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Abstract
Purpose  Laparoscopic sleeve gastrectomy (SG) is the most popular bariatric surgery. Nonetheless, only a few studies have 
reported its long-term outcomes. This study aimed to evaluate changes in weight and body mass index (BMI) parameters, 
resolution of comorbidities, and frequency of re-operations in a follow-up period of at least 10 years.
Materials and Methods  Data was available from 180 patients’ records who underwent SG between 2008 and 2011 in the Tel 
Aviv Sourasky Medical Center. Eighty patients agreed to partake in a follow-up assessment that was completed via a phone 
call questionnaire and hospital computed registry.
Results  Patients’ mean preoperative BMI was 43.86 ± 6.36 kg/m2 which was significantly higher when compared to mean 
nadir BMI and last follow-up BMI (29.44 ± 7.12 and 36.34 ± 9.7; p < 0.001). Mean percentage of excess weight loss (%EWL) 
at 10 years was 42.65 ± 36.02% and mean percentage of total weight loss was 19.33 ± 16.73%. Twenty-eight patients (35%) 
maintained at least 50% EWL. Twenty-seven (33.75%) patients underwent at least one surgical procedure following SG. 
Eleven patients (13.75%) underwent a conversion to Roux-en-Y gastric bypass and six patients (7.5%) underwent conversion 
to one anastomosis gastric bypass. Resolution of type 2 diabetes (T2D), hypertension, and hypercholesterolemia occurred in 
47%, 43.7%, and 48.4%, respectively. De-novo cases of gastroesophageal reflux (GERD) were present in 40%.
Conclusion  SG shows high long-term failure rates. One of every three patients will undergo another surgical procedure 
within a 10-year period.
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Introduction

Obesity, defined as a body mass index (BMI) of ≥ 30 kg/
m2, has become a worldwide epidemic. According to the 
World Health Organization (WHO) [1], the prevalence of 
obesity nearly tripled between 1975 and 2016, and about 
13% of the global adult population is now obese. By contrib-
uting towards multiple cardiovascular and metabolic comor-
bidities, obesity was responsible for 4.7 million premature 
deaths in 2017 [2], and the yearly figure continues to rise.

Currently, metabolic and bariatric surgery (MBS) is 
the most effective intervention for inducing weight loss in 
patients with obesity, mainly through gastric volume restric-
tion and malabsorption [3]. Laparoscopic vertical sleeve 
gastrectomy (SG) is the most commonly performed MBS 
worldwide and has grown in popularity among patients and 
surgeons due to its relative technical ease and high safety 
profile. In fact, it accounted for nearly 50% of all MBS per-
formed in the USA between 2014 and 2018 [4]. However, 
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most of the available evidence for its efficacy is based on 
relatively short-term follow-up (up to 5 years) [5–7]. Few 
large cohort studies have reported the long-term effects on 
weight loss and comorbidities [8–11]. Since obesity is a 
chronic disease, it is more meaningful to understand long-
term rather than short-term outcomes.

Beyond the success of SG in lowering BMI, the surgery 
has also been shown to significantly reduce the frequency 
or severity of concomitant diseases associated with obe-
sity. These include type 2 diabetes (T2D), hypertension 
(HTN), and hypercholesterolemia. In cases of insufficient 
weight loss, there are various further surgical options avail-
able including a secondary sleeve gastrectomy, conversion 
to Roux-en-Y gastric bypass (RYGB), conversion to one 
anastomosis gastric bypass (OAGB), or gastric banding. As 
with all surgical procedures, appropriate patient selection 
is important.

Our study aimed to examine the effects of SG over a long-
term period of at least 10 years. Specifically, the effects of 
the procedure regarding weight loss, BMI, and obesity-
related co-morbidities, such as T2D, HTN, hypercholes-
terolemia, and gastroesophageal reflux disease (GERD). 
Post-SG re-operations were documented with an emphasis 
on conversion to RYGB or OAGB.

Materials and Methods

This was a single-center retrospective study of adult patients 
who underwent SG surgery at a single tertiary medical 
center (Tel Aviv Sourasky Medical Center), between 2008 
and 2011. Patients were included in the study if they had 
follow-up data for a minimum of 10 years. All patients 
underwent standard preoperative workup, including a com-
plete history and physical examination, routine laboratory 
tests, chest x-ray, EKG, abdominal ultrasound, esophago-
gastroduodenoscopy or upper GI barium swallow, nutritional 
and psychiatric evaluation, and additional examination and/
or consultations when necessary.

