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Abstract: The laparoscopic vertical sleeve gastrectomy (LVSG) has become the most popular operation for 
the treatment of morbid obesity in the United States. Being a purely restrictive procedure, the LVSG works 
to reduce the caloric intake of patients as well as decrease appetite through removal of ghrelin producing 
cells. Initially developed as the first part of a combined two step restrictive and malabsorptive procedure, the 
LVSG developed as a standalone procedure when patients lost significant weight with the restrictive portion 
of the operation alone. Short term outcomes have been promising in terms of weight loss and resolution of 
comorbid conditions. Long term outcomes are still evolving, but do demonstrate durable weight loss for a 
significant number of patients. Concerns with the LVSG in the long term revolve around development or 
worsening of gastroesophageal reflux disease or weight regain. The LVSG has been demonstrated to be a 
useful tool in the surgical management of morbid obesity.
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Introduction

Bariatric surgery has been demonstrated to be the most 
successful approach to long term weight loss in morbidly 
obese patients. Several previous studies have demonstrated 
the efficacy of the surgical approach in the treatment of 
obesity and its related comorbid conditions (1-4). Surgical 
weight loss procedures can be classified as restrictive or 
malabsorptive in terms of mechanism of action. There have 
been several previous attempts to create a durable restrictive 
weight loss procedure. The vertical banded gastroplasty 
(VBG) was one such procedure, in which a window through 
both walls of the proximal stomach was created and a stapler 
fired towards the angle of His to create a small pouch. A 
polypropylene mesh collar could then be placed around 
the pouch to keep the volume constant (5). This procedure 
was abandoned due to its inferiority in terms of weight loss 

when compared to the RYGB (6-8), and a high incidence of 
reoperation (9,10). The VBG gave way to the laparoscopic 
adjustable gastric band (LAGB), which was placed around 
the proximal portion of the stomach to create a feeling 
of early satiety. The band had the advantage of being 
adjustable, allowing for steady increases in band volume over 
time. However complications like slippage or erosion (11) as 
well as inferior weight loss (12) led to decreased utilization 
of this procedure. As a result, the current most common 
procedure related to the LAGB is their removal (13).

The failure of these procedures to provide a safe 
restrictive option opened the door for the development 
of the laparoscopic vertical sleeve gastrectomy (LVSG). 
Initially, the LVSG was used as the first part of a duodenal 
switch procedure, providing a degree of restriction with the 
small intestinal bypass (14). The LVSG had been utilized in 
super obese patients to allow for initial weight loss prior to 
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completion of the small intestinal bypass. It was observed 
that these patients would lose a significant amount of excess 
weight and improve comorbidities even prior to completion 
of the small intestinal bypass, leading to its development as 
a standalone procedure (15). The LSVG is now approved 
for surgical management of obesity in patients with body 
mass index (BMI) >35 kg/m2 with one obesity related 
comorbidity or for patients with BMI >40 kg/m2. The 
popularity of the LVSG has been steadily increasing over 
the last several years due to its favorable safety profile and 
low complexity, and is now the most commonly utilized 
bariatric operation in the United States, with the LSVG 
occupying 59.38% of all bariatric operations performed in 
2017 (16).

In the following manuscript, technical considerations for 
the LSVG will be discussed, as well as short and long term 
outcomes in terms of weight loss and resolution of obesity 
related comorbid conditions. Long term concerns with this 
procedure will also be discussed, including long term weight 
loss and resolution of comorbidities, gastroesophageal reflux 
and weight regain. 

Technical considerations

In this section, technical considerations for the LVSG 
will be discussed in their relation to short-term outcomes. 
Technical variables involved in this process are the size of 
the remaining stomach as defined by the size of the sizing 
device used as the guide for the stapler, the distance from 
the pylorus where the staple line starts, and staple line 
reinforcement. 

