
Vol.:(0123456789)1 3

Langenbeck's Archives of Surgery (2023) 408:4 
https://doi.org/10.1007/s00423-022-02734-y

RESEARCH

Long‑term (11 + years) efficacy of sleeve gastrectomy as a stand‑alone 
bariatric procedure: a single‑center retrospective observational study

Ioannis Kehagias1 · Aggeliki Bellou2 · Dimitrios Kehagias3 · George Markopoulos4 · Theofilos Amanatidis5 · 
Andreas Alexandrou6 · Konstantinos Albanopoulos7 · Charalampos Lampropoulos8 

Received: 5 May 2022 / Accepted: 15 October 2022 / Published online: 29 December 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Introduction Sleeve gastrectomy (SG) is currently the most commonly performed bariatric procedure worldwide. The aim 
of the present study was to evaluate the long-term efficacy of SG as a stand-alone bariatric procedure.
Methods A single-center retrospective analysis of 104 patients who underwent SG as a stand-alone bariatric procedure 
between January 2005 and December 2009. Weight loss, weight regain, remission or improvement of comorbidities and the 
new onset of comorbidities were the main outcomes of the study.
Results The percent excess body weight loss (%EBWL), percent excess body mass weight (BMI) loss (%EBMIL), and per-
cent total body weight loss (%TBWL) were 59 ± 25, 69 ± 29, and 29 ± 12, respectively, after a mean follow-up of 13.4 years. 
At the last follow-up, nearly two thirds of patients (67.3%) had an %EBWL greater than 50. The percentage of patients who 
experienced significant weight regain ranged from 47 to 64%, depending on the definition used for weight regain. The rate 
of improvement or remission of hypertension, type 2 diabetes, dyslipidemia, obstructive sleep apnea, and degenerative joint 
disease at a mean follow-up of 13.4 years was 40%, 94.7%, 70%, 100%, and 42.9%, respectively. The new onset of gastroe-
sophageal reflux disease (GERD) symptoms in the same period was 43%.
Conclusion Our data supports that SG results in long-lasting weight loss in the majority of patients and acceptable rates of 
remission or improvement of comorbidities. Weight regain and GERD may be issues of particular concern during long-term 
follow-up after SG.
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Introduction

Sleeve gastrectomy (SG) was initially introduced as a com-
ponent of biliopancreatic diversion with duodenal switch 
(BPD/DS) [1]. Later, SG was performed as a first step in a 

two-step approach to BPD/DS or Roux-en-y gastric bypass 
(RYGB) for high-risk patients with severe obesity (body 
mass index (BMI) > 50 kg/m2) [2, 3]. Preliminary efficacy 
and safety results, combined with technical simplicity, made 
SG acceptable as a stand-alone bariatric procedure. In the 
last 20 years, SG has gained widespread popularity as a 
stand-alone procedure and is currently the most commonly 
performed bariatric procedure worldwide [4]. * Charalampos Lampropoulos 
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Despite its widespread use, there is little data on the effi-
cacy of SG after the tenth postoperative year. Two issues 
of particular concern during long-term follow-up after SG 
are the occurrence of weight regain and gastroesophageal 
reflux disease (GERD) [5]. Weight regain limits the potential 
beneficial effects of SG [6], while GERD affects patients’ 
quality of life and social functioning and may even cause 
Barrett’s esophagus and/or esophageal cancer [7]. Both of 
them increase the rate of revision surgery and may have sig-
nificant economic burdens.

The aim of the present study was to evaluate the long-
term efficacy of SG as a stand-alone bariatric procedure in 
terms of weight loss, weight regain, remission or improve-
ment of comorbidities, and new onset of comorbidities in 
a single center series of patients with at least 11 years of 
follow-up.