Data from medical databases at our institution were ret-
rospectively analyzed. Baseline age, gender, height, weight, 
BMI, and obesity-related co-morbidities were recorded. 
Data was available from 180 individual records who under-
went SG surgery in our bariatric center, of which 80 patients 
agreed to partake in a follow-up assessment at 10 years after 
the procedure. Follow-up was completed via telephone call 
questionnaire and hospital computed registry. Phone contact 
rather than outpatient appointments was preferable at that 
time due to social distancing restrictions imposed during 
the second wave of COVID-19. Weight loss, postoperative 
comorbidities, and re-operations were recorded. Weight loss 
was expressed as BMI change, percentage of excess weight 
loss (%EWL), and percentage total weight loss (%TWL). 

The ideal body weight was calculated as weight × 22/BMI. 
The %EWL was calculated as (preoperative weight − current 
weight)/(preoperative weight − ideal body weight) × 100. 
The %TWL was calculated as (current weight–preopera-
tive weight)/(preoperative weight) × 100. The goal for good 
weight loss outcome rates for SG was defined by a %EWL 
of at least 50%. The measured comorbidities included T2D, 
HTN, hypercholesterolemia, and GERD. GERD symptoms 
and proton pump inhibitor (PPI) intake were assessed both 
pre- and postoperatively.

Definition of Obesity‑Related Diseases and Their 
Resolution

The measured comorbidities included T2D, HTN, hyper-
cholesterolemia, and GERD. T2D was diagnosed according 
to the American Diabetes Association guidelines [12], as 
fasting plasma glucose ≥ 126 mg/dl and/or Hba1c ≥ 6.5%, 
and its remission was defined as Hba1c < 6.5% off antidia-
betic medications. Hypertension was defined as a systolic 
blood pressure of > 140 mmHg or a diastolic blood pres-
sure of > 90 mmHg. Remission was defined as a blood 
pressure < 140/90 mmHg off antihypertensive medications 
[13]. Hypercholesterolemia was defined as a blood total cho-
lesterol level of ≥ 200 mg/dL, resolution of it was defined 
as total cholesterol < 200 mg/dL off medications. GERD 
symptoms and proton pump inhibitor (PPI) intake were 
assessed both pre- and postoperatively. GERD resolution 
was defined as symptomatic relief without PPI treatment. 
De-novo GERD was defined as the new onset of postopera-
tive development of heat burn and regurgitation in patients 
who did not have symptomatic GERD previously [14].

Surgical Technique

All SG operations were performed by two surgeons who 
used the standardized laparoscopic technique. The greater 
curvature of the stomach was mobilized and dissected start-
ing 4 cm from the pylorus. A Bougie sized 32–40 Fr was 
inserted along the lesser curvature. The stomach was verti-
cally transected using linear staplers. No stapler line rein-
forcement or over suturing was used. A drain was placed 
selectively. Patients were allowed clear liquids on postopera-
tive (POD) and discharged on POD 3.

Postoperative Follow‑up

Following discharge, all patients are scheduled for an 
appointment to the bariatric outpatient clinic 2 weeks fol-
lowing discharge. Following the first visit, patients are rou-
tinely invited for visits at 1 month, 3 months, 6 months, 
12 months, and then annually. If patients require further 
evaluation, these intervals may shorten. At all visits, patients 
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are evaluated for weight loss, obesity–related co-morbidities, 
and early and late complications.

Statistical Analysis

Continuous variables are expressed as means ± standard 
deviations. Categorical variables are expressed as counts 
or percentages. Comparisons between groups were made 
using paired t tests. A stepwise linear regression model 
was conducted to predict the %EWL at a minimum 10-year 
follow-up. Age and sex were entered at the first step, preop-
erative occurrences of comorbidities (T2D, HTN, hypercho-
lesterolemia, GERD) were entered as the second step, and 
preoperative BMI was entered as the third and final step. 
All analyses were performed with SPSS software version 
25 (SPSS, Inc., Chicago, IL, USA).

Results

There were 180 patients who underwent SG underwent dur-
ing the study’s timeframe. During the follow up, there was 
no mortality within the cohort. Eighty patients out of 180 
patients consented to participate in our study (44.4%). Of 
these, 56 (70%) were women. The participants had a mean 
age of 41.3 ± 13.9 years at the time of surgery. The median 
follow-up time was 115 months (range, 10–11 years).