Bougie size

During creation of a sleeve-like stomach, it has been 
recommended to use a sizing device to ensure a consistent 
sleeve staple line and adequate volume. A bougie or other 
sizing device can be used for this purpose, placed trans-
orally and fed along the lesser curvature of the stomach. 
One would assume that a smaller bougie size would lead 
to a smaller stomach, resulting in increased restriction 
and ultimately increased weight loss. This principle was 
suggested in early data from a series of 540 patients by 
Sánchez-Santos et al. (17) in which smaller bougie size 
(32–38 French) led to superior weight loss when compared 
to use of a larger bougie and did not increase complications.

More recent studies incorporating more patients appear 
to refute that assertion. Not only does a smaller bougie size 

not increase weight loss, but it also leads to increase risk of 
leak. A study by Yuval et al. (18) of 4,999 patients examined 
bougie use in patients undergoing LVSG. Bougie size less 
than 40 French led to an excess weight loss of 60.7%, while 
patients with bougie size of greater than 40 French had an 
excess weight loss of 69.2%, the difference between the 
two not achieving statistical significance. Additionally, leak 
rates with the smaller bougie size was noted to be 2.67% 
compared to 0.92%, which was significant. Another larger 
systematic review and meta-analysis by Parikh et al. (19) of 
9,991 patients who underwent LVSG had similar findings. 
This study demonstrated no difference in excess weight loss 
at three years with use of a bougie smaller than 40 French 
compared with those over 40 French, and demonstrated 
a higher leak rate with the use of a smaller bougie. With 
this information, in order to provide adequate weight loss 
without increasing risk of leak, a bougie size of around 40 
French appears to be safe. 

Distance from pylorus

When creat ing a  s leeve ,  an  important  technica l 
consideration becomes how long to make the staple line. 
The staple line has a defined endpoint at the angle of his, 
but variability exists with where to start the staple line in 
relation to the pylorus. If the staple line is initiated close 
to the pylorus, more stomach can be removed, creating 
restriction over a longer distance. 

Previous studies have sought to determine the effect 
of antral resection on weight loss. Two prospective, 
randomized trials in Egypt were performed to determine if 
degree of antral resection had an impact on complications 
or weight loss after LVSG. Abdallah et al. (20) randomized 
105 patients to undergo a LVSG with staple line starting 
either two centimeters from the pylorus (group 1) or  
6 cm from the pylorus (group 2). The results of this study 
demonstrated improved long-term weight loss with greater 
antral resection (71.8% vs. 61% at 24 months). ElGeidie  
et al. (21) randomized 113 patients to undergo either 
an antral resecting or an antral preserving LVSG, with 
measurements from pylorus the same as the aforementioned 
study. Contrary to the results of the other trial, there 
were no differences found in terms of weight loss or 
complications between the two approaches. 

More recent studies have also examined the impact of 
distance from the pylorus on outcomes. 

An examination of the ACS-MBSAQIP database of 
170,751 patients found that patients who underwent LVSG 
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in which the staple line was more than 4 cm from the 
pylorus were less likely to be readmitted following their 
operation and less likely to be treated for dehydration when 
compared to patients whose staple lines started less than 
4 cm from the pylorus (22). A recent study examined the 
impact of sleeve shape on weight loss, with sleeves that have 
staple lines close to the pylorus creating more of a tubular 
shape, while sleeves with staple lines starting further away 
from the pylorus create a “lower pouch” shape. This study 
of 210 patients found that patients that had the lower pouch 
type staple line demonstrated a trend toward decreased 
reflux and improved weight loss when compared to other 
shapes including the tubular sleeve (23).

Data with larger sample sizes appear to favor starting 
the staple line approximately 4–6 cm from the pylorus. A 
greater antral resection does not appear to add benefit in 
terms of weight loss. Starting the staple line closer to the 
pylorus also may narrow the sleeve at the incisura angularis, 
which is the most common site of stricture formation after 
LVSG (24), which may have long term implications for 
patients.

Staple line reinforcement

The LVSG creates a long staple line up the greater 
curvature of the stomach, and creates an area that can be 
prone to bleeding. To combat this common complication, 
many surgeons favor reinforcing the staple line. Options 
include reinforcement by oversewing or the use of synthetic 
or bioabsorbable material. 

