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Introduction

Obesity represents a growing global public health threat. A 
2014 report by the WHO estimated that 600 million adults 
have obesity in the world, and its prevalence has doubled 
since 1980 (1). In 2015–2016, the prevalence of obesity in the 
United States was 39.8% in adults and 18.5% in youths (2). 
Concomitantly, there has been a rise in the number of co-
morbidities and complications associated with obesity. The 
cost of treating obesity-related illness in adults rose by 29% 
from 2001 to 2015 (3). 

Bariatric surgery is an effective method for treating 
obesity that is resistant to lifestyle modifications and 
pharmacotherapy. Bariatric surgery results in improvement 
or remission of many obesity-related comorbid conditions, 
as well as sustained weight loss and improvement in 
quality of life (4-6). Available surgical procedures include 

laparoscopic and open Roux-en-Y gastric bypass (RYGB), 
sleeve gastrectomy, adjustable gastric band, vertical banded 
gastroplasty, duodenal switch, and biliopancreatic diversion. 
These methods have been effective in treating obesity 
and mortality rates associated with surgical intervention 
have progressively decreased. Chang et al. [2014] reported 
a meta-analysis which showed a mortality rate of 0.08% 
within 30 days and 0.31% after 30 days (7). Additionally, 
complication rates from bariatric procedures have 
progressively fallen from 10.5% in 1993 to 7.6% in 2006 (8). 

More recently, endoscopic approaches using flexible 
gastrointestinal endoscopy have emerged as a reliable 
alternative to traditional surgical methods. Bariatric surgery 
offers a higher weight loss effect compared to endoscopic 
bariatric therapy (EBT), however, EBT is safer and more 
cost effective (9,10). Moreover, while surgery is indicated 
for patients with a BMI over 40 kg/m2 or a BMI of 35 with 
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concomitant comorbidities, EBT can help fill the gap in 
patients with a BMI between 30 to 40 kg/m2 and serve as 
a safe alternative to patients who fail pharmacotherapy 
(11,12). 

The history of EBT began with the advent and use of 
intragastric balloons (IGBs) in the 1980s (13). Since then, 
EBT has evolved into two major groups, namely, gastric 
and small bowel interventions. Gastric interventions work 
by stimulating gastric mechanical and chemical receptors, 
delaying gastric emptying, and modulating levels of gastric 
orexigenic hormones. Small bowel interventions work by 
bypassing the stomach to affect satiety and gastrointestinal 
motility (14,15). Overall, EBT can consist of any of the 
following endoluminal procedures: intragastric balloon 
(IGB) placement, endoscopic sleeve gastroplasty (ESG), 
gastric-bypass revision, and aspiration therapy (16). We 
review the design, clinically relevant evidence-based data, 
and learning curve associated with EBT. 

Intragastric balloons

In 1985, the first intragastric balloon (IGB) was approved 
for use in the United States (Garren Edwards Gastric 
Bubble; American Edwards Laboratories, Mayaguez, 
PR). It had many adverse effects, including small bowel 
obstruction, and also failed to show efficacy in a sham-
controlled trial and was thus pulled from the market (17). 
Since then, 3 gastric balloons have been FDA approved: the 
Orbera (Figure 1, Apollo Endosurgery, Austin, TX; 2015), 
the ReShape Duo (Figure 2, Reshape, San Clemente, CA; 
2015) and the Obalon (Figure 3, Obalon Therapeutics, 
Carlsbad, CA; 2016). Two other balloons are currently 
under FDA investigation for approval: the Spatz Adjustable 
(Spatz Medical, Great Neck, NY) and the Elipse (Allurion, 
Natick, MA) (Table 1).