Materials and methods

Study design and patients

Between January 2005 and December 2009, 181 consecu-
tive adult patients less than 65 years old with morbid 
obesity underwent SG as a stand-alone bariatric proce-
dure in the morbid obesity unit of our institution. All 
patients met the eligibility criteria for bariatric surgery 
established by the National Institutes of Health (NIH) 
in 1992 and had not undergone bariatric surgery in the 
past. Based on the results of the preoperative workup at 
the time of surgery, all patients had a BMI of less than 
52 kg/m2, were not “sweet eaters” and did not suffer from 
hiatal hernia, severe GERD, or Barrett’s esophagus based 
on the results of the preoperative workup at the time of 
surgery. Sweet eating was defined as the consumption at 
least 3 times a week of more than 300 kcal of sweet foods 
or beverages. Patients found intraoperatively to have a 
hiatal hernia were not excluded. They underwent hiatal 
hernia repair and then SG. Preoperatively, all patients 
underwent a standard workup (history, physical exami-
nation, and laboratory evaluation, including esophago-
gastroduodenoscopy—EGD). Postoperatively, patients 
attended the outpatient facilities of our institution at 1, 
3, 6, and 12 months after SG and annually thereafter. A 
high proportion of patients were lost to follow-up after 
the first postoperative years.

In order to evaluate the long-term efficacy of SG, 
we conducted a retrospective observational study. The 
study was approved by our institution’s research ethics 
committee. From the registry of our unit, we obtained 
the contact details of 181 eligible patients. One patient 
died 1 month after surgery for an unspecified reason and 

was not included in the study. Patients found through 
the available contact details were invited to participate, 
and informed consent was requested from them. To be 
eligible for the study, patients must not (1) have under-
gone any other surgery that alters the anatomy of the 
gastrointestinal tract after SG (including conversion, 
re-sleeve, or endoscopic sleeve gastroplasty); (2) suffer 
from uncontrolled endocrine disorder, active malignancy, 
or other disease known to affect appetite and/or intesti-
nal function; and (3) be pregnant. Finally, 104 patients 
entered the study. The flow chart of the patient selection 
process is shown in Fig. 1.

The 104 patients included in the study underwent a struc-
tured phone interview process regarding postoperative weight 
loss outcomes and progression of comorbidities. Additional 
data from the postoperative follow-up of patients at 1, 5, 
and 10 years was extracted from the registry of our unit. We 
chose these time points as representative of short-, mid-, 
and long-term follow-up. The main outcomes of the present 
study were (a) weight loss, (b) weight regain, (c) remission 
or improvement of comorbidities, and (d) the new onset of 
comorbidities (including GERD symptoms such as heartburn 
and regurgitation).

Ideal body weight (IBW) was calculated by the Peterson 
equation as follows [8]:

A target BMI of 22 was used for all calculations.
Excess body weight (EBW) was calculated as the dif-

ference between the preoperative total body weight (TBW) 
and the IBW, while excess BMI (EBMI) was calculated as 
follows:

Weight loss after SG was expressed as follows:

(1) Percentage of excess body weight loss (% EBWL), cal-
culated as follows:

(2) Percentage of excess BMI loss (% EBMIL), calculated 
as follows:

  and
(3) percentage of total body weight loss (% TBWL), calcu-

lated as follows:

IBW (kg) = 2.2 × BMItarget + 3.5 × BMItarget × [height (m) − 1.5m]

EBMI (Kg∕m
2
) = Preoperative BMI − 25

% EBWL = 100 ×
Preoperative EBW − EBW at follow − up

Preoperative EBW

% EBMIL = 100 ×
Preoperative BMI − BMI at follow − up

Preoperative BMI − 25

% TBWL = 100 ×
Preoperative TBW − TBW at follow − up

Preoperative TBW
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The overall evaluation of the operation in terms of weight 
loss was based on the Reinhold classification modified by 
Christou [9], on Biron et al.’s criteria [10] and on the per-
centage of patients who maintained %EBWL ≥ 50 at the 
end of the follow-up [11]. We defined weight nadir as the 
lowest postoperative recorded weight. Because there is 
no commonly accepted definition of postoperative weight 

regain, we used four different definitions to assess it [12]. 
In particular, weight regain was defined as (1) an increase 
in TBW of > 10 kg from weight nadir, (2) an increase in 
TBW of > 15% from weight nadir, (3) an increase in BMI 
of ≥ 5 kg/m2 from the minimum BMI achieved postopera-
tively, and (4) greater than 25% EBW regain with respect to 
weight nadir.

