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KEY POINTS

� Endoscopic bariatric treatment can bridge the gap between pharmacologic and surgical
bariatric treatment.

� Combination of pharmacologic and endoscopic treatment options for obesity can provide
improved weight loss benefits.

� Life-style interventions are key to long term success with both endoscopic and pharma-
cologic weight loss interventions.
BACKGROUND

Endoscopic Bariatric Technology (EBT) has rapidly developed over the past 2 de-
cades due to the underutilization of surgery and historically limited effectiveness of
pharmacotherapy for obesity and its metabolic complications. EBT relies on mini-
mally invasive endoscopic interventions in the gastrointestinal tract to facilitate
weight loss. While EBT provides a lesser degree of weight loss then surgery, it is
less invasive, and thus, appealing to a broader patient population. EBT is currently
recommended in patients who have tried and failed lifestyle or medical manage-
ment or require adjunctive therapy to lifestyle or medical management due to
comorbidities.1 With the recent expansion of pharmacologic therapy for overweight
and obesity, there is opportunity to combine pharmacologic therapy with endo-
scopic bariatric therapy to meet patient goals that may not be achieved with EBT
alone.
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OVERVIEW OF ENDOSCOPIC BARIATRIC TECHNOLOGY

Intragastric balloons (IGB) are the oldest EBT and remain a popular choice for patients
today. The first IGB prototype was created in 1985 called the Garren-Edwards bub-
ble, which was quickly discontinued due to risk profile.2 Since then, a multitude of
IGBs have been created to improve both safety and efficacy. Most IGBs are placed
endoscopically and filled with saline or gas and removed endoscopically after
6 months.3,4 While placed, they increase satiation, delay gastric emptying, and restrict
food ingestion.3 On average, IGB result in 7% to 15% total body weight loss (TBWL)
at 12 months.5,6 The risk of severe complications is rare and includes migration,
obstruction, and gastric perforation. Other side effects include pain, nausea, Gastro-
esophageal reflux disease and uncommonly gastric ulcers. Studies show positive ef-
fect on weight loss up to 12 months after removal. Long-term studies up to 5 years
show weight regain 1 to 2 years after procedure with continued weight gain through
the 5 year study protocol.7,8 Both studies showed excess body weight loss (EBWL)
of around 9% at 5 years from greater than 20% at time of balloon removal. Please
refer to Diogo Turiani Hourneaux de Moura and colleagues’ article, “Intragastric
Balloons: Practical Considerations,” in this issue for more information on intragastric
balloons.
Endoscopic sleeve gastroplasty (ESG) is another common EBT that is meant to

reduce the volume of the stomach similarly as laparoscopic sleeve gastrectomy
(LSG). However, unlikely LSG, ESG slows gastric emptying, which increases the
feeling of satiety.9 The first ESG was conducted in 2013 and the Apollo Overstitch
system was Food and Drug Administration (FDA)-approved in 2022 for body mass
index (BMI) 30 to 50, based on the outcome of the MERIT study.10 ESG is a partially
reversible endoscopic suturing technique that restricts the stomach approximately
70%.3,10,11 Patients commonly have abdominal pain and nausea especially in the
first week following procedure, which typically improves rapidly thereafter. Severe
complications include gastric leak (<1%) and gastric bleeding (<1%). While gastric
restriction is the main cause of efficacy in ESG, there is also notable delayed gastric
emptying.12 On a physiologic level, there are some data to suggest a decrease in
ghrelin, an orexigenic hormone released in the gastric fundus, after ESG, which
may contribute to maintenance of weight loss.12,13 Studies show TBWL at 12 months
post ESG around 15% to 20%.3,11,14 Five year follow-up data show maintenance of
TBWL; however, in one study, 26% of patients were on adjuvant pharmacotherapy
due to weight regain after ESG.15,16 Of note, in large longitudinal studies of ESG,
retightening or redo of the ESG for inadequate weight loss or weight regain was
needed in up to 26% of patients.3,10,15 The Primary Obesity Surgical Endoluminal
(POSE) and POSE 2.0 system is a gastric plication procedure similar to the ESG
but differs in the pattern of endoscopic suturing of the stomach as it specifically tar-
gets the fundus as opposed to the greater curvature with fundal sparing seen in ESG
suturing technique.17,18 This is not currently widely commercially available in the
United States.
The duodenal bypass liner and duodenal resurfacing techniques were created to

