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Abstract
Purpose This cohort study was designed to compare the efficacy and safety of laparoscopic Roux-en-Y gastric bypass (LRYGB)
and laparoscopic sleeve gastrectomy (LSG) for the management of morbid obesity during the 11-year experience.
Materials and Methods This study was conducted between July 2006 and August 2019. Annually we recorded data about the
weight, body mass index (BMI), percentage of excess weight loss (%EWL), percentage of weight loss (%WL), weight regain,
and postoperative complications into a prospectively collected database.
Results A total of 1146 patients (LRYGB=396 and LSG=750) aged >18 years old were included in the study. Over the first 7
years after surgery, the weight loss rate was significantly higher in the LRYGB-treated group than the LSG-treated group, and
weight regain was significantly lower in the LRYGB-treated group in comparison with the LSG-treated group. Our results
revealed that statistically, but not clinically, the efficacy of LRYGB and LSG is equivalent in terms of %WL, %EWL, and
weight regain within 8 years and more. Besides, there were no significant differences in surgery-related mortality and severe
complications between the two procedures.
Conclusion Our study’s results indicated that the clinical efficacy of LRYGB in the management of obesity is better than LSG
during the 11-year experience. But the differences in weight loss and weight regain were not statistically relevant at 8 years and
more after the surgery. Also, a comparison of severe complications did not indicate significant differences between the two
groups.
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Introduction

Obesity is a major underlying cause of some chronic diseases,
mental disorders, and cancers. It also has a close relationship

with an increased risk of disability and mortality rate [1, 2].
The prevalence of obesity is growing worldwide, and it has
become a global concern [2]. According to results of a large
study conducted in 200 countries (including 2416
community-based surveys), the number of adult men with
obesity has increased from 31 to 281 million, and also the
number of women with obesity has increased from 69 to
390 million, during 1975–2016 worldwide [3].

Surgical interventions are more effective approaches to
manage morbid obesity and its related comorbidities than
non-surgical interventions, i.e., diet therapy, physical activity,
and behavioral changes [4]. Based on the International
Federation for the Surgery of Obesity and Metabolic
Disorders (IFSO) survey, 579,517 patients underwent bariat-
ric surgery in 2014 worldwide. Among them, 45.9% belonged
to sleeve gastrectomy (SG), and 39.6% belonged to Roux-en-
Y gastric bypass (RYGB) [5]. RYGB is a gold standard pro-
cedure that was previously and routinely performed in Canada
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and the USA in the past years. However, the number of per-
formed RYGB surgeries has gradually decreased, and current-
ly, it is mainly performed in South America and Europe. On
the contrary, numbers of performed SG surgeries have grown
in Canada, the USA, and Asia over the last decades. It has
become a popular procedure due to its easy technique and
good results [4].

Many longitudinal studies have assessed RYGB and SG
outcomes at 1 year, 2–5 years, and 5–10 years of follow-up.
However, few studies compared the effectiveness and safety
of RYGB and SG in treating morbid obesity. Therefore, this
cohort study was designed to compare the efficacy and safety
of laparoscopic RYGB (LRYGB) and laparoscopic SG (LSG)
to manage morbid obesity during the 11-year experience.

Materials and Methods

This open cohort study was conducted on eligible patients
with morbid obesity who were referred to our center for obe-
sity treatment. Eligibility criteria for surgery included body
mass index (BMI) ≥35 kg/m2 with or without obesity-related
comorbidity, having the age between 14–70 years old, no
history of major psychiatric disorders, and no drug or alcohol
addiction. Routinely we perform LRYGB for patients with
higher BMI and several obesity-related metabolic disorders
and patients with severe gastroesophageal reflux disease
(GERD), whereas LSG is performed in high-risk patients;
however, surgical procedures were individualized based on
each patient’s condition and preference.

This study was ongoing, and data from all patients inserted
into a prospectively collected database. In our center, 1255
patients underwent LRYGB (n=453) and LSG (n=802) sur-
gery between July 2006 and August 2019. Patients aged ≤18
years (n=39) old and those who had a history of previous
bariatric surgery (n=72) were excluded from the study.
Finally, we included data of 1146 patients (LRYGB=396
and LSG=750) in analyses. Follow-up duration was calculat-
ed from surgery to the last date of weight measurement, and
patients who did not complete their measurement were de-
fined as loss of follow-up.

