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Abstract

Background We aimed to individually evaluate IGB and ESG procedures and compare the efficacy, durability, and safety of
these procedures.

Methods Bibliographic databases were systematically searched for studies investigating the use of IGB and ESG for the
treatment of obesity. Studies reporting percent total weight loss (%TWL) or percent excess weight loss (%EWL) with at least
12 months of follow-up were included.

Results A total of 28 studies were included in the final analysis. Only 1 study directly compared ESG to IGB, 9 studies evaluated
ESG alone, while 18 studies evaluated IGB. At 12-month follow-up after ESG, mean %TWL was 17.51 (95% CI 16.44—18.58),
and %EWL was 60.51 (95% CI 54.39-66.64). Mean %TWL and %EWL after IGB at 12 months was 10.35 (95% CI 8.38-12.32)
and 29.65 (95% CI 25.40-33.91), respectively. Mean %TWL and %EWL after IGB were significantly decreased at 18 or
24 months compared to 6 months indicating weight regain after IGB removal. ESG achieved significantly superior weight loss
compared to IGB, the difference in mean %TWL was 7.33 (95% CI 5.22-9.44, p value = 0.0001) at 12 months. Serious adverse
events were observed in < 5% for both procedures.

Conclusion Although ESG and IGB are safe and effective for weight loss, our study suggests that ESG results in more significant
and sustained weight loss. Nevertheless, a variety of approaches are essential to care for this underserved population, and there
are several factors other than weight loss that should be considered in selecting the ideal therapy for individual patients.

Keywords Obesity -Intragastricballoon - Gastric balloon - IGB -Endoscopicsleeve gastroplasty - ESG - Endoscopic and bariatric
therapy
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Introduction

Obesity is a global pandemic and is associated with significant
morbidity and mortality. Most patients fail to achieve sustained
weight loss with lifestyle modification and pharmacotherapy.
Bariatric surgery is effective but carries a risk of complications
and low patient acceptance with less than 2% of eligible pa-
tients ultimately undergoing surgery [1]. Endoscopic bariatric
and metabolic therapies (EBMTs) have emerged over the years,
to provide options beyond lifestyle modifications, medications,
and surgery. EBMTs can provide a minimally invasive, effec-
tive, and safe treatment approach to obesity [2].

Among the armamentarium of EBMTs, intragastric bal-
loons (IGBs) are the most well established. Currently, there
are three FDA-approved IGBs on the market designed to treat
obesity: ReShape Integrated Dual Balloon System (ReShape
Lifesciences, San Clemente, CA, USA), Orbera Intragastric
Balloon System (Apollo Endosurgery, Austin, TX, USA),
and Obalon Balloon system (Obalon Therapeutics Inc.,
Carlsbad, CA, USA). Several studies have demonstrated the
efficacy and safety of these IGBs [3, 4]. Another EBMT,
endoscopic sleeve gastroplasty (ESG), has recently gained
popularity for the treatment of obesity. ESG utilizes an endo-
scopic suturing device (OverStitch, Apollo Endosurgery,
Austin, TX) to apply full-thickness sutures in the stomach,
reduce gastric capacity, and delay gastric emptying. In 2012,
Thompson and Hawes performed the first ESG using the cur-
rent full-thickness suturing device [5]. Since then, many stud-
ies have demonstrated the safety and efficacy of this procedure
[6, 7].

Data comparing these common EBMTs are lacking. The
choice of one procedure over the other has been mainly driven
by physician expertise, patient preference, and costs. Multiple
EBMTs are now being developed, and it is imperative to eval-
uate and compare these procedures to inform physicians and
patients about their safety and efficacy.

ASGE (American Society for Gastrointestinal Endoscopy)
and the American Society for Metabolic and Bariatric Surgery
(ASMBS) joint task force [8] defined thresholds of a mean
minimum threshold of 25% excess weight loss (%EWL) mea-
sured at 12 months for an EBMT intended as a primary obe-
sity intervention and 5% total body weight loss (%TWL) as
absolute minimum threshold for any nonprimary EBMT such
as bridging therapy. We aimed to individually evaluate IGB
and ESG procedures as per the ASGE task force thresholds
and compare the efficacy, durability, and safety among these
procedures.

Methods

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) guidelines. The study was registered in
the International Prospective Register of Systematic Reviews
(PROSPERO) (ID CRD42019140945).

Data Source and Search Strategy

Electronic searches were performed by a medical librarian
(A.C.) with input from the study investigators. Medline
(PubMed), Scopus, Cochrane Register of Controlled Trials,
and Web of Science databases were queried from their dates
of inception to August 2019. There was no language restric-
tion; however, we restricted our search query to observational
and randomized controlled trials (RCT). The search strategy is
detailed in Supplement 1.

