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Abstract Over 300 million adults are considered clinically
obese worldwide. Obesity is associated with multiple
comorbidities including type 2 diabetes mellitus (T2DM),
hypertension, and sleep apnea. Bariatric surgery, as part of a
comprehensive weight management strategy, has been
shown to produce marked weight loss and improvement of
comorbidities. While laparoscopic sleeve gastrectomy (LSG)
was initially introduced as the first procedure in a two-staged
approach for high-risk super-obese patients, it has emerged as
an important stand-alone surgical option. LSG is typically
classified as a primarily restrictive procedure; however, recent
evidence suggests that it performs better than other restrictive
procedures, in terms of weight loss and T2DM remission. The
procedure involves creation of a gastric tube with an approx-
imate capacity of 60 to 100 mL. In this review, we explore
LSG as a technical procedure, its efficacy in obese patients,
and potential complications that may arise.
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Introduction

The prevalence of obesity has continued to increase
over the last few decades. Currently, it is estimated that
there are greater than 1.7 billion overweight adults, and
300 million obese individuals worldwide [1]. In Canada,
an estimated 60% of the population is considered over-
weight and 24% are classified as clinically obese [2].
The prevalence of obesity in children has increased in
the last 15 years, from 2% to 10% in boys and 2% to
9% in girls [3]. The ongoing increase in obesity may be
associated with a multitude of factors including but not
limited to genetics, western diet, culture, and a general
decline in exercise regimens.

Obesity is generally measured by body mass index (BMI)
to estimate the degree of adiposity. Obesity is most com-
monly defined as a BMI≥30 kg/m2, and morbid obesity is
defined as a BMI≥40 kg/m2. Some significant obesity-
related comorbidities include type 2 diabetes mellitus
(T2DM), hypertension, obstructive sleep apnea, hyperlipid-
emia, gastroesophageal reflux disease, degenerative joint
disease, depression, and cancers [4•].

Laparoscopic sleeve gastrectomy (LSG) has recently
emerged as viable bariatric surgical option. Classified as
a primarily restrictive bariatric procedure, it has been
shown to produce marked weight loss in severely obese
individuals. In this review, we describe LSG as a proce-
dure, and explore important outcomes such as weight
loss and improvement of T2DM. Furthermore, we discuss
LSG-related complications.
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Bariatric Surgery

Bariatric surgery is currently the most effective evidence-
based approach to produce marked weight loss in severely
obese patients [5•, 6]. Bariatric surgical procedures have been
shown to lead to improvement or remission of obesity-related
comorbidities such as T2DM [6]. The two general categories
of bariatric operations are primarily restrictive bariatric proce-
dures and primarily malabsorptive bariatric procedures.
Restrictive bariatric surgical procedures mechanically limit
the amount of caloric intake, by limiting the size of available
stomach. Restrictive procedures include LSG, vertical banded
gastroplasty, and laparoscopic adjustable gastric banding. Pri-
marily malabsorptive bariatric procedures limit the absorption
of nutrients in the intestine. Biliopancreatic diversion with
or without duodenal switch (BPDDS) and Roux-en-Y
gastric bypass (RYGB) are the most common malabsorptive
procedures.

These bariatric surgical procedures combined with a
comprehensive weight management strategy are a reason-
able options for obese individuals. Surgical treatment may
alleviate the harmful effects of comorbid conditions and
may also improve quality of life. According to the National
Institutes of Health Consensus Conference of 1991, the four
main criteria for bariatric surgery are [7]:

1. BMI≥40 kg/m2 with or without comorbid medical con-
ditions associated with obesity;

2. BMI greater than 35 kg/m2 with obesity-related
comorbidities;

3. Previous failed attempts at non-surgical weight loss
treatments;

4. Psychologically stability.

Sleeve Gastrectomy History

LSGwas initially introduced in the early 1990s as the first step
to a two-stage approach to BPDDS in high-risk severely obese
patients [6]. It has since gained popularity as studies have
shown positive short-term weight loss comparable to more
invasive bariatric procedures [8, 9]. It is currently offered as a
stand-alone primary bariatric procedure. Advantages of LSG
compared to other bariatric surgical procedures include
avoidance of foreign body implantation and gastrointes-
tinal anastomosis. In addition, it immediately restricts
caloric intake, and is less technically demanding relative
to malabsorptive bariatric procedures (ie, RYGB). Other
advantages include avoidance of dumping syndrome,
pylorus preservation, and unaltered absorption of oral
medications [10]. However, the most notable disadvan-
tages of LSG are irreversibility and the availability of long-
term outcome results [11].

Sleeve Gastrectomy Procedure

The procedure begins with the placement of several trocars
into the abdomen. There is one primary operating trochar, a
camera, and several retracting trocars. The operation begins
by dividing the gastrocolic ligament to a point about 5 to
10 cm proximal to the pylorus. The short gastric vessels are
then divided to the angle of His. The anesthetist then inserts
a 32 to 60 French bougie into the stomach and along the
minor curvature. Avascular stapler is then used successively
alongside the length of the bougie to separate part of the
stomach. The separated stomach is then removed through
one of the port excisions (Fig. 1). A drain is then put in to
complete the procedure [12].

LSG-Associated Weight Loss

The effectiveness of LSG to produce weight loss has been
proposed to be due to two main mechanisms. First, as a
primarily restrictive operation, it mechanically limits food
intake and restricts gastric distention [13]. Second, hormonal
mechanisms have been suggested to be involved. Specifically,
this is thought to be associated with decreased circulating
ghrelin levels secondary to gastric fundus resection [13].
Furthermore, decreased concentrations of ghrelin may also
induce feeling of satiety following meals [13]. Arias et al.
[14] retrospectively assessed 130 morbidly obese patients
(mean BMI, 43.2 kg/m2) and observed a mean excessive
weight loss (EWL) of 67.9% at 2-year follow-up. Lee et al.
[15] also reported similar results (EWL059%) at 2-year
follow-up following LSG in 216 obese patients. Fuks et al.

Fig. 1 Sleeve gastrectomy
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[16] prospectively assessed 135 patients with a BMI≥
35 kg/m2 and observed a mean EWL of 49.6% after 1-year
follow-up.

Interestingly, a retrospective study of 126 high-risk mor-
bidly obese patients (BMI>60 kg/m2) by Cottam et al. [17]
found comparable results, and reported an EWL of 46%
following 12 months. These prospective and retrospective
studies have been analyzed in recent systematic reviews. A
systematic review by Brethauer et al. [11] reported an over-
all mean excess weight loss following LSG of 55.4%. Com-
paratively, our review revealed an EWL of 47.3% based on
27 studies (673 patients) at 13.1 months follow-up [5•].
Furthermore, our review reported a reduction in BMI from
47.4 kg/m2 to 35.9 kg/m2 following LSG. A recent study by
Bohdjalian et al. [18] assessed long-term weight loss and
plasma ghrelin levels following LSG in 26 patients. They
reported an EWL of 55% following LSG, along with
reduced plasma ghrelin levels immediately postoperatively,
which were maintained at 5-year follow-up.

Type 2 Diabetes Mellitus

Along with producing marked weight loss, LSG has been
associated with improvement of glucose tolerance and
T2DM [17]. Cottam et al. [17] followed 126 obese patients
with T2DM following LSG. They observed remission of
T2DM in 81% of patients at 12-month follow-up. Vidal et
al. [19] reported a similar T2DM remission rate of 84.6% in
39 severely obese patients post LSG at 12 months. Suppor-
tively, Shah et al. [20] observed euglycemia in 96.2% with
BMI greater than 33 kg/m2 following LSG. In comparison
to other restrictive bariatric surgical procedures, Abbatini et
al. [21•] reported T2DM remission rate of 80.9% following
LSG versus 60.8% following gastric banding in obese
patients. Similarly, a recent systematic review reported
T2DM remission rates following malabsorptive bariatric
surgical procedures [6]. According to this review, remission
of T2DM following BPDDS and RYGB was 98.9% and
83.7%, respectively. Interestingly, our systematic review
revealed improvement of T2DM in 97.1% of patients fol-
lowing LSG at a mean follow-up of 13.1 months [5•].