mimic gastric bypass surgery. The duodenojejunal bypass liner (DJBL) is a device
that is implanted in the proximal small intestine.19 This device is typically removed
after 12 months. The DJBL is not currently FDA-approved in the United States.
Duodenal resurfacing uses thermic energy to disrupt the duodenal mucosa. Both pro-
cedures block absorption of nutrition in the proximal small intestines and have been
shown to improve metabolic diseases such as diabetes.3,19 TBWL at time or removal
was found to be 18.9% in one metanalysis, but 6 to 24 months after removal, that
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dropped to 7.2% to 12%.19,20 The aspire system is no long on the market but some
patients still have their aspire device. This is a percutaneous gastrostomy tube that al-
lows for drainage of 30% of calories following each meal (Table 1).21

COMBINATION OF PHARMACOTHERAPY AND ENDOSCOPIC BARIATRIC THERAPY

There aremultiple FDA-approvedpharmacologic therapies that canbe used for obesity
management. Most pharmacologic therapies provide between 5% and 10% TBWL.
However, the recent introduction of incretinmedications has revolutionized pharmaco-
therapy for obesity, with trials consistently demonstrating TBWL greater than 10%with
these agents. Currently, pharmacologic treatment is recommended in patients with
BMI greater than or equal to 27 with obesity related comorbidity or BMI greater than
or equal to30 and should be continued if it meets appropriate weight loss standards
of 5% TBWL at 3 months with tolerable side effect profile.22 However, the major draw-
back of all pharmacologic interventions for obesity is rapid weight regain upon discon-
tinuation of medications.23 Moreover, long-term compliance with pharmacotherapy is
poor, with 7% to 18%of patients discontinuingmedicationswithin 12months in clinical
trial.24,25 In a more recent study looking at prescription refills, found that only 19% of
patients were taking their anti-obesity medications at 12 months with the highest refill
rate for semaglutide at 40% at 12 months.26 Reasons for discontinuation include side
effects, limited effectiveness, cost, and availability.25,27

Thus, there has been growing interest in combination of pharmacotherapy with
anatomic interventions such as EBT and bariatric surgery. Combination therapy can
be used for early inadequate weight loss, as a planned additive therapy to reach the
patients goals, which would be otherwise unrealistic with EBT alone, or weight regain
following EBT.
Phentermine is the oldest currently approved weight loss medication on the market

but is currently only approved for short-term use (3 months). When combined with top-
iramate can be used long-term with good safety profile. Topiramate is also approved
migraines and alcohol abuse making this medication combination especially favorable
in thesepatient populations. Therearemultiple studies showingefficacyof phentermine
Table 1
Weight loss and risks of endoscopic bariatric technology

EBT
TBWL 6
mns TBWL 12 mns

TBWL
5 Year Risks/Side Effects

IGB2 13% 11% Obstruction (0.8%),
perforation (0.1%), pain,
nausea, gastric ulcers

ESG3,11,15 8%–18% 15–16 15.9% Gastric leak (0.5%), Gastric
bleeding (0.5%), nausea,
pain

POSE17,18 16% 5%–15% Gastric bleeding, nausea,
vomiting, pain

DBJL19,20 14.6%–18.9% 12%a Nausea, vomiting, pain,
obstruction, hepatic abscess
(rare)

