful, and all four patients enrolled 

in this study were discharged 2 days after surgery. The 

rationale of this approach is to further enhance the benefits 

of minimally invasive surgery by decreasing postoperative 

pain, lowering the incidence of wound related complica-

tions, and improving cosmetic results. There are still few 

papers dealing with LSG with the NOTES approach.27,28 

Despite encouraging preliminary results, the application of 

this surgical procedure still requires critical analysis of the 

potential risks and  disadvantages compared to a standard 

laparoscopic technique. Obviously the most important con-

cerns of transvaginal access are the safety of this approach 

in terms of fertility, sexual function, and risk of infection. 

However, previous publications evaluating transvaginal 

appendectomy have shown that vaginal sensation, ability to 

reach orgasm, pregnancy, and childbirth are not affected by 

this approach.29,30

To reduce the incidence of trocar site complications 

related with the retrieval of such a large specimen as the 

resected stomach, the transgastric extraction of the specimen 

during LSG has been recently described by Dotai et al.31 The 

gastrectomy started about 5 cm nearer than in conventional 

LSG (8 cm from the pylorus). Once the gastrectomy is 

completed, a 2–3 cm gastrostomy is performed distal to the 

lower edge of the staple line allowing the endoscope to be 

guided into the peritoneal cavity under direct visualization. 

Then the specimen is tightened with an endoscopic snare 

and retrieved transorally through the gastric lumen. Finally, 

the defect on the stomach is closed by a laparoscopic sta-

pler, starting 8 cm from the pylorus, and the relatively small 

resected specimen is extracted through one of the trocars. 

The authors compared the outcomes of 18 patients operated 

on submitted to LSG with transgastric specimen extraction 

with ten patients submitted to standard LSGs, finding no 

significant differences between the two groups except for 

increased specimen volume and reduced wound extension 

in the former.

Robotics
To date there are only a few published papers on the use of 

robots for LSG, describing some 200 cases with a similar 

outcome to that of the standard laparoscopic approach.32–37 

As for other laparoscopic operations, robotic SG has certain 

advantages over the laparoscopic approach, including the 

ability of the robotic platform to reduce physical and cog-

nitive stress during surgery, minimizing technical aspects, 

and resulting in faster and more accurate performance of 

laparoscopic tasks, such as suturing and dissection. In 

addition, the robotic system decreases the learning curve, 

allowing less skilled surgeons to safely perform the pro-

cedure. However, the costs of robotic SG are significantly 

higher than those of the standard laparoscopic procedure 

and there is still a lack of randomized trials demonstrating 

that the benefits of the robotic system can justify such an 

economic impact.38
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Indications
Indications for LSG refer to those developed in 1991 by the 

National Institute of Health for all bariatric procedures.39 

More recently, indications for surgery have been extended 

to categories of obese patients previously considered not 

amenable to surgical therapy.

LSG in the elderly
Advanced age has been considered in the past a relative con-

traindication to bariatric surgery due to increased postopera-

tive risks and less weight reduction efficacy. The increasing 

incidence of obesity worldwide also entails a significant 

reduction in life expectancy in older people because of the 

development of weight related chronic comorbidities and 

disabilities.40 Thus, the potential health benefits of bariatric 

surgery in the elderly have been reconsidered. A significant 

body of literature shows that surgical management of obesity 

is not only safe, with morbidity and mortality rates compa-

rable to those in the younger obese counterpart, but it can 

also provide long lasting effects in terms of associated disease 

resolution, quality of life (QoL) improvement, and longev-

ity.41,42 Hazzan et al reported their experience on 55 patients 

with a mean age of 61.5 years (range 60–70 years) operated 

on with RYGBP (60%), gastric banding (16%), BPD-DS 

(13%), revisional surgery (5.5%), and LSG (5.5%).43 Of 

these, 49% had an American Society of Anesthesia score 

of 3. The rate of conversion to open surgery and mortality 

within the first 30 days was nil, while the morbidity rate was 

7.3%. The authors concluded that bariatric surgery can be 

performed safely by experienced surgeons in the relatively 

more fragile subset of elderly patients, stressing the impor-

tance of careful selection of patients.

More recently, Soto et al retrospectively reviewed the 

clinical outcome in 35 patients (mean age, 66.3 years; range, 

60–79 years) undergoing LSG.44 The overall morbidity rate 

was 8.4%, lower than the rate reported (19.5%) in a series 

of 92 RYGBP in elderly patients from the same center. 