Two analyses of the MBSAQIP database aimed to 
identify the role of staple line reinforcement in the LVSG, 
and its impact on bleeding and leak rate. Both studies 
found that any form of reinforcement is better than no 
reinforcement in terms of bleeding rates. An examination 
of the 2016 data from the database demonstrated a bleeding 
rate of 0.6% in the no reinforcement group versus 0.4% 
(OR 0.7, P=0.007) in the staple line reinforcement group 
and 0.5% (OR 0.93, P=0.7) in the oversewing group. If both 
techniques were used for reinforcement, the rate fell to 
0.3% (OR0.52, P=0.002) (25). A study of the compiled 2015 
and 2016 data showed similar results, favoring staple line 
reinforcement to lower bleeding rates (26).

While several studies have demonstrated the benefit 
of staple line reinforcement for the purposes of reducing 
bleeding, the results on its effect on leak rates have been 
mixed. Furthermore the above MBSAQIP analyses 
demonstrated no difference in leak rates between any of the 

approaches to staple line reinforcement (no reinforcement, 
oversewing or use of reinforcement), two systematic 
reviews have demonstrated certain staple line reinforcement 
to reduce leak rates. A systematic review of 88 studies 
including 8,920 patients demonstrated significantly 
lower leak rates with use of an absorbable polymer 
membrane (APM), when compared to no reinforcement or 
reinforcement with bovine pericardial membrane (BPM) 
(1.09% vs. 2.6% vs. 3.3%) (27). A larger systematic review 
incorporating 40,653 patients demonstrated similar results, 
with reinforcement using APM achieving lower leak rates 
compared to no reinforcement or BPM reinforcement (28).

A more recent analysis by Berger et al. (29) of the 
MBSAQIP contradicts these findings. In their analysis of 
189,477 patients who underwent surgery between 2012 and 
2014, while staple line reinforcement decreased bleeding 
rates, they actually found that reinforcement increased 
risk of leak (0.96% with reinforcement, 0.65% without, 
OR 1.20). While the increased leak rate found in this 
study is poorly understood, one possible explanation is 
the sandwiching of reinforcement layers in overlap zones, 
creating areas of potential weakness and ischemia. The 
authors utilize staple line reinforcement routinely.

Short term outcomes

The LVSG has been demonstrated to be a safe and 
well tolerated operation. Earlier studies demonstrated 
bariatric surgery to be a risky endeavor, especially in 
elderly patients. A 2005 study of Washington Medicare 
beneficiaries demonstrated a higher than expected early 
mortality rate (30), leading to a national coverage decision 
restricting reimbursement for bariatric surgery (31). Since 
then, with time and experience, bariatric surgery has been 
demonstrated to be safe and effective. A follow up study 
after the national coverage decision demonstrated improved 
outcomes amongst Medicare beneficiaries (32).

Further data has reinforced the safety of bariatric 
surgery. The Longitudinal Assessment of Bariatric Surgery 
Consortium published a study demonstrating a mortality 
rate of 0.3% and a major adverse event rate of 4.3% within 
30 days in their patient population of 4,776 patients (33). 
When referring to LVSG operations specifically, other 
studies have aimed to judge their safety when compared 
to the gold standard of bariatric operations: the Roux-
en-Y gastric bypass (RYGB). An analysis if the NSQIP 
database analyzed 24,117 patients who underwent LVSG 
or bypass for morbid obesity. When compared with RYGB, 
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patients who had a LVSG had a shorter operative time (101 
vs. 130 minutes), and lower rates of blood loss requiring 
transfusion (0.6% vs. 1.5%), deep wound infection (0.06% 
vs. 0.2%), serious morbidity rate (3.8% vs. 5.8%), and  
30-day reoperation rate (1.6% vs. 2.5%) (34). An analysis 
of the 2015 MBSAQIP database of 134,142 patients 
demonstrated a lower mortality rate (0.1% vs. 0.2%), 
morbidity rate (5.8% vs. 11.7%), and leak rate (0.8% vs. 1.6%) 
in patients undergoing LVSG when compared to RYGB (35).