Surgical Technique and Postoperative Care

All patients underwent preoperative blood tests. An abdomi-
nal ultrasound scan was carried out for the patients who had
no previous history of cholecystectomy. Upper gastrointesti-
nal endoscopy was performed for all the patients who were a
candidate for LRYGB and for the patients who were a candi-
date for LSG with a previous history of gastrointestinal disor-
ders. Both procedures were conducted by a single bariatric
surgeon (K.T) using a 5-port laparoscopic technique.
LRYGB was performed by creating a 25–30 mL small pouch.

The biliopancreatic limb was 50 cm. The antecolic Roux limb
was between 100 and 150 cm. Gastrojejunostomy was used to
perform by a linear stapler, and both anastomotic sites were
sewn by absorbable sutures (PDS 3-0).

Regarding LSG, vertical sleeve gastrectomy was conduct-
ed from 5 cm proximal to the pylorus up to the angle of His. A
36-Fr bougie was inserted into the stomach to calibrate sleeve
gastrectomy. Then, the stapler lines were over-sewn by run-
ning absorbable sutures (PDS 2-0). No drain and nasogastric
(NG) tube were applied after both operations.

All patients were consulted by a dietitian at discharge and
were re-examined at 1 week and 1, 3, 6, and 12 months post-
operatively and then yearly in the surgeon’s office by the
dietitian and the surgeon. Patients who were not able to attend
the follow-up visits were interviewed by phone or messaging
App. All patients were advised to take oral multivitamin-min-
eral, iron, and calcium supplements daily and receive intra-
muscular injections of B-complex plus B12 monthly.
Nutritional deficiencies were assessed using blood tests at 6
and 12 months postoperatively and then yearly.

Measurements

Initial patients’ data, including age, sex, height, weight, body
mass index (BMI), history of diseases, consumption of med-
ications, and perioperative complications, were respectively
recorded before and at the first visit after surgery. Over the
follow-up visits, changes in weight and BMI and postopera-
tive complications were noted. Percentage of excess weight
loss (%EWL) was estimated as [(preoperative weight–
postoperative weight)/(preoperative weight– ideal
weight)]×100. Ideal body weight was determined for a BMI
of 25 kg/m2. Percentage of weight loss (%WL) was calculated
using the following equation: [(preoperative weight–
postoperative weight)/preoperative weight]×100. Weight re-
gain was defined as an increase in weight from the lowest
recorded weight using the following formula: [(current
weight–the lowest weight)/[(preoperative weight–the lowest
weight)]×100 [6]. After surgery, successful weight loss was
defined as %EWL ≥50% or BMI ≤35 kg/m2, and the failure
rate was determined as %EWL <50% or BMI >35 kg/m2.
Postoperative complications were classified based on the
Clavien-Dindo (CD) classification [7].

Statistical Analysis

SPSS software (version 20.0; SPSS, Inc., Chicago, IL, USA)
was applied for statistical analyses. The normal distribution of
variables was assessed using the Kolmogorov-Smirnov test.
Baseline variables between LRYGB- and the LSG-treated
groups were analyzed using students t-test, Mann-Whitney
U test, and chi-square test. To compare mean weight, BMI,
%WL, and%EWL at each point between two groups, analysis
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of covariance (ANCOVA) was run after adjusting the
baseline weight. To compare postoperative complica-
tions between LRYGB and LSG, chi-square was per-
formed. A P-value of <0.05 was considered statistically
significant.

Results

In this cohort study, a total of 1146 patients aged >18
years old were treated by LRYGB (n=396) and LSG
(n=750). The mean age of participants at baseline was
equal to 38.1±10.3 years old, and 78.3% were women.
The initial weight and BMI were equal to 115±22 kg
and 42.1±6.9 kg/m2, respectively. The median of
follow-up duration was 5.21±3.50 and 4.98±2.46 years
in the LRYGB and LSG groups, respectively. Table 1
presents the general characteristics of the participants.
Mean initial weight and BMI were significantly higher
in the LRYGB-treated group than the LSG-treated
group. Table 2 shows the proportion of eligible patients
who had undergone bariatric surgery and were eligible
for follow-up at each postoperative year and observed
patients who had completed follow-up at each postoper-
ative year. Lower follow-up rate in the LSG group com-
pared to the LRYGB group was related to two main
reasons: (1) patient’s movement to another country and
(2) patient’s unwillingness to accept follow-up due to
personal reasons.

Weight Loss

Weight and BMI decreased significantly in both study groups.
The lowest weight was observed at 2 years and 1 year after the
surgery in the LRYGB- and the LSG-treated groups, respec-
tively. Over the follow-up periods, there was an increasing
weight and BMI trend in both study groups (Fig. 1).

