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Obesity has been escalating as one of the worst public health epidemics. Conservative
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Introduction

Obesity is markedly rising as one of the worst global public
health epidemics. According to the World Health Organization,
its prevalence has nearly tripled since 1975, affecting more
than 650 million individuals worldwide in 2016. The increas-
ing burden of obesity and its associated comorbidities, such as
type 2 diabetes mellitus (T2DM), chronic renal disease, coro-
nary artery disease, and nonalcoholic fatty liver disease
(NAFLD), represent a major concern to the healthcare sector.
In India, it is estimated that around 40% of the population
suffers from obesity, 9.6% from T2DM, and 9 to 53% from
NAFLD.>~

Conservative therapies including exercise, dietary modi-
fication, and weight loss medications remain a mainstay
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efficacy and long-term sustainability. Bariatric surgeries, although effective, remain
underutilized due to their cost, safety concerns, and patient acceptance. In the past two
decades, endoscopic bariatric and metabolic therapies (EBMTs) have emerged as safe,
effective, and less invasive options for the treatment of obesity and its comorbidities,
with recent studies reporting favorable outcomes in terms of weight loss and
metabolic parameters. This article reviews the major and newly developed EBMTs,
with emphasis on their metabolic effects and potential use in the management of

component of weight loss and weight maintenance
programs but have limited long-term sustainability. Bariatric
surgery, despite its proven effectiveness at inducing weight
loss and metabolic changes, remains underutilized, with only
1% of eligible patients undergoing surgical intervention for
the treatment of obesity. The underutilization of bariatric
surgery is multifactorial, such as cost, safety, and patient
acceptance. Additionally, some of the patients who fail
conservative management do not meet the eligibility criteria
for bariatric surgery.

Endoscopic bariatric and metabolic therapies (EBMT) have
emerged as safe and effective options for patients who are
ineligible for bariatric surgery or for those who opt for a less
invasive, anatomy preserving treatment approach. Various
EBMT are currently used in clinical practice, while others
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are still under investigation. In addition to resulting in favor-
able weight loss outcomes, EBMT also seem to improve several
metabolic parameters including insulin sensitivity, lipid pro-
file, liver enzymes, steatosis, fibrosis, and others, independent
of weight loss. In this article, we review the most current
literature assessing the efficacy and safety of different EBMT in
the management of obesity and its associated comorbidities,
with a special focus on their potential use in the management
of metabolic conditions such as T2DM, NASH, and others.

Intragastric Balloons

Intragastric balloons (IGBs) are one of the most widely used
space-occupying devices for the treatment of obesity. In
addition to decreasing the gastric volume, IGBs seem to
delay gastric emptying and alter the gut hormones, leading
to early satiety and decreased food intake. =Table 1
describes the different types of IGBs.

Studies have shown favorable outcomes with IGBs in terms
of weight loss and improvement in metabolic parameters and
comorbid conditions. A multicenter, open-label, randomized
clinical trial (RCT) evaluated the efficacy and safety of the
Orbera Intragastric Balloon (Apollo Endosurgery, Austin,
Texas, United States), one of the most commonly used IGB.?
The IGB plus lifestyle group was found to have a significantly
higher percent total body weight loss (¥TBWL) at 6 months
(10.2 vs. 3.3%), 9 months (9.1 vs. 3.4%), and 12 months (7.6 vs.
3.1%) after implantation, compared with the lifestyle group.
The rate of device- or procedure-related serious adverse
events (SAE) was 10%, while 18.8% of patients had their device
removed before 6 months due to an SAE or subject request.
The most common SAE was device intolerance.Ina 2020 meta-
analysis, the TBWL at 6, 12, and 18 to 24 months was 12.16,
10.35, and 6.89%, respectively.® The overall adverse event (AE)
rate was 3.97%, and included abdominal pain and nausea, and
5.92% of patients had an early removal of the IGB due to
esophagitis, severe dehydration, and others.

