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Laparoscopic Sleeve Gastrectomy:
Outcomes, Safety and
Complications
Wahiba Elhag and Walid El Ansari

Abstract
Worldwide, the numbers of laparoscopic sleeve gastrectomy (LSG) performed
grown exponentially over the last decade, because of its simplicity, safety profile
and excellent outcomes in terms of durable weight loss and improvement of
obesity-associated comorbidities. This chapter will provide a comprehensive review
on the outcomes of LSG as a metabolic surgery. It appraises LSG's short, mid and
long term weight loss outcomes, and compares these outcomes with those of other
types of bariatric surgery. Then, a wider range of LSG outcomes are discussed,
including a variety of comorbidities, clinical, biochemical and inflammatory
parameters, while appraising the positive metabolic effects of LSG. The chapter also
outlines the issues pertaining to LSG among a range of special populations such as
adolescents, the elderly, renal transplant patients and others. The chapter concludes
with a review of the safety and most common complications that may be encountered in the short term and long term, including surgical and nutritional complications, as well as mortality.
Keywords: bariatric surgery, laparoscopic sleeve gastrectomy, technique,
perioperative care

1. Introduction
Sleeve gastrectomy (SG) is a restrictive bariatric procedure that was first
described as the initial step in biliopancreatic diversion (BPD). Its relative technical
ease, effectiveness in weight loss (WL) as a stand-alone procedure, and durability in
managing obesity and its comorbid conditions have rendered it the most common
bariatric surgery (BS) globally. Below, we discuss the outcomes of LSG.

2. Outcomes
2.1 Anthropometric (weight loss)
WL outcomes after bariatric surgery can be expressed as percentage of excess
WL (EWL%) or percentage of excess BMI loss (EBMIL%) [1]. Excess weight is
‘ideal body weight subtracted from actual body weight'. As for the reporting of the
duration of follow up, short-term follow-up is defined as <3 years after intervention, medium-term is ≥3 and <5 years after intervention, and long-term is ≥5 years
1
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after intervention [1]. The percentage of excess weight loss (EWL%) varies with the
follow-up duration. The average expected EWL% post LSG is 50–60% [2]. A study
of 12,129 patients found that the mean EWL% was about 60% at 1 year after surgery, and 65% at 2 years [3]. Midterm (3 years) WL outcomes ranged from 46% to
84.5% [4, 5]. Long term (≥5 years) evidence suggests that although patients regain
weight after LSG, they still accomplish a “durable” long-term weight. A review of
277 long-term studies that included 2713 patients revealed a mean 58.4%, 59.5%,
56.6%, 56.4%, and 62.5% EWL% at 5, 6, 7, 8, and 11 years, respectively [6].
When comparing WL outcomes of LSG with other restrictive procedure, LSG was
a more effective procedure than laparoscopic adjustable gastric banding (LAGB), contributing to greater WL. For instance, in a review of 33 studies (4109 patients), LSG
resulted in significantly higher EWL% compared with LAGB, where mean difference
was −16.67% at 12 months, −19.63% at 24 months, and −19.28 at 36 months post surgery [7]. Two Large randomized control trails (RCT) assessed the long-term outcomes
of LSG and Roux en Y gastric bypass (RYGB), the Swiss Multicenter Bypass or Sleeve
Study (SM-BOSS) [8] and the SLEEVPASS [9]. Both studies reported similar EWL%
at 5 years in LSG and RYGB (61.1% vs 68.3%) and (49% and 57%) respectively [8, 9].
2.2 Type 2 Diabetes Mellitus
The improvement in type 2 diabetes mellitus (T2DM) occurs soon after surgery
and before considerable WL is achieved, which suggests the existence of weightindependent mechanisms. This is attributed to the changes in the gut hormones,
mainly the increase in GLP-1 and the decrease in ghrelin hormone levels post LSG.
In the long term, the significant weight loss with LSG leads to improvement in both
hepatic and peripheral insulin sensitivity which contributes to T2DM resolution [10].