Paired t-tests revealed that participants maintained a sig-
nificant long-term weight loss, as measured by the change in 
preoperative versus postoperative weight at ≥ 10 years after 
the SG procedure: 120.11 ± 22.03 versus 98.41 ± 26.24 kg, 
p < 0.001. Similarly, the mean BMI was significantly 
reduced at follow-up: 43.21 ± 8.01 kg/m2 preoperatively 
versus 36.34 ± 9.77 kg/m2 at ≥ 10 years postoperatively; 
p < 0.0001. Significant weight and BMI reductions were also 
shown when compared to the participants’ minimum (nadir) 
weight and minimum (nadir) BMI (Table 1).

Mean %EWL at ≥ 10 years was 42.65 ± 36.02%. The 
mean %TWL was 19.33 ± 16.73%. We compared the %EWL 
and %TWL for patients who during the follow-up period 
underwent revisional surgery to patients who did not and 
found no significant difference between groups (42.93 ± 35.1 
vs 42.49 ± 35.9; p = 0.96, and 17.97 ± 13.02 vs 19.47 ± 17.5; 
p = 0.73, respectively). SG showed satisfactory weight 
loss outcomes (%EWL ≥ 50) in only 35% (n = 28) of the 
study’s cohort. Among the population, 50% had BMI ≥ 35 
at ≥ 10 years postoperatively. In addition, there were 13 par-
ticipants (16.25%) who had a BMI ≥ 50 preoperatively. In 
this subgroup, there was a mean weight regain from nadir of 
23.69 ± 25.16 kg at 10 years following SG, but the long-term 
success rate (%EWL ≥ 50) was fairly good at 61.5% (8 out 
of 13 participants).

Pre-operative rates of obesity-related comorbidities 
baseline status, resolution, and de-novo occurrence are 
depicted in Table 2. T2D, HTN, and hypercholesterolemia 
resolved in 47%, 43.7%, and 48.4%. De-novo GERD 
occurred in 40% of patients (n = 30).

Twenty-seven (33.75%) patients underwent at least one 
surgical procedure following SG. Eleven patients (13.75%) 
underwent conversion to RYGB due to weight regain, five 
of them also suffered from de-novo GERD. Six patients 
(7.5%) underwent conversion to OAGB due to weight 
regain. Two patients underwent placement of an adjustable 
gastric band due to weight regain. The mean time between 
SG conduction to revisional surgery for weight regain was 
6.02 ± 3.96 years. Other procedures performed included 
cholecystectomy (n = 6), trocar-site hernia repair (n = 3), 
and diaphragmatic hernia repair (n = 1).

Table 1   Patients’ weight and BMI parameters pre- and post-SG pro-
cedure*

BMI, body mass index; SG, sleeve gastrectomy; SD, standard devia-
tion; EWL, excess weight loss; TWL, total weight loss
* Values correspond to entire cohort (n = 80) unless differently stated

Preoperative weight (mean ± SD, kg) 120.11 ± 22.03
Preoperative BMI (mean ± SD, kg/m2) 43.21 ± 8.01
Postoperative minimum weight (mean ± SD, kg) 81.23 ± 19.61
Postoperative minimum BMI (mean ± SD, kg/m2) 29.44 ± 7.12
 ≥ 10 years postoperative weight (mean ± SD, kg) 98.41 ± 26.24
 ≥ 10 years postoperative BMI (mean ± SD, kg/m2) 36.34 ± 9.77
 ≥ 10 years %EWL (mean ± SD) 42.65 ± 36.02
 ≥ 10 years %EWL in non-converted patients (n = 62) 42.49 ± 35.9
 ≥ 10 years %EWL in converted patients (n = 18) 42.93 ± 35.1
 ≥ 10 years %EWL in converted vs non-converted 

patients
p = 0.96

 ≥ 10 years %TWL (mean ± SD) 19.33 ± 16.73
 ≥ 10 years %TWL in non-converted patients (n = 62) 19.47 ± 17.5
 ≥ 10 years %TWL in converted patients (n = 18) 17.97 ± 13.02
 ≥ 10 years %TWL in converted vs non-converted 

patients
p = 0.72

Table 2   Rates of pre- and post-SG comorbidities, including resolu-
tion and de novo cases

SG, sleeve gastrectomy; T2D, type 2 diabetes; GERD, gastroesopha-
geal reflux disease

Baseline Resolution De Novo

23.8% (19) 47% (9) 8.9% (7)
40.5% (32) 43.7% (14) 11.4% (9)
38.8% (31) 48.4 (15) 8.8% (7)
16% (12) 50% (6) 40% (30)
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Discussion

This study is one of only a handful of studies reporting long-
term outcomes of over 10 years following SG. Our main 
findings at ≥ 10 years post-surgery were a significant reduc-
tion in patients’ weight and BMI with a mean excess weight 
loss of 42.65%, but only 35% achieved a %EWL ≥ 50, and 
only 50% reached the 10-year point with a BMI < 35 kg/m2. 
We found that 40–50% of our patients with preoperative 
obesity-related comorbidities had resolution of their condi-
tion. The exception to this was with GERD where we found 
a relatively high rate of 40% of de-novo cases following SG. 
Finally, more than a fifth of our patients required a conver-
sion to an additional MBS due to weight regain.