Aspire21 12.1% Bleeding, infection, ulceration,
indigestion, nausea,
vomiting

a n dropped from 44 in original study to 15 at 4 year (2 year post explant).
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and phentermine topiramate in bariatric surgery patients.28–30 It is especially useful in
patients with binge eating patterns, which can be common after bariatric surgery and
EBT. A prospective study by Zilberstein and colleagues of 16 patients who underwent
adjustable gastric banding (AGB) with post-operative binge eating behaviors found in-
crease in EBWL from 20.9% to 34.1% after augmentation with topiramate.31 A retro-
spective study by Schwartz colleagues was performed in patients who underwent
either Roux-en-Y gastric bypass (RYGB) or LSG with phentermine or phentermine-
topiramate lost 12% to 13% of excess body weight after 90 days of use.30 Lastly, a
study of patients undergoing LSG with BMI greater than 50 were assessed to see if
peri- and post-operative use of phentermine-topiramate would improve weight loss
outcomes. Patients were compared to historic controls. This study showed the mean
BMI 2 years after LSG was 33.8 for patients on phentermine-topiramate versus 42 for
historic controls.32

Orlistat has recently fallen out of favor due to poorer efficacy andmalabsorption side
effects. However, this medication is cheap and found over the counter so still has
some utility for weight loss. It works via inhibition of gastric and pancreatic lipases
causing poor fat absorption. This should be used very cautiously for patients at risk
for malabsorption such as RYGB. A study by Zoss and colleagues on orlistat in
AGB patients showed significant weight loss of 8 kg during an 8 month follow-up.33

Naltrexone-bupropion is also approved for weight loss. It is contraindicated in pa-
tients with severe hypertension, opioid use, or seizure disorders. Studies show
improved inhibition and ability to resist cravings,34 thus, it is especially good for
food cravings and addictive behaviors. There are no studies directly assessing its
use in the post-bariatric or EBT patients.
The newest medications to undergo approval are the incretin medications–

Glucagon like peptide – 1 receptor agonists (GLP-1) and gastric inhibitory polypep-
tides (GIPs) receptor agonists. These include liraglutide (GLP-1) specifically at the
3 mg dose, semaglutide (GLP-1) specifically at the 2.4 mg dose and the newest,
approved for weight loss November of 2023, is tirzepatide (GLP-1/GIP). While liraglu-
tide has had modest weight loss benefits on par with previously approved anti-obesity
medications, semaglutide and tirzepatide show staggering results with TBWL in the
15% to 20% (Table 2). The most recent incretin to be studied is Retatrutide, a GLP-
1/GIP/Glucagon receptor, which is currently in phase 3 trials for weight loss. Prelimi-
nary phase 2 trials are very encouraging with weight loss on par with some bariatric
surgeries.
Given the popularity of incretin medications, there have been significant enthusiasm

and a growing body of evidence for use of these medications in conjunction with bar-
iatric surgery and EBT. A small study by Caroline Hoff and colleagues of ESG alone or
with semaglutide found significantly more weight loss in the semaglutide group that
was on par with expected weight loss of an LSG.39 A retrospective study by
Badurdeen and colleagues on liraglutide use starting 5 months after ESG showed sig-
nificant improvement in TBWL at 1 year after ESG of 20.5% in ESG alone and 24.7% in
ESG plus liraglutide group.13

More limited data are available on the use of incretinmedications in combinationwith
IGB. Mosli and colleagues evaluated the use of liraglutide in patients treated with IGB;
liraglutide was started 1 month after to balloon placement and continued until 1 month
after balloon removal; theydemonstrated improvedweight losswith liraglutide plus IGB
groupover the IGBalone (18.5 vs 10.2 kg). However, after adjusting for cofounders,was
no longer significant.40 Interestingly, there was no increase in patient reported nausea,
abdominal pain, heartburn, or early IGB removal in patients on liraglutide. Another study
by Jense and colleagues found that 11.3% of patients undergoing IGB selected
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Table 2
Summary of incretin medications in weight loss

Study Medication
Number of
Participants Duration

Weight
Loss (%
TBWL)