 Hypertension, type 2 diabetes mellitus (T2DM), obstructive 

sleep apnea (OSA), gastroesophageal reflux disease (GERD), 

and hyperlipidemia were resolved in 73%, 53%, 46%, 66%, 

and 40% of cases, respectively.

LSG in the pediatric/adolescent age
As in the elderly population, the prevalence of obesity 

among children and adolescents is rapidly and dramatically 

increasing worldwide45 and it is associated with an increased 

risk of cardiovascular and metabolic diseases such as hyper-

tension, T2DM, OSA, fatty liver disease, and cognitive 

deficits.46–48 Despite the proven efficacy of bariatric surgery 

in adult patients, surgical management of obese children or 

adolescents is still a matter of debate. The most important 

concerns are related to the psychological implications of 

complex surgical interventions in this age group and to the 

lack of knowledge about long-term metabolic and growth 

consequences.49

Literature data favor weight loss procedures in carefully 

selected, extremely obese adolescents.50 The improvement 

in obesity related comorbidities after bariatric surgery 

supports the concept of “early” intervention in this group 

of patients.51,52 At present, laparoscopic adjustable gastric 

banding (LAGB) and RYGBP are the most commonly 

performed bariatric procedures, with encouraging results 

in terms of safety and efficacy.53,54 However, there is insuf-

ficient evidence for singling out or recommending specific 

bariatric procedures.55

Published data on LSG in the pediatric/adolescent age 

are fewer than those after RYGBP and LAGB due to the 

novelty of the procedure, but the clinical outcome seems to 

be promising. Boza et al reported on 51 patients aged ,19 

years undergoing LSG.56 Two years after surgery, excess 

weight loss (EWL) was 92.9% and the rate of resolution of 

hypertension and T2DM was 100% and 50%, respectively. 

The QoL after surgery, investigated by the Moorehead-Ardelt 

questionnaire,57 was described as “very good” in 60% of 

patients and “good” in 40% of patients. Likewise, Alqahtani 

et al reported on LSG performed on 108 obese adolescents 

aged 5 to 21 years58 where no major postoperative complica-

tions occurred. At a 24 month follow-up, results were remark-

able in terms of EWL (62.3%), and hypertension, OSA, and 

T2DM remission (75.0%, 90.9%, and 93.8%, respectively). 

Similar data reported by Nadler et al confirmed the feasibil-

ity and effectiveness of LSG in morbidly obese adolescent 

patients, suggesting a reconsideration of bariatric surgery 

in this group of patients.59 To evaluate persistence of weight 

loss and maturation to adulthood, long-term and numerically 

more consistent data are needed.

Class i obesity (body mass index [BMi] 
30–35 kg/m2)
Increasing evidence suggests that an augmented risk for 

developing weight related diseases such as T2DM, cardio-

vascular diseases, and cancers is present in class I obesity 

patients.60 In several randomized controlled trials (RCTs), 

nonsurgical management (namely diet programs, exercise, 

drug therapy, and behavioral therapy) of obese patients with 

BMI 30–35 kg/m2 was not effective in achieving a substantial 
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and durable weight loss.61,62 On the other hand, a number 

of published RCTs or observational studies support the 

hypothesis that in patients with BMI ,35 kg/m2, bariatric 

procedures provide an outcome in terms of weight loss, long-

term QoL, health care costs, and resolution of comorbidities 

comparable to that of morbidly obese patients.63,64 T2DM 

significantly improved after surgery,65–67 with a significant 

reduction in cardiovascular medications when compared to 

the nonsurgical approach.68

In an RCT by Schauer et al, 150 obese patients with poorly 

controlled T2DM (mean HbA
1c

 [mean glycated hemoglobin] 

of 9.2%) were randomly assigned to receive intensive medi-

cal therapy (IMT) or IMT plus RYGBP or IMT plus LSG.69 

Thirty-four percent of these patients had a BMI ,35 kg/m2. 

