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ABSTRACT @ OPEN ACCESS

Obesity has reached epidemic proportions globally, posing a significant public health challenge with profound
socio-economic implications. While lifestyle modifications, pharmacotherapy, and bariatric surgery are established
treatments, a substantial gap exists for patients who do not qualify for or wish to avoid invasive surgery. Endoscopic
bariatric and metabolic therapies (EBMTs), collectively known as endobariatrics, offer a minimally invasive
alternative, bridging this treatment gap. This article reviews the current progress in endobariatrics, focusing on
gastric remodeling devices and duodenal therapies supported by peer-reviewed data. Furthermore, it explores
exciting future directions, including the potential integration of robotic suturing devices and magnetic compression
anastomosis, discussing their mechanisms and available preliminary data. Endobariatrics represents a rapidly
evolving field poised to significantly impact obesity management, offering safer, less invasive, and potentially more
accessible treatment options for a broader patient population.
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1. Introduction:

The Global Burden of Obesity; a multifactorial chronic disease defined by excessive body fat accumulation that presents
a significant health risk. lts prevalence has surged dramatically over the past few decades, evolving into a global
epidemic. The World Health Organization (WHO) projects that by 2030, an estimated 1 in 5 women and 1 in 7 men will
be living with obesity worldwide 1. Projections for specific regions are even starker, with some estimates suggesting that
over half of the adult population in the United States could be classified as obese by the same year 2. This rising tide of
obesity is inextricably linked to a myriad of co-morbidities, including type 2 diabetes mellitus, hypertension, dyslipidemia,
cardiovascular disease, non-alcoholic fatty liver disease, sleep apnea, and various cancers, placing an enormous burden

on healthcare systems and reducing life expectancy 3

Current therapeutic strategies for obesity include lifestyle interventions (diet and exercise), pharmacotherapy, and
bariatric (metabolic) surgery. While lifestyle modifications are fundamental, their long-term efficacy often proves
challenging to maintain. The average American will trial seven diets in their lifetime, succeeding in losing weight with
durable effect in under 10 % of attempts. Pharmacotherapy, more recently offers a significant impact on diabetes and
weight loss, however it often requires life-long adherence. While medications offer a significant adjunct to endoscopic
therapies, it will remain out of the scope of this article. Bariatric surgery, including Roux-en-Y gastric bypass and sleeve
gastrectomy, remains the most effective long-term treatment for severe obesity, yielding significant and durable weight
loss alongside resolution or improvement of comorbidities 4. However, surgery carries inherent risks, is typically reserved
for individuals with severe obesity (BMI 40 kg/m2 or BMI 35 kg/m2 with comorbidities), and is often associated with

patient apprehension regarding invasiveness, recovery time, and potential complications.

This therapeutic gap, characterized by insufficient availability of non-surgical methods (due to cost or adherence) and
the invasiveness of traditional surgery, has spurred the development of endoscopic bariatric and metabolic therapies
(EBMTs) — collectively termed endobariatrics. Endobariatrics offers a less invasive, reversible, or adjustable approach,
aiming to provide a continuum of care between pharmacotherapy and surgery. This article reviews the current state of
endobariatrics, focusing on established devices that are most commonly used in Europe and the Americas as well as

emerging technologies that promise to reshape the future of obesity management.

2. Gastric Remodeling Devices:

2.1 ENDOSCOPIC SLEEVE GASTROPLASTY (ESG) AND PLICATION TECHNOLOGIES

Gastric remodeling devices aim to reduce stomach volume and/or alter gastric emptying through endoscopic techniques,
mimicking some aspects of surgical bariatric procedures but without external incisions. This category encompasses various
approaches, from widespread suturing techniques to more localized plications, all striving to achieve a significant and

durable reduction in stomach capacity.