All data were extracted from article texts, tables, and fig-
ures with any estimates made based on the presented data and
figures. Two study investigators (S.S. and A.K.) independent-
ly reviewed the titles and abstracts of studies identified in the
search, and its eligibility was determined based on
prespecified inclusion and exclusion criteria. The full text of
the relevant articles was evaluated. Any discrepancy was re-
solved by discussion and re-evaluation by senior authors
(C.C.T. and D.T.H.M.).

Eligibility

All RCTs and observational studies in which patients
underwent EBMT with either IGB or ESG procedure
alone with or without lifestyle modification for obesity
treatment were included. Studies that reported %TWL or
%EWL at a follow-up of a minimum of 12 months were
included to assess the weight loss as per the ASGE task
force recommended threshold. Also, the objective was to
compare the durability of these procedures beyond the
initial treatment duration; therefore, only studies with a
minimal follow-up of 12 months were included. In studies
with more than one treatment arm, patients who
underwent ESG or IGB alone with or without lifestyle
modification were included.

Patients with prior or sequential EBMTs or bariatric sur-
gery were excluded. Case reports and study with < 25 patients
were excluded because of the bias associated with case
reports/small case series and the learning curve associated
with the EBMTs. ESG studies were excluded if endoscopic
gastroplasty techniques using devices other than the
OverStitch endoscopic suturing system were used. Studies
with IGBs not approved by the US Food and Drug
Administration (FDA) were excluded. Letters, editorials, ex-
pert opinions, and reviews without original data were exclud-
ed. Only the most updated study was selected for each
institution/operator while other studies with overlapping pa-
tient cohorts were excluded.
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Data Extraction, Quality Assessment, and Statistical
Analysis

Following data were abstracted using a standardized da-
ta collection by two investigators: study characteristics,
patient baseline characteristics, procedure-related data,
weight loss outcomes at follow-up, adverse events, re-
versal of ESG procedure, or early removal of IGB and
mortality. Primary outcomes of interest were %TWL or
%EWL reported as mean change from baseline at
follow-up periods 6, 12, 18, and 24 months when avail-
able and adverse events. Weight loss outcomes at 18
and 24 months were combined and reported together
(18-24 months). Adverse events were classified and re-
ported as per included studies.

Quality assessment of randomized controlled trials (RCTs)
was done using the NIH Quality Assessment of Controlled
Intervention Studies tool. For quality assessment of observa-
tional studies, the Newcastle-Ottawa scale (NOS) for quality
assessment and bias assessment was used. The quality assess-
ment of the studies was done by two independent authors
(AK. and S.S.). A disagreement on the score was discussed
with a third reviewer (D.T.H.M.) and was resolved by
consensus.

Pooled means for %TWL and %EWL at 6-, 12-, and
18-24-month follow-up were calculated for each type of
EBMT. Studies that did not report standard deviations
or if standard deviations could not be calculated, then
the reported mean of the study was used as an estimate
of its standard deviation to include them in the meta-
analysis. Meta-analyses were performed using a
DerSimonian and Laird random-effects approach given
the degree of heterogeneity. We performed a subgroup
analysis based on follow-up duration. To combine stud-
ies within a subgroup, we assumed a common among
study variance component across subgroups (pool
within-group estimates of tau-squared). Differences in
the mean of %TWL and %EWL were calculated to
compare all ESG and IGB procedures. To assess the
impact of study-level covariates on outcomes, meta-
regression analysis was performed. Meta-analyses for
all outcomes were presented as forest plots with sum-
mary statistical estimates, 95% confidence intervals, and
relative weights. A p value of less than 0.05 was con-
sidered statistically significant. Statistical heterogeneity
was evaluated through Cochran’s Q test and /> statistics.
An I value greater than 50% was considered to indicate
high statistical heterogeneity. To analyze the safety of
each type of EBMT, we reported an overall incidence
of most common reported adverse events. All statistical
analysis was conducted using Comprehensive Meta-
Analysis Software Version 3 (Biostat; Englewood, NIJ,
USA).