LSG is associated with significant T2DM improvement. Complete remission rates
are 78.3% at 1 year, and 76.2% at 3 years follow up [11]. At 5 years, the remission rate
ranged between 60.8% to 71.4% [11, 12].
A body of literature compared the T2DM outcomes of LSG vs conventional
medical management [13, 14]. The 5 year outcomes from an RCT (STAMPEDE) that
compared intensive medical therapy with BS (LSG or RYGB) found that among 134
individuals, diabetes remission was observed in 5% who received intensive medical
therapy alone, compared with 23% who underwent LSG (P = 0.07) [14].
Compared with other restrictive procedures, LSG achieves better T2DM control
than LAGB (odds ratio (OR): 0.22, 95% CI: 0.06–0.87, P =0 .03) [7]. LAGB does
not cause changes in gut hormones and seem to depend exclusively on restriction
for WL and diabetes improvement which might explain the better glycemic control
seen after LSG [7]. On the other hand, studies comparing T2DM outcomes between
LSG and RYGB reported similar remission rates [8, 9, 15]. A systematic review that
included 857 diabetic patients, revealed that T2DM remission rate at 1 year was 63%
(LSG) and 74% (RYGB) which were not statistically different [15]. The two RCTs
cited previously also confirmed such finding [8, 9].
Several independent factors were identified as predictors of complete T2DM
remission, including preoperative HbA1C, EWL%, insulin therapy, age, and oral
hypoglycemic medications [11, 16].
2.3 Hypertension and cardiovascular disease
Hypertension has long been associated with obesity. LSG was found to improve
hypertension both in the short and the long term [17, 18]. For some hypertensive
patients, blood pressure returned to normal on the first day after LSG with a significant reduction observed within 10 days post LSG [17]. The improvement in the
2
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blood pressure observed before significant WL suggests other neural and hormonal
mechanisms [17]. Over a period of 12 months, hypertension resolved in 87% and
improved in 100% of patients [17]. The average number of antihypertensive agents
per patient significantly declined from 1.5 to 0.6, and the number of patients requiring >2 antihypertensive agents also fell (baseline 49% vs at 12 months 22%) [17].
On the long-term, hypertension resolved in 62.17% of patients and improved in
35.7% at a mean period of 5.35 years [18]. Moreover, LSG resulted in lower incidence of hypertension on the long term (pre-operative 36.5% vs 14.79% at 5 years),
potentially reducing the health system costs [18]. The improvement in hypertension
also contributes to a significant 10 year reduction of cardiovascular risk including
myocardial infarction and stroke post LSG [19].
2.4 Hyperlipidemia
Hyperlipidemia is a main comorbidity in severe obesity. LSG regulates lipid markers, with considerable reduction in triglyceride, total cholesterol, very low density
lipoprotein (VLDL) cholesterol, and low-density lipoprotein (LDL) cholesterol
levels, with increase in high-density lipoprotein (HDL) cholesterol level [20, 21]. At
1-year post LSG, remission of hypercholesterolemia and hypertriglyceridemia was
attained in 45% and 86% of the patients respectively [20]. Moreover, the improvement observed led to the discontinuation of medication among 43.7% of the patients
[20]. On the long term, LSG showed significant improvement in HDL cholesterol
and triglyceride compared with preoperative levels [21]. The decreased LDL cholesterol was significant at 1 year and 3 years post surgery, but the effect at 5 years did not
reach statistical significance [21]. Overall complete remission of hypercholesteremia
at 1, 3 and 5 years was 40.0%, 45.6%, 26.1% respectively [21]. Hypertriglyceridemia
remission rate was 72.2%, 66% and 72.2% at 1, 3 and 5 years respectively [21].
2.5 Non-alcoholic fatty liver disease (NAFLD)
NAFLD is liver steatosis in the absence of secondary causes of hepatic fat accumulation such as alcohol abuse. NAFLD can progress to nonalcoholic steatohepatitis
(NASH), liver cirrhosis, liver failure, and hepatocellular carcinoma [22]. It is linked
to obesity and frequently associated with metabolic syndrome [22]. WL and metabolic improvement post LSG result in a significant improvement in NAFLD. In one
study, a liver biopsy was obtained in 134 LSG patients during surgery and 192 days
after surgery [23]. There was significant improvement in liver histology following
LSG, evident by the improvement in NALFD-Activity-Score (NAS) (P<0.001) [23].