The results of a multicenter randomized trial that
assessed the efficacy and safety of the adjustable Spatz IGB
(Spatz FGIA, Great Neck, New York, United States) were
recently published.” The study reported a significantly
higher $TBWL at 32 weeks in the IGB group compared
with the lifestyle intervention alone group (15.0 vs. 3.3%,
respectively). Overall, 92% of patients in the IGB group
achieved more than or equal to5% TBWL. Device-related
SAEs were observed in 4% of patients. These favorable results
recently led the Food and Drug Administration (FDA) to
approve the use of this device for patients with a body
mass index (BMI) between 30 and 40kg/m? who have
previously failed to reach and maintain target weight loss
despite a supervised weight loss program.

The effect of IGBs on metabolic parameters and comor-
bidities has also been assessed in multiple studies. A 2017
systematic review and meta-analysis® found a significant
decrease in fasting blood glucose (FBG) (mean difference
[MD], —11.0%), hemoglobin Alc (HbAlc) (MD, —0.6%), tri-
glycerides (MD, —22.0%), and systolic blood pressure (SBP)
(MD, —9.1 mm Hg) from baseline in patients with an IGB.
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Table 1 Intragastric balloons (IGBs)
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Abbreviation: FDA, U.S. Food and Drug Administration.
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Moreover, the study reported an increased probability of
remission from T2DM (odds ratio [OR] =1.4), hypertension
(OR=2.0), and dyslipidemia (OR = 1.7) after 6 months of IGB
therapy.

Several studies evaluated the effect of IGBs on hepatic
steatosis and fibrosis in patients with NAFLD or nonalco-
holic steatohepatitis (NASH). One study prospectively
assessed the impact of IGBs on the histologic and metabolic
features of NASH in 21 consecutive patients with obesity,
radiologically proven hepatic steatosis, and early hepatic
fibrosis.? At 6 months of follow-up, there was an improve-
ment in the NAFLD activity score (NAS) in 90% of patients,
with a median decrease of three points. Fifteen percent
of patients improved their fibrosis by 1.17 stages, while
the magnetic resonance enterography-detected fibrosis
improved by 1.5 stages in 50% of patients. Moreover, 50%
of patients reached the United States FDA's defined end
points for NASH resolution and fibrosis improvement.
Finally, the study reported a mean %TBWL of 11.7%, with
significant reductions in waist circumference (MD,
—14.4cm) and HbA1c (MD, —1.3%). Another study'® found
a significant decrease in alanine aminotransferase (ALT)
(MD, -10.02 U/I), gamma-glutamyl transferase (MD,
—-9.82 U/1), FBG (MD, —7.0 mg/dL), triglycerides (MD, —30.8
mmy/dL), and SBP (MD, —8.3 mm Hg), at 6 months following
IGB insertion. The study additionally reported a significant-
ly lower NAS in the IGB group (NAS = 2) compared with the
sham procedure and diet group (NAS =4) at 6 months, and
an improvement in hepatic steatosis by magnetic resonance
imaging and ultrasound. A more recent systematic review
and meta-analysis in 2021 also assessed the safety of IGB in
452 patients with NAFLD.'" The study found improved
steatosis in 79.2% of patients, in NAS in 83.5% of patients,
and in homeostatic model assessment of insulin resistance
(HOMA-IR) in 64.5% of patients. Liver volume measured on
computed tomographic (CT) scan was also significantly
reduced in 93.9% of patients. =Table 2 summarizes the
impact of EBMTs on metabolic parameters.

The IGB is an effective and relatively safe EBMT that
improves several metabolic parameters, including insulin
sensitivity, lipid profile, and liver fibrosis and steatosis but
remains underutilized in obesity. The device seems to have
favorable weight independent effects on metabolic param-
eters that warrant further use and investigation in various
metabolic conditions such as T2DM and NASH.

Transpyloric Shuttle

The transpyloric shuttle (TPS, BAROnova Inc., Goleta,
California, United States), is another endoscopically placed
space-occupying device that is deployed at the level of the
pylorus. It consists of two silicone bulbs that are connected
by a flexible tether. The large spherical bulb resides in the
pyloric antrum with the purpose of preventing the migration
of the device, while the smaller cylindrical bulb resides freely
in the duodenum, allowing the device to position across the
pylorus. Few studies have evaluated the safety and efficacy
of TPS (~Fig. 1).