2.1.1. Endoscopic Sleeve Gastroplasty (ESG):

ESG involves suturing the greater curvature of the stomach endoscopically to create a tubular, sleeve-like stomach,
significantly reducing its volume and altering its shape. This procedure is typically performed using an endoscopic suturing
device. The mechanism through which weight loss is achieved is multifactorial:

e Volume Reduction: Direct reduction of gastric volume results in early satiety.

o Delayed Gastric Emptying: The creation of the sleeve can slow the passage of food, prolonging feelings of fullness.
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e Hormonal Changes: Altered transit of nutrients may impact the release of gut hormones involved in appetite

regulation, like the surgical sleeve gastrectomy 19,

2.1.2. Efficacy and Safety Data for ESG:

ESG has demonstrated superior and more durable weight loss compared to IGBs, approaching the efficacy of surgical
sleeve gastrectomy in some populations. A landmark study by Abu Dayyeh et al. (2017), the MERIT trial, reported a
mean total body weight loss (TBWL) of 17.5% at 24 months, with significant improvements in obesity-related
comorbidities such as hypertension, diabetes, and dyslipidemia ''. A recent meta-analysis by Patel et al. (2023)
encompassing 36 studies and over 4,000 patients undergoing ESG, reported a pooled mean TBWL of 17.0% at 12
months and 17.4% at 24 months, with an overall adverse event rate of 4.3%, predominantly mild to moderate in severity
12, The most common adverse events include nausea, abdominal pain, and dehydration, usually manageable with
conservative treatment. Serious complications like gastric bleeding or fistula are rare but possible. Long-term data

extending to 5 years has also shown sustained weight loss, with one study reporting a mean TBWL of 15.6% at 5 years

post-ESG 13.

ESG offers a compelling alternative for patients with moderate to severe obesity (BMI 30-40 kg/m2) who have not
responded to lifestyle interventions or pharmacotherapy, or who seek a less invasive option than bariatric surgery. lts

durability, potential reversibility and adjustability further enhance its appeal.

2.1.3. ESG in Combination with GLP-1 Receptor Agonists:

An increasingly recognized strategy for optimizing weight loss and metabolic outcomes in selected patients is the
combined use of endobariatric procedures like ESG with pharmacotherapy, particularly glucagon-like peptide-1
receptor agonists (GLP-1 RAs). This approach leverages the distinct yet complementary mechanisms of both modalities.
ESG mechanically reduces gastric volume and slows emptying, while GLP-1 RAs, such as semaglutide or liraglutide, also
induce satiety, suppress appetite, and further delay gastric emptying, alongside improving glucose homeostasis 4. The
additive and synergistic effects are hypothesized to lead to greater initial weight loss, improved weight maintenance,
and potentially more pronounced resolution of comorbidities than either intervention alone. Early data from retrospective
studies and ongoing trials support this hypothesis. For instance, studies have indicated that patients receiving GLP-1 RAs

after ESG demonstrate enhanced weight loss outcomes compared to ESG alone 5.

2.2. ENDOSCOPIC GASTRIC PLICATION:
Primary Obesity Surgery Endoluminal (POSE) techniques, specifically the advanced POSE 2.0 procedure (using the
Incisionless Operating Platform - IOP, Incisionless Surgical Solutions), represent another approach to gastric remodeling
through full-thickness plications. Unlike ESG which creates a continuous sleeve, POSE 2.0 focuses on creating multiple
separate plications (folds) in specific areas of the stomach.
e Mechanism: POSE 2.0 involves endoscopic plication of the gastric body. By creating transmural folds, the procedure
primarily aims to:
o Reduce Gastric Volume: Plications in the fundus reduce its capacity, where stretch receptors contribute
significantly to satiety signals.
o Slow Gastric Emptying: Plications in the gastric body can alter the flow of food, leading to a prolonged

sense of fullness and reduced appetite 6.
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o Efficacy and Safety Data: Studies on POSE 2.0 have shown consistent weight loss outcomes. A multicenter study by
Lopez-Nava et al. (2017) reported a mean TBWL of 14.9% and an excess weight loss (EWL) of 49.3% at 12 months
for patients undergoing POSE 2.0 7. Further studies have reinforced these findings, with one meta-analysis showing
an average TBWL of 13.5% at 12 months '8. The safety profile of POSE 2.0 is generally favorable, with common
adverse events being mild and transient, including abdominal pain, nausea, and vomiting, typically resolving within

a few days. Serious complications are rare, emphasizing the minimally invasive nature of the procedure 1617,

POSE 2.0 offers a more extensive gastric remodeling compared to ESG, and although studies claim that it is a more

durable procedure, weight loss results in available data do not support a significant difference with that of ESG.