In the LRYGB-treated group, the highest %WL and
%EWL were equal to 32.4±0.5 and 82.8±1.5%, respectively,
2 years after the surgery. In the LSG-treated group, the highest
%WL and %EWL were equal to 29.6±0.3 and 77.6±1.0%,
respectively, at 1 year after the surgery. %WL and %EWL
were more significant in the LRYGB-treated group than the
LSG-treated group over the first 7 years after the surgery.
Postoperative %WL and %EWL were higher in the
LRYGB-treated group than the LSG-treated group at 8 years
and more, but there were no significant differences between
the two groups (Fig. 2).

Weight regain was significantly less in the LRYGB-treated
group than the LSG-treated group during the first 6 years
postoperatively. However, weight regain was similar between
the two study groups at 7 years and more after the surgery
(Fig. 3).

After stratification analysis based on sex, there were no
significant differences in the rate of WL and weight regain
between both sexes in the study groups (data not shown).

Complications

Three cases of early death (<30 days) (LRYGB=2 and
LSG=1) and six late deaths (>30 days) (LRYGB=4 and
LSG=2) occurred after surgery. However, five deaths oc-
curred as a result of surgery-related complications. The occur-
rence of bleeding was significantly higher in the LRYGB-
treated group than the LSG-treated group, but most were treat-
ed by blood transfusion. Also, patients in the RYGB group
experienced more marginal ulcers and internal hernias com-
pared with those in the LSG group. We found no significant
differences in other complications between the two proce-
dures (Table 3).

According to the CD classification, a comparison of severe
complications with the potential for re-operation, life-
threatening complications, and death was similar between
the two procedures. Nevertheless, CD grade II was signifi-
cantly higher in the LRYGB-treated group than the LSG-
treated group (Table 4).

Obesity-Related Comorbidities

All obesity-related comorbidities were remitted after surgery
(Table 5). The remission rate was more than 70% for diabetes,
hyperlipidemia, sleep apnea, fatty liver, and hyperuricemia

Table 1 General characteristics of participants

LRYGB LSG P value

Age (yr) 38.4±10.5 37.9±10.2 0.46

Women (%) 296 (74.7) 601 (80.1) 0.02

Weight (kg) 126±25 110±17 <0.001

Height (cm) 165±9 165±9 0.26

BMI (kg/m2) 45.8±6.9 40.2±6.0 <0.001

Co-morbidities

Diabetes 2 102 (25.8) 120 (16.0) <0.001

Hyperlipidemia 173 (43.7) 295 (39.3) 0.08

Hypertension 105 (26.5) 118 (15.7) <0.001

Heart burn 156 (39.4) 190 (25.3) <0.001

Sleep apnea 152 (38.4) 224 (29.9) 0.002

Psychiatric disorders 137 (34.6) 192 (25.6) 0.001

Fatty liver 309 (78.0) 519 (69.2) 0.001

Hyperurecemia 36 (9.1) 48 (6.4) 0.06

Data was presented as mean±SD for continuous variables and number
(%) for non-continuous variables
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both groups. Besides, there was 51% and 48% remission of
hypertension following LRYGB and LSG, respectively.

Discussion

In this cohort study, we compared changes in weight and rate
of postoperative complications between patients who
underwent LRYGB and those who underwent LSG during
the 11-year experience. The weight loss quality was

significantly higher in the LRYGB-treated group than the
LSG-treated group 1 year after the surgery, and it remained
unchanged until 7 years. The weight regain rate from weight
nadir was also significantly less in the LRYGB-treated group
than the LSG-treated group during the first 7 years. Our results
indicated clinically that the rate of weight loss was higher in
the LRYGB-treated group than the LSG-treated group, and
the percentage of weight regain was lower in the LRYGB-
treated group than the LSG-treated group at 8 years and more
after the surgery. Still these differences were not statistically
significant between the two study groups. Comparison of

Table 2 Number of eligible
patients for follow-up and
observed patients at each post-
operative year

Year LRYGB LSG

Eligible for
follow-up

Observed
patients

Follow-up
rate (%)

Eligible for
follow-up

Observed
patients

Follow-up
rate (%)