NAS is a scoring system developed as a tool to measure changes in NAFLD during
therapeutic trials [24]. In the previous study, the percentage of patients with NASH
decreased from 18% to 3% [23]. The improvement was greater in severe cases of
NAFLD including those with steatohepatitis, bridging fibrosis or cirrhosis. LSG
does not only improve the histology and liver function of patients with NAFLD but
also reduces the oxidative stress and inflammatory processes involve in the mechanism of NAFLD, where there was significant changes in plasma and liver markers
of oxidative stress and inflammation (including chemokine C-C motif ligand 2,
paraoxonase-1, galectin-3, and sonic hedgehog) [25]. These data suggest that LSG
could be used as therapeutic option to improve NAFLD.
2.6 Obstructive sleep apnea (OSA)
Severe obesity is associated with a high prevalence of moderate-to-severe
OSA. A metanalysis showed that at a mean of 24.7 months, LSG resulted in
3
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resolution and improvement of sleep apnea in 72% and 51% of patients respectively
[26]. One study showed that the apnea hypopnea index significantly decreased
from 45.8 to 11.3 events/hour ten months post LSG [27]. The rapid improvement of
moderate-to-severe OSA observed post LSG is likely due to the reduced neck circumference. Interestingly, this does not correlate with EWL% which suggests that a
weight-independent factors may play a role and hence warrant further research [27].
2.7 Asthma
Obesity is a risk factor for asthma. Many inflammatory markers (e.g. interleukins 5, 6, 13, 17) implicated in the pathogenesis and disease activity of asthma are
increased with obesity [28]. WL post LSG results in significantly improved asthma
symptoms. A prospective study of 78 subjects compared asthma patients undergoing BS with obese controls. In this study, BS including LSG, resulted in significantly
improved small airway function, airway hyperresponsiveness, asthma control and
quality of life (QoL) [29]. There was also a decrease in systemic inflammation and
bronchial inflammation (mast cell counts) one year after BS [29]. Asthma medication usage was also reduced following LSG [30]. A retrospective analysis of 751
asthmatic patients, including 80 LSG patients, found that the number of prescribed
asthma medications among all procedures significantly decreased by 27% at 30 days
post-surgery, 37% at 6 months, 44% at 1 year, and 46% at 3 years [30].
2.8 Gastroesophageal reflux disease (GERD)
LSG may improve GERD symptoms as a result of the accelerated gastric emptying
and WL. A study of GERD in 65 patients after LSG, including 24-hour pH probe data,
suggested that the preexisting reflux improved, and that the de novo reflux rate was
low (5.4%) [31]. Appraisal of LSG's effects of on GERD (median follow-up 56 months)
using a quality-of-life questionnaire found that GERD-HRQL scores decreased from 7
to 3 [32]. In the same study, GERD-HRQL scores improved in 55 patients, worsened in
21, de novo GERD was observed in 10, and no change in 14 patients [32]. A systematic
review (25 studies) reported clinical improvement in 1863 patients at an average of 20
± 15 months post-LSG; however the review also reported worsening of symptoms in
5953 patients over a period of 29 ± 22 months [33]. However, most research used clinical evaluation, with few studies using endoscopy, 24-hour ambulatory pH, esophageal
manometry or contrast studies [33].
2.9 Mental health
Due to the significant association of depression with obesity, it is a common
disorder among individuals selected for BS. LSG results in significant improvement
in various psychological dimensions. At one year post LSG, depressive symptoms,
self-esteem, eating behavior and cognitive restraint showed improving trends [34].