Results
Search Strategy Yield and Study Characteristics

Figure 1 shows the PRISMA flow diagram detailing the pro-
cess of study selection. Studies included in the meta-analysis
are summarized in Table 1. A total of 28 EBMT studies
[9-36] with a follow-up of at least 12 months were included
in the final analysis. Out of these, only 1 study evaluated both
ESG and IGB [18], 9 studies evaluated ESG alone, while 18
studies evaluated IGB. Therefore, a total of 10 ESG and 19
IGB datasets were included for meta-analyses. Phase II and
phase III ESG studies by Kumar et al. [13] were included
while phase I study performed to evaluate the safety and tech-
nical feasibility was excluded. A multicenter ESG study by
Sartoretto et al. [37] was excluded since only 6-month follow-
up was available. Several IGB studies have only reported out-
comes at 6 months at the time of IGB removal, therefore
excluded from the analysis.

No controlled or randomized ESG studies were identified.
All included ESG studies were observational studies. Two
studies were multicenter while the other eight studies were
single-center experiences. Four IGB studies were RCTs while
the remaining studies were observational. A total of 1979
patients underwent ESG procedure, and 3025 patients
underwent IGB placement in the included studies. Table 2
compares the patient characteristics in the two groups.
Results of the quality assessment of all included studies were
considered adequate for analysis (Supplement 2).

Weight Loss Outcomes

ESG

Based on a meta-analysis of 9 studies, the pooled mean
%TWL after ESG at 6- and 12-month follow-up was
15.34 (95% CI 14.33-16.35, I* =92.23) and 17.51
(95% CI 16.44-18.58, I? =88.35), respectively
(Fig. 2a). Mean %TWL between 18- and 24-month fol-
low-up was 17.85 (95% CI 15.85-19.86, I =69.57, 4
studies). In comparison of these subgroups, %TWL in-
creased at 12 months (p value=0.004) and 18—
24 months (p value=0.025) follow-up compared to
6 months. The EWL was reported in 6 studies. The
pooled mean %EWL at 6- and 12-month follow-up was
55.61 (95% CI 50.28-60.95, I* = 83.38) and 60.51 (95%
CI 54.39-66.64, > =66.67) (Fig. 2b). Four studies also
reported %EWL at follow-up 18-24 months with a
pooled mean of 66.77 (95% CI 57.54-76.00, P =
67.72). %EWL at 12 months was similar (p value=
0.22) but %YEWL at 18-24 months (p value=0.047)
was increased as compared to 6-month follow-up.
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Fig. 1 PRISMA flow diagram
detailing the process of study
selection

x

Identification

Eligibility

IGB

The %TWL was reported in 4 RCTs and 5 observational IGB
studies (Fig. 3). Overall pooled mean %TWL at 6- and 12-
month follow-up after IGB was 12.16 (95% CI 10.37-13.95,
PP =91.32%) and 10.35 (95% CI 8.38-12.32, I* =89.80%),
respectively. The pooled mean %TWL at 18-24 months of
follow-up was 6.89 (95% CI 3.78-10.01, F* = 96.50%, 3 stud-
ies). Mean %TWL with IGB showed a nonsignificant de-
crease at 12 months (p value =0.13) but significantly lower
%TWL at 18-24 months (p value =0.003) compared to
6 months, indicating weight recidivism with IGB. %EWL
was reported in 2 RCTs and 13 observational IGB studies
(Fig. 3). The overall pooled mean %EWL at 6 and 12 months
was 34.83 (95% CI30.97-38.69, I =97.71%, 15 studies) and
29.65 (95% CI25.40-33.91, I> = 97.51%, 13 studies), respec-
tively (Fig. 3b). The mean %EWL at 18-24-month follow-up
was 23.88 (95% CI 17.41-30.33, I* =87.05%, 5 studies).
%EWL showed a nonsignificant decrease at 12 months (p
value =0.10) but significantly lower %EWL at 18—

@ Springer

Records identified through database
searching
PubMed, 4420
Scopus, 2233
Cochrane Register of Controlled Trials, 418
Web of Science, 2680
{Total, n =9751)

Records after duplicates removed
(n=7,675)

Additional records identified
through other sources
{n=63)

Records excluded not
related to the objective
(n=7,491)

Records screened
(n=7,675)

Full-text articles assessed
for eligibility
{n=184)

Full-text articles excluded with
reasons=156
(Technigue used other than
Overstitch or desired device not
used or older Balloons=38
Follow up less than 12 months=52
Insufficient data/desired outcomes

not reported=18

Studies included Duplicate Series=28

(n=28) Case reports, Study with < 25
1 ESG vs. IGB participants=18
9 ESG alone Patients < 18 years of age=2)
18 IGB alone

24 months (p value=0.001) as compared to 6-month fol-
low-up.