An initial small Australian trial'®> reported promising

results, with 25.1% excess weight loss (EWL) at 3 months
and 41.0% EWL at 6 months following device insertion.
However, 10% of patients had their device removed earlier
than expected due to symptomatic gastric ulceration. A
recent randomized sham-controlled trial reported a signifi-
cantly higher ¥TBWL in the TPS group compared with control
at 12 months (9.5 vs. 2.8%).13 Moreover, at 12 months follow-
up, the TPS group showed significantly greater improvement
ininsulin levels (MD, —2.8 vs. 0.4 ulU/mL) and HOMA-IR (MD,
—0.6 vs. 0.0), compared with control. An improvement in
lipid profile and blood pressure measurements was also
reported and was more prominent in patients with elevated
baseline values, with the TPS group showing significantly
greater improvement in low-density lipoprotein (LDL) (MD,
—15.2 vs. 1.7mg/dL), triglycerides (MD, —47.9 vs. —29.0
mg/dL), cholesterol (MD, —13.5 vs. —4.5 mg/dL), SBP (MD,
—8.0vs. —0.4 mm Hg), and diastolic blood pressure (MD, —5.3
vs. —0.9 mm Hg) compared with control.

Although the TPS was approved by the FDA in 2019,
publications regarding its use and effectiveness in clinical
practice are limited.

Primary Obesity Surgery Endoluminal

Primary obesity surgery endoluminal (POSE) is a transoral
endoscopic suturing technique that utilizes the Incisionless
Operative Platform (USGI Medical, San Clemente, California,
United States). In this procedure, full-thickness plications are
created at the level of the gastric fundus and distal body,
resulting in a decrease in stomach size, gastric accommoda-
tion, and rate of gastric emptying.

The efficacy and safety of POSE have been assessed in
several studies and trials. A recently published systematic
review and meta—analysis14 reported a pooled mean ¥TBWL
of 13.45 and 12.68% at 3 to 6 months and 12 to 15 months,
respectively. The overall rate of SAE was 2.84%, with reported
cases of gastrointestinal and extra-gastric bleeding, hepatic
abscess, severe pain, nausea, and vomiting. The MILEPOST
multicenter RCT'” found a significantly higher ¥TBWL in the
POSE group compared with the conventional medical therapy
group at 12 months (13.0 vs. 5.3%). Moreover, in the POSE
group, patients showed significant reductions in caloric intake,
gastric volume, and time to satiety, with the latter found to be
significantly related to ¥TBWL. However, the ESSENTIAL ran-
domized sham-controlled trial'® reported significant but less
%TBWL than other trials, with a 12-month ¥TBWL of 4.95% in
the POSE group compared with 1.38% in the control group.
Additionally, a significantly higher percentage of patients
achieved more than or equal to 5% TBWL in the POSE group
compared with control (41.55 vs. 22.11%). Interestingly,
patients in the POSE group showed significantly more
improvement in T2DM defined as a decrease in diabetic
medications, as well as fasting plasma glucose (MD, —2.18
vs.1.23 mg/dL) and LDL (—6.81 vs. 0.87 mg/dL), compared with
the control group despite the lower weight loss. Other comor-
bidities and metabolic parameters improved in the POSE
group at 12 months compared with baseline, with a reported
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A. Gastric

B. Transpyloric

Fig. 1 Transpyloric shuttle in the (A) gastric and (B) transpyloric positions.

decrease in SBP (MD, —4.78 mm Hg) and total cholesterol
(MD, —7.07mg/dL), and an improvement in dyslipidemia
and hypertension in 35.71 and 19.39% of patients, respectively.
However, these changes were not statistically significant when
compared with control.

Another study investigated the gastrointestinal physio-
logical changes and potential mechanisms of weight loss in
18 patients who underwent a POSE procedure.'” The authors
reported significantly enhanced postprandial Peptide YY
(PYY) stimulation and postprandial ghrelin inhibition, and
significantly decreased fasting ghrelin levels. Moreover,
there was a significant decrease in caloric intake capacity
at 2- and 6 months, and a delay in gastric emptying at
2 months. However, the rate of gastric emptying normalized
at 12 months. Finally, the best predictor model (R2: 66%,
p=0.006) for EWL at 15 months following the procedure
included postprandial PYY increase, pre-POSE BMI, and post-
POSE gastric emptying. Taken together this suggests that the
technique has weight independent effects on metabolism
that warrant further investigation.