Improvement of T2DM following LSG has been proposed
to be related to subsequent weight loss. However, other mech-
anisms involving gastrointestinal hormones have been sug-
gested. Ghrelin is a peptide hormone mainly produced by the
stomach [12]. It is thought that ghrelin is responsible for
appetite stimulation in humans, as there is preprandial rise
and postprandial fall in ghrelin levels [12]. Resection of the
gastric fundus following LSG appears to reduce the levels of
circulating ghrelin levels [22]. A prospective double-blind
study by Karamanakos et al. [22] looked at 16 patients under-
going LSG and found that there was a decreased fasting

ghrelin levels 12 months postoperatively along with greater
suppression of appetite. Another theory involves decreased
suppression of adiponectin following LSG secondary to
depressed levels of ghrelin [10]. Thus, increased adiponectin
levels allow for increased sensitization to insulin.

Decreased ghrelin levels after the procedure may work by
this mechanism, as well as increasing insulin secretion by
islet cells in the pancreas. Furthermore, it is thought that
LSG speeds up the movement of stomach contents in the
gastrointestinal tract [23]. The hindgut theory postulates that
the increased delivery of undigested nutrients through the
bowel upregulates the secretion of glucagon-like peptide-1
(GLP-1) [24]. The increased levels of GLP-1 may cause an
anti-apoptotic effect on β cells in the pancreas as well
as stimulating increased insulin secretion. This effect may
partially explain the improved glucose tolerance following
LSG.

LSG-Associated Complications

Gastric Leak

The most concerning complication related to LSG remains
the loss of integrity of the gastric staple line [25]. Gastric
leak from the staple line may occur secondary to alteration
in the normal healing process. Local risk factors include
compromised blood supply leading to poor healing of the
suture line and ischemia caused by the use of electrocautery.
The incidences of gastric leaks have been reported to range
from 0.7% to 5%, with a mean of 2.3% [26]. A study done
on 118 morbidly obese patients with a BMI greater than
30 kg/m2 reported an overall gastric leak rate of 3.4% [27].
Comparatively, Frezza et al. [28] performed LSG on 53
patients and reported a gastric leak rate of 3.7%. A study
by Lalor et al. [29] showed an impressively low rate of
gastric leak in 164 patients of 0.7%. Similarly, Moy et al.
[30] reported a leak rate of 1.4% following LSG in 135
superobese patients (mean BMI, 60.1 kg/m2). The most
common location of gastric leaks occurs in the proximal
third of the stomach, occurring about 85% of the time in this
location [26].

Patients with early-onset gastric leaks, occurring on postop-
erative day 1 to 3, typically present with increasing abdominal
pain and tachycardia. However, these patients may present with
fever, septic shock, and multiorgan failure. If the gastric staple
compromise is suspected intraoperatively, methylene blue dye
may be used to identify compromised gastric staple line [31].
Postoperatively, a radiographic upper gastrointestinal contrast
study is most commonly used to identify gastric leaks. Another
modality that may be considered is an abdominal computed
tomography (CT) scan with oral contrast. CT findings that may
suggest a leak include extravasation of swallowed contrast
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material, free intra-abdominal air, and collection of contrast
adjacent to the sleeve.

The key to appropriate management of gastric leaks is
early identification and prompt management. Patients
identified with a gastric leak early (<4 days) may be
appropriate candidates for immediate surgical repair of
the defect [32]. For delayed presentation of the gastric
leak (5–10 days), conservative management may be pre-
ferred. In this case, management involves use of broad-
spectrum antibiotics, parenteral nutrition, high-dose proton
pump inhibitors, and percutaneous drainage of fluid collec-
tions [32]. Another viable option to consider would be use of
an endoluminal stent, which may be deployed to prevent
leakage at the defective site to allow time for healing [27].
However, this treatment option may be limited by distal stent
migration.