The Orbera balloon had begun development in the 
1990s. The balloon was first introduced outside of the 
United States in 2004, with over 277,000 balloons placed 
worldwide. It was FDA approved on August 6th, 2015 for 
use in the United States. It is the most commonly used 
IGB, with over 230 peer-reviewed publications around the 
globe on over 8,000 patients (24). It is made of silicone, is 
inserted into the fundus and then inflated with 450–700 mL 
of saline (mixed with methylene blue, which will appear in 
the patient’s urine if the balloon ruptures). It is both placed 
endoscopically and removed endoscopically after 6 months. 
In the ORBERA pivotal study, 255 patients were studied, 
showing a TWL of 10.5%±6.6% after 6 months of balloon 
placement (18). A large meta-analysis of 3,698 patients 
showed EWL of 32.1% while a recent systematic review 
has noted the EWL to be 36.2%±6.3% after 6 months of 
balloon placement (25,26). 

Figure 1 Orbera balloon.

Figure 2 ReShape balloon.

Figure 3 Obalon balloon(s).
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A long-term multi-center European study showed an 
EWL of 29.1%±60.3% 3 years after balloon placement. 
At the 3-year mark, they also noted complete resolution of 
the following: diabetes (in 33% of patients), hypertension 
(44%), hypercholesterolemia (34%), dyslipidemia (45%), 
osteoarthropathy (47%) and respiratory disorders (100%). 
They reported several minimal adverse effects, including 
nausea, vomiting, gastric perforation (0.1%) and bowel 
obstruction (0.8%). Early balloon removal was needed in 
4.2% of patients due to those adverse effects (19). One 
Italian study demonstrated that the following diseases 
were better controlled or resolved 1 year from balloon 
placement: diabetes, metabolic disease, hyperlipidemia, 
hypertriglyceridemia, and hyperuricemia (27). Another 
Italian study demonstrated positive outcomes in obese 
women who were previously infertile (28).

The ReShape balloon is composed of 2 silicone balloons 
connected by a single flexible tube. The device was 
approved by the FDA on July 29th, 2015 for patients with 
a BMI between 30–40 kg/m2. The dual balloon design 
was intended to increase satiety and reduce the risk of 
migration. This balloon system is also inserted and removed 
endoscopically at the end of 6 months’ time. It is filled with 
a total of 900 mL of saline mixed with methylene blue. 
Each of the two balloon chambers holds 450 mL. In the 
REDUCE trial with 326 patients, 25.1% EWL was shown. 
Its adverse event profile is low; during the trial, there 

were no deaths, device migrations, gastric perforations or 
intestinal obstructions. During development, the device 
caused ulcers in 39.6% of patients. After modifications were 
made to the device, the rate and size of ulceration decreased 
to 10.3%. They reported 3 serious adverse effects: an 
esophageal perforation that was managed conservatively, 
an esophageal tear which required clipping and one post-
retrieval aspiration pneumonitis. It is worth noting that 
9.1% of patients had an early-retrieval for non-ulcer related 
intolerance of the balloon. This was reduced to 7.7% with 
the reduction of fill volumes in short-statured patients (20).  
A smaller, previous study of 30 patients demonstrated 
31.8% EWL (29).

The Obalon balloon is a 250 mL gas filled balloon 
and does not need to be inserted endoscopically. It does, 
however, require endoscopic removal at the end of 12 or  
24 weeks. It is  a gelatin capsule swallowed under 
fluoroscopic guidance, and once in place, it is inflated with 
a nitrogen-sulfur hexafluoride gas. A second balloon can 
be placed at the end of 4 weeks, and a third at the end of 
8 weeks. The SMART trial, a multi-center U.S. pivotal 
trial of 387 patients, showed TWL of 6.81%±5.1% with 
just one episode of gastric ulcer as an adverse effect. They 
also noted significant improvement in fasting glucose, low-
density lipoprotein cholesterol, systolic blood pressure 
and triglycerides at the 24-week mark (21). A smaller, 
previous study with 17 patients showed approximately 98% 