Comparative Analysis ESG Versus IGB

ESG achieved significantly higher %TWL and %EWL than
IGB. The difference in mean %TWL between ESG and IGB
at 6, 12, and 18-24 months was 3.07 (95% CI 1.46-4.67, p=
0.002), 7.33 (95% CI 5.22-9.44, p value =0.0001), and 11.51
(95% CI 5.33-17.69, p value = 0.0003), respectively. The dif-
ference in mean %EWL between ESG and IGB at 6, 12, and
18-24 months was 20.80 (95% CI 12.50-29.10, p value =
0.0001), 30.99 (95% CI 22.81-39.16, p value =0.0001), and
43.78 (95% CI 35.98-51.58, p value = 0.0001), respectively.

Meta-regression
Meta-regression with multiple covariates (type of EBMT,

mean age, mean BMI, and percentage of males) was per-
formed to assess if differences in characteristics of studies
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might influence %TWL and %EWL. Type of EBMT (ESG or
IGB) had a significant impact on %TWL (p value =0.0001)

1, 0.3%)

= and %EWL (p value =0.0001), with all other covariates held
é constant. ESG was associated with significantly higher
% : é %TWL and %EWL than IGB (Supplement 3: Fig. 1a and b).
5 = T; Only one ESG study had patients with a mean BMI > 40
é *E § é [18]; otherwise, the mean BMI for all ESG studies was < 40.
3z i A total of 9 IGB studies had patients with a mean BMI > 40.
Pooled mean %TWL at 12 months for IGB studies with mean
5 £ BMI > 40 was 11.03 (95% CI 6.91-15.15) and was not sig-
; g g nificantly different from studies with BMI <40 (p value =
S 2 = 0.73). Similarly, pooled mean %EWL at 12 months for IGB
studies with BMI > 40 was 28.76 (95% CI 20.01-35.51), sim-
; ilar to BMI <40 (p value =0.70) (Fig. 4).
s
o Adverse Events
55
S g 2 Adverse events were not uniformly described in the included
| e studies; therefore, the crude incidence of adverse events was
58§ A calculated (Fig. 4).
<2ED
“ ESG Most patients had mild to moderate abdominal pain
= g (50.65%) and nausea (32.31%) post-procedure that was man-
S 8= aged with medications. Severe abdominal pain was reported
- in only 2.20% of patients. In one study [16], only 3 out of
g’ 1000 patients required reversal of ESG due to persistent symp-
ot toms with an overall incidence of 0.15%. Serious adverse
% events were rare and included gastrointestinal (GI) bleeding
E’ (0.61%), perigastric fluid collection (0.45%), perforation

(0.10%), post-procedure fever (0.25%), and pulmonary embo-
lism and DVT (0.10%). Overall, these adverse events were
seen in 1.52% of the patients. No mortality associated with
ESG was reported in the included studies.

IGB Abdominal pain (32.51%) and nausea (55.09%) were also
the most common symptoms reported with IGB placement.
Early removal of IGB was approximately 5.92% due to intol-
erance. Adverse events reported were balloon hyperinflation
(0.03%), balloon resting in antrum (0.10%), severe dehydra-
tion (0.77%), esophagitis (2.33%), GI bleeding (0.21%), ob-

Intervention Inclusion criteria

o struction (0.10%), perforation (0.10%), ulcers (0.24%), and
§ severe GERD (0.17%). Overall these adverse events were
© seen in 3.97% of the patients. Mortality was reported in 3
patients (0.10%), 2 were due to acute gastric perforation,

%D and 1 patient suffered cardiac arrest at 4 weeks
A postoperatively.

£ %8 Discussion

‘g A

Z .. 23 We report the results of a meta-analysis indirectly comparing

=| 25Z ESG and IGB for the treatment of obesity. We found that the

Sl 222 mean % TWL achieved with ESG and IGB at 12 months was

@ Springer
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Table 2 Comparison of
endoscopic sleeve gastroplasty

Endoscopic sleeve gastroplasty (N =1979)

Intragastric balloon (N =3025)

and intragastric balloon patient
characteristics and weight loss
outcomes Males (%)

BMI
%TWL
6 months
12 months
18-24 months
%EWL
6 months

Age mean (years)

12 months
18-24 months

42.23 (95% C140.06-44.39)
22.52 (95% C116.07-30.62)
36.08 (95% CI 35.06-37.09)

15.34 (95% CI 14.33-16.35)
17.51 (95% CI 16.44-18.58)
17.85 (95% CI 15.85-19.86)

55.61 (95% CI 50.28-60.95)
60.51 (95%CI 54.39-66.64)
66.77 (95% CI 57.54-76.00)