The traditional POSE technique has been recently revised
into what is now known as the POSE 2.0 procedure, with the
premise to enhance the durability of the plication and
improve weight loss outcomes.'® The POSE 2.0 utilizes the
same Incisionless Operative Platform (USGI Medical,
San Clemente, California, United States) to create multiple
full-thickness interrupted plications at the level of the gastric
body while sparing the fundus, resulting in a short and
narrow stomach (=Fig. 2). In their initial experience on 73
patients with obesity, the authors reported promising
weight loss results with a ¥TBWL of 15.7% at 6 months.
This was later confirmed in an international multicenter
prospective trial'® that showed a ¥TBWL of 13.9, 17.3, and
17.5% at 3, 6, and 9 months, respectively. At 6 months follow-
up, there was a significant improvement in fasting and
postprandial satiety and satiation scores, and 85% of patients
had significant changes in gastric emptying. Moreover, POSE
2 improved liver parameters and hepatic steatosis, with a
significant decrease in ALT (MD, —14.3 mg/dL) and controlled
attenuation parameter) (MD, —79dB/m) at 6 months com-

12

| Shorter

—]

—— Narrower

Fig.2 Primary obesity surgery endoluminal 2.0 (Abu Dayyeh et al.)19

pared with baseline. A more recent study similarly reported a
%TBWL of 17.8% 1 year after the procedure.?® Four out of 46
patients experienced an adverse event, which included two
gastric perforations treated intraprocedurally, and two
asymptomatic hemoglobin drops treated conservatively.
The favorable weight loss outcomes were also demonstrated
in a recent prospective, international, multicenter study.’’
The authors reported a ¥TBWL of 13.4% at 3 months, 16.7% at
6 months, 16.2% at 12 months, and 14.17% at 18 months, with
86 and 56% of patients achieving more than or equal to 10%
and more than or equal to 15% TBWL at 12 months, respec-
tively. There were no SAEs reported.

A prospective study comparing the changes in gastric
physiology between POSE 1 and POSE 2 demonstrated
a diverging impact of each procedure on gastric empty-
ing.?? At 6 months of follow-up, POSE 2 had induced a
significant acceleration in gastric emptying (GE;.)
(MD, —-19.34 minutes) and decrease in gastric retention
(GEzn) (MD, —12.52%) compared with baseline. These
changes were not demonstrated with POSE 1. Moreover,
the two groups had significant differences in (GEq;;) and
(GE,p) at 6 months, and in change in (GE,y) from baseline
to 6 months.

Additional studies assessing the safety, efficacy, and
changes in gastric hormones and motility are ongoing.

Journal of Digestive Endoscopy ~ Vol. 13 No. 3/2022 © 2022. Society of Gastrointestinal Endoscopy of India. All rights reserved.



Surgical Sleeve Gastrectomy Endoscopic Sleeve Gastroplasty

Fig.3 Surgical sleeve gastrectomy compared with endoscopic sleeve
gastroplasty.21

Endoscopic Sleeve Gastroplasty

The endoscopic sleeve gastroplasty (ESG) is a transoral endo-
scopic gastric reduction technique involving a full-thickness
endoscopic suturing device (OverStitch, Apollo Endosurgery,
Austin, Texas, United States). During ESG, a restrictive sleeve is
created by placing full-thickness sutures along the greater
curvature of the stomach, extending from the prepylorus to the
proximal stomach, sparing the fundus (~Fig. 3).23

Several studies have assessed the efficacy and safety of
ESG, reporting a %¥TBWL ranging from 13.7 to 16.4% at
6 months, 15.0 to 17.6% at 12 months, and 17.2 to 19.5% at
24 months, with a SAE rate of 1.1 to 2.7%.24"2’ A meta-
analysis that included 1,772 patients reported a pooled %
TBWL of 15.1, 16.5, and 17.2% at 6, 12, and 18 to 24 months,
respectively, after ESG.2* The pooled rate of SAE was 2.2%,
and included nausea and pain requiring hospital admission,
upper gastrointestinal bleed, and perigastric leak or fluid
collection that were all managed conservatively without
further sequelae. One study assessed the long-term weight
loss outcomes following ESG.?8 The authors found a $TBWL
of 15.9% at 5 years follow-up, with 90% of patients main-
taining 5% TBWL and 60% maintaining 10% TBWL.