>5%
TBWL

>10%
TBWL

FDA-
Approved
For Weight
Loss

Pi-Sunyer et al,35 2015 Liraglutide 3.0 mg 3731 56 wk 8.0% 62.3% 33.1% Yes at 3.0 mg

Garvey et al,36 2015 Liraglutide 3.0 396 56 wk 5.8% 51.8% 22.8% Yes at 3.0 mg

Wilding et al,24 2021 Semaglutide 2.4 mg 1961 68 wk 14.9% 86.4% 69.1% Yes at 2.4 mg

Jastreboff et al,37 2022 Tirzepatide 2539 72 wk Yes
5 mg 15% 85% 68.5%
10 mg 19.5% 89% 78.1%
15 mg 20.9% 91% 83.5%

Jastreboff et al,38 2023 Retatrutide 338 48 wk In phase 3
studies1 mg 8.7%

4 mg 17.1% 92% 75%
8 mg 22.8% 100% 91%
12 mg 24.2% 100% 93%
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combination therapy with an anti-obesity medication (89% chose liraglutide). Weight
loss was found to be 12.6% TBWL at 12 weeks when IGB was combined with medica-
tion versus 11.6% TBWL with balloon alone.41

A study by Gala and colleagues looked at the real world data of patient prescribed
anti-obesity medications (AOM) at any time within a year of their ESG.42 They stratified
by type GLP-1 versus non-GLP-1 AOM. After 24 months, there was no difference in
TBWL between no AOM, GLP-1, and other AOMs. However, it is notable that this
was a real world study and most patients prescribed AOMs were done due to weight
recidivism or failure to lose weight to goal. Thus, this likely represents a positive
outcome that patients who did not respond as intended to ESG could achieve
intended response with addition of AOMs.
Multiple studies have been conducted on liraglutide post bariatric surgery (most

commonly in RYGB or LSG), which show significant improvements in weight with lir-
aglutide as compared with controls.43–47 Interestingly, when compared to patients
taking liraglutide who have not undergone bariatric surgery to patients on liraglutide
who have undergone bariatric surgery, there was no difference in gastrointestinal
side effects.46 It is also notable that patients with prior bariatric surgery taking liraglu-
tide versus placebo, there was also no significant increase in gastrointestinal side ef-
fects.45 A study by Lautenbach and colleagues48 with use of semaglutide in patients
with prior RYGB or LSG with inadequate weight loss or weight regain showed 10.3%
TBWL 6 months after the initiation of semaglutide. There was no difference in weight
loss in patients with inadequate weight loss or weight regain or based on type of bar-
iatric surgery (Table 3).
APPROACH TO COMBINATION OF PHARMACOLOGIC AND ENDOSCOPIC THERAPY

The decision to combine pharmacologic and endoscopic therapy for weight loss
should be made on an individual basis with communication with the patient. It is
important to understand patient goals and medical comorbidities when deciding on
the ideal approach. The physician and patient need to be realistic about the expected
weight loss with EBTs along with the side effects and indefinite use expected for phar-
macologic therapy. Multiple studies have shown the additive effects of medications
with bariatric surgery, which can be extrapolated to EBTs, as well as a few studies
on the use of pharmacologic agents to augment EBTs. Various degrees of weight
loss are associated with improvement in a variety of medical co-morbidities
(Table 4). Pharmacologic therapy can be added for increased weight loss.
Timing and selection of pharmacologic therapy should be based on patients’

comorbidities and desired weight loss. Both the total amount of weight loss and other
indications or side effects of medications can be used to determine whichmedications
are best in augmentation for each individual patient (Table 5).
If EBT alone is not expected to allow patient to reach desired weight loss, it may be

prudent to plan augmentation in the peri-procedure period.32,40 Alternatively, studies in
bariatric surgery patients have found that augmentation at weight plateau led to more
successful outcomes then when used after weight recidivism.61–63 Therefore, it is
important to assess patients throughout their weight loss journey and offer pharmaco-
logic therapy at plateau if they have not reached desired weight loss rather than just
after weight regain. Medications need to be timed to avoid excessive side effects.
The incretin medications are known to cause gastrointestinal side effects and may
need to consider holding or not starting these medications until 4 to 6 weeks after
EBTs that are also expected to cause negative gastrointestinal side effects.40 Howev-
er, overall, thesemedications appear to be just as well-tolerated in the bariatric surgery
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Table 3
Review of studies on pharmacotherapy augmentation after bariatric surgery or endoscopic bariatric procedures