1 335 322 96.1 465 465 100

2 267 238 89.1 344 294 85.4

3 207 173 83.5 241 188 78.0

4 169 144 85.2 171 129 75.4

5 141 114 80.8 135 93 68.8

6 125 97 77.6 90 65 72.2

7 104 74 71.1 57 32 56.1

8 83 52 62.6 47 21 44.6

9 67 41 61.1 35 13 37.1

10 60 35 58.3 12 7 58.3

11 31 22 70.9 9 6 66.6

0 1 2 3 4 5 6 7 8 9 10 11

LRYGB 126 79.9 78.6 80.2 83.9 84.6 86.1 88.9 91.2 95 94.4 91.6

LSG 110 81.4 82.7 85.7 89.1 90.9 92.9 95.8 96.8 99.8 97.5 100
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Fig. 1 Trend of weight and BMI changes during the 11-year experience
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loss (%EWL) during the 11-year experience
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severe complications did not indicate significant differences
between the two procedures.

Our results obtained at the first 8 years after the surgery
agree with randomized or non-randomized cohort studies
[8–14], indicating that LRYGB leads to significantly more
weight loss than LSG. Results of two meta-analyses on com-
parative cohort studies conducted by Yang et al. [15],

including 15 studies (1381 subjects) and Shoar et al. [16],
including 14 studies (1381 subjects), also confirmed the ad-
vantage of LRYGB over LSG in the achievement of weight
loss. Regarding the long-term efficacy of LRYGB and LSG,
several studies had assessed postoperative weight changes
during ≥10 years of follow-up [6, 17–34]. But due to single
series data, they did not compare trajectories of weight chang-
es between the two procedures mentioned above. Weight re-
gain is also somewhat familiar after performing RYGB and
SG, but a few studies compared its value between the two
surgeries. Most previous long-term studies have not reported
mean weight to regain, and they just indicated it by a decrease
in %EWL over time. In our study, baseline weight and BMI
were significantly higher in patients who underwent LRYGB
than those who underwent LSG; thus, we performed
ANCOVA analysis with adjustment for baseline BMI to val-
idate comparison and compensate for the selection bias.

1 2 3 4 5 6 7 8 9 10 11

LRYGB 91.2 94.1 89.5 82.5 78.8 79.2 75.3 75 70.7 62.9 86.4

LSG 95 92.5 92.6 87.6 80.4 73.8 84.4 85.7 76.9 71.4 66.9
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Fig. 3 Successful weight loss and percent weight regain after LRYGB
and LSG during the 11-year experience

Table 3 Complications rate over
follow-up periods Outcomes LRYGB LSG P valu

All-cause mortality 6 (1.5) 3 (0.4) 0.04

Surgery-related mortality 3 (0.8) 2 (0.3) 0.23

Bleeding 14 (3.5) 8 (1.1) 0.004

Marginal ulcer 6 (1.5) - <0.001

Thrombosis - 2 (0.3) 0.30

Abscess 1 (0.3) 2 (0.3) 0.96

Leak - 6 (0.8) 0.07

Dumping syndrome 58 (14.6) 29 (3.9) <0.001

Stenosis 2 (0.5) - 0.05

Bowel obstruction 7 (1.8) 1 (0.1) 0.002

Intussusception 1 (0.3) - 0.16

Internal hernia 4 (1.0) - 0.006

Other reason 2 (0.5) 1 (0.1) 0.24

Incisional hernia - 2 (0.3) 0.30

Data was presented as number of case (%)

Table 4 Complication grade in according to the Clavien-Dindo
classification

Grade LRYGB LSG P value

Grade I - 1 0.46

Grade II 17 6 <0.001

Grade III 12 13 0.17

Grade IIIa 3 1 0.08

Grade IIIb 9 12 0.48

Grade IV - - -

Grade IVa - - -

Grade IVb - - -

Grade V 3 2 0.23
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However, after adjustment, the LRYGB-treated group indicat-
ed clinically better results regarding weight loss and weight
regain than the LSG-treated group. Further, well-designed co-
hort studies with a larger sample size are suggested to compare
the long-term efficacy of LRYGB vs. LSG.