2.3. ENDOSCOPIC REVISIONS OF BARIATRIC SURGERY:

Despite the high efficacy of surgical bariatric procedures, a subset of patients may experience weight regain or develop
complications such as marginal ulcers or reflux. Endobariatrics offers less invasive options for revising previous surgeries,
aiming to restore weight loss or ameliorate adverse symptoms.

e Transoral Outlet Reduction (TORe) for Gastric Bypass:

Weight regain after Roux-en-Y gastric bypass (RYGB) is often attributed to the dilation of the gastrojejunal anastomosis
(stoma) and /or the gastric pouch. It has been noted that for each 10 mm increase in the stoma, there is a corresponding
8% increase in weight regain in the percent of maximal weight lost after the index surgery. TORe, performed using an
endoscopic suturing device, involves placing multiple sutures around the perimeter of the dilated stoma to reduce its
diameter, effectively restoring the restrictive element of the bypass. The procedure is typically performed in an outpatient
setting, requiring minimal recovery. Multiple meta-analyses have demonstrated its efficacy, reporting mean TBWL
ranging from 5-10% and EWL of 25-50% in patients who had experienced weight regain 2021, While generally safe,
potential complications include abdominal pain, nausea, and, rarely, bleeding or perforation. TORe offers a valuable,

minimally invasive option for patients seeking a second chance at weight loss without undergoing repeat surgery.

o Endoscopic Revision of Sleeve Gastrectomy:

Similar to RYGB, weight regain after surgical sleeve gastrectomy (SG) can occur due to dilation of the gastric sleeve,
particularly in the fundus or the entire sleeve. Endoscopic revision aims to reduce the volume of the dilated sleeve,
effectively creating a tighter and more restrictive gastric channel. This is typically achieved using endoscopic suturing
devices to place full-thickness sutures along the greater curvature, much like a de novo ESG, but within an already
surgically altered stomach 22. This technique reduces the sleeve volume and can also impact gastric emptying. Early data
suggests that endoscopic sleeve revision can lead to significant additional weight loss, with studies reporting mean TBWL
of 8-15% at 12 months post-procedure, along with improvements in satiety and appetite control 23, However, real world
experiences have demonstrated that these patients may lose more weight approximately 20-25% of TBWL. The safety
profile is comparable to primary ESG, with transient adverse events being most common. Endoscopic sleeve revision
provides a crucial option for patients struggling with weight regain after SG, offering a less invasive alternative to re-

sleeve gastrectomy or conversion to RYGB or Duodenal Switch.

3. Small Bowel-Targeted Endobariatric Therapies: Beyond Gastric Remodeling

While many endobariatric therapies focus on gastric volume reduction, a distinct class of devices targets the small intestine

to modulate nutrient absorption and entero-hormonal signaling, mimicking aspects of metabolic surgery. These
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approaches are particularly relevant for patients with type 2 diabetes, even in the absence of severe obesity as their

data have been more impactful on glycemic control then weight loss.

3.1. DUODENAL MUCOSAL RESURFACING:

Duodenal mucosal resurfacing (DMR) is an endoscopic ablative procedure designed to induce regeneration of the
duodenal mucosa. This therapy specifically targets the duodenal epithelium, which is often hypertrophied and
dysfunctional in patients with type 2 diabetes.