There have been very few recent studies looking at the 
long-term effects of SG surgery, a major reason for carrying 
out this study. Table 3 summarizes most of the recently rel-
evant published studies evaluating 10-year outcomes of SG. 
One of the most rigorous studies was carried out by Felsen-
reich et al. [15] in 2016 on a smaller patient sample of 53 
patients who underwent SG. At 10 years, they reported a 
mean %EWL of 53 ± 25% in 32 of their 53 patients, com-
pared to our total mean of 42.65 ± 36.02%. We could con-
sider their results to be therefore similar to ours despite 
some noticeable differences. Their patients had a higher 
percentage of women (80% compared to our 70%), a higher 
mean preoperative weight and BMI of 137.1 ± 28.5 kg and 
48.9 ± 9.4 kg/m2, respectively, a higher number of patients 
with BMI ≥ 50 (36% compared to our 16%), and an ear-
lier and higher rate of conversion to Roux-en-Y gastric 
bypass (36% compared to our 21%) at baseline between 
the two patient cohorts. Conversely, our findings did not 
reach the success of another study examining 10-year out-
comes following SG [16], which reported a mean %TWL of 
30.9 ± 12.4 (compared to our 19.33 ± 16.73%) and a mean 

%EWL of 52.5 ± 21.1 (compared to our 42.65 ± 36.02). 
One reason for their greater success may be due to them 
making a specific effort to refer their patients for regular 
nutritional and psychological counselling throughout the 
follow-up period. These interventions have been reported 
to promote lifestyle modifications and increase weight loss 
outcomes [17]. We showed that 28 patients (35%) reached 
the satisfactory goal of %EWL ≥ 50. Hauters et al. [18] 
reported that 41% of patients reached this goal at 10 years 
after SG. This was further supported by an additional 
retrospective study reporting 48.6% of patients reaching 
EWL > 50 [19]. We agree with conclusions drawn in these 
studies that SG may be of benefit for selected patients.

Patients with BMI ≥ 50 exhibited greater weight loss 
rate of 61.5% compared to the 35% for the whole cohort, as 
defined by %EWL ≥ 50. Interestingly, baseline comorbidities 
did not predict long-term weight loss. In the majority of our 
sample, patients with baseline comorbidities showed com-
plete remission of their diseases during the 10-year follow-
up. In a retrospective study by Kraljevic et al. [20], T2D, 
HTN, and hyperlipidemia were reported to resolve 10 years 
after SG in 61%, 60.5%, and 54.8%, respectively. Similarly, 
Chang et al. [21] reported 39.6% remission of T2D, 78.4% for 
HTN, and 51.3% for dyslipidemia. On the contrary, Musella 
et al. [19] showed in their cohort showed 0% remission of 
T2D and 51.4% remission of HTN. Our results showed 47% 
remission for T2D, 43.7% remission for HTN, and 48.4% 
remission for hypercholesterolemia. The variations of reports 
in the literature are possibly due to different sample sizes, 
demographics and variable loss to follow-up rates (50–60%) 
[18–21]. It is also important to note that during the last dec-
ade, we have developed a trend referring patients with higher 
BMI and poorly controlled obesity related co-morbidities to 
other procedures (OAGB, RYGB) as they have shown to have 
satisfactory outcomes [22, 23].