Eating behavior also improves post LSG. In a prospective study of 75 individuals
before and 48 months after LSG, the number of patients with binge eating disorder
was lower at follow up (decreased from 13% to 2%) [35]. Similarly, the subscales
of disinhibition and feelings of hunger both decreased post LSG (p < 0.001 for
both) [35]. An important outcome post BS is the effect on psychiatric medications,
specially depression and anxiety medication. A retrospective study of 50 patients
found that at 3- to 6-months post LSG, anxiety symptoms improved in >50% of
subjects and most patients were on the same or reduced dosage of medication (62%
unchanged, 24% decreased) [36]. Depression symptoms improved in 67%, while
62% of them remained in the same regimen and 26% discontinued their medications
4
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[36]. This suggests that LSG not only results in early improvement in symptoms of
depression or anxiety, but also reduces the dosage of psychiatric medications [36].
2.10 Quality of life (QoL)
Morbid obesity together with obesity-related diseases have a negative impact on
the QoL. BS, apart from decreasing mortality and morbidity, achieves long-lasting
QoL improvement. Significant improvements in physical, psychosocial, and sexual
QoL are reported post LSG [37]. QoL and status of general well-being significantly
improved 1 to 2 years post LSG [38, 39]. This improvement was also sustained on
the long term. For instance, a 10 year follow up study reported significant increase
in total QoL before and 10 years after LSG [39]. The global physical health QoL
increased from 45.6 ± 20.7 to 62.3 ± 23 at 10 years; the global mental health QoL
increased from 49.5 ± 17.7 to 62.2 ± 17.8; and the global total QoL score pre-surgery
that was 48.3 ± 20.6 increased to 65.1 ± 21.4 at 10 years [39].
2.11 Biochemical and inflammatory markers
Obesity, especially visceral obesity, is considered as a low-grade inflammatory
disease. Serum concentrations of a number of inflammatory markers including
C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6)
are elevated in overweight and obese individuals [40]. LSG improves the course of
chronic diseases and the state of inflammation associated with obesity. Evidence
showed improvements in systemic and urinary inflammatory markers with a
significant decrease in interleukin-6 (IL-6), CRP, ferritin, and TNF-α [41]. These
changes were also demonstrated in patients with T2DM, where there was significant
improvement in inflammatory biomarkers including CRP (P = 0.003) and IL-6 at (P
= 0.001) 6 months post LSG [42]. The reduction in inflammatory factors suggests
that LSG may play a role in reducing the risk of T2DM and cardiovascular disease.
2.12 Reproductive systems
2.12.1 Polycystic ovarian syndrome
Polycystic ovarian syndrome (PCOS) is a common endocrine disorder associated
with obesity. Women with PCOS have hyperandrogenism and hyperinsulinemia
with subsequent insulin resistance and infertility [43]. LSG is effective in treating
PCOS, resulting not only in WL, but also significant improvement in the hormonal
profile [43, 44]. Significant decrease is observed as early as 3 months post-surgery
in luteinizing hormone (LH) levels (7.2 vs. 4.5 mIU/mL), with inversion of LH/
FSH ratio (P = 0.008), as well as significant decrease in fasting insulin levels (24.4
mIU/mL vs. 9.0 mIU/mL) [44]. LSG also positively augments fertility rates [43,
45]. A cohort of 53 women had a progressive increase of serum anti-Mullerian
hormone (marker of ovarian reserve) levels 6 months after LSG [45]. These hormonal changes were also associated with the regulation of the menstrual cycle and
resolution of dysmenorrhea [45]. Moreover, 22% percent of PCOS patients became
pregnant within 12 months, 69% of which were previously nulliparous [43].
