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ABSTRACT

Background Sleeve gastrectomy is a well-standardized

surgical treatment for obesity. However, rates of weight re-

gain after sleeve gastrectomy in long-term follow-up are re-

latively high. This multicenter study is the first to evaluate

the use of an endoscopic sleeve gastroplasty (ESG) tech-

nique for the management of this population.

Methods This was a multicenter retrospective study, in-

cluding patients with weight regain following sleeve gas-

trectomy who underwent ESG for weight loss. Primary out-

comes included absolute weight loss, percent total weight

loss (%TWL), change in body mass index (BMI), percent ex-

cess weight loss (%EWL) at 6 and 12 months, and safety

profile. Clinical success was defined as achieving ≥25%

EWL at 1 year, ≤5% serious adverse event (SAE) rate follow-

ing society-recommended thresholds, and %TWL ≥10%.

Results 34 patients underwent ESG after sleeve gastrect-

omy. Technical success was 100%. At 1 year, 82.4% and

100% of patients achieved ≥10%TWL and ≥25% EWL,

respectively. Mean (SD) %TWL was 13.2% (3.9) and 18.3%

(5.5), and %EWL was 51.9% (19.1) and 69.9% (29.9) at 6

months and 1 year, respectively. Mean (SD) %TWL was

14.2% (12.5), 19.3% (5.3), 17.5% (5.2), and 20.4% (3.3),

and %EWL was 88.5% (52.8), 84.4% (22.4), 55.4% (14.8),

and 47.8% (11.2) for BMI categories of overweight and obe-

sity class I, II, and III, respectively, at 1 year. No predictors of

success were identified in the multivariable regression anal-

ysis. No SAEs were reported.

Conclusion ESG appears to be safe and effective in the

management of weight regain following sleeve gastrec-

tomy.

Original article
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Introduction
Obesity remains pandemic despite bariatric and metabolic sur-
gery providing satisfactory long-term weight loss, reduction in
cardiovascular risk factors, and improvement in obesity-related
comorbidities [1, 2]. Laparoscopic sleeve gastrectomy, pio-
neered in 1999, has become a well-standardized therapeutic
option for surgical treatment of different degrees of obesity
and obesity-related diseases [3, 4]. However, the rate of weight
regain after sleeve gastrectomy in long-term follow-up (> 5
years) is relatively high (19.2%–75.6% of patients) [5–10].

Weight regain has several definitions, including an increase
in body weight of more than 10kg from the nadir weight, an in-
crease in body mass index (BMI) > 5 kg/m2 from the nadir BMI,
any weight regain after type 2 diabetes mellitus remission,
weight regain to a BMI >35 kg/m2 after successful weight loss,
and any amount of weight regain [5, 11]. Weight regain is asso-
ciated with the recurrence of obesity-related comorbidities, in-
cluding type 2 diabetes mellitus, and is likely to have a signifi-
cant economic burden [5, 12]. Mechanisms for weight regain
are not fully understood and the process is likely multifactorial.
Predictors of weight regain include preoperative BMI, type of
surgery, medical conditions, specific medications, physical ac-
tivity, patient diet adherence, and psychiatric disorders [13].

Owing to the high rate of weight regain following sleeve gas-
trectomy, the number of conversion or revisional surgeries is in-
creasing. Some of the surgical options for the treatment of
weight regain following sleeve gastrectomy include repeat
sleeve gastrectomy, conversion to Roux-en-Y gastric bypass
(RYGB), conversion to single-anastomosis gastric bypass (also
known as mini-gastric bypass), conversion to single-anastomo-
sis duodeno-ileal bypass (SADI), and conversion to biliopan-
creatic diversion with duodenal switch (BPD-DS) [14–16]. Al-
though revisional surgery for weight regain improves weight
loss, it is usually associated with a higher risk than the primary
procedure, with an adverse event rate of up to 14.3%. There-
fore, some patients elect not to undergo a second revisional
surgical procedure [16–18].