Bleeding from the Gastric Staple Line

Other complications of LSG include hemorrhage. Hemor-
rhage following LSG can be a result of trauma to the spleen
or liver, or trochar site bleeding. Bleeding along the gastric
staple line can occur as well, since the gastric staple line is
close to the blood supply of the lesser curvature [33]. The
incidence of bleeding following LSG is quite low, with Nath
et al. [34] observing a postoperative gastric bleeding rate of
2% in 100 patients following LSG. A systematic review by
Brethauer et al. [11] gathered similar results, and reported a
hemorrhage rate of 1.0% in patients undergoing primary LSG.
Some surgeons have proposed reinforcing the gastric staple
line with absorbable sutures to reduce the incidence of gastric
hemorrhage. A study by Dapri et al. [35] compared using no
staple line reinforcement, buttressing the staple line with
absorbable material, or oversewing the staple line in 75
patients undergoing LSG. They reported that there was a
statistically reduced staple line–associated blood loss with
staple line buttressing [35]. However, there are conflicting
data from Albanopoulos et al. [36•] who conducted a study
on 90 LSG patients (48 received buttressed suture, 42
received a continuous suture). They suggested that there
was no significant difference between the groups in terms
of staple line bleeding (4.2% vs 2% in buttressed and
continuous suture groups, respectively) [36•]. Additional
studies are needed to determine the efficacy of staple line
reinforcement.

Limitations

Despite the increasing experience and evidence supporting
LSG, a few limitations in the literature exist. First, long-term
sustained weight loss following LSG remains to be determined.

This is in part to the novelty of LSG as a stand-alone bariatric
surgical procedure. Second, the underlying mechanisms lead-
ing to weight loss and improvement in T2DM need further
exploration. Restriction of caloric intake partially explains the
steady weight loss following LSG. However, it does not com-
pletely clarify the improvement in T2DM seen in patients
following LSG, but not in other restrictive bariatric surgical
procedures. Lastly, despite LSG being a primarily restrictive
bariatric procedure, malabsorption may occur. Further research
is needed to elucidate potential nutritional complications spe-
cific to LSG.

Conclusions

The prevalence of obesity continues to increase worldwide.
LSG has emerged as a reasonable bariatric surgical option in
obese individuals. Current evidence suggests LSGmay produce
marked weight loss in these obese individuals, with low mor-
bidity. Furthermore, LSG has been shown to improve T2DM in
obese patients. Despite being less technically demanding than
malabsorptive bariatric surgical procedures, complications such
as gastric leakage and bleeding may arise. Nevertheless, LSG
has been shown to be a viable stand-alone bariatric surgical
procedure.

Disclosure No potential conflicts of interest relevant to this article
were reported.

References

Papers of Particular Interest, Published Recently, Have Been
Highlighted As:
• Of importance

1. Ahima, R. S. (2011). Digging deeper into obesity. The Journal of
Clinical Investigation, 121(6), 2076–2079.

2. Adult obesity prevalence in canada and the united states. In:
Canadian health measures survey. 2011. http://www.statcan.gc.ca/
daily-quotidien/110302/dq110302c-eng.htm. Accessed 30 July
2011.

3. Canning PM, Courage ML, Frizzel LM. Prevalence of overweight
and obesity in a provincial population of Canadian preschool
children. CMAJ 2004;181;240–2. Aronne, LJ. Classification of
obesity and assessment of obesity-related health risks. Obesity
Research. 2002;10:105S–115S.

4. • Karmali S, Schauer P, Birch D, Sharma AM, Sherman V.
Laparoscopic sleeve gastrectomy: an innovative new tool in
the battle against the obesity epidemic in Canada. Can J Surg 2010;53
(2):126–32. This article provides a detailed description of the sleeve
gastrectomy procedure.