When compared with laparoscopic sleeve gastrectomy
(LSG), ESG has been shown to result in lower %¥TBWL at
6 months follow-up (7.6 vs. 17.1%), but lower risks of AEs (5.2
vs. 16.9%) and new-onset gastroesophageal reflux disease
(1.9 vs. 14.5%).2° Interestingly, LSG weight loss superiority
was clearly significant in patients with BMI more than 40, but
borderline significant in patients with BMI less than 40
(p=0.05).

Interestingly, one study assessed ESG outcomes in the
pediatric population and demonstrated high efficacy with a
%TBWL of 14.4% at 6 months, 16.2% at 12 months, and 13.7%
at 24 months.3® No SAE were reported.

ESG’s impact on obesity-related comorbidities and meta-
bolic parameters has also been observed in recently published
studies. One study?° reported a significant reduction in HbA1c
(MD, —1.0%), serum triglycerides (MD, —39.48 mg/dL), SBP
(MD, —6.79 mm Hg), and ALT (MD, —11.6 mg/dL), at 12 months
after ESG compared with baseline. Another observational
study published in 20213 reported a significant improvement
in HOMA-IR (from 6.7 to 3.0) score 1-week after ESG, with
continued improvement in the subsequent 2 years. Addition-
ally, there was a significant decrease in hepatic steatosis index

Future of Metabolic Endoscopy Ghazi et al.

(4-points decrease per year) and NAFLD fibrosis score (0.3-
point decrease per year). At the end of the study, 20% of
patients had improvement in their risk of hepatic fibrosis
from F3-F4 or intermediate to FO-F1. Another prospective
study assessed the impact of ESG on liver parameters, steatosis,
and fibrosis in NAFLD patients and reported significant
improvement in ALT, hepatic steatosis index, NAFLD fibrosis
score, Fibrosis-4 (FIB-4), and AST to platelet ratio index (APRI)
scores at both 6 and 12 months.>2 Additionally, the STBWL was
18% at 12 months with no observed AEs.

Few studies have compared ESG to lifestyle interventions
or other endoscopic procedures. One study compared ESG to
high intensity diet and lifestyle intervention and found a
significantly higher #TBWL with ESG compared with control
(14.0 vs. 11.3% at 6 months, and 20.6 vs. 14.3% at 12
months).33 Another study compared the weight loss out-
comes between ESG and IGB and reported significantly
higher #TBWL in the ESG group compared with the IGB
group at 6 and 12 months (19.5 vs. 15.0% and 21.3 vs. 13.9%,
respectively).>* Most studies in the literature report favor-
able outcomes with ESG. However, additional studies are
required to compare ESG with conservative therapy or other
EBMT. The results of an ongoing RCT (NCT03406975) are
expected to be published soon.

The alterations in gastric physiology following ESG were
assessed in four patients.> Three months after the procedure,
there was a significant delay in solid gastric emptying com-
pared with baseline, with a 90-minute increase in time for 50%
emptying (T50) of solid. Moreover, there was a significant
increase in satiety following ESG, with 59% decrease in caloric
intake required to achieve maximum fullness on a meal
tolerance test, resulting in earlier termination of a meal
compared with baseline (11.5 vs. 35.2 minutes). Finally, the
study reported a decrease in active fasting and postprandial
ghrelin by 29.4% (p=0.1), and no significant changes in PYY,
glucagon-like peptide 1 (GLP-1), and leptin following ESG. It is
postulated that the changes in metabolic parameters after the
ESG have weight independent factors, similar to the IGB.
Further studies investigating the changes in gastric hormones
and motility after this procedure are ongoing.

The Endomina System (Endo Tools Therapeutics SA,
Gosselies, Belgium) is another novel device used to perform
gastric remodeling for weight loss. An initial prospective
study on 51 patients reported a TBWL of 7.4% and a EWL of
29.0% at 1 year following the Endomina procedure, with no
observed SAEs.>® A recently published RCT3’ compared the
weight loss outcome between Endomina procedure plus
lifestyle modification with lifestyle modification alone. At
6 months, the Endomina procedure group had a significantly
higher ¥TBWL (11.0 vs. 2.7%) compared with the control
group. Patients in the Endomina procedure group were able
to maintain their weight loss a year after the procedure, with
areported ¥TBWL of 11.9%. No procedure- or device-related
SAE were observed.