As a result, there is a drive to develop less invasive and more
cost-effective therapies to treat weight regain in this patient
population. Endoscopic therapies are appealing as they are
more effective than lifestyle modification/pharmacology and
are associated with lower adverse event rates compared with
revisional bariatric surgery [13, 18–20]. Endoscopic sleeve gas-
troplasty (ESG) is an incisionless, minimally invasive technique
that involves remodeling the stomach via the placement of
full-thickness sutures in an effort to reduce gastric capacity
and delay gastric emptying [21]. ESG is usually performed as
primary endoscopic bariatric therapy and has been demon-
strated to be technically feasible, safe, and effective in a variety
of clinical settings around the world [22–24]. Recently, a series
including five patients showed that ESG can also be performed
as a revisional procedure in patients with weight regain after
sleeve gastrectomy, with favorable results [25]. However, since
this initial case series, no further studies regarding ESG in the
management of sleeve gastrectomy patients with weight re-
gain have been published. Therefore, we performed this first in-

ternational multicenter study to evaluate the efficacy and safe-
ty of ESG in the management of weight regain after sleeve gas-
trectomy.

Methods
Study design and patient selection

This was a retrospective analysis of prospectively collected data
from 12 international bariatric centers. All consecutive patients
who underwent ESG for the treatment of weight regain follow-
ing sleeve gastrectomy between January 2018 and February
2019 were included. None of these patients had been included
in previous studies. The inclusion criteria were patients with
weight regain after sleeve gastrectomy who underwent ESG.
Following previous publications [8, 9, 26–28], weight regain
was defined in this study as increase in body weight of more
than 10 kg. Patients using medication for weight loss were ex-
cluded from the analysis. The procedure was not offered to pa-
tients with severe gastroesophageal reflux disease following
sleeve gastrectomy or hiatal hernia and thus, these patients
were not included in the analysis. Additionally, patients with a
small sleeve volume or sleeve stenosis/angulation were not of-
fered the procedure because it was not possible to safely per-
form the suturing procedure. All patients were seen in a baria-
tric clinic before the procedure to discuss the various options
for the treatment of weight regain, including lifestyle modifica-
tion, and medical, endoscopic, and surgical therapies. Addi-
tionally, patients were required to see a nutritionist and psy-
chologist prior to the procedure.

Ethical concerns

Institutional review board approval was obtained from each
center prior to data collection. Written informed consent was
obtained from all patients prior to the procedures.

Technique

All procedures were performed under general anesthesia in the
endoscopy unit. Carbon dioxide insufflation was used in all
cases. Patients were placed in a left-lateral position. All patients
received prophylactic antibiotics intraprocedurally.

A diagnostic esophagogastroduodenoscopy was performed
first to confirm that the anatomy was appropriate for the pro-
cedure. An esophageal overtube was placed to allow advance-
ment of the suturing device and to avoid air leakage during
the procedure. The endoscopic suturing device, which was
mounted onto a double-channel gastroscope, was advanced to
the gastric lumen. Using the suturing device, 2/0 polypropylene
running sutures were placed, beginning from the level of the in-
cisura angularis to 1–2 cm below the gastroesophageal junc-
tion. No suture pattern was specified; however, in general,
each suture was started at the anterior wall of the sleeve, with
subsequent bites progressing along the “greater curvature/sta-
ple line” and to the more proximal posterior wall. A tissue helix
was used to assist with tissue grasping to ensure full-thickness
bites. Upon completion of each suture run, the needle was re-
leased, anchoring the leading end of the suture. Using the
cinching device, the suture was pulled tight to bring the tissue
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together, and the trailing end of the suture was cut and an-
chored. Approximately 6–10 bites per suture were performed.
The suture was then continued in a retrograde fashion, with the
subsequent suture located at approximately 1 cm proximal to
the first suture. In some cases, a reinforcing interrupted suture
was performed on the medial side of the running sutures. Typi-
cally, 3–5 sutures were used per patient (▶Fig. 1, ▶Video 1).

Patients were discharged on the same day and given a
course of oral antibiotics, daily proton pump inhibitors, and
oral antiemetics and analgesics as needed. Post-procedure
diet consisted of 3–6 weeks of liquid diet, followed by 2 weeks
of soft food, and then transitioning to a regular diet, with a
maximum intake of 1200 kcal/day. All patients participated in
a lifestyle modification program, which included routine fol-
low-ups with the nutritionist, endoscopist, and psychologist
for 1 year after the procedure.