39.06 (95%CI 37.49-40.62)
21.36 (95% CI 16.64-26.99)
41.70 (95% CI 38.59-44.80)

12.16 (95% CI 10.37-13.95)
10.35 (95% CI 08.38-12.32)
06.89 (95% CI 03.78-10.01)

34.83 (95% CI 30.97-38.69)
29.65 (95% CI 25.40-33.91)
23.88 (95% CI 17.41-30.33)

17.51 and 10.35, respectively. Mean %EWL achieved at
12 months was 60.51 with ESG and 29.65 with IGB. The
weight loss outcomes for both ESG and IGB surpass the
ASGE joint task force defined threshold (>25 %EWL at
12 months) for a primary obesity intervention to be incorpo-
rated into clinical practice.

Excellent weight loss outcomes were seen after ESG. Mean
%TWL after ESG at 6-, 12-, and 18- to 24-month follow-up
was 15.34, 17.51, and 17.85, respectively. Our results are
comparable to a recently published study by Galvao Neto
et al. [38] which included a total of 233 ESG patients and
showed %TWL of 17.1 at 6 months and 19.7 at 12 months.
On indirect comparison to IGB, ESG resulted in significantly
superior weight loss compared with IGB placement. The dif-
ference in mean %TWL between ESG and IGB was 3.07 at
6 months, 7.33 at 12 months, and 11.51 at 18-24 months.
Similarly, the difference in mean %EWL between ESG and
IGB at 6, 12, and 18-24 months was 20.80, 30.99, and 43.78,
respectively. These results were consistent with the only pre-
vious observational study directly comparing ESG and IGB
[18].

Weight loss with ESG was durable, %TWL, and %EWL
showed a slight increase at 12- and 24-month follow-up as
compared to 6 months. Whereas weight loss with IGB de-
creased at 12-month and 24-month follow-up, suggesting
weight regain after removal of the balloon at 6 months.
Weight regain is a significant drawback with IGB reported
in multiple studies [39, 40]. An adjustable fluid-filled balloon
implanted in the stomach for 1 year is currently under inves-
tigation in the USA. The extended implantation period can
result in superior weight loss at 12 months [41]; however,
patients can regain weight after balloon removal. Sequential
therapy with a second IGB after the first balloon was removed
can also be used to combat weight regain. The durability of
weight loss will ultimately depend on the weight loss program
and continued maintenance of lifestyle modification [42].
Additionally, weight loss medications can also be used in

@ Springer

conjunction with IGB. The use of concurrent pharmacothera-
py with IGB did not result in weight regain at 12-month fol-
low-up [27, 43], suggesting that the use of pharmacotherapy
can help maintain weight loss after IGB removal.

Many IGB studies had patients with a mean BMI of > 40 or
severe obesity. Mean %TWL and %EWL at 12 months in
these studies were 11.03 and 28.75, respectively. The ASGE
joint task force recommended 5% TWL as an absolute mini-
mum threshold for any nonprimary EBMT such a bridging
therapy. IGB surpasses these thresholds and successfully used
as a bridge therapy for severely obese patients in many studies
[21, 44]. Almost all ESG studies had patients with a mean
BMI between 30 and 40. There is limited evidence on the
safety and efficacy of bariatric surgery after ESG. LSG can
be technically challenging after an ESG, although one small
single-center study [45] has reported safe and feasible LSG
after ESG. The presence of sutures, anchors, and cinches in
the stomach greater curvature can obstruct the surgical field
during LSG [45]. However, during ESG, sutures are not ap-
plied in the fundus; therefore, if Roux-en Y gastric bypass is a
better option after ESG remains to be investigated. For obese
patients who do not qualify for bariatric surgery or are non-
surgical candidates, ESG is still an attractive alternative as
primary bariatric therapy because of superior and durable
weight loss.

ASGE task force recommended that the risk associated
with EBMT should equate to a <5% incidence of serious
adverse events (SAE). SAE profile was acceptable for both
ESG and IGB. Most of the reported adverse events with ESG
and IGB can be classified as mild to moderate adverse events,
according to ASGE Quality Task Force recommendations
[46]. Mild to moderate abdominal pain was a predominant
complaint after ESG, while nausea was a more common oc-
currence after IGB. Most of these patients were managed con-
servatively with medications. Approximately 6% of IGB pa-
tients underwent early removal of IGB due to intolerance.
Whereas, only few ESG patients required reversal of ESG
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Fig. 2 a, b Forest plot of studies
reporting the percentage of
percent total weight loss (%TWL)
and percentage of excess weight
loss (%EWL) after endoscopic
sleeve gastroplasty (ESG)

due to persistent symptoms, suggesting ESG was better toler-
ated. Lower rates of ESG reversal may be explained by the