Table 3   Series of Sleeve Gastrectomy studies with at least 10-year FU

FU, follow-up; T2D, type 2 diabetes; HTN, hypertension; EWL, excess weight loss; GERD, gastroesophageal reflux disease; N/A, not available
* Corresponds to primary sleeve gastrectomy only
** Includes patients with resolution and/or improvement of T2D/HTN

Author, year Num-
ber of 
patients

Study design Mean EWL (SD) T2D resolution HTN resolution De-novo GERD Revisional 
surgery during 
FU

Felsenreich, 2016 [15] 53 Retrospective 53.5% (26.6) 1.9%** 23.5%** N/A 36%
Castagneto Gissey, 2018 [16] 114 Retrospective 52.5% (21.1) 64.7% 44.2% 42.9% 44%
Hauters, 2021 [18] 34 Retrospective 42% (37) 12% 17% 41% 18%
Musella, 2019 [19] 76 Retrospective 50.1% (30.5) 0% 51.4% 25.7% 15.8%
Kraljević, 2021 [20] 215 Retrospective 53.6% (24.6)* 61% 60.5% 32.4% 19.2%
Chang, 2018 [21] 65 Retrospective 70.5% (27.8) 39.6% 78.4% 58.4% 21.5%
Arman, 2016 [24] 65 Retrospective 67.4% N/A 28.6%** 21.4% 31.7%
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De-novo cases of symptomatic GERD after SG were 
fairly high at 40% (n = 30) in our study and was a common 
indication for conversion to RYGB. All patients with de 
novo GERD were scheduled for an appointment in the MBS 
clinic in our center following the telephone interview. In 
total, five patients required conversion to RYGB with com-
plete resolution of symptoms. Despite the high number of 
de-novo GERD (40%), most patients were treated conserva-
tively and did not require revision to RYGB. This was shown 
in several other studies evaluating results of SG at 10 years 
reporting de-novo GERD rate of 25.7–58.4% and a conver-
sion rate of 2.6–20.4% due to de-novo GERD [18–21]. It is 
of major importance to follow-up, diagnose, monitor, and 
treat chronic post-SG de novo GERD as they may advance 
to Barret’s esophagus and increase cancer risk.

In our cohort, 11 patients (13.75%) underwent conver-
sion to RYGB, and 6 patients (7.5%) underwent conversion 
to OAGB with a mean interval time of 6.02 ± 3.96 years. 
Arman et al. [24] reported a conversion rate of 31.7% at 
11.7 years after SG, mostly due to weight regain/insufficient 
weight loss, similar to other study. Some of the earlier con-
versions to gastric bypass may represent our learning curve 
with the sleeve gastrectomy procedure as it was the early era 
of SG in our institution, similarly, Chang et al. [21] reported 
that major complication rate was higher in the first years of 
their experience with SG. It should be emphasized that when 
the indication for SG revision is for weight regain/insuffi-
cient weight loss, we prefer the OAGB as it is a more aggres-
sive malabsorptive procedure, but when the main indication 
for revision is GERD, we definitely prefer the RYGB.

Long-term results of SG have been compared to other 
MBS. The SLEEVEPASS trial was recently published and 
compared SG to RYGB [25]. Interestingly, it was shown that 
RYGB was associated with a significantly higher %EWL 
(50.7% vs 43.5%), and HTN remission (24% vs 8%); how-
ever, no significant difference was found in remission of 
T2D, dyslipidemia, and obstructive sleep apnea. In addition, 
esophagitis prevalence was significantly higher after SG 
(31% vs 7%) but no difference was seen in the prevalence of 
Barret’s esophagus. Musella et al. [19] retrospectively ana-
lyzed patients undergoing SG vs gastric band at 10 years and 
did not show any advantage for SG over the gastric band in 
terms of weight loss and remission of co-morbidities except 
for postoperative GERD which was significantly higher in 
the SG group (25.7% vs 6.5%). We think that additional 
comparative studies are required to further clarify long term 
outcomes of SG compared to other MBS.

There are several limitations to our study. The first limita-
tion relates to its retrospective design, with no comparative 
group. Follow-up rate was 44.4% (80 out of 180 patients). 
This could be due to the difficulties patients face when seek-
ing funding of nutritional support, psychologic support, and 
routine ambulatory visits. We can also relate that to COVID-19 

restrictions which took place when performing this study. Nev-
ertheless, the loss to follow-up is a known phenomenon after 
MBS and it increases over the years. We also could not include 
postoperative endoscopic findings of patients with de-novo 
GERD which could aid us in evaluating esophagitis grade.

Despite that, the cohort size is relatively large compared 
to several studies We also acknowledge the single-center 
characteristic of the study. Finally, this study looked into the 
long-term outcomes of SG.

Conclusions

Our study confirms that SG is an effective bariatric proce-
dure for patients with obesity in terms of weight loss and 
resolution of comorbidities. Due to the current scarcity of 
long-term studies, our findings are able to further support 
that SG can provide patients with a sustained weight loss a 
decade later. Yet only 35% maintain a %EWL of more than 
50%. It is important to screen patients for postoperative de-
novo GERD that may occur in a considerable number of 
patients to prevent its negative consequences.
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