Outcomes

Patient information, including age, sex, baseline weight, and
BMI, were collected. Changes in BMI, absolute weight loss
(AWL), percent total weight loss (%TWL), and percent excess
weight loss (%EWL) were also collected at baseline and at 3, 6,
9, and 12 months after the procedure.

Technical success, clinical success, and safety profile were
evaluated. Technical success was defined as successful ESG, re-
sulting in a narrowing of the sleeve. Clinical success was defined
as achieving ≥25% EWL at 1 year with≤5% serious adverse
event (SAE) rate following the American Society for Gastro-
intestinal Endoscopy (ASGE) and American Society for Metabol-
ic and Bariatric Surgery (ASMBS) threshold [29]. Additionally, a
%TWL≥10% was also analyzed as a measure of clinical success.

Subgroup analyses of the weight loss outcomes in patients
from different BMI categories were also performed (over-
weight 25–29.9 kg/m2; obese class I 30–34.9 kg/m2; class II
35–39.9 kg/m2; and class III≥40 kg/m2). SAEs were defined as
per the ASGE guidelines [30], including unplanned admission
or hospital stay for more than 10 nights, intensive care unit ad-
mission for more than 1 night, and surgery for adverse events.

Statistical analysis

Descriptive statistics were calculated for all demographic and
clinical variables and presented as mean with standard devia-
tion (SD) for continuous variables or proportion (%) for catego-
rical variables. Statistical analysis was done using chi-squared
test for two groups. Friedman’s nonparametric test was used
to compare repeated measurements from the same cohort at
more than two time points. Kruskal-Wallis test was also used
in nonparametric samples to compare three or more unmat-
ched samples. Spearman correlation test was used for correla-
tion analysis. Boxplot was used to display median, minimum –
maximum range, interquartile range, and outliers. Univariable
and multivariable logistic regression using Firth’s bias-reduced
penalized-likelihood logistic regression analyses were then per-
formed to assess predictors of success at 6 months and 1 year.
Given the number of outcomes, three predictors (< 45 years old
and >45 years old), sex, and BMI category (overweight, class I,
class II, and class III obesity) were entered into the multivariable
model and these were chosen a priori. For BMI categories, an
effect coding analysis was used. Analyses were performed
using R software version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria; http://www.R-project.org/) and
SPSS Statistics 22 (IBM Corp, Armonk, New York, USA). Two-si-

▶ Fig. 1 Sequence of endoscopic sleeve gastroplasty (ESG) after sleeve gastrectomy. a Stomach prior to ESG. b Successful bite with first full-
thickness stitch placed. c Cinching device upon completion of the first suture. d Use of helix to grasp tissue. e Needle release upon completion of
suturing to facilitate tightening of the suture. f Final appearance after successful ESG.
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ded P value was used. Statistical significance was determined a
priori at P<0.05.

Results
Patient characteristics

A total of 34 patients from 12 centers (see Table 1s in the online-
only supplementary material) who underwent ESG for weight
regain after sleeve gastrectomy were included in the analysis.
These included 12 men (35.3%) and 22 women (64.7%), with
an average age of 42.5 years (SD 9.9). The mean pre-sleeve gas-
trectomy weight was 116.9 kg (SD 20.5) and mean nadir weight
was 78.9 kg (SD 11.8). The weight prior to ESG was 92.7 kg (SD
10.6). Patient characteristics are described in ▶Table1.

Among the 34 patients, one has not yet reached 3 months’
follow-up and one was lost to follow-up.All other patients com-
pleted at least 6 months of follow-up, and all 17 patients who
were eligible completed 1 year of follow-up.

Efficacy
Technical success occurred in all cases. When considering
%TWL≥10% as clinical success, 81.3% (26/32) and 82.4% (14/
17) of patients achieved clinical success at 6 months and 1
year, respectively. When considering %EWL≥25% as clinical
success, 90.6% (29/32) and 100% (17/17) of patients achieved
clinical success at 6 months and 1 year, respectively.