At a 1 year follow-up the clinical results in the surgical groups 

were significantly better in terms of glycemic control and 

weight loss. In another study, 18 nonmorbidly obese diabetic 

patients were randomized into two groups receiving LSG or 

medical therapy. In the LSG group, T2DM remitted in eight 

of nine patients and improved in one. No diabetes mellitus 

(DM) remission was observed in the medical therapy group, 

confirming that LSG may be a promising tool in the surgical 

armamentarium for T2DM therapy, even in nonmorbidly 

obese patients.68

Revisional surgery
After primary bariatric procedures, up to 56% of cases 

require surgical revision because of unsatisfactory weight 

loss or weight regain, intolerable adverse effects, mechani-

cal complications, and severe metabolic or nutritional 

complications.70–73 Revisional bariatric surgery is complex 

and technically demanding with augmented risk for postop-

erative complications.74–76

Adjustable gastric banding and vertical banded gas-

troplasty are the procedures more frequently requiring 

surgical revision, with an incidence higher than 50% of 

cases in some series.77–79 Although laparoscopic RYGBP 

is considered by most surgeons the procedure of choice to 

revise failed restrictive procedures,80,81 recently LSG has been 

reported as a feasible and effective revisional procedure to 

address surgery in these patients.82,83 The rationale is related 

to current knowledge that SG works not only because of a 

restrictive mechanism, but also through hormonal factors 

unrelated to restriction.84 In a recent review, Coblijn et al 

collected 286 revisional LSGs for failed gastric banding from 

eight papers.85 The indications for surgery were insufficient 

weight loss or weight regain (63.9%), band slippage, and food 

intolerance with vomiting (14.7% and 9.4%,  respectively). 

Band removal and LSG were performed in one step in 

63.4% of cases and in two steps in the remaining cases. The 

rate of postoperative complications was 12.2%; staple line 

leak had an incidence of 5.6%, higher than that reported in 

primary SG patients. EWL after revisional LSG (follow-up 

13–36 months) ranged from 16.7% to 64.2%. In our unpub-

lished experience, the two step strategy was adopted only in 

cases in which a band related complication such as pouch 

dilation or gastric wall erosion (19%) was present. All these 

data support the growing confidence in LSG in the manage-

ment of failed primary restrictive bariatric procedure.

Liver cirrhosis
A final note must address the indications for patients with 

liver cirrhosis. This condition may be difficult to diagnosis 

preoperatively, especially in extreme- or super-obese patients 

for whom a malabsorptive procedure is indicated. Intraop-

eratively, when this unexpected situation occurs LSG may 

offer a valid alternative because of its lack of malabsorptive 

components and the valid EWL effects.86,87

Complications
LSG is a safe procedure. The postoperative mortality rate 

varies from 0.1% to 0.5% and the postoperative morbidity 

rate ranges from 0.0% to 12%. Early diagnosis is the most 

important factor to ensure a positive solution. Operative 

treatment is required only in selected cases.14 The main 

complications include hemorrhage, gastric leak, stenosis, 

and gastroesophageal reflux disease.

Hemorrhage
Hemorrhage (1%–2%) usually occurs within the f irst 

24–48 hours. Almost always the bleeding is into the abdomi-

nal cavity because it originates from the line of the gastric 

resection or from the gastroepiploic vessels divided to 

mobilize the stomach. The treatment is interventional radi-

ology, or in fewer instances, open or laparoscopic surgical 

 exploration.87 Suture line reinforcement has significantly 

reduced the occurrence of this complication.88–91

Gastric leak
Gastric leak (0%–7%) is the most feared complication. It 

should be always hypothesized when the normal postop-

erative course alters. Acute leaks can occur within 7 days 

postoperatively, or early leaks can occur within 1–6 weeks; 

later leaks occur less frequently. In 90% of cases, leaks 

occur at the upper portion of the gastric suture line and a 

vascular factor in the genesis of this complication has been 
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suggested (Figure 1).16 The treatment consists of drainage 

of the abdominal collection by interventional radiology, 

antibiotics, and parenteral nutrition. Endoscopic stenting 

may be of use.92–95 Surgery is indicated in uncontained 

leaks,  symptomatic with signs of general infection and 

hemodynamic instability. At this time, attempts to repair 

the leak should be avoided.  Surgical repair of the fistula is 

indicated in the rare instances of chronic (.12–16 weeks) 