2.12.2 Maternal and perinatal outcomes after LSG
Obese women have increased rates of adverse obstetric outcomes that include
gestational diabetes mellitus, gestational hypertension, preeclampsia, cesarean section delivery, and adverse neonatal outcomes including congenital malformations,
5
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macrosomia, and stillbirths [46]. WL with LSG has better maternal and perinatal
outcomes [47]. A retrospective study comparing women who had undergone LSG
with matching controls found that the LSG group had lower rates of gestational DM
(3.4% vs 17.6%, P = 0.001), large-for-gestational-age neonates (1.7% vs 19.3%, P =
0.001), and birth weight > 4000 grams (0.8% vs 7.6%, P = 0.02) [47]. Conversely,
LSG was associated with higher proportions of small-for-gestational-age (SGA)
neonates (14.3% vs 4.2%, P = 0.01) and low-birth-weight neonates (12.6% vs 4.2%,
P = 0.03) [47]. Cesarean delivery rates were lower in the LSG group (10.1% vs
20.2%, P = 0.04) [47]. However, LSG patients also had higher risk of iron deficiency
anemia requiring treatment with intravenous iron supplementation during pregnancy [47]. This suggests that although LSG improves pregnancy outcomes, however, pregnant women need close monitoring for nutritional deficiencies post LSG.
2.12.3 Male sex hormones
Severe obesity in male patients is accompanied with abnormal sex hormone levels and male hypogonadism. Evidence showed a negative impact of excessive BMI
on testosterone levels, sexual function and sperm parameters [48]. LSG is associated with improvement in sexual and reproductive health, and may ameliorate the
sex hormone unbalance seen with obesity [49]. The total testosterone levels were
significantly increased at 1, 3, 6 months after BS (13.1 ± 7.0, 13.6 ± 5.7, 21.0 ± 19.3
nmol/L, respectively), and estradiol levels significantly decreased at 6 months after
surgery (91.4 ± 44.9 pmol/L) [49]. WL with LSG also has favorable effects on semen
parameters of patients with pre-existing azoospermia and oligospermia [50]. There
was a significant increase in the sperm concentration in men with azoospermia
and oligospermia 1 year post LSG (both P < 0.05) [50]. Interestingly, the changes
in semen and hormones were not affected by the extent of WL experienced by the
patients, suggesting an independent mechanism [50].

3. LSG in special populations
3.1 The elderly (>60 years)
Most elderly patients have multiple comorbidities, which are aggravated when
severe obesity coexists. Obesity increases their risk of developing cancer, heart
disease, diabetes, lower extremity arthritis, sleep apnea, and stroke, with higher
mortality risks from cardiovascular disease [51]. LSG is effective for patients older
than 65 years resulting in significant WL, comorbidities remission, and improved
QoL [52, 53]. LSG for those older than 65 years (median BMI 43 kg/m2) showed low
complications, where only 3.7% had gastric leak with no reported mortality and a
median hospital stay of 5 days [52], BMI decreased to 35, 32.9 and 30.7 kg/m2 at 6,
12 and 24 months after LSG and the mean EWL was 76.3% at 2 years [52]. Moreover,
T2DM, hypertension, dyslipidemia, OSA, and arthralgia showed significant remission at 1 and 2 years following LSG [52]. As for QoL, there was also significant
improvement in the scales that represent physical health, mental health (social
function), general health perception and vitality scores [52].
3.2 Adolescents
Severe obesity in adolescents is associated with multiple comorbidities such as
T2DM, hypertension, sleep apnea, fatty liver disease, decreased QoL and cardiovascular mortality in adulthood [54]. LSG has become the most used operation among
6
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adolescents with severe obesity mainly because of comparable WL outcomes and
morbidities resolution to RYGB [55]. Moreover, LSG carries lower risk of surgical
and nutritional complications [55, 56]. Indications for BS in adolescents largely
mirrors the recommendations for adults [54]. There are no data to suggest that a
youth’s puberty status or linear growth is adversely affected by BS. A study showed
improved linear growth in children after LSG compared with matched controls
[57]. LSG results is significant WL, with EWL% at one year ranging from 49%
to 81% [56, 58], and with durable long term WL (78%) (5 years)[58]. In terms of
comorbidities, surgical treatment of adolescents with severe obesity and T2DM
resulted in superior glycemic control than medical treatment. Across two different
studies, the Teen-Longitudinal Assessment of BS (Teen-LABS) and the Treatment
Options of Type 2 Diabetes in Adolescents and Youth (TODAY) study, a comparison of the glycemic control data showed that at 2 years, the mean hemoglobin A1c
concentration decreased from 6.8% to 5.5% in Teen-LABS and increased from 6.4%
to 7.8 in the TODAY study [55]. At 5 years post LSG, the remission rate of insulin
resistance and T2DM was 100% and 87% respectively [58]. LSG also has a favorable
outcome in terms of improvement of nonalcoholic steatohepatitis (NASH) [59].