Obesity-related comorbidities evaluated in the present 
study included hypertension (HTN), type 2 diabetes mel-
litus (T2DM), dyslipidemia (DLP), obstructive sleep apnea 
(OSA), degenerative joint disease (DJD), and GERD. 
Improvement or remission of HTN, T2DM, and DLP was 
defined as discontinuation of preoperative medical treat-
ment, while improvement or remission of OSA, DJD, and 
GERD was defined as discontinuation of preoperative spe-
cific therapeutic measures (such as continuous positive air-
way pressure (CPAP) therapy) and improvement/elimination 
of symptoms. On the other hand, the new onset of HTN, 
T2DM, and DLP was defined as the new intake of disease-
specific medications in patients who did not receive medi-
cations preoperatively, while the new onset of OSA, DJD, 
and GERD was defined as the new onset of symptoms or the 
application of specific therapeutic measures in asymptomatic 
patients who did not receive any treatment preoperatively.

Surgical technique

The procedure was performed by the same surgical team, 
and a laparoscopic or open approach was used in all 
cases. Regardless of the approach, the greater omentum 
was divided next to the greater curvature of the stomach 
using a bipolar vessel sealing system. The gastric fundus 
was fully mobilized from the left diaphragmatic crus with 
minimal dissection of the hiatus. In the case of hiatal 
hernia detection, it was repaired intraoperatively. Stomach 
resection was performed by dividing the greater curvature 
of the stomach with continuously applied linear staplers 
close to a 32F bougie. The resection began approximately 
3 cm proximal to the pylorus and continued upwards to 
the angle of His, while keeping a safe distance of approxi-
mately 1 cm from the gastroesophageal junction. In this 
way, about 85–90% of the stomach was removed and a 
gastric sleeve was created. In all cases, pericardial strips 
were used for staple line reinforcement, and a drainage 
tube was left close to the staple line.

Statistical analysis

All statistical analyses were performed using Jamovi ver-
sion 1.8.4 for Linux. Categorical variables were expressed 
as counts (%), while continuous variables were expressed 
as mean ± standard deviation (SD) unless otherwise 

Fig. 1  The flow chart of the patient selection process
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specified. Intergroup comparisons of categorical vari-
ables were performed using the χ2 test. The evolution of 
comorbidities over time was assessed with the McNemar 
test. Intergroup comparisons of continuous variables were 
performed using a Student’s t test for parametric variables 
or a Mann–Whitney U test (Wilcoxon rank-sum test) for 
non-parametric variables. Intragroup-paired comparisons 
of continuous variables were performed using the paired 
(dependent) sample t test for parametric variables and the 
Wilcoxon signed-rank test for non-parametric variables. 
For all these analyses, p values < 0.05 were considered 
significant.

Results

Patient characteristics

A subset of 104 patients out of a total of 181 patients who 
underwent SG as a primary bariatric procedure between 
January 2005 and December 2009 were included in the 
present study. Patient characteristics are shown in Table 1. 
The mean age at surgery was 34.0 ± 10.1  years (range 
18.5–60.8 years). Eighty-two (78.8%) of 104 patients were 
women. The mean preoperative weight was 122.4 ± 16.6 kg 
(range 87.4–177.0 kg), while the mean preoperative BMI 
was 43.4 ± 2.9 kg/m2 (range 36.8–51.1 kg/m2). Ninety-nine 
(95.2%) of 104 patients underwent laparoscopic SG, while 
the rest underwent open surgery. The conversion rate was 
0%. Thirty-nine (37.4%) of 104 patients suffered from at 
least one comorbidity preoperatively. The most common 
comorbidities were T2DM (18.3%), HTN (14.4%), OSA 
(10.6%), and DLP (9.6%). The mean postoperative follow-
up was 13.4 ± 1.3 years (range 11.0–15.8 years).