(a)

Mean %EWL with ESG

Group by

Study name

Time point

06 months
06 months
06 manths
06 maonths
06 months
06 months
06 manths
12 manths
12 months
12 months
12 months
12 months
12 months
12 months
18-24 months
18-24 months
18-24 months
18-24 months
18-24 months

Algahtani 2019 06 months
Abu Dayyeh 2017 06 months
Lopez-Nava 2017 06 months
Morales 2018 06 months
Barrichello 2019 06 months
Sartoretto 2019 06 months

Algahtani 2019 12 months
Abu Dayyeh 2017 12 months
Lopez-Mava 2017 12 months
Morales 2018 12 months
Barrichello 2015 12 months
Sartoretto 201% 12 months

Time paoint

Lower Upper
Mean limit fimit
6430 5857 70.03
53.02 4636 59.68
47.80 42.80 52.80
64.93 56.71 73.15
56.15 52.81 59.49
49.70 4534 54.06
55.61 50.28 B0.95
67.50 60.53 74.47
54.00 2921 78.79
52.60 4493 B0.27
7540 6171 B89.09
55.41 54.83 6399
5570 4558 61.82
60.51 54.39 66.64

Algahtani 2019 18-24 months 64.60 49.82 79.38
Abu Dayyeh 2017 18-24 months 45,00 1659 73.41
Lopez-Nava 2017 18-24 months 60,40 4388 71.92

Morales 2018

18-24 months 79.25 £9.32 89.18

66,77 57.54 76.00

Mean and 95% CI

-80.00 -40.00

0.00

+I+’.'L+ ¢o°.+‘+.

40.00 80.00

%EWL

(b)

Mean %TWL with ESG

Group by Study name Time point
Time point

06 months Saumoy 2018 06 months
06 months Algahtani 2019 06 months
06 months Lopez-Nava 2017 06 manths
D& manths Morales 2018 06 months
06 months Barrichello 2019 06 manths
06 months Kumar 2017 0& months
06 months Sartoretto 2019 06 manths
06 months Fayad 2019 (ESG) 06 months
06 months Bhandari 2019 06 months
06 months

12 months Saumoy 2018 12 months
12 months Algahtani 2019 12 months
12 months Lopez-Nava 2017 12 months
12 months Morales 2018 12 months
12 months Barrichello 2019 12 months
12 months Kumar 2017 12 months
12 months Sartoretto 2019 12 months
12 months Fayad 2019 (ESG) 12 months
12 months Bhandari 2019 12 months
12 months

18-24 months
18-24 months
18-24 months
18-24 months
18-24 months

Saumoy 2018

Lower Upper
Mean limit  limit
13.430 11.744 15.116
13.700 13.006 14,394
15,800 14.593 17.007
15.450 14.499 16.401
14.250 13.484 15.016
16.200 16.062 16.338
16,400 15.054 17.746
19.500 17.266 21,734
14.250 12.384 16.116
15.342 14.331 16.354
15.800 13.396 18.204
15.000 13.973 16.027
18.200 15.726 20.674
17.530 16.310 18.750
15.060 14.130 15.990
17.400 17.131 17.669
19.600 17.542 21.658
21.300 18.477 24.123
19.940 18.461 21.419
17.509 16.439 18579

18-24 months20.900 15.788 26.012

Algahtani 2019 18-24 months14.800 12.533 17.067
Lopez-Nava 2017 18-24 months19.500 15.611 23,388

Morales 2018

18-24 months18.660 16.974 20.346

17.855 15.847 19.863

-25.00

Mean and 95% Cl

-12.50

0.00

cre®oe’?

NI

12.50 25.00

%TWL

technically challenging nature of the procedure compared to
IGB removal. An adjustable IGB under investigation in the
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Fig. 3 a—d Forest plot of studies
reporting the percent total weight

(a)

Mean %TWL with IGB in RCTs

loss (% TWL) and percentage of

excess weight loss (EWL) after Group by

Study name  Time point

Time point

intragastric balloon (IGB)

06 months
06 months
06 manths
06 months
06 months
12 months
12 months
12 months
12 months
12 months
18-24 months
18-24 months

Lower Upper

Mean and 95% Cl

Mean limit  limit
Courcoulas 201706 months 10,200 9.021 11.379 *
Dargent 2015 06 months 8.000 4.88411.136 ——
Farina 2012 06 months 14,500 14.071 14.929 L]
Fulier 2013 06months 14,200 12,185 16.215 el