Study Bariatric Procedure Medication
Number of
Participants Duration

Additional
Weight
Loss (kg)

Additional
Weight Loss
TWBL vs
EBWL

Schwartz et al,30 2016 RYGB or LABG Phentermine
Phentermine-topiramate

52
13

90 d 6.35
3.81

12.8%EBWL
12.9% EBWL

Zoss et al,33 2002 LABG Orlistat 120 mg TID 38 8 mn 8

Wharton et al,44 2019 RYGB, LABG, LSG Liraglutide 3 mg 117 1 year 6.3 5.5% TBWL

Suliman et al,46 2019 Any bariatric surgery Liraglutide 188 16 wk 6 6.1% TBWL

Pajecki et al,47 2013 Any Bariatric surgery Liraglutide 15 8–28 wk 7.5

Gazda et al,49 2021 Any bariatric surgery Any GLP-1 207 9 mn 6.9% TBWL

Jensen et al,50 2023 Any bariatric surgery Liraglutide
Semaglutide

50 6 mn 7.3% TBWL
9.8% TBWL

Lautenbach et al,48 2022 RYGB or LSG Semaglutide 44 6 mn 10.3% TBWL

Mosli et al,40 2017 IGB Liraglutide 108 12 mn 8 kga

Mehta et al,51 2023 IGB Any anti-obesity
medication (AOM)

102 12 2.9% TBWL

Badurdeen et al,13 2021 ESG Liraglutide 52 12 mn 4% TBWL

Gala et al,42 2024 ESG Any AOM 1506 24 mn No difference

a After look at cofounding variables, no difference in mean weight loss between participants who used liraglutide.
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Table 4
Weight loss required for disease remission or clinically significant improvement52–55

Disease %TBWL

Diabetes prevention 2%–5%

Hypertriglyceridemia 2%–5%

Elevated systolic blood pressure 2%–5%

Polycystic ovarian syndrome 2%–10%

Metabolic Associated Steatotic Liver Disease 5%

Established diabetes 5%–10%

Elevated diastolic blood pressure 5%–10%

Hyperlipidemia 5%–10%

Urinary incontinence 5%–10%

Sexual dysfunction 5%–10%

Obstructive sleep apnea 10%

Metabolic liver disease – fibrosis regression 10%

Knee osteoarthritis 10%–20%

White & Kushnir750
population as the non-bariatric surgery population.45,46 Further, the specific class of
medications should be picked based on patient comorbidities, eating patterns, and
side effect profile. Overall, the combination of pharmacologic and endoscopic treat-
ment for obesity can be very successful and provide not only desired weight loss for
patients but also improve or ameliorate medical co-morbidities.
Multiple pharmacologic agents are available for diabetes including both FDA and

non-FDA approved medications for weight loss. Combining a pharmacologic therapy
for diabetes that also causes weight loss is a widely accepted augmentation strategy
to both bariatric surgeries and EBTs.13,63 GLP-1 agonists Liraglutide and Semaglutide
are both approved for weight loss and diabetes although at different doses. However,
weight loss is seen even at the approved diabetic doses to a lesser extent.22 Tirzepa-
tide is now approved in both diabetes and obesity. Other diabetic medications are
available that are not FDA-approved for obesity but show modest weight loss. Both
metformin and sodium-glucose co-transporter 2 (SGLT-2) inhibitors lead to very
modest weight loss but are approved for diabetes. SGLT-2 inhibitors are also
approved for cardiovascular disease.64–66 While these medications have less weight
loss efficacy, their price and side effect profile may be ideal for some patients.
Naltrexone-bupropion can be used in patients with mild depression, binge eating