Weight loss

Weight, BMI, %EBWL, %EBMIL, %TBWL, and time 
course trends during follow-up are shown in Table 2 and 
Fig. 2. Postoperative weight and BMI were significantly 
lower at all time points compared to preoperative values 
(all p < 0.001). Rapid weight loss was observed during the 
first postoperative year and weight loss peaked 1 year after 
SG. After the first postoperative year, weight loss began to 
decrease gradually due to weight regain. At a mean follow-
up of 13.4 years, weight loss was significantly lower com-
pared to the first postoperative year (p < 0.001). Weight 
and BMI increased by 17 ± 20% (an average of 1.2% per 
year), whereas %EBWL, %EBMIL, and %TBWL decreased 

Table 1  Characteristics of study patients

kg kilogram, m meter, SD standard deviation

Number of patients 104

Male/female 22 (21.2%)/82 (78.8%)
Age (years ± SD) at surgery 34.0 ± 10.1
Weight (kg ± SD) 122.4 ± 16.6
Height (m ± SD) 1.68 ± 0.09
BMI (kg/m2 ± SD) 43.4 ± 2.9
Ideal weight (kg ± SD) 61.9 ± 7.2
Excess weight (kg ± SD) 60.5 ± 10.8
Patients with initial BMI > 50 kg/m2 2 (1.9%)
Open/laparoscopic SG 5 (4.8%)/99 (95.2%)
Age (years ± SD) at follow-up 47.4 ± 10.1
Mean follow-up (years ± SD) 13.4 ± 1.3
Comorbidities 39 (37.5%)
Hypertension (HTN) 15 (14.4%)
Type 2 diabetes mellitus (T2DM) 19 (18.3%)
Dyslipidemia (DLP) 10 (9.6%)
Obstructive sleep apnea (OSA) 11 (10.6%)
Degenerative joint disease (DJD) 7 (6.7%)
Gastroesophageal reflux disease (GERD) 4 (3.8%)

Table 2  Progress of weight loss parameters during follow-up

kg kilogram, m meter, SD standard deviation

Time after SG Time of surgery 1 month 1 year 5 years 10 years 11 + (mean 
13.4 ± 1.3) 
years

Time of nadir weight

Follow-up 104/104 104/104 99/104 62/104 17/104 104/104 104/104
Follow-up rate (%) 100 100 95 60 16 100 100
Weight (kg) (kg ± SD) 122.4 ± 16.6 108.8 ± 13.8 74.4 ± 13.0 81.5 ± 13.2 85.6 ± 17.4 86.4 ± 16.5 70.2 ± 13.3
Body mass index (BMI) (kg/

m2 ± SD)
43.4 ± 2.9 38.7 ± 2.7 26.4 ± 2.5 29.1 ± 4.4 31.0 ± 6.4 30.8 ± 5.6 24.9 ± 3.6

Percentage of excess body weight 
loss (%EBWL ± SD)

0 22 ± 6 80 ± 15 67 ± 19 59 ± 24 59 ± 25 87 ± 16

Percentage of excess body mass 
index loss (%EBMIL ± SD)

0 26 ± 7 94 ± 19 78 ± 22 69 ± 29 69 ± 29 102 ± 20

Percentage of total body weight 
loss (%TBWL ± SD)

0 11 ± 3 39 ± 7 33 ± 9 29 ± 11 29 ± 12 43 ± 8
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by 25 ± 31% (an average of 2.35% per year) between the 
first postoperative year and the last follow-up. %EBWL, 
%EBMIL, and %TBWL at the last follow-up were 59 ± 25, 
69 ± 29, and 29 ± 12, respectively.

Over two thirds of patients (67.3%) maintained an 
%EBWL of > 50 at the last follow-up, which is a reliable 
indicator of long-term weight loss. According to the Rein-
hold classification modified by Christou and the criteria of 
Biron et al., 50% of patients showed excellent weight loss 
outcomes, 32.7% of patients showed good weight loss out-
comes, while 17.3% of patients showed suboptimal weight 
loss outcomes at 11 + years. In addition, successful long-
term weight loss at 11 + years (%EBWL > 50) was associ-
ated with greater %EBWL at 1 year (p = 0.006) and 5 and 
10 years (p < 0.001).