11.882 B.67515.088

*

Courcoulas 201712 months 7.600 6119 9.081 -
Dargent 2015 12 months 6.500 4.344 BE56 e
Farina 2012 12 months  14.300 12,886 15.714 hd
Fuller 2013 12 months 9,200 7.28111.119 -

9.451 6.262 12.640 <
Dargent 2015  18-2d months 3300 0.348 5.652 &

3.300 3266 9.866 =

-25.00 -12.50 0.00 12.50 25.00
%TWL

(b) Mean %TWL with IGB in Observational Studies

Group by

Time point

06 months
06 months
06 months
06 months
06 months
06 months
12 months
12 months
12 months
12 months
12 months
12 months
18-24 months
18-24 months

18-24 months

Study name Time point Mean and 95% CI
Lower Upper
Mean limit limit
Agnihotri 2018 06 months  11.400 10.093 12.707
Crea 2009 06 months 14,100 13,149 15.051
Dogan 2013 0& months 9300 6.86111.739 -2
Fayad 2019 (IGB) 06 months  15.000 12.728 17.272
Nikolic 2011 06 months 11,700 10.101 13.259
12,342 10,104 14,579
Agnihotri 2018 12 months  14.700 B8.024 21.376
Crea 2008 12months 12,000 11.066 12,934
Dogan 2013 12 months 6.800 4167 9.433 -
Fayad 2019 (IGB) 12 months 13,900 9.956 17.844
Nikolic 2011 12months 12,293 4.260 20.327
11.351 B.596 14.106
Crea 2009 18-24 months11.200 10.433 11,967
Dogan 2013 18-24 months 5.400 3.183 7.617 .-
8.554 5.054 12.054
-25.00 -12.50 0.00 12.50 25.00
%TWL

USA permits intragastric volume adjustment according to pa-
tient tolerability and thus may reduce the incidence of early
removal. There was no mortality reported in patients with
ESG, and the mortality associated with IGB was only 0.1%
in the included studies. Despite the recent FDA alerts, IGBs
remain a safe endoscopic bariatric treatment. A recent meta-
analysis [47] of 15 RCTs including 886 IGBs showed no
mortality. In our analysis, mortality in 2 out of the 3 patients

@ Springer

was related to gastric perforation [21], underlining the impor-
tance of a proper evaluation before placement; adequate
periprocedural management of retching, nausea, and
vomiting; early and continual vigilance for side effects and
urgent intervention upon suspicion of signs preempting per-
foration; and other serious events [48]. A strategy for appro-
priate patient selection and close follow-up in a multidisciplin-
ary program should be implemented.
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(c)

Mean %EWL with IGB in RCTs

Group by Study name Heoe poist Mean and 95% CI
Time point
Lower Upper
Mean limit  limit
06 months Fuller 2013 06 months 50.300 37.364 63.236
06 months Courcoulas 2017 06 months  26.500 23.679 29321 .
06 months 36.465 21.006 51.933
12 months Fuller 2013 12 months 32,700 24.255 41.145
12 manths Courcoulas 2017 12 months 23200 20.386 26.014 [ ]
12 months 27.610 12.763 42.457
-80.00 -40.00 0.00 40.00 80.00
%EWL
. . . .
(d) Mean %EWL with IGB in Observational Studies
Group by Study name Time point Mean and 95% CI
i int
oo Lower Upper
Mean  limit  limit
06 months Sallet 2004 06 months 57.400 51.788 63.012 -
06 months Herve 2005 06 manths 39800 30,196 49.404 ——
06 months Angrisani 2006 06 months 51.700 48172 55228 *
06 months Genco 2008 06 months 33.900 30.789 37.011 L ]
D& months Crea 2009 06 months 29300 28.499 30.101 L]
D6 months Genco 2009 06 months 34700 33.363 36.037 L]
D& months Al Kahtani 2009 D6 months 19.600 15.989 23211 L 2
D& months Mui 2010 D& months 45100 38.758 51442 -
D6 months Nikolic 2011 D6 months 30535 21.872 39199 ——
DB manths Kotzampassi 20012 D6 months 43.900 41.939 45.861 | J
D6 months Bozkurt 2012 06 months 25495 21533 29456 *
06 months Agnihatri 2018 06 months 29900 26351 33.449 L J
D6 manths Ashrafian 2017 06 months 14.500 11.266 17.734 L ]
D6 months 34.804 30.653 3B95S ’
12 months Sallet 2004 12 months 50.900 44.865 56935 -
12 months Angrisani 2006 12 months 27.100 25.032 29.168 ®
12 months Crea 2009 12 months 27.400 26,623 2B.177 L ]
12 months Genco 2009 12 months 35100 34.048 36152 L]
12 months Al Kahtani 2009 12 months 18.000 13.680 22.320 L
12 manths Mui 2010 12 months 32900 21534 44.266 —
12 months Nikolic 2011 12 months 31719 22.471 403967 -
12 months Kotzampassi 2012 12 months 42,730 40,850 44,610 ]
12 months Bozkurt 2012 12 menths 15.293 B854 21733 -
12 months Agnihotri 2018 12 months 36.400 20,501 52,299 —
12 manths Ashrafian 2017 12 months 17.600 14.072 21128 L ]
12 months 30.088 25410 34.766 L3
18-24 months Herve 2005 18-24 months  26.800 21.611 31983 .
18-24 months Genco 2008 18-24 months  21.300 17.932 24,668 [ ]
18-24 months Crea 2009 18-24 months 26,100 25,282 26918 [ ]
18-24 months Kotzampassi 2012 18-24 months  27.710 26310 29.110 [
18-24 months Ashrafian 2017 18-24 menths  17.200 13.084 21316 .
18-24 months 23.875 17341 30.400 L 4
-B0.00 40.00 0.00 40.00 80.00
%EWL