5. • Gill SR, Birch DW, Shi X, Sharma AM, Karmali S. Sleeve
gastrectomy and type 2 diabetes mellitus: a systematic review.
Surgery for obesity and related diseases. 2010;6:707–713. This is
a systematic review of short-term T2DM remission rates following
sleeve gastrectomy.

78 Curr Obes Rep (2012) 1:75–79

http://www.statcan.gc.ca/daily-quotidien/110302/dq110302c-eng.htm
http://www.statcan.gc.ca/daily-quotidien/110302/dq110302c-eng.htm


6. Hess DS, Hess DW. Biliopancreatic diversion with a duodenal
switch. Obes Surg 1998;8:267–82.

7. National Institutes of Health Consensus Conference. Gastrointestinal
surgery for severe obesity Consensus Development Conference Panel.
Ann Intern Med. 1991;115:956.

8. Nocca D, Krawczykowsky D, Bomans B, et al. A prospective
multicenter study of 163 sleeve gastrectomies: results at 1 and
2 years. Obes Surg. 2008;18:560–5.

9. Roa PE, Kaidar-Person O, Pinto D, et al. Laparoscopic sleeve
gastrectomy as treatment for morbid obesity: technique and
short-term outcome. Obes Surg. 2006;16:1323–6.

10. Papailiou J, Albanopoulos K, Toutouzas KG, Tsigris C, Nikiteas
N, Zografos G. Morbid obesity and sleeve gastrectomy: How does
it work? Obes Surg. 2010. 20:1448–1455.

11. Brethauer SA, Hammel JP, Schauer PR. Systematic review of
sleeve gastrectomy as staging and primary bariatric procedure.
Surg Obes Relat Dis. 2009;5:469–75.

12. Karmali S, Schauer P, Birch D, SharmaAM, ShermanV. Laparoscopic
sleeve gastrectomy: an innovative new tool in the battle against the
obesity epidemic in Canada. Can J Surg. 2010;53(2):126–32.

13. Akkary E, Duffy A, Bell R. Deciphering the sleeve: Technique,
indications, efficacy, and safety of sleeve gastrectomy. Obes Surg.
2008;18:1323–1329.

14. Arias E, Martinez PR, Li VKM, Szomstein S, Rosenthal RJ.
Mid-term follow-up after sleeve gastrectomy as a final approach for
morbid obesity. Obes Surg. 2009;19:554–558.

15. Lee CM, Cirangle PT, Jossart GH. Vertical gastrectomy for morbid
obesity in 216 patients: report of two-year results. Surg Endosc.
2007;21(10):1810–16.

16. Fuks D, Verhaeghe P, Brehant O, Sabbagh C, Dumont F, Riboulot
M, Delcenserie R, Regimbeau JM. Results of laparoscopic sleeve
gastrectomy: A prospective study in 135 patients with morbid
obesity. Surgery 2009;145:106–113.

17. Cottam D, Qureshi FG, Matter 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.

18. Bohdjalian A, Langer FB, Shakeri-Leidenmuhler S, Gfrerer L,
Ludvik B, Zacherl J, Prager G. Sleeve gastrectomy as a sole and
definitive bariatric procedure: 5-year results for weight loss and
ghrelin. Obes Surg. 2010;20:535–540.

19. Vidal J, Ibarzabal A, Romera F, Delgado S, Momblan D, Flores L,
Lacy A. Type 2 diabetes mellitus and the metabolic syndrome fol-
lowing sleeve gastrectomy in severely obese subjects. Obes Surg
2008;18:1077–82.

20. Shah PS, Todkar JS, Shah SS. Effectiveness of laparoscopic sleeve
gastrectomy on glycemic control in obese Indians with type 2
diabetes mellitus. Surg Obes Relat Dis. 2010;6(2):138–141.

21. • Abbatini F, Rizzello M, Casella G, et al. Long-term effects of
laparoscopic sleeve gastrectomy, gastric bypass, and adjustable
gastric banding on type 2 diabetes. Surg Endosc 2010;24:1005–1010.