LVSG can have a very significant impact on weight and 
resolution of obesity related comorbidities in the short term. 
The volume restriction with the LVSG reduces the number 
of calories a patient can eat at a time, resulting in decreased 
overall caloric intake and weight loss. Additionally, the 
LVSG also removes the Ghrelin producing cells in the 
stomach, decreasing appetite (36). Studies of short-term 
outcomes have demonstrated significant weight loss. A 
systematic review that included 5,218 patients demonstrated 
an excess weight loss of 67.3%, resulting in a significant 
BMI reduction. The procedure also had a significant impact 
on comorbidities, with 81.9% of patients with diabetes, 
66.5% of patients with hypertension, and 64.1% of patients 
with dyslipidemia experiencing remission at one year (37).

A direct comparison to the LRYGB was performed by 
randomizing patients to undergo RYGB or LVSG. The 
SLEEVEPASS trial enrolled 240 patients to undergo LVSG 
or RYGB. At six months, patients in the sleeve group when 
compared to patients in the bypass group had similar rates 
of excess weight loss (49.2% vs. 52.9%), resolution or 
improvement in Diabetes (84.3% vs. 93.3%), hypertension 
(76.8% vs. 81.9%) and hypercholesterolemia (64.1% vs. 
69.0%) (38).

One of the most feared short-term complications of 
the LVSG is a staple line leak. A leak after LVSG may 
occur due to decreased blood supply to part of the staple 
line, resulting in ischemia and an eventual leak. The most 
common location for a leak is in the proximal third of the 
stomach, as demonstrated by a systematic review of 4,889 
which demonstrated that 89% of leaks were in this location 
(39). This may result from alteration in blood flow in this 
area that a LVSG can create. A study of sleeve gastrectomies 
of cadaveric trunks demonstrated that branches to the 
possible part of the gastric tube from the left gastric artery 
can be damaged by the LVSG, making this area particularly 
vulnerable to ischemia (40). Patients particularly vulnerable 
to this complication include those who are oxygen dependent, 
or have obstructive sleep apnea, hypoalbuminemia, 
hypertension or diabetes, as demonstrated by an analysis of 

the 2015 MBSAQIP database (41).

Long term outcomes

Long term data for the LVSG is starting to become 
available as the utilization of the LVSG as a standalone 
bariatric procedure has increased over the past several years. 
With past restrictive procedures, there were long-term 
difficulties with durability of weight loss. Several studies 
with long term follow up have demonstrated the durability 
of this operation.

Much of the data regarding long term outcomes 
from LVSG comes from institutionally reported data. 
A systematic review examining weight loss in patients 
that underwent LVSG incorporated 15 studies and 432 
patients. Weight loss outcomes were measured for patients 
with at least five years of follow up, and found that these 
patients had a mean excess weight loss of 59.3% (42). A 
larger systematic review of 20 studies incorporated 1,626 
patients with at least five years of follow up demonstrated 
durable weight loss and improvement of obesity related 
comorbid conditions. Patients with that length of follow 
up demonstrated 58.4% excess weight loss. Patients that 
followed up for longer intervals (up to 11 years) appeared 
to maintain that weight loss through follow up. Patients 
also saw improvement or resolution in diabetes (77.8%), 
hypertension (68%) dyslipidemia (65.9%), obstructive sleep 
apnea (75.8%), gastroesophageal reflux disease (430.6%), 
and degenerative joint disease (55.7%) (43).

Two randomized controlled trials have compared 
outcomes of the LVSG and the RYGB. The SLEEVEPASS 
trial was a study of 240 patients randomized to undergo 
either LVSG or RYGB in Finland. Five-year data of that 
trial has recently been reported, and demonstrated mean 
excess weight loss of 49% in sleeve patients compared 
to 57% in bypass patients, a difference which was not 
statistically significant. Patients also had similar rates of 
complete or partial remission of comorbid conditions 
including diabetes and hyperlipidemia, and patients in the 
bypass group were more likely to experience complete or 
partial remission of hypertension (44). Similarly, the SM-
BOSS trial of 217 Swiss patients randomized to undergo 
LVSG or RYGB demonstrated similar weight loss outcomes 
between the two groups, as well as similar rates of resolution 
of Diabetes and hyperlipidemia (45).