e Mechanism: The Revita DMR® System (Fractyl Health) uses hydrothermal ablation (hot water) delivered
endoscopically to selectively ablate the superficial layers of the duodenal mucosa. The hypothesis is that this
ablation removes dysfunctional cells and promotes the regeneration of a healthier, more insulin-sensitive mucosa,
leading to improved glycemic control. This physiological change may also impact the release of appetite-
regulating hormones 24,

o Efficacy and Safety Data: Initial clinical trials have demonstrated promising results in patients with type 2
diabetes who are not well-controlled on oral medications or insulin. The REVITA-1 study showed significant
improvements in HbAlc levels, with a mean reduction of 0.9% at 6 months, alongside modest weight loss, in
patients with type 2 diabetes 25. Subsequent studies have confirmed these metabolic benefits, suggesting a
durable effect beyond 12 months in some patients 26, This treatment will need to be repeated every couple of
months for the desired effect and can be performed as an outpatient procedure. Common adverse events include
abdominal pain, nausea, and dyspepsia, which are typically transient. Rare but more serious complications can
include duodenal stenosis, which may require endoscopic dilation 25, DMR represents a novel, non-
pharmacological approach to improving glycemic control and offers a potential alternative or adijunct for

managing type 2 diabetes with or without obesity.

3.2. ENDOLUMINAL SMALL BOWEL SLEEVES:
An earlier innovative approach involved the placement of an impermeable, flexible liner within the duodenum and
proximal jejunum to create a physical barrier. This concept, exemplified by the endoscopic sleeve device, aimed to

prevent nutrient contact with the mucosa in this segment of the small bowel.

e Mechanism: The Endoscopic sleeve device was a 60-cm long, impermeable fluoropolymer sleeve anchored just
distal to the duodenal bulb, extending into the jejunum. By preventing food contact with the duodenal and
proximal jejunal mucosa, it was hypothesized to rapidly improve glycemic control by altering the entero-hormonal
response, similar to the foregut exclusion theory of Roux-en-Y gastric bypass. Stimulation of secretion of
anorexigenic/incretin hormones (i.e. GLP-1, Peptide YY (PYY), oxyntomodulin) and concurrent reduction in
secretion of orexigenic hormones (i.e. ghrelin, GIP) in turn help improve glucose homeostasis and promote early
satiety. Additionally, accelerated nutrient delivery to the ileum stimulates GLP-1 and PYY release, further
promoting insulin sensitivity and satiety.

o Efficacy and Safety Data: Early studies and meta-analyses showed significant reductions in HbATc (typically 1-
2%) and substantial weight loss (mean TBWL 10-15%) in patients with type 2 diabetes and obesity 28 29,
However, despite promising efficacy, the Endobarrier® faced challenges with safety. The most concerning

adverse events included device migration, gastrointestinal bleeding, and a rare but serious risk of liver abscess
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formation 30, This modality is no longer available on the market but is included here for completeness and likely

to be considered as a future direction of small bowel therapeutic strategies.

4. .Future Directions

4.1AUTOMATED SUTURING PLATFORMS
Avutomated suturing device platform is an emerging automated suturing technology designed for endoscopic gastric
remodeling, primarily used to perform Endoscopic Sleeve Gastroplasty (ESG). It represents a shift toward "robotic" or

auvtomated endobariatrics, aiming to simplify and standardize the procedure for weight loss.

The automated suturing platform system is an mechanical suturing device that enables endoscopists to perform gastric

plication—the process of folding and suturing the stomach wall to reduce its volume—uwithout traditional surgery.

Mechanism: The device utilizes a specialized system that accommodates a pediatric upper endoscope. This allows the
physician to maintain visual guidance while positioning the device. Once in place, suction is applied to pull opposing walls
of the stomach together, and using a helical needle, the device automatically sutures the gastric cavity plicating the tissue

eight times. The device will also tighten and ligate the suture before the device is removed.

Purpose: Its primary role is to mimic the restrictive effects of a surgical sleeve gastrectomy by creating a narrow gastric

tube, thereby inducing early satiety and reducing caloric intake.

An automated suturing platform offers several theoretical and clinical advantages over manual suturing systems and

traditional bariatric surgery:

Uniformity and Precision: By automating the suturing process, the technology reduces variability between different
physicians, making the procedure more consistent and reproducible.
o Ease of Use: It is designed to be more user-friendly than manual devices, potentially shortening the learning

curve for endoscopists.