fistulas.13,96

Stenosis
Stenosis (0.6%) usually occurs at the corpus-antrum transi-

tion zone (incisura angularis) of the gastric tubule. RYGBP 

reconstruction after failed conservative stricture treatment 

is a valid therapy.13,97

GeRD
The relation between LSG and GERD is still a matter for 

discussion. Some investigators reported the development or 

worsening of GERD symptoms after LSG and for this reason 

they consider the preoperative diagnosis of GERD and/or HH 

as a contraindication to LSG.11 In their opinion, the gastric 

transection performed near the angle of His may play an 

adverse role on the effectiveness of the lower esophageal 

sphincter owing to the partial section of the sling fibers and/or 

the marked increase of intragastric pressure after LSG.98,99 

Other authors reported an improvement of GERD symptoms 

after LSG.15,100 The late dilation of the gastric remnant with 

decreased intragastric pressure, the acceleration of gastric 

emptying, and the reduction of acid secretion have been 

considered to play a beneficial role in the improvement of 

GERD symptoms after SG.101

In the presence of HH, the indication to perform crural 

closure in addition to SG is still debated. Most investigators 

perform RYGBP, rather than LSG, with HH repair (HHR) if 

a crural defect is diagnosed preoperatively.11 Recently, the 

clinical outcome in 97 patients operated on for LSG plus 

HHR was compared to that of 281 patients undergoing LSG 

alone.15 The data of this study showed: 1) high incidence 

of intraoperative HH (not previously ascertained) diag-

nosis after accurate hiatal region exploration; 2) effective 

 management of GERD symptoms with a remission rate 

of 80% after hiatoplasty; and 3) no cases of postoperative 

GERD symptom onset in patients without symptomatic 

reflux before surgery. The authors suggest that an undetected 

and untreated HH could favor the genesis of postoperative 

GERD symptoms. Vigorous efforts to diagnose and treat 

HH were recommended.

Outcome
weight loss
The effect of LSG on weight loss has been favorably com-

pared to that of intensive medical therapy in randomized and 

in prospective trials.102 As reported in the ASMBS updated 

position statement and in other randomized trials, LSG can 

determine weight loss comparable to that after RYGBP,6,103–106 

while it is more effective than LAGB.103,107,108 At the begin-

ning its effectiveness was attributed solely to a restrictive 

action. Melissas et al and Dimitriadis et al demonstrated 

that the reduction of energy intake after LSG was achieved 

through significant neurohormonal changes: gastric fundec-

tomy caused a significant decrease in the circulating levels 

of ghrelin, the hormone of appetite, while the rapid gastric 

emptying entailed a food mediated release of glucagon-like 

peptide-1 (GLP-1) and peptide-YY (PYY) from the L cells 

of the small intestine. These changes persisted 1 year after 

surgery, showing that LSG can be considered a “food limit-

ing” operation rather than a restrictive procedure.109,110

Concerning the long-term outcome of this procedure, 

during the Third International Summit on Sleeve Gastrec-

tomy12 data from more than 19,000 LSGs were collected. 

Mean percentages of EWL after 1, 2, 3, 4, and 5 years were 

62.7%, 64.7%, 64.0%, 57.3%, and 60.0% respectively. 

These results have been confirmed in the Fourth Consen-

sus: the mean EWL in more than 46,000 LSGs was 50% 

at the 6 year follow-up.14 A comparable outcome in smaller 

study populations has been reported by Himpens et al.111  

The longest follow-up was reported by Sarela et al: 8 to 9 

years after LSG, 13 patients had an EWL of 68%.112

Long-term weight regain remains a controversial and 

largely insufficiently documented issue. As a secondary 

procedure for weight regain, resleeve in 20%, RYGBP con-

version in 46%, and duodenal switch in 24% of cases have 

been chosen.14

Effect on comorbidities
In 2006 we reported on the effectiveness of SG on 

comorbidities in super-obese patients.113 At an 18 month 

follow-up, arterial hypertension, OSA, and T2DM resolved 

in 62.5%, 56.2%, and 76.9% of cases, respectively, and 

improved in the majority of the remaining cases. In the 

ASMBS 2009 position statement,7 data from ten studies 

(n=754 patients) on the evolution of comorbidities after 

LSG were analyzed. T2DM remission ranged from 14% to 

100%, arterial hypertension from 15% to 93%, and OSA 

from 39% to 100%.
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T2DM
In several studies it has been shown that 60%–80% of dia-