This article assesses the long-term outcomes of the most common
bariatric surgical procedures.

22. 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
bypass and sleeve gastrectomy: a prospective, double blind study.
Ann Surg 2008;247:401–407.

23. Melissas J, Koukoraki S, Askoxylakis J et al. Sleeve gastrectomy:
a restrictive procedure? Obes Surg 2007;17:57–62.

24. Gill RS, Karmali S, Sharma AM. Treating type 2 diabetes mellitus
with sleeve gastrectomy in obese patients.. Obesity. 2011;19
(4):701–2.

25. De Aretxabala X, Leon J, Wiedmaier G, Turu I, Ovalle C, Fernando
M, Gonzalez C, Humphrey J, Hurtado M, Benavides C. Gastric leak
after sleeve gastrectomy: Analysis of its management. Obes Surg.
2011 Mar 17. [Epub ahead of print]

26. Burgos AM, Braghetto I, Csendes A, Maleunda F, Korn O, Yarmuch
J, Gutierrez L. Gastric leak after laparoscopic-sleeve gastrectomy for
obesity. Obes Surg. 2009;19:1672–1677.

27. Ser KH, Lee WJ, Lee YC, Chen JC, Su YH, Chen SC. Experience
in laparoscopic sleeve gastrectomy for morbidly obese Taiwanese:
staple-line reinforcement is important for preventing leakage.

28. Frezza EE, Reddy S, Gee LL, Wachtel MS. Complications after
sleeve gastrectomy for morbid obesity. Obes Surg. 2009;19:684–7.

29. Lalor PF, Tucker ON, Szomstein S, Rosenthal RJ. Complications
after laparoscopic sleeve gastrectomy. Surgery for Obesity and
Related Diseases. 2008;4:33–38.

30. Moy J, Pomp A, Dakin G, Parikh M, Gagner M. Laparoscopic
sleeve gastrectomy for morbid obesity. The American Journal of
Surgery. 2008:196(5);e55–e59.

31. Marquez MF, Ayza MF, Lozano RB, Morales M, Diez JMG,
Poujoulet RB. Gastric leak after laparoscopic sleeve gastrectomy.
Obes Surg. 2010;20:1306–1311.

32. 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.

33. Jossart GH. Complications of sleeve gastrectomy: bleeding and
prevention. Surg Laparosc Endosc Percutan Tech. 2010;20(3):146–7.

34. Nath A, Leblanc KA, Hausmann MG, Kleinpeter K, Allain BW,
Romero R. Laparoscopic sleeve gastrectomy: our first 100 patients.
JSLS. 2010;14(4):502–8.

35. Dapri G, Cadiere GB, Jimpens J. Reinforcing the staple line during
laparoscopic sleeve gastrectomy: prospective randomized clinical study
comparing three different techniques. Obes Surg. 2010;20:462–7.

36. • Albanopoulos K, Alevizos L, Flessas J, Menenakos E, Stamou
KM, Papailiou J, Natoudi M, Zografos G, Leandros E. Reinforcing
the staple line during laparoscopic sleeve gastrectomy: Prospective
randomized clinical study comparing two different techniques.
Obes Surg. 2011 (Epub ahead of print). This is a prospective
randomized trial assessing different techniques to reinforce the
staple line while performing an LSG.

Curr Obes Rep (2012) 1:75–79 79


	Sleeve Gastrectomy: Procedure, Outcomes, and Complications
	Abstract
	Introduction
	Bariatric Surgery
	Sleeve Gastrectomy History
	Sleeve Gastrectomy Procedure
	LSG-Associated Weight Loss
	Type 2 Diabetes Mellitus
	LSG-Associated Complications
	Gastric Leak

	Bleeding from the Gastric Staple Line
	Limitations
	Conclusions
	References
	Papers of Particular Interest, Published Recently, Have Been Highlighted As: • Of importance