Absolute weight decreased from 99.6 kg (SD 15.1) to 86.2 kg
(SD 12.1) and 83.6 kg (SD 10.3) at 6 months and 1 year, respec-
tively (P=0.001) (▶Fig. 2). BMI decreased from 34.8 kg/m2 (SD
4.4) to 30.2 kg/m2 (SD 4.1) at 6 months and to 28.9 kg/m2 (SD
4.4) at 1 year.

AWL and BMI were statistically significant between pre-pro-
cedure, 6 months, and 1 year in obesity class I, II, and III groups.
In the overweight group, a reduction in weight loss and BMI was

also noted, although this difference was not statistically signifi-
cant.

On avarage, %TWL was 13.2% (SD 3.9) at 6months and 18.3%
(SD 5.5) at 1 year. Obesity class I and III had higher %TWL at 1
year, with a %TWL of 19.3 (SD 5.3) and 20.4 (SD 3.3), respec-
tively (▶Fig. 3). The %EWL was 51.9% (SD 19.1) at 6 months
and 69.9% (SD 29.9) at 1 year. Overall, %EWL was >50% at 6
months and 1 year (▶Fig. 4). ▶Table2 summarizes the results
of the study, including all results relating to AWL, %TWL, BMI,
and %EWL, including BMI subgroups.

Correlation between weight regain and %TWL
after ESG

There was no correlation between percent of weight regain
after sleeve gastrectomy and %TWL after ESG at 3, 6, 9, and 12
months (Fig. 1s).

Correlation between number of sutures and weight
loss
The number of suture used during the procedure was related to
greater weight loss when comparing 5 sutures with 3 sutures at
6 months. However, at 1 year, no statistical difference was
found (▶Fig. 5).

Bivariable analysis

In the bivariable analysis, the chi-squared test showed no
significant association between achieving clinical success and
several variables including sex, age, and BMI at 6 months and 1
year (Table2s, Table3s).

▶Table 1 Patient characteristics.

Characteristics Population Male Female

Patients, n (%) 34 (100) 12 (35.3) 22 (64.7)

Age, mean (SD), years 42.5 (9.9) 42.2 (9.9) 42.7 (9.8)

Weight before sleeve
gastrectomy, mean
(SD), kg

116.9
(20.5)

133.8
(19.5)

106.7
(13.1)

Nadir weight, mean
(SD), kg

78.9 (11.8) 88.0 (9.8) 73.6 (9.3)

Weight pre-ESG, mean
(SD), kg

92.7 (10.6) 111.1
(14.4)

92.7 (10.6)

BMI pre-ESG, mean
(SD), kg/m2

34.8 (4.8) 33.9 (3.6) 35.4 (4.8)

BMI subclass, n (%)

▪ Overweight 4 (11.7) 2 (16.7) 2 (9.1)

▪ Obesity class I 19 (55.9) 7 (58.3) 12 (54.5)

▪ Obesity class II 7 (20.6) 1 (8.3) 6 (27.3)

▪ Obesity class III 4 (11.8) 2 (16.7) 2 (9.1)

SD, standard deviation; ESG, endoscopic sleeve gastroplasty; BMI, body
mass index.

Video 1 Endoscopic sleeve gastroplasty after sleeve gastrec-
tomy.
Online content viewable at:
https://doi.org/10.1055/a-1086-0627
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Univariable and multivariable logistic regression

Univariable and multivariable regression analyses were
performed to identify predictors of success for %TWL≥10%
and %EWL≥25% at 6 months and 1 year. In both analyses no
significant predictors were found (Table 4s, Table 5s, Table6s).
As all patients achieved %EWL≥25% at the 1-year follow-up, lo-
gistic regression could not be performed in this specific analy-
sis.

Safety

No intraprocedural complications were reported. All patients
were discharged on the day of the procedure. No patient re-
quired hospitalization after the procedure. Mild adverse events
such as post-procedural abdominal pain, nausea, or vomiting
not requiring further medical attention were not recorded. No
moderate or SAEs were reported.

Discussion
This is the first multicenter study of ESG in the management of
weight regain after sleeve gastrectomy, including patients who
were overweight or obese across the full BMI spectrum. This
study showed that ESG can induce significant weight loss in
this broad cohort for at least 1 year, according to the minimal
thresholds of 25% EWL and≤5% SAE recommended by the
ASGE/ASMBS for endoscopic bariatric and metabolic therapies
[29].