Weight regain

Depending on the definition of weight regain used, the 
percentage of patients who experienced significant weight 
regain ranged from 47 to 64% (Table 3). In particular, at 
a mean follow-up of 13.4 years, 47% of patients experi-
enced > 25% EBW regain with respect to weight nadir, 50% 
of patients experienced an increase in BMI of ≥ 5 kg/m2 
from the minimum BMI achieved postoperatively, 61% of 
patients experienced an increase in body weight of > 10 kg 
from weight nadir, and 64% of patients experienced an 
increase in body weight of > 15% from weight nadir. Overall, 
the mean weight regain during follow-up was 16.2 ± 12.7 kg, 
the mean percentage increase in body weight was 25 ± 23%, 
and the mean increase in BMI was 5.9 ± 4.9 kg/m2.

Fig. 2  Progress of BMI (a) and 
%EBWL (b) during follow-up
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Comorbidities

The evolution of comorbidities is shown in Table 4. The rate 
of improvement or remission of HTN, T2DM, DLP, OSA, 
DJD, and GERD at a mean follow-up of 13.4 years was 40%, 
94.7%, 70%, 100%, 42.9%, and 25%, respectively. On the 
other hand, the new onset of HTN, T2DM, DLP, OSA, DJD, 
and GERD symptoms in the same period was 3.4%, 1.2%, 
3.2%, 1.1%, 2.1%, and 43%, respectively. Statistical analysis 
showed that the incidence of T2DM and OSA at 11 + years 
after SG was significantly lower (p < 0.001 and p = 0.004, 
respectively), while the incidence of GERD symptoms at the 
same time was significantly higher (p < 0.001) compared to 
preoperatively. In addition, the presence of GERD symptoms 
postoperatively was not associated with any of the weight 
loss or weight regain parameters examined.

The great majority of patients with GERD symptoms 
had undergone at least one EGD at irregular intervals 
postoperatively, and more than half of them had findings 

of erosive esophagitis. Almost all of the patients with 
GERD symptoms were receiving proton pump inhibitors 
(PPIs) medication. On the other hand, only a few of the 
patients without GERD symptoms had undergone an EGD. 
In many patients who underwent EGD, the results were 
not reported according to the Los Angeles classification 
system.

Revision or conversion to other bariatric procedures

Of the 107 patients who agreed to participate in the study 
and were interviewed, only one had undergone a conversion 
of SG to RYGB. The main indication for conversion in this 
patient was severe GERD. No other patients had undergone 
revisional surgery or conversion of the SG to one anasto-
mosis gastric bypass (OAGB)/mini gastric bypass (MGB) 
or other bariatric procedure due to severe GERD, insufcient 
weight loss, weight regain, or other reasons (Fig. 1).

Table 3  Long-term weight regain

TBW total body weight, BMI body mass index, EBW excess body weight, EBWL excess body weight loss

Definition of weight regain

An increase in TBW of > 10 kg 
from nadir

An increase in BMI of ≥ 5 kg/
m2 from minimum BMI 
achieved postoperatively

Greater than 25% EBW regain 
with respect to weight nadir

An increase in TBW of > 15% 
from weight nadir

Calculation Total body weight in kg at 
follow-up—total body weight 
in kg at nadir > 10 kg

BMI at follow-up—BMI at 
nadir ≥ 5

EBWL at nadir—EBWL at 
follow-up > 25

[(total body weight in kg 
at follow-up—total body 
weight in kg at nadir)/
total body weight in kg at 
nadir] × 100 > 15

Patients 
without 
weight 
regain, n 
(%)

41/104 (39%) 52/104 (50%) 55/104 (53%) 37/104 (36%)

Patients with 
weight 
regain, n 
(%)

63/104 (61%) 52/104 (50%) 49/104 (47%) 67/104 (64%)

Table 4  Progress of 
comorbidities

Comorbidities Preoperative Postoperative p

Remission/
improvement, 
n (%)