betic obese patients undergoing LSG achieve a complete 

remission of their pathology.114–117 These results compared 

very favorably to those obtained after an intensive medical 

regimen102 and were not statistically different from those after 

RYGBP.118,119 Experimental and clinical studies involving 

LSG have been of paramount importance in understand-

ing how this surgical procedure can improve glycemic 

 homeostasis. Karamanakos et al showed a significant increase 

in both fasting and postprandial PYY plasma levels and 

a marked reduction in fasting ghrelin plasma levels after 

SG.120 PYY improves insulin resistance, while ghrelin acts 

by suppressing the insulin-sensitizing hormone adiponectin, 

blocking hepatic insulin signaling and inhibiting insulin 

secretion.121 GLP-1, both in vivo and in vitro, stimulates 

insulin biosynthesis in pancreatic beta-cells.122,123 In addition 

to its insulinotropic effects, GLP-1 exerts glucose lowering 

effects through inhibition of gastric emptying, restoration 

of insulin sensitivity, and inhibition of glucagon secretion, 

resulting in decreased hepatic glucose production.123 Peterli 

et al analyzed fasting and meal stimulated GLP-1, PYY, and 

ghrelin modifications after RYGBP and SG.124 One week 

after completion of both procedures, basal and meal stimu-

lated plasma levels of GLP-1 and PYY were significantly  

augmented. Fasting ghrelin plasma levels were significantly 

diminished after both procedures.

When nutrients are ingested, the release of GLP-1 

 (cosecreted with PYY) into the circulation occurs in a biphasic 

manner, consisting of a rapid (10–15 minutes) early phase fol-

lowed by a more prolonged (30–60 minutes) second phase.125 

The latter phase is explained by the direct stimulation of the 

L cells from digested nutrients subsequent to the rapid food 

passage through the distal small bowel, as postulated by Rubino 

in the “hindgut hypothesis.”126 Several studies in both animal 

and human models on the former phase have demonstrated that 

ingestion of the nutrients activates a neuroendocrine pathway 

which stimulates the secretion of L cells before any passage 

of ingested food into the distal small bowel.127–129 This early 

activation of the L cells is mediated from the vagus nerve 

through the release of both acetylcholine and gastrin-releasing 

peptide within the enteric nervous system.130 Consistent with 

these findings, subsequent studies have shown that bilateral 

subdiaphragmatic vagotomy prevents stimulation of rat L cells 

by duodenal fat, while direct activation of the celiac branch of 

the vagus increases secretion.131,132
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Figure 2 Pre- and post-operative laparoscopic sleeve gastrectomy glucagon-like peptide-1, ghrelin, and peptide-YY plasma levels in the basal state and 15 minutes after 
intravenous glucose tolerance test.
Note: The changes are not related to weight loss or to nutrient stimulation of the small intestine.
Abbreviations: GLP-1, glucagon-like peptide-1; PYY, peptide-YY; SG, sleeve gastrectomy; min, minutes; hrs, hours; op, operative; ivGTT, intravenous glucose tolerance test.
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In 2011 we investigated the changes in insulin secretion 

and sensitivity after LSG in 18 diabetic obese patients.133 Both 

these parameters improved significantly just 72 hours after the 

intervention, before any weight loss or food passage through 

the alimentary tract had occurred. Concomitantly, early modi-

fications in plasma levels of ghrelin, PYY, and GLP-1 were 

observed (Figure 2). As the postoperative plasma levels of 

these peptides were tested before the ingestion of any food, 

the nutrient mediated (both early and late) stimulation of the 

L cells may be conceivably ruled out. Thus, an intrinsic neu-

rohormonal effect of the procedure was suggested, stressing 

the role of the gastric resection per se as the pathogenic factor. 

A “gastric hypothesis” was formulated, postulating that the 

diminished hydrochloric acid production induced by the sig-

nificant reduction of oxyntic cell mass stimulates the vagally 

innervated antral mucosa, left intact by SG, to secret gastrin-

releasing peptide and, as a consequence, GLP-1 (Figure 3). 

Moreover, in this study, modifications of ghrelin, PYY, and 

GLP-1 appeared to be statistically significant in the group of 

patients with a diabetes duration ,10.5 years, but not in the 

group of patients with T2DM duration .10.5 years.