Among adolescents who underwent LSG, NASH reverted completely in all patients
and hepatic fibrosis stage 2 disappeared in 90% of the patients [59]. Moreover, LSG
resulted in marked and sustained improvements in HRQoL, weight-related QoL and
body image satisfaction [55, 60].
3.3 Low BMI
BS promotes marked and durable resolution of the clinical manifestations of
diabetes in morbidly obese patients with T2DM. However, among Asians, the
risks associated with T2DM and cardiovascular disease occur at a lower BMI than
in Whites [61]. Patients with BMI < 35 kg/m2 who have uncontrolled and lifethreatening comorbidities do not meet the traditional criteria for obesity surgery.
A surgical approach may be appropriate as an alternative for inadequately
controlled T2DM in suitable surgical candidates with mild to moderate obesity
(BMI 30–35 kg/m2) [62].
3.3.1 Class I obesity (< 30 BMI)
For patients with BMI < 30 kg/m2, a meta-analysis (12 studies, including 697
Asians) found that at 12 months postoperatively, BMI and waist circumference
were reduced by 2.88 kg/m2 and 12.92 cm, respectively [61]. There was a significant
improvement in glycemic control, lipid profiles, and β-cell function in the short and
medium terms (6–24 months) [61]. A study of 25 Asians with T2DM and BMI of
23.23 to 29.97 kg/m2 showed that the complete remission rates at 3, 6, and 12 months
postoperatively for T2DM were 40%, 60%, 68% respectively, hypertension (22.2%,
50%, 75% respectively), hypertriglyceridemia (66.7%, 66.7%, 100% respectively),
and hypercholesterolemia (41.7%, 60%, 100% respectively) [63].
3.3.2 Class II obesity (<35 BMI)
In a randomized controlled trial where 34% of the patients had BMI < 35 kg/
m , WL and diabetes remission were greater post LSG than after conventional
treatment, and were comparable to RYGB [64]. Midterm follow-up (3 years) of 252
patients with BMI < 35 showed %EWL of 75.8% [65]. Insulin resistance remitted
in 89.4%, dyslipidemia in 52%, NAFLD in 84.6%, hypertension in 75% and GERD
in 65% [65]. T2DM showed 60% complete remission and 40% improvement [65].
2
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The morbidity rate was 2.4%, two patients required reoperations, and no leaks or
mortality were reported [65]. This suggests that LSG in patients with BMI < 35 kg/
m2 is safe and effective, and BMI should not be the only indicator to consider BS.
Further studies with longer follow-ups are required.
3.4 Renal transplant patients
Morbid obesity is a barrier to kidney transplantation due to inferior outcomes,
higher rates of new-onset diabetes after transplantation, delayed graft function,
and graft failure [66]. LSG improves renal transplant candidacy and post transplant
outcomes in morbidly obese patients [67, 68]. Kidney recipients who underwent
LSG were compared with similar BMI recipients who did not undergo LSG [67].
In this study, the BMI decreased from 41.5 to 32.3 kg/m2, with no complications,
readmissions, or mortality following LSG [67]. After transplantation, one patient
experienced delayed graft function and no other patients had new-onset diabetes
[67]. Moreover, allograft survival and patient survival at 1-year post transplantation were 100% [67]. Compared with non-LSG patients, post-LSG recipients had
significantly lower delayed graft function rates and renal dysfunction-related
readmissions [67]. Longer duration studies showed that LSG in patients with
obesity and end-stage kidney disease was associated with lower all-cause mortality
at 5 years compared with usual care (cumulative incidence 25.6% vs 39.8%; hazard
ratio 0.69, 95% CI, 0.60–0.78), which is likely driven by the lower mortality from
cardiovascular disease [68]. Moreover, LSG was associated with an increased rate
of kidney transplant at 5 years (cumulative incidence 33.0% vs 20.4%; hazard ratio
1.82; 95% CI, 1.58–2.09) [68].