In the international multicenter single arm prospective trial, it was found to have a TBWL of a mean % of 13.21 (95%
Cl: 10.11- 16.31%) with 76.6% of patients achieving 5% TBWL. Patients were also observed to have a significant
reduction in waist circumference, HbA1C, and ALT levels at 12 months. Additionally, patients reported to have a significant
improvement in quality of life at 12 months (51.28 £16.22 vs. 35.8+11.9). Serious adverse events occurred in 2 patients

(4.4%) and average length of stay was 1 day.3!

A multicenter blinded randomized clinical trial across 13 centers is actively enrolling patients and we are eager to see

final results in this first head-to-head trial between the Endozip and Overstitch suturing platforms.

4.2 DUODENO-ILEAL MAGNETIC ANASTOMOSIS
Magnetic compression anastomosis is a new and novel approach to the formation of surgical or endoscopic and surgical
hybrid anastomoses. Unlike traditional Single Anastomosis Duodenal-lleal bypass, which involves stapling, this Magnet

technique uses endoscopic delivery of two magnets, one to the ileum and the other to the duodenal bulb. Through
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laparoscopic tools, the magnets are brought into contact with one another creating an anastomosis by compression contact
and fusing the loops of small bowel together. Over several days, the pressure from the magnets causes a localized
ischemiaq, tissue necrosis, fusion of tissue, eventually creating an opening and a side-to-side bypass. The magnets then fall

off and pass naturally through the digestive tract.

In a feasibility study performed by M Gagner et al. and colleagues, they demonstrated safe creation of a duodeno-
ileal anastomosis in 100% (43/43) of trial patients. In addition to the anastomosis, they performed a concurrent sleeve
gastrectomy. TBWL averaged 34.6 kg with an excess weight loss of 66% over 1 year. Of the trial participants, 85%
were noted to have resolution of their diabetes. There were no reported anastomotic leaks, bleeding episodes or

obstructions. 32

While this is currently considered a hybrid approach, this will continue to build collaboration between endoscopic surgery
and endobariatric specialists. Current studies are enrolling looking at combine duodeno-ileal anastomosis combined with

endoscopic sleeve gastroplasty which would reduce length of stay and hasten recuperation.

4.3 THE ENDOSCOPIC BYPASS PROCEDURE:

With the advent of therapeutic endoscopic ultrasound (EUS) it has become common practice to perform an EUS guided
gastro-jejunostomy for malignancy and at times for benign etiologies including gastric outlet obstruction. If we were to
take this one step further, this procedure can serve as the first step of the creation of an endoscopic bypass. Using an
EUS scope and a lumen apposing metal stent (LAMS), the gastric cavity can be adjoined to a loop of jejunal small bowel,
thereby bypassing the duodenal lumen, similar to a Roux-en-Y gastric bypass. The following step is to perform an
endoscopic sleeve gastroplasty to plicate and reduce the volume of the gastric cavity. The final step of the procedure
would entail utilizing a purse string suture pattern for pyloric exclusion to divert nutritional stream down the bypass that
was created by the newly formed gastro-jejunostomy. This procedure is completely rendered through a combination of
therapeutic EUS and endoscopic suturing, techniques that are well established today. Prospective and randomized studies
are needed to further establish the efficacy of such a procedure for weight loss and glycemic control. Currently, there

exists a feasibility case series by Khadkodayan et al. however long-term data is lacking.

5. Conclusion

Obesity continues to be a global health crisis demanding innovative solutions. Endobariatrics has emerged as a vital and
rapidly evolving field, providing a less invasive yet effective option for weight management, bridging the gap between
lifestyle interventions and bariatric surgery. Endoscopic sleeve gastroplasty and plication offers durable restrictive weight
loss solution, while duodenal targeted therapies offer a durable off ramp to medication use. The horizon of endobariatrics
is exceptionally bright, with technologies like magnetic compression anastomosis, automated suturing platforms and
endoscopic bypasses poised to revolutionize procedural capabilities, precision, and potentially, the creation of entirely
new endoscopic bariatric interventions. As these technologies mature, endobariatrics is set to play an increasingly

prominent role in offering safer, more accessible, and highly effective treatments in the ongoing battle against obesity.
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