New onset (n)

Hypertension (HTN) 15/104 6/15 (40%) 3/89 (3.4%) 0.317
Type 2 diabetes mellitus (T2DM) 19/104 18/19 (94.7%) 1/85 (1.2%)  < 0.001
Dyslipidemia (DLP) 10/104 7/10 (70%) 3/94 (3.2%) 0.206
Obstructive sleep apnea (OSA) 11/104 11/11 (100%) 1/93 (1.1%) 0.004
Degenerative joint disease (DJD) 7/104 3/7 (42.9%) 2/97 (2.1%) 0.655
Gastroesophageal reflux disease (GERD) 4/104 1/4 (25%) 43/100 (43%)  < 0.001
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Discussion

The current study presents the long-term weight loss out-
comes and progression of comorbidities in a series of 104 
patients who underwent SG as a stand-alone bariatric pro-
cedure at our institution between 2005 and 2009. The vast 
majority of patients were offered laparoscopic surgery. Five 
patients from our study group underwent open SG. These 
were very early SGs at our institution, which were performed 
in order to familiarize the surgical team with the basic opera-
tive technique. Currently, all SGs at our institution are per-
formed laparoscopically. Furthermore, in the last decade or 
so, we have abandoned the use of pericardial strips. Pericar-
dial strips were widely used in the 00’s. Although pericardial 
strips may reduce length of stay and bleeding from the staple 
line, more recent and higher-quality data supports that the 
use of pericardial strips is associated with an increased leak 
rate compared with no reinforcement or other reinforcement 
techniques, as well as increased readmission and reoperation 
rates compared with other reinforcement techniques [13–, 
15].

The last follow-up was at least 11 years after SG. As 
mentioned in the results, %EBWL and %TBWL at a mean 
follow-up of 13.4 years were 59 and 29, respectively. Our 
results are consistent with data from previously published 
studies presenting long-term (≥ 10 years) weight loss after 
SG [16–21]. According to these studies, %EBWL during 
long-term follow-up after SG ranges between 50 and 70.5, 
while %TBWL ranges between 21 and 31.5. However, it 
should be noted that the weight loss outcomes in these stud-
ies are usually overestimated, as they do not include patients 
undergoing conversion or revision surgery. The conversion 
or revision surgery rate during long-term follow-up after SG 
is estimated to be 6–49%. The most common indication for 
conversion or revision surgery is inadequate weight loss or 
weight regain [5. ]. In contrast, only one patient in our study 
was converted to RYGB, and this was due to GERD. The 
low conversion/revision surgery rate in our study was mainly 
due to patients’ unwillingness to undergo reoperation. In this 
respect, our results should be considered more representative 
of long-term weight loss after SG. On the other hand, patient 
selection in our study was designed to improve long-term 
outcomes after SG. For instance, BMI has been shown to be 
a negative predictor of weight loss after SG [22]. However, 
patients with a BMI ≥ 52 kg/m2 were not eligible for SG at 
our institution. In this regard, weight loss outcomes may 
have been overestimated in our study as well.

Most studies with long-term follow-up agree that weight 
loss failure (weight regain and/or insufficient weight loss) 
is the most common cause of reoperation after SG [13, 
15–18], although some studies suggest that GERD may be 
a more common cause of reoperation [14, 20,23]. It has been 
shown that during the medium-term follow-up (5–7 years) 