Fig. 3 continued.

IGB is the most well established and readily available EBMT.
Whereas, ESG has recently gained popularity and is currently
performed at selected centers [49]. ESG is a technically complex
procedure as compared to IGB and is associated with a longer
learning curve. One study showed that about 38 ESG procedures
by a single operator are required to attain efficiency (refining

performance to decrease procedure time), while mastery (ab-
sence of outliers) was attained after 55 procedures [9].
Standardized ESG training and credentialing methods are re-
quired for widespread expansion of the procedure. Both ESG
and IGB are mostly self-pay procedures in the USA. The cost
of ESG is slightly higher than IGB; however, the superior weight

@ Springer
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Fig.4 Comparison of endoscopic
sleeve gastroplasty (ESG) and
intragastric balloon (IGB) adverse
events

loss may offset the higher cost related to ESG. ESG is a single
endoscopic procedure, whereas most IGBs require two proce-
dures (one of IGB insertion and another for removal). An air-
filled swallowable balloon requires only one endoscopic proce-
dure for removal but is currently not FDA-approved. Identifying
the right patient phenotype and physiology for these procedures
will be essential for optimizing outcomes.

We performed a comprehensive systematic review and
meta-analysis and analyzed weight loss outcomes up to 24-
month follow-up. We included most updated studies from
multiple centers with an overall large number of patients.
Despite our rigorous criteria, our study has several limitations.
The quality of the included studies limits the quality of our
systematic review and meta-analysis. Although ESG out-
comes were reproducible at centers worldwide, no controlled
ESG studies are available. Only 4 IGB studies were RCTs;
otherwise, all studies were observational of variable sample
size. Nonetheless, the outcomes of the observational IGB
studies were consistent with the RCTs. ESG has recently
gained momentum, and long-term follow-up data is not avail-
able. Reduction in metabolic comorbidities constitutes a
promising outcome for EBMTs; however, they were not re-
ported by all studies and were not included in the analysis.
Many of the included studies did not clarify the concomitant
use of weight loss medications during follow-up.
Considerable heterogeneity was seen in our estimates.
Differences in patient characteristics were seen although we
did control for possible study-level moderators in the meta-
regression analysis. Other endoscopic gastroplasty techniques
such as primary obesity surgery endoluminal (POSE) and
Endomina did not meet the inclusion criteria and were not
included. Included IGB studies consisted of only two types
of the FDA-approved fluid-filled balloons, while studies with
other types of IGBs did not meet the inclusion criteria.
Multiple IGB studies were excluded due to less than
12 months of follow-up. However, outcomes for our IGB
analysis were consistent with previous IGB meta-analysis
[2]. Lack of standardized definition for SAE in included stud-
ies also may affect the comparison.

@ Springer

Adverse events

Conclusion In conclusion, ESG and IGB are minimally inva-
sive, safe, and effective endoscopic bariatric procedures for
weight loss. ESG achieved superior weight loss as a primary
obesity therapy compared to IGB. Based on these studies,
weight loss with ESG is durable while weight regain is com-
mon following IGB removal. Nevertheless, a variety of ap-
proaches are essential to optimally care for this underserved
population and there are several factors other than weight loss
that should be considered in selecting the ideal therapy to care
for individual patients.
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