The role of disease duration as a major predictor of DM 

remission induced by SG has been confirmed in another 

study by our group.135 DM remission occurred in 100% of 

patients with DM duration ,10 years and in only 31% of 

patients when the duration was .10 years.135 Two additional 

factors have been considered of value in predicting T2DM 

 remission after surgery: preoperative levels of C-peptide 

above 3 ng/mL and preoperative insulin therapy when pres-

ent.136 When  analyzing the long-term antidiabetic effect of 

LSG, remission was present in 87.8% of patients at a follow-

up of 60 months.137 In these patients a significant reduction 

of the Framingham cardiac risk score was also observed. 

 Remodeling of left ventricular hypertrophy, detected in 

patients 1.5 years after SG, is in accord with this finding.138

Patient satisfaction
Traditionally, bariatric surgery results have been evaluated on 

the basis of weight loss and comorbidity resolution. However, 

these factors are not the only or the most important criteria to 

be considered for a successful outcome. Patient satisfaction is 

of utmost importance in the correct evaluation of the results. 

Improved QoL and enhanced psychosocial functioning are 

important goals for bariatric surgery and should be actively 

pursued and evaluated. A crucial requirement for achiev-

ing patient satisfaction is a comprehensive and exhaustive 

informed consent. The patient must be fully aware of the 

effects and possible side effects of the procedure and, most 

important, postoperative expectations must be realistic to 

avoid disappointment and depression.

Several papers report encouraging results on the topic 

of QoL after LSG. D’Hondt et al139 analyzed the QoL in 

83 LSG patients, using Medical Outcomes Survey Short Form 

36 and Bariatric Analysis and Reporting Outcome System 

(BAROS)140 questionnaires, and determined the food tolerance 

score.141 The BAROS score was “good” to “excellent” in 90% 

of patients at a 6 year follow-up, while the food tolerance was 

acceptable to excellent in 95.2% of patients. In Short Form 36, 

“physical functioning” and “general health perception” only 

had scores significantly better in patients with EWL .50% 

than in patients with EWL ,50%, suggesting that weight 

loss is not the only factor influencing the results. Alley et al142 

retrospectively reviewed the outcome in 108 patients (69 LSG 

and 39 LAGB), administering a validated QoL questionnaire 

(Bariatric Quality of Life).143 After a mean follow-up of 

9.3 months, the QoL score was higher in the LSG group than 

in the LAGB group. Over time patients demonstrated a clear 

preference for SG once it was offered.

Conclusion
In a very short period of time SG has become an extremely 

popular bariatric procedure both among patients and 

 surgeons. There are many reasons for this “sleeve explo-

sion”: 1) technically it is not a very difficult operation 

although as already outlined, strict adherence to crucial 

Vagus
nerveGLP-1

GRP

HCI

Figure 3 The “gastric hypothesis.”
Notes: Decreased hydrochloric acid production consequent to laparoscopic 
sleeve gastrectomy may act on the innervated antrum to produce gastrin-releasing 
peptide responsible for glucagon-like peptide-1 (GLP-1) early phase secretion, while 
the second phase is dependent on direct contact of nutrients on the L cells of the 
ileum.134 Springer and Surg Endosc, 25, 2011, 3540–3550, First-phase insulin secretion, 
insulin sensitivity, ghrelin, GLP-1, and PYY changes 72 h after sleeve gastrectomy in 
obese diabetic patients: the gastric hypothesis, Basso N, Capoccia D, Rizzello M, et al, 
Figure 10.133 with kind permission from Springer Science and Business Media.
Abbreviations: GRP, gastrin-releasing peptide; HCl, hydrochloric acid.
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technical details is critical to obtain good functional results; 

2) morbidity and mortality are low even in extreme and 

highly extreme obese patients; 3) there is no residual “blind 

stomach” as in RYGBP; 4) there are no foreign bodies as 

in gastric banding; 5) there is no nutrient malabsorption  

with related side effects and no need for nutrient supple-

mentation as in BPD; 6) the feasibility of postoperative 

endoscopic exploration of the biliary tree is maintained; and 

7) the treatment of failures is well standardized (ie, second 

stage, RYGBP, or resleeve).

Because of its novelty, the full extent of LSG effects 

remains to be explored since not all the mechanisms for its 

actions on weight, DM, cardiopathy, etc, have been thor-

oughly clarified. For the same reasons, long-term (10 years 

or more) results are still not available. Nevertheless LSG is 

already an established and reliable procedure in the bariatric 

field and a very promising asset for future developments in 

the therapy of twenty-first century “globesity.”
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