ESG is currently one of the most commonly performed
EBMT for the treatment of obesity due to its efficacy and
favorable safety profile. ESG has also been shown to improve
several metabolic parameters such as insulin sensitivity,
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lipid profile, and liver enzymes, and could potentially play a
role in the treatment of NAFLD.

Duodenal Mucosal Resurfacing

Duodenal mucosal resurfacing (DMR) is a novel EBMT that
utilizes the Revita Device (Fractyl, Lexington, Massachusetts,
United States). This technique involves the circumferential
hydrothermal ablation of the postpapillary duodenal muco-
sa, with subsequent mucosal healing and possible “resetting”
of the gut-brain entero-neuro-hormonal axis; however, the
exact mechanism of action is not fully understood.

A 1-year international multicenter study assessed the role
of DMR in the treatment of T2DM and reported a significant
improvement in metabolic parameters at 24 weeks of follow-
up compared with baseline.>® The study showed a significant
reduction in HbA1c (MD, —0.9%) and FBG (MD, —1.7 mmol/L),
an improvement in HOMA-IR (MD, —2.9), and a decrease in
ALT (MD, —9 U/L), and these observed effects were sustained
at 12- months of follow-up. The study additionally reported a
modest weight loss (MD, —2.5kg at 24 weeks), with no
correlation between HbA1c changes and weight reduction.

The improvement in metabolic parameters was also
observed in a recent meta—analysis.39 The study reported a
significant improvement in HbAlc at 3 (MD, —1.72%) and
6 months (MD, —0.94%), in FBG at 6 months (MD, —15.84
mg/dL), in ALT at 3 (MD, —-10.48IU/L) and 6 months
(MD, —16.841U/L), and in hepatic steatosis at 3 months
(MD, -6.59), compared with baseline. While the study
reported modest but significant reduction in weight at
3 months (MD, —3.10kg), there was no significant weight
loss at 6 months (MD, —1.84 kg).

While initial reports suggest modest effect on weight loss,
DMR was shown to have beneficial metabolic effects. Addi-
tional studies are needed to assess the efficacy of DMR as an
adjunct metabolic technique to other endoscopic weight loss
therapies.

Duodenal Jejunal Bypass Liner

EndoBarrier duodenal jejunal bypass liner (DJBL) (GI Dynam-
ics, Lexington, Massachusetts, United States) is an endoscopi-
cally deployed, nutrient-impermeable fluoropolymer sleeve
that is proximally anchored in the duodenal bulb, spanning
60cm through the duodenum and jejunum. This creates a
barrier between the ingested food and the absorptive mucosa
of the small intestine, preventing nutrient absorption.

An initial 2014 multicenter RCT assessed the safety and
efficacy of DJBL placed for 6 months.? The study reports a
significantly higher ¥TBWL in the DJBL group compared with
the diet group at 6 (10.0 vs. 4.7%, respectively) and at
12 months (5.8 vs. 3.5%, respectively) after the device
placement. The DJBL group additionally showed a signifi-
cantly greater decrease in HbAlc at 6 months (MD, —1.3 vs.
—0.4), and 85.3% of patients in the DJBL achieved a decrease
in postprandial glucose excursion compared with 48.7% in
the diet group (p < 0.05). However, 23.5% of patients in the

DJBL group had an AE that required hospitalization, five of
which were related to the device.

A 2018 meta-analysis assessed the effect of DJBL on
glycemic control in patients with T2DM and obesity.*! At
the time of device removal, the ¥TBWL was 18.9%, and there
was a significant decrease in HbA1c levels (MD, —1.3%) and
HOMA-IR (MD, —4.6) from baseline. DJBL was also shown to
impact the gut hormones, with a significant increase in
postprandial GLP-1, PYY, and ghrelin, and decrease in gastric
inhibitory polypeptide following device insertion. However,
the study showed a SAE rate of 15.7% and included gastroin-
testinal bleeding and hepatic abscess.