disorder, and alcohol and nicotine abuse. Its weight loss mechanism is thought to
be due to decreasing food cravings.67 This can be especially helpful in patients with
high oral intake due to cravings, which can cause failure of adequate weight loss in
ESG, sleeve gastrectomy, and gastric bypass due to dilation of the gastric sleeve or
pouch. Naltrexone is an opioid receptor antagonist and should not be used in the
direct peri-procedural period if opioids are expected to be needed for pain control.
Phentermine-topiramate can be used for patients with headaches but also the top-

iramate component has been shown to be helpful in binge eating disorder.68 Topira-
mate; however, is not FDA-approved for binge eating disorder, and use with this
indication would be considered off-label. Studies in sleeve gastrectomy have shown
that patients with binge eating disorders or loss of control of eating often do worse
post operation including less weight loss.69 This can be extrapolated to patients
with EBTs such as ESG. Another study of topiramate use in patient is laparoscopic
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Table 5
Review of currently Food and Drug Administration-approved medications for weight loss

%
TBWL

%
Achieving
5% TWBL
56

%
Achieving
10%
TBWL56

Approved Conditions
Other than Obesity Side Effects Contraindications

Phentermine57 7.4 96a 63a Tachycardia, hypertension, tremor,
anxiety, dry mouth, constipation

Cardiovascular disease,
hyperthyroidism,
Gluacoma

Phentermine-
Topiramate58

9.8 67–70 47–48 Migraines, alcohol
abuse

As above 1 insomnia, cognitive side
effects

As above 1 nephrolithiasis,
pregnancy

Orlistat59 9.6b 44–51 14–29 Abdominal pain, steatorrhea Malabsorptive conditions

Naltrexone-
buproprion60

6.1 45–51 19–28 Alcohol use disorder,
nicotine use, mild
depression

Headache, nausea, vomiting,
constipation

Use of opioid narcotics,
seizures (and conditions
that lower seizure
threshold)

Liraglutide
(3 mg)35,36,56

8.4 50–73 25–37 Diabetes, cardiovascular
risk reduction

Nausea, vomiting, diarrhea,
constipation, abdominal pain

MEN-2, medullary
thyroid cancer,
pancreatitis,
gastroparesis

Semaglutide
(2.4 mg)

14.9 86.4 69.1 As above As above As above

Tirzepatide
(15 mg)37

20.9 91 83.9 Diabetes Nausea, vomiting, constipation,
abdominal pain

MEN-2, medullary
thyroid cancer

a High placebo weight loss in this study as well with > 20% with 5% or more TBWL.
b Only 3% TBWL in placebo controlled trials.
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White & Kushnir752
AGB with inadequate weight loss and binge eating patterns that were prescribed top-
iramate had improved EBWL from 20.9% to 34.1%.31 Patients should be screened for
eating disorders such as binge eating disorders prior to EBT but even in patients who
have already undergone EBT, ongoing screening for eating disorders should be done
and treated if appropriate.

SUMMARY

EBT has now been firmly established as a safe and effective treatment for patients with
obesity. While EBT still lag surgery with regard to weight loss efficacy the combination
of EBT with AOMs holds significant promise for obtaining weight loss comparably to
that seen with weight loss surgery and can be used for patients with inadequate
weight loss after EBT or weight regain after EBT. Moreover, EBT may help to reduce
the typical weight regain, which occurs in patients who have lost weight with AOMs
and wish to wean off medications.

CLINICS CARE POINTS
� The combination of endoscopic and pharmacologic interventions for obesity can provide
greater weight loss then ether intervention alone, providing weight loss on par with
surgical interventions.

� Understanding the pharmacology and side effect profile of anti-obesity medications is
critical to maximizing effectiveness, minimize side effects and avoiding premature
discontinuation.
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