after SG, up to 40% of patients exhibit an increase in body 
weight of > 10 kg from their weight nadir [24, 25], while up 
to 30% of patients exhibit > 25% EBW regain with respect 
to their weight nadir [26, 27]. Weight regain during long-
term follow-up after SG cannot be precisely estimated, as 
some patients undergo conversion or revision surgery. Our 
study showed that 61% of patients experienced an increase 
in body weight of > 10 kg from their weight nadir and 47% 
of patients experienced > 25% EBW regain with respect to 
their weight nadir at a mean follow-up of 13.4 years. In line 
with previous observations [6], this indicates an increas-
ing trend in the proportion of patients experiencing weight 
regain after SG as the time after surgery increases. Although 
weight regain may be a major late complication of SG, it is 
a common phenomenon after all types of bariatric surgery, 
and it does not necessarily imply weight loss failure or the 
need for reoperation. The mean annual increase in body 
weight and the decrease in percent EBWL in our study group 
during the 10 + years after the first postoperative year were 
only 1.2% and 2.5%, respectively. This suggests acceptable 
to good long-term weight loss maintenance for the majority 
of patients. Patient selection and surgical technique are cru-
cial for long-term weight loss maintenance after SG, as large 
residual gastric volume, large bougie size, removed gastric 
volume of < 500 cc, limited antral resection, stress, anxiety, 
high serotonin levels, eating disorders, pregnancy, lack of 
exercise, and poor nutrition habits (such as high fat intake 
and increased consumption of sweets) have been identified 
as predictors for weight regain [28]. Surgical options for the 
treatment of weight regain after SG include repeat sleeve 
gastrectomy (re-sleeve), endoscopic sleeve gastroplasty 
(ESG), and conversion to RYGB, BPD-DS, OAGB/MGB, 
or single anastomosis duodeno-ileal bypass (SADI-S) [29].

According to the results of our study, SG resulted in an 
extremely high rate of remission or improvement in T2DM 
and OSA, a fairly high rate of remission or improvement in 
DLP, and a modest remission or improvement in HTN and 
DJD. Comparison with other studies was not possible due 
to the heterogeneity of the definitions used in the literature. 
Nevertheless, most published studies with long-term follow-
up agree that SG is more effective in remission or improve-
ment of T2DM and OSA than HTN and DLP [16, 18, 20]. 
Preoperative duration of T2DM has been shown to be a pre-
dictor of remission or improvement after SG. A preoperative 
duration of T2DM > 10 years has been associated with a 
lower postoperative remission rate [25]. Therefore, SG is a 
reasonable option for patients with morbid obesity, recent 
onset of T2DM, and good preservation of β cells [30]. In 
other cases, bariatric surgery with duodenal exclusion may 
be more appropriate [31]. Preoperative weight has also been 
shown to be a negative predictor of remission of T2DM after 
SG. In particular, higher preoperative weight has been asso-
ciated with lower postoperative remission rates of T2DM 
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[20]. Therefore, even in this case, patient selection seems 
to play an important role in the remission or improvement 
of T2DM after SG. The rate of new onset of HTN, T2DM, 
DLP, OSA, and DJD was very low. This indicates a possible 
role for SG in preventing the onset of these comorbidities. 
In summary, despite high weight regain rates, SG resulted 
in acceptable to high rates of remission or improvement and 
low rates of new onset of HTN, T2DM, DLP, OSA, and DJD 
during long-term follow-up.

Due to patient selection criteria, the remission or 
improvement of preexisting GERD after SG cannot be reli-
ably evaluated by the present study. The new onset of GERD 
symptoms during long-term follow-up was 43%. The inci-
dence of de novo GERD during long-term follow-up after 
SG in the literature is as high as 58.4% [16–18, 20, 21], 
and this may be the Achilles’ heel of the procedure. The 
pathogenesis of GERD after SG is attributed to a complex 
interaction of anatomical, physiological, and physical fac-
tors. The shape of the sleeve, the extent of injury to the lower 
esophageal sphincter, and the presence of hiatal hernia are 
factors of particular importance for the postoperative occur-
rence of GERD [7]. So, pitfalls in surgical technique may 
increase the incidence of GERD after SG. SG is now con-
sidered a low-compliance, high-pressure system, responsible 
for the development of GERD symptoms and/or endoscopic 
findings of GERD, erosive esophagitis, and Barret’s esoph-
agus [32, 33]. Although GERD symptoms are effectively 
treated with PPIs in most patients, the occurrence of Bar-
rett’s esophagus is a potentially threatening condition. The 
incidence of Barrett’s esophagus during medium- and long-
term follow-up after SG has been estimated at 14–17.2% 
[18, 33]. It is worth noting that several studies have shown 
no correlation between clinical and endoscopic findings after 
SG [33, 34]. Taking into account the relatively high inci-
dence of Barrett’s esophagus and the mismatch of clinical 
and endoscopic findings, endoscopic surveillance seems to 
be necessary for all patients after SG [35, 36]. Unfortunately, 
EGD after SG was not routinely performed at our institution 
until recently. Patients with mild GERD symptoms after SG 
were treated with continuous, intermittent, or on-demand 
PPI administration, while patients with severe symptoms, 
patients with persistent symptoms unresponsive to PPIs, and 
those with suspected GERD complications (e.g., dysphagia, 
anemia) were advised to undergo EGD and barium swallow 
tests. Patients with non-erosive reflux (NERD) on EGD were 
also treated with continuous, intermittent, or on-demand 
PPI administration. Patients with mild erosive esophagitis 
on EGD were treated with PPIs for at least 8–12 weeks, and 
then, treatment was individualized. Patients with severe ero-
sive esophagitis were treated with PPIs indefinitely and were 
offered a surgical consultation for revisional surgery. The 
only proven surgical option for treating intractable GERD 
after SG is conversion to RYGB [36]. Hiatal hernia repair 