Although studies showed favorable outcomes with D]BLin
terms of weight loss and metabolic improvement, the safety
profile of this device remains a concern. A prospective study
utilizing a revised protocol of use is ongoing.

Partial Jejunal Diversion

Partial jejunal diversion is another EBMT that utilizes the
Incisionless Magnetic Anastomosis System (IMAS; GI
Windows, Boston, Massachusetts, United States). This
system consists of two self-assembling magnets placed in
the jejunum and ileum via anterograde enteroscopy and
colonoscopy, respectively. The magnets are then coupled
under endoscopic and fluoroscopic guidance, resulting in a
side-to-side anastomosis 1 week after their placement. As a
result, a portion of the digested food bypasses the jejunum
and is delivered directly to the ileum.

An initial single-arm pilot study assessed the efficacy and
safety of PJD in 10 patients.*? The study reported a $TBWL of
14.6% at 12 months, with a significant reduction in HbAlc in
diabetic (MD, 1.9%) and prediabetic subjects (MD, 1.0%)
compared with baseline. One procedure-related SAE
occurred during the insertion of the trochar and subsequent
penetration of the gastric serosa. All patients experienced
diarrhea following the procedure, while 40% had recurrent
diarrhea that resolved with conservative treatment. The
current device is anticipated to require laparoscopic guid-
ance for deployment, thus not a purely endoscopic/natural
orifice procedure.

Comparison of Different EBMTs

A 2019 meta-analysis*> compared the weight loss outcomes
between ESG (n=369) and POSE (n=447) and reported a
significantly higher ¥EWL with ESG compared with POSE at 6
and 12 months (MD, 6.17 and 7.84%, respectively). To note,
this study did not include the POSE 2.0 procedure in the
analysis. Similarly, a meta-analysis compared the weight loss
outcomes between ESG (1 =1979) and IGBs (n =3025).° The
study reported a significantly higher TBWL with ESG com-
pared with IGB at 12 months (MD, 7.33%). Additionally, while
the weight loss with ESG was durable, this was not observed
with IGB, with a significant decrease in ¥TBWL and ¥EWL
reported at 18 and 24 months compared with 6 months after
IGB removal.
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Conclusion

EBMTs have revolutionized the treatment of morbid obesity
by bridging the gap between conservative and surgical
management. Several techniques have been recently devel-
oped or revised with the goal of improving weight loss and
metabolic outcomes. This review summarizes the latest
evidence on the efficacy and safety of the different EBMT
techniques that are currently utilized in clinical practice or
under investigation.

Incisionless gastric remodeling techniques have shown
the most substantial development in recent years. They have
been proven to be safe and effective in inducing weight loss
and improving the metabolic parameters of T2DM, NAFLD,
and dyslipidemia. ESG, POSE 2.0, and IGB could potentially
play a role in the management of NASH, as studies have
shown significant improvement in hepatic steatosis and
fibrosis following these procedures. Similarly, DMR appears
to have a great impact on metabolic parameters such as
HbAlc, liver enzymes, and hepatic steatosis. Finally, PJD,
DJBL, and TPS have also shown promising results; however,
additional comparative studies are required to assess the
safety and efficacy of the different EBMTs and determine
superiority. Patient preference, endoscopist expertise, pro-
cedure and device training, and device availability should
also be considered when choosing the optimal EBMT.

EBMTs, when used in sequence or combination, could
enhance weight loss outcomes and improve the metabolic
profiles of patients. For instance, one study assessed the
efficacy of combined IGB and DJBL in an animal study.**
The study reported a significantly lower rate of weight
gain in the combination group (MD, 0.63 kg) compared
with IGB alone and DJBL alone (MD, 1.00 and 0.75kg,
respectively). Other combination therapies could be poten-
tially further studied, namely the conjunction of DMR with
either ESG or POSE with the aim of enhancing the metabolic
outcomes in patients with high-risk conditions such as T2DM
or NASH.

EBMT will certainly play a pivotal role in the management
of morbid obesity. Coupled with lifestyle modifications,
pharmacotherapy, and psychosocial support, EBMTs may
provide promising weight loss and metabolic outcomes
comparable to those seen with the more invasive surgical
approaches. Identifying patient level and technique specific
markers of improved efficacy will further propel the field of
metabolic endoscopy.
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