3.5 Inflammatory bowel disease (IBD)
Historically, IBD patients were unlikely to be overweight or obese due to the
malabsorption and catabolic disease state; however, the increasing rates of obesity along with enhanced therapeutics have now resulted in higher incidence of
obese patients. The prevalence of obesity and severe obesity among IBD patients
is about 20–30% and 2–5%, respectively [69]. LSG is safer compared with RYGB
for IBD patients as immunosuppressant drugs might place IBD patients at higher
risk of surgical complications. The underlying nutritional deficiencies in IBD
patients may also increase susceptibility to micronutrient deficiencies after
BS. Moreover, IBD could increase the conversion rate of laparoscopic to open
surgeries [70]. Despite these concerns, studies have found that LSG has favorable outcomes in patients with IBD. For example, one study showed that among
patients with Crohn's disease (CD) or ulcerative colitis (UC) who underwent
RYGB (n= 19) and LSG (n= 35), both operations led to significant WL at 1 year
[71]. Additionally, a sizable proportion of patients experienced improvements
in IBD after RYGB and LSG [71]. There were no significant differences in the
proportion of patients with UC who had improved (27% vs 8%), unchanged
(64% vs 92%), or worse (9% vs 0%) IBD medication requirements, respectively
[71]. Similar analysis among patients with CD showed no significant differences
in the proportion of patients who had improved (37.5% vs 44%) or unchanged
(25% vs 52%) IBD-medication requirements after RYGB and LSG, respectively.
However, there was a significant difference in the proportion of patients who
had worsened CD after RYGB compared with LSG (37.5% vs 4%, p = 0.016) [71].
In terms of complications, a metanalysis (10 studies) favored LSG over RYGB for
early (<30 days) complications (LSG 14.9% vs RYGB 28.9%) and late (>30 days)
complications (LSG 15.0% vs RYGB 26.8%) [70].
8
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4. Safety and complications
The rate of major complications after LSG is 0–6% [72, 73]. Early complications
include leak, bleeding, symptomatic stenosis, deep vien thrombosis/pulmonary
embolism (DVT/PE), risk of portomesenteric venous thrombosis, and dehydration.
Late complications include stricture, weight regain, and malnutrition.
4.1 30-day morbidity and mortality
Mortality after LSG is currently low. A large study that included 134,142 patients
where 69% of patients underwent LSG and 31% had RYGB found that the mortality
and morbidity rates were significantly lower in LSG compared with RYGB (0.1% vs
0.2%; 5.8% vs 11.7%, respectively). The most important predictors of morbidity and
mortality outcomes were BMI, albumin, and age [74].
4.2 Leak
Leak rates range from 0.5–7.0%, though most recent reported leak rate is
about 1%, reflecting improvements with time and experience in the LSG technique [73, 75]. Gastric leak can result from mechanical forces that stress the
staple line or ischemia. About 75–85% of LSG leaks occur at the proximal third
of the greater curvature staple line, as opposed to the distal or antral staple line,
and usually occur at postoperative day 5 or later [75]. Clinically, post-LSG leak
presents with left upper quadrant pain, tachycardia, fever, or leukocytosis. Upper
gastrointestinal contrast studies have low sensitivity (0–25%) but high specificity (90–95%) [72]. Due to its greater sensitivity, computerized tomography
(CT) scan with oral and intravenous contrast is now used for diagnosis of a leak
in clinically stable patients with suggestive signs or symptoms [72]. For acute
postoperative leak, patients who are not stable enough for CT should be returned
to the operating room for diagnostic laparoscopy. In acute leak, the objective is
adequate drainage to prevent or mitigate abdominal sepsis. Treatment includes
adequate drainage, nutritional support, and antibiotics. In most cases, resolution
of the leak is a matter of time, sometimes taking several months [76]. Endoscopic
treatments are increasingly utilized with variable success rates in an effort to
avoid surgical interventions [77].