with gastropexy and the LINX® Reflux Management Sys-
tem (Torax Medical, St. Paul, MN) has also been used in 
some cases [17

Limitations

Our study has several limitations. First, the retrospective 
nature of the study, the lack of a control group, and lack 
of randomization are important limitations. Second, the 
single-center characteristic of our study limits the gener-
alizability of the results. Third, there was significant selec-
tion bias in our study, as patients with BMI ≥ 52 kg/m2, 
patients who were “sweet eaters” and patients who suffered 
from hiatal hernia, severe GERD or Barrett’s esophagus at 
the time of surgery were not eligible for SG. Fourth, only 
59% of patients eligible for follow-up were included in the 
present study. According to the Surgical Review Corpora-
tion “Centers of Excellence” program, a 75% or greater 
follow-up at 5 years is mandated [37]. Fifth, the weight 
loss data extracted from the structured phone interview 
was self-reported, in contrast to the weight loss data dur-
ing the scheduled follow-up that emerged from the physical 
examination. Sixth, the lack of preoperative data regarding 
patients’ quality of life (QoL) did not allow evaluation of 
long-term effects of SG on QoL. Seventh, the cohort we 
studied includes some of the first SGs ever performed at our 
institution and in which the surgical technique may not have 
been sufficiently standardized. Eight, the comorbidities were 
only indirectly evaluated according to their symptoms and/or 
treatment (which is mainly determined by primary care phy-
sicians), rather than objective findings, such as biochemical 
laboratory tests, polysomnography, endoscopy, pH-metry, 
and high-resolution manometry. Therefore, the efficacy of 
LSG in comorbidities cannot be reliably assessed. Finally, 
οnly some of the patients we studied had undergone EGD, 
and from the patients who underwent EGD we could not 
draw firm conclusions because of methodological issues 
mentioned earlier. Thus, the effect of SG on the esophagus 
cannot be accurately assessed and this may conceal a higher 
rate of failure and need for conversion.

Conclusions

Our study evaluated the long-term (11 + years) efficacy of 
SG (as performed at our institution in the 00’s) as a stand-
alone procedure for the treatment of morbid obesity in a 
group of patients with specific preoperative characteristics. 
SG remains (with some modifications) along with OAGB, 
one of the most frequently performed bariatric procedures 
at our institution. During long-term follow-up, SG resulted 
in good or excellent weight loss outcomes (BMI ≤ 35 kg/
m2) in > 80% of patients, in successful long-term weight loss 
maintenance (%EBWL > 50) in approximately two thirds of 
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them and in an extremely high rate of remission or improve-
ment in T2DM and OSA. On the other hand, moderate or 
high rates of weight regain and the de novo development of 
GERD symptoms were the main drawbacks of the proce-
dure. Proper patient selection and surgical technique may 
be of particular importance for the long-term success of SG.
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