Long-term outcomes were compared in a systematic 
review and meta-analysis incorporating 14 studies and 
5,264 patients who underwent LVSG or LRYGB. A slight 
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weight loss benefit in terms of long-term weight loss was 
demonstrated for patients that underwent LRYGB, although 
there was a substantial benefit in terms of long-term weight 
loss for those who underwent LVSG as well. Resolution of 
comorbid conditions was similar between the two groups (46).

Although long-term data for outcomes from LVSG is still 
being developed, the available data from studies with long-
term follow up demonstrate the promise of this procedure. 
Compared with the gold standard bariatric operation that 
is the RYGB, the LVSG offers weight loss close to that of 
the RYGB, with similar rates of resolution or improvement 
in obesity related comorbid conditions. The issue with 
previous purely restrictive operations, however, was the re-
intervention rate after the initial operation. This is an issue 
that is also starting to develop with the LVSG.

One major issue for patients that undergo LVSG is the 
potential worsening of existing gastroesophageal reflux 
disease or the development of de novo reflux. A study 
of 20 post-operative LVSG patients that underwent pH 
monitoring demonstrated a significant increase in acid 
exposure when compared to pre-operative values, indicating 
the effect a LVSG can have on reflux. Interestingly, the 
increased acid exposure had different effects of patient’s 
symptoms. Fourteen of the twenty patients in this study had 
pre-operative reflux. In those patients, after the operation 
six reported improved symptoms, six reported worsening 
symptoms, and two had no change. Of the 6 patients 
without reflux prior to the operation, four complained of 
de novo reflux symptoms (47). This increased acid exposure 
can have a potential impact on the esophagus, as a study of 
110 patients who underwent LVSG underwent subsequent 
follow up endoscopy and found a 17.2% incidence of 
new Barrett’s esophagus (48). While the above studies 
did not demonstrate a correlation with acid exposure and 
reflux symptoms, symptomatic reflux remains a common 
indication for revision operation after LVSG. 

As long-term data regarding the LVSG continues to 
be developed, revisional surgery for patients with a purely 
restrictive procedure with the LVSG continues to be a 
concern. A meta-analysis encompassing 2,280 LVSG 
patients with at least 7 years of follow up demonstrated a 
weight recidivism rate of 27.8%, with a revisional operation 
rate of 19.9% (49). An analysis of Statewide Planning and 
Research Cooperative System in New York State of 40,994 
bariatric procedures found a lower revision rate than the 
previous study in this population of 9.8%. However, this 
rate was still twice the revision rate of a RYGB (4.9%) (50). 
Most common indications for revision surgery include 

gastroesophageal reflux not manageable with medical 
therapy and weight regain. Options for revision include 
conversion to RYGB or a biliopancreatic diversion. These 
data demonstrate some concerns with the LVSG similar to 
that of other purely restrictive operations.

Conclusions

The LVSG has become the most popular bariatric operation 
in the United States for the treatment of morbid obesity 
due to its technical simplicity and palatability to patients. 
The weight loss associated with the LVSG has been 
demonstrated to be substantial, and many patients continue 
to keep the weight off in the long term. The data available 
also demonstrate improvement in obesity related comorbid 
conditions, though long-term data is still being developed. 
It is important to remember that the LVSG was initially 
developed as the restrictive portion of a malabsorptive 
procedure, and previous attempts at a purely restrictive 
procedure have been abandoned due to insufficient weight 
loss or high revision surgery rate. While the initial data with 
the LVSG are promising, the development or worsening of 
reflux as well as the revisional surgery rate should be kept in 
mind when discussing surgical options with patients.
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