Although bariatric surgery is the most effective and durable
treatment for obesity, weight regain is common and has be-
come a considerable challenge [5, 11]. Weight regain is often
multifactorial and the initial step in the management of this

condition is a comprehensive evaluation of contributing fac-
tors. A multidisciplinary evaluation, including dietary and life-
style factors, and a general medical history and examination
are essential [4, 13]. Although lifestyle therapies including
diet, exercise, and behavior modification are fundamental to
the treatment of weight regain, they typically have limited effi-
cacy when used alone [13]. The next step in the management
of weight regain after sleeve gastrectomy is an anatomic evalu-
ation. A systematic review identified that sleeve size and sleeve
dilation may contribute to weight regain after sleeve gastrect-
omy [5]. Recently, an international expert consensus [4] agreed
that conversion of sleeve gastrectomy to an alternative proce-
dure is indicated in the presence of sleeve dilation and weight
regain or insufficient weight loss (80.8% agreed). Additionally,
conversion to an alternative procedure is preferable in the pres-
ence of a retained fundus (72% agreed). The expert group
agreed that SADI is a reasonable procedure to treat this patient
population. Additionally, more than 90% agreed that BPD-DS is
superior to RYGB in terms of weight loss. In contrast to conver-
sion, revision of sleeve gastrectomy, including repeat sleeve
gastrectomy or gastric antrum resection, were not considered
an indication for insufficient weight loss or weight regain in
the presence of dilation of the sleeve or isolated antral dilation.
The majority of experts thought that there was not enough
clinical evidence to conclude that repeat sleeve gastrectomy is
a safe and effective revisional procedure for weight regain or
poor weight loss after index sleeve. Additionally, gastric band
was not considered an effective revisional intervention [4].

Although revisional surgery for weight regain improves
weight loss, it is associated with a higher risk of complications
than primary bariatric surgery, with an adverse event rate of
up to 14.3%. Additionally, some patients do not want to under-
go a second surgical procedure or to convert the procedure to
another technique [16–18, 31–33]. Repeat sleeve gastrec-
tomy, as mentioned above, is not yet considered a safe and ef-
fective procedure in the management of weight regain after
sleeve gastrectomy. Therefore, there is an increased demand
for less invasive and safer procedures to manage weight regain
following sleeve gastrectomy. Several endoscopic bariatric
therapies have been used in the management of patients with
weight regain after RYGB, with satisfactory results [13, 19, 20].
Following the favorable results of endoluminal revision thera-
pies in RYGB patients and the satisfactory results of ESG in pa-
tients without previous surgery, several centers have recently
started to perform ESG as a revisional procedure in patients
with weight regain after sleeve gastrectomy. However, there
are few reports in the literature.

In our study, a significant reduction in BMI was reported. The
BMI decreased from 34.8 kg/m2 (SD 4.4) to 30.2 kg/m2 (SD 4.1)
and 28.9 kg/m2 (SD 4.4) at 6 months and 1 year, respectively.
These results are similar to surgical revisional procedures as
demonstrated in a systematic review, in which the BMI de-
creased from 41.9 kg/m2 to 36.5 kg/m2 and 33.7 kg/m2 after
RYGB and from 38.5 kg/m2 to 34.0 kg/m2 and 30.4 kg/m2 after
repeat sleeve gastrectomy at 6 months and 1 year, respectively
[6]. In our study, we also individually evaluated the reduction in
BMI in patients who were overweight and obese. All obesity

9 months

6 months

3 months

12 months

P = 0.567

P = 0.000**

Baseline

P = 0.999

P = 0.022**

P = 0.001**

P =
 0

.3
77

P = 0.000**

P = 0.001**

P 
= 

0.
32

7
P =

 0
.9

99

▶ Fig. 2 Comparison between absolute weight loss at baseline and
3, 6, 9, and 12 months after endoscopic sleeve gastroplasty.
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classes showed a significant reduction in BMI; however, results
in overweight patients did not reach statistical difference in BMI
reduction.