4.3 Stenosis
Stenosis can result from the surgical technique or ischemia with subsequent
stricture development. Clinically, significant stenosis occurs in 0.5–3.5% of cases,
most often in a short segment located at mid-body, near the incisura [78]. Diagnosis
is made by upper gastrointestinal contrast studies. Initial management is endoscopic balloon dilatation, probably requiring 2–4 dilation sessions, with 95–100%
long-term success rates [79]. However, there is a 2–5% risk of perforation associated
with dilation [72]. For cases where endoscopic dilation fails, the options include
endoscopic stenting or conversion to RYGB [80].
4.4 Hemorrhage
Postoperative hemorrhage is rare after LSG and less common than with RYGB.
Bleeding usually occurs at the staple line and is extraluminal in about half of the
cases. CT scan confirms the diagnosis, and emergency surgical intervention is
required for clinically significant active hemorrhage. For intraluminal bleeding,
9
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endoscopic interventions, including epinephrine injection, heater probe, and
clipping, are effective [72].
4.5 GERD
Significant GERD is considered a contraindication for LSG. Some studies show an
increased prevalence of GERD in patients after LSG. This is likely due to hypotensive
lower esophageal sphincter, disruption of the angle of His, reduced gastric compliance
with higher intragastric pressure, and decreased gastric emptying. Late dilatation
of the sleeve, and occurrence of hiatal hernia could also play a role in the worsening
of GERD [81]. It is not recommended to empirically start antacid medication for
prophylaxis after LSG [82]. However, for patients who develop reflux after LSG,
treatment options are proton-pump inhibitors or conversion to RYGB [83].
4.6 Portomesenteric venous thrombosis
Portomesenteric venous thrombosis is a rare complication of LSG thought to be
secondary to regional postsurgical inflammation, change in venous outflow, and
dehydration predisposing to clot formation [72]. Patients may present 1–2 weeks after
surgery with vague abdominal pain, severe nausea and vomiting, fever and diffuse
abdominal tenderness. Diagnosis is confirmed with CT scan. Treatment consists of
anticoagulation, fluid resuscitation, and bowel rest. Thrombolytics may be indicated
depending on severity of symptoms. There are no established guidelines for the
duration of anticoagulation therapy, but patients are usually treated for 3–6 months.
Surgical treatment is reserved for patients with evidence of infarcted bowel [84].
4.7 Nutritional deficiencies
Although LSG is viewed as a restrictive procedure, some degree of malabsorption is also expected. After recovering from surgery, patients are at risk of macronutrient deficiencies in the long term due to reduced dietary intake, decreased gastric
secretion of hydrochloric acid and intrinsic factor, and poor food choices. The most
common micronutrient deficiencies are of vitamins B12 and D, iron, and calcium
[85]. Other micronutrient deficiencies that can lead to severe complications include
thiamine, folate, and fat-soluble vitamins [85]. Daily micronutrient supplements
are necessary, including multivitamin concentrate (with iron, copper, and zinc),
calcium citrate with vitamin D, vitamin B12, and elemental iron [82]. However,
multivitamins or nutritional supplements are typically not initiated in the immediate postoperative period [82]. It is necessary to clinically monitor the bariatric
patient during the first five years. Some evidence suggests that patients experienced
fewer nutrient deficiencies after LSG than after RYGB [86].
4.8 Mortality
Mortality after LSG is currently low according to data from the American College
of Surgeons - BS Center Network (includes 28616 patients in 25 hospitals in the USA),
where the 30-day mortality was 0.11% and the 1 year mortality was 0.21% [87].

5. Conclusion
Since its evolution from the initial step of a staged procedure to a stand-alone
procedure, LSG has emerged as the most commonly performed bariatric operation
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worldwide. This is due to its technical ease, coupled with decreased surgical
complications in comparison with other more complex surgical procedures. It has
proven to be safe and effective in achieving weight loss and addressing the metabolic derangements associated with obesity. In addition, long term outcomes have
demonstrated that the durability of LSG is comparable with that of other bariatric
procedures.
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