In this study, the long-term mortality rate was 1.9% (1.5%
in the LRYGB-treated group and 0.4% in the LSG-treated
group), from which 1.1% were surgery-related complications.
Early death (<30 days) occurred among three patients
(LRYGB=2 and LSG=1). One patient died from bleeding,
and the reason for death in two other patients was embolism.
Late death (>30 days) was also observed among six patients
during follow-up. In the LRYGB-treated group (n=4), one
patient died following intussusception. The reason for death
for the other three cases was unknown. In the LSG-treated
group, one patient died after the rejection of intestinal trans-
plantation, and one patient died due to suicide. There are a few
studies reported long-term mortality rate after administration
of RYGB (between 3.3 and 8.3% in the literature) [6, 21, 35]
and SG (0–1.8% in the literature) [31, 32]. Our results are in
line with those reported by Bruschi Kelles et al. [35]. They
indicated a 0.55% early mortality (<30 days) and 1% late
mortality following administration of RYGB over 10 years
of follow-up. However, Thereaux et al. [36] showed a decline
in mortality rate by 36 and 68% for RYGB and SG, respec-
tively, compared to the patients with obesity in the control
group over 7-year follow-up.

In our series, bleeding was observed in 3.5 and 1.1% of
patients in LRYGB and the LSG-treated groups, respectively,
which is in line with previous studies reporting 0.6–6.7% and
0.4–2.6% bleeding after administration of RYGB [20, 22, 29,
36, 37] and SG [32, 33], respectively. In the present study, the
bleeding source was intra-luminal (from anastomotic sites)
and intra-abdominal (from omentum or port site) in the
LRYGB-treated group. They were managed by conservative
treatment. Among patients who underwent LSG, the source of
bleeding was only intra-abdominal, and no case of intra-
luminal bleeding was observed. Marginal ulcers were found
in six patients after performing LRYGB (1.5%) over a follow-
up period that was in agreement with that reported in the

literature (1.4–4.0%) [6, 21]. The reason for marginal ulcer
in two patients was alcohol intake and in one patient was
frequent hookah usage. The cause of marginal ulcer was un-
clear in other patients. The marginal ulcer was managed by
medical treatment in all patients.

An internal hernia in our study was comparable with the
study by Kothari et al. [21], who reported a 1.3% incidence of
an internal hernia 10 years after administration of LRYGB.
All affected underwent re-operation to repair an internal her-
nia. In one patient who underwent LRYGB, an internal hernia
resulted in gangrene of the small bowel; thus we reversed
gastric bypass by attaching the small pouch to the remnant
stomach and removed the small bowel. The low incidence of
internal hernias in our patients is related to closing mesenteric
defects and Peterson’s space.

Two gastrojejunostomy stenosis cases (0.5%) were ob-
served in this study treated using endoscopic balloon dilation.
Incidence of stenosis has been shown to vary between 0.5 and
15.6% in the literature [20–22, 29, 36]. As documented in
previous studies, using a linear stapler to create
gastrojejunostomy instead of a circulatory stapler could sig-
nificantly reduce the occurrence of stenosis [24], justifying the
low incidence of stenosis in our study.

The gastric leak is a major complication after performing
SG accompanied by infection and mortality. The evidence
reports 0.7–18% of leak incidence post-SG [32, 33, 38]. In
the current study, 0.9% of patients experienced gastric leaks
over the first 7 days postoperatively. The last case of the gas-
tric leak was observed in 2014. Since then, the gastric stapler
lines are over-sown by sutures, and no case of the gastric leak
has been observed until now.

We used CD classification to compare surgery-related
complications between the two groups. CD classification is a
standard tool to assess surgical complications and is approved
for all surgeries [39]. A comparison of complications between
LSG and LRYGB did not show significant differences in se-
vere compilations.

There were some limitations. First, our study was not a
randomized trial; thus, there was a significant difference in
weight and BMI between the two groups at baseline.

Table 5 Prevalence and remission rate of co-morbidities

LRYGB LSG P value

Prevalence Remission Prevalence Remission

Diabetes 2 25.8 76.1 16.0 73.4 0.45

Hyperlipidemia 43.5 80.3 39.3 78.0 0.56

Hypertension 26.5 51.3 15.7 47.8 0.35

Sleep apnea 38.4 100 29.9 100 0.46

Fatty liver 78.0 97.4 69.2 98.1 0.87

Hyperurecemia 9.1 85.0 6.4 83.5 0.65

Data presented as percent of cases
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However, the ANCOVA test was used along with adjustment
for baseline BMI to decrease selection bias and increase the
validity of comparison. Second, we could not evaluate some
of the events handled at other hospitals, especially in patients
who havemoved to another country. Third, the low number of
patients at long-term follow-up was another limitation of our
study.

In conclusion, our study indicated that the clinical efficacy
of LRYGB in the management of obesity is better than LSG
during the 11-year experience. But the differences in weight
loss and weight regain were not statistically relevant at 8 years
and more after the surgery. Besides, a comparison of severe
complications did not indicate significant differences between
the two groups.
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