When analyzing AWL and %EWL, our study also demonstrat-
ed similar results to a study comparing conversion to RYGB vs.
repeat sleeve gastrectomy, which showed a reduction from
125.1 kg to 94kg after RYGB and from 113.75kg to 95kg after
repeat sleeve gastrectomy at 1 year [14]. In our study, AWL sig-
nificant reduced from 99.6 kg (SD 15.1) to 83.6 kg (SD 10.3) at
1-year follow-up. Regarding %EWL, a systematic review report-
ed 60% EWL after conversion to RYGB and 68% after repeat
sleeve gastrectomy at 1 year [6]. These results are similar to
the 69.9% (SD 29.9) reported in our study.

Regarding %TWL after conversion surgery, in accordance to
the expert consensus [4], a systematic review showed that
SADI/BPD-DS achieved significantly higher %TWL by 10.22%,
when compared with RYGB [16]. In our study, %TWL appeared
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▶ Fig. 3 Comparison between percent total weight loss (%TWL) at 3, 6, 9, and 12 months after endoscopic sleeve gastroplasty in all body mass
index subgroups.
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▶ Fig. 4 Percent excess weight loss (%EWL) at 3, 6, 9, and 12
months after endoscopic sleeve gastroplasty (ESG).
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▶ Fig. 5 Correlation between number of sutures used during endoscopic sleeve gastroplasty and percent total weight loss (%TWL) at 6 months
and 1 year.

▶Table 2 Mean weight loss in all body mass index groups after endoscopic sleeve gastroplasty.1

Variables Baseline (pre-ESG) (n=32) 6 months (n=32) 1 year (n =17) P value2

Absolute weight 99.6 (15.1) 86.2 (12.1) 83.6 (10.3) < 0.05

▪ Overweight 92.3 (12.9) 83.4 (9.9) 77.5 (5.5) > 0.05

▪ Obesity class I 94.6 (10.9) 81.2 (9.1) 79.8 (9.8) < 0.05

▪ Obesity class II 99.9 (4.9) 87.9 (5.8) 83.9 (8.7) < 0.05

▪ Obesity class III 127 (14.3) 107.9 (8.7) 95.8 (5.1) < 0.05

%TWL – 13.2 (3.9) 18.3 (5.5) –

▪ Overweight – 9.3 (2.6) 14.2 (12.5) –

▪ Obesity class I – 14.1 (4.2) 19.3 (5.3) –

▪ Obesity class II – 12.1 (2.4) 17.5 (5.2) –

▪ Obesity class III – 14.6 (4.5) 20.4 (3.3) –

BMI 34.8 (4.4) 30.2 (4.1) 28.9 (4.4) < 0.05

▪ Overweight 29.4 (0.3) 26.7 (0.5) 25.4 (2.4) > 0.05

▪ Obesity class I 32.9 (1.2) 28.4 (1.7) 26.2 (1.5) < 0.05

▪ Obesity class II 36.7 (1.3) 32.2 (1.8) 30.2 (1.7) < 0.05

▪ Obesity class III 43.9 (4.4) 37.7 (5.4) 35.8 (4.5) < 0.05

%EWL – 51.9 (19.1) 69.9 (29.9) –

▪ Overweight – 62.0 (12.3) 88.5 (52.8) –

▪ Obesity class I – 59.1 (19.0) 84.4 (22.4) –

▪ Obesity class II – 38.6 (8.6) 55.4 (14.8) –

▪ Obesity class III – 35.7 (12.5) 47.8 (11.2) –

SD, standard deviation; ESG, endoscopic sleeve gastroplasty; TWL, percent total weight loss; BMI, body mass index; %EWL, percent excess weight loss.
1 All data are mean (SD) in kg.
2 Friedman test.
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superior to surgical techniques, with a %TWL of 13.2% (SD 3.9)
at 6 months and 18.3% (SD 5.5) at 1 year. However, our study
had a lower baseline BMI compared with the surgical studies,
which may have introduced a selection bias. Our satisfactory re-
sults appear to be reproducible, as reported in two series [25,
34]. The first case series (five patients) describing ESG after
sleeve gastrectomy reported %TWL of up to 17.2% [25]. Addi-
tionally, a multicenter series including nine patients reported
12.7% TWL at 6 months and 18.5% at 1 year [34]. However, un-
like in our study, some patients in this series received weight
loss medication at 6 months to further enhance weight loss.

Our results are comparable to ESG as a primary treatment for
obesity in the 6-month follow-up analysis. We demonstrated a
%TWL of 13.2% (SD 3.9), which is similar to the results of the
largest series of primary ESG (13.7% [SD 3.9]) [24]. The %EWL
of 51.9% (SD 19.1) was also similar to 53% (SD 17) of another
primary ESG study at 6-month follow-up [23]. However, when
we analyzed the 1-year follow-up data, our study showed a
slight improvement in weight loss compared with primary
ESG. We demonstrated a %TWL of 18.3% (SD 5.5) compared
with 15.0% (SD 7.7) in the largest ESG study [24], and a %EWL
of 69.9% (SD 29.9) compared with 54% (SD 40) from the Mayo
Clinic study [23]. We believe that this slight improvement is in
part related to the relatively narrow caliber of the stomach be-
fore ESG in the revisional procedures. Additionally, patients
with previous sleeve gastrectomy may have altered gastric
physiology, which could favor weight loss following ESG in
sleeve gastrectomy.

Overall, ESG after sleeve gastrectomy was well tolerated. Si-
milarly to most ESG studies in the literature, mild adverse
events such as abdominal pain, nausea, and emesis were not
analyzed in detail because they are expected and managed con-
servatively, with improvement observed after a few days
[22, 23]. However, Alqahtani et al. [24], reported 3 procedure
reversals among 1000 ESG patients owing to intractable ab-
dominal pain. In our study, no patient required hospitalization
after the procedure and no moderate or SAEs were reported.
In the literature, there are some reports of moderate and SAEs
after ESG, including bleeding and perigastric fluid collections;
however, the reported mean SAE rate is 2.3% [21]. Therefore,
ESG is considered safe in light of the threshold set by the
ASGE/ASMBS position paper [29]. When compared with surgi-
cal revision, the benefit of ESG regarding adverse events is evi-
dent. In a retrospective analysis including 34 patients who un-
derwent conversion of sleeve gastrectomy to RYGB, 4 early
SAEs were reported (11.7%), including gastrojejunostomy
leak, intestinal wound, strangulated hernia at the trocar port,
and exploratory laparoscopy for abdominal discomfort. Addi-
tionally, three late SAEs were reported (8.7%) [17]. In other se-
ries including 84 revisional procedures due to weight regain
(53.6%) or refractory complications (46.4%), overall adverse
events were 14.3% [18]. As our study is the first to evaluate
ESG as a revisional procedure, there are no studies with which
to compare adverse event data. However, a recent matched co-
hort study comparing the outcomes of ESG vs. sleeve gastrect-
omy as a primary procedure showed significantly lower rates of
adverse events in the ESG group (5.2% vs. 16.9%) [35].

We recognize the limitations of our study. First, there is no
standardized definition for weight regain after sleeve gastrect-
omy. We used the most common definition, which is an in-
crease of at least 10 kg from nadir weight [5]. Second, this is a
retrospective study with the inherent limitations expected,
such as potential selection bias, lack of randomization, and
loss to follow-up. Third, this cohort includes the first cases of
ESG in the management of weight regain after sleeve gastrec-
tomy performed at some centers, thus the learning curve could
impact clinical results. Additionally, our study is limited to 1
year of follow-up. Further studies with longer follow-up would
be helpful to assess the durability of the procedure. Finally, pro-
spective studies comparing an endoscopic to a surgical tech-
nique, or assessing the effect of combination therapy with
medication would also be of interest.

In summary, given the rise in number of sleeve gastrectom-
ies being performed worldwide, there is an increasing demand
for a minimally invasive endoscopic treatment option for
weight regain following sleeve gastrectomy. Considering the
minimally invasive outpatient nature of ESG, the reproducibility
among centers, the low prevalence of SAEs, and the favorable
clinical outcomes, ESG following sleeve gastrectomy appears
to be safe and effective and may offer a solution for the treat-
ment of this challenging patient population.
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