Table 1 Types of intragastric balloons

Balloon Volume Weight loss* Placement Removal Complications

Orbera (18,19) 400–700 mL (saline) TWL of 10.5%±6.6%; EWL 
of 38.4% at 24 weeks

Endoscopically Endoscopically 
at 6 months

Nausea and vomiting. Also, a 
0.1% rate of gastric perforation 

in a large European study

ReShape Duo (20) 900 mL (450 mL×2; 
saline)

TWL of 7.6%±5.5%; EWL 
of 25.1% at 24 weeks

Endoscopically Endoscopically 
at 6 months

Gastric ulceration in 10.3% of 
patients in the pivotal study

Obalon (21) 250 mL (air, nitrogen) TWL of 6.81%±5.1% at  
24 weeks. No EWL noted

Swallowed under 
fluoroscopy, then 

inflated

Endoscopically 
at 6 months

One episode of gastric 
ulceration in the pivotal study

Spatz (22) 400–600 mL (saline) EWL of 45.7% at  
12 months (small study; 

no pivotal trial at this time). 
No TWL noted

Endoscopically Endoscopically 
at 12 months

30% early removal rate due to 
intolerance, adjustment refusal 

and premature satisfaction

Elipse (23) 450–550 mL (filling 
fluid)

EWL of 37.2% at 24 weeks 
(small study; no pivotal 

trial at this time). No TWL 
noted

Swallowed then 
inflated

Deflated by 
planned failure of 
internal valve at  

4 months

Nausea, vomiting and 
abdominal cramps

*, Extracted from respective pivotal trials.
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of patients had swallowed the balloon correctly and also 
showed an average of 36.2% EWL at 12 weeks (30).

The Spatz  bal loon is  made of  s i l icone,  placed 
endoscopically, and has an inflation tube through which 
more or less saline can be added or removed to help reduce 
adverse symptoms or increase weight loss. This in-situ 
adjustment makes it unique amongst the balloons. It is 
designed to remain in place for one year. The device has 
had modifications made to its inflation tube system and is 
currently in trials in the United States. Outside of the U.S. 
it is approved for 12-month use. One small study showed 
EWL to be 26.4% at 6 months and 38.8% at 12 months. 
However, 39% of the patients had early balloon removal 
due to catheter shear, perforating gastric ulcer, deflation, 
gastritis and Mallory-Weiss tear (31). Another trial in the 
United Kingdom showed EWL at 12 months to be 45.7% 
in 49 patients. Twenty-one patients had the balloon in place 
for less than 12 months due to early removal. They noted 
a 30% early removal rate due to intolerance, adjustment 
refusal, and premature satisfaction (22). In an Italian study 
directly comparing the Spatz to the Orbera, the Spatz was 
noted to have similar weight loss outcomes, but with a 
higher adverse outcome rate (32).

The Elipse balloon is not placed or retrieved endoscopically. 
The balloon is swallowed, inflated with 550 mL of liquid 
and has an internal valve that catastrophically fails 
after 4 months. It is covered in a vegetarian shell. The 
device is then completely deflated and the balloon is 
passed in the stool (33). One small study in the Czech 
Republic showed an EWL of 12.4% at 6 weeks, with no 
adverse outcomes reported (34). Another study showed 
improvements in LDL, triglycerides and HbA1c at  
6 months. At 4 months, EWL was noted to be 37.2%. At  
6 months, 93% of patients had maintained that weight loss. 
This study noted nausea, vomiting and abdominal cramps 
as the major side effects; all were self-limiting or resolved 
with medication, which is to be expected with balloon 
therapy (23). In theory, because the Elipse does not require 
endoscopy, hospitalization for placement and retrieval will 
not be required, decreasing its overall cost. Due to this, 
wider patient population may be reached who would not be 
able to afford the other balloons.

It is important to note that, as practitioners gain more 
experience in placing and managing these balloons, lower 
rates of adverse events and early balloon retrievals have 
been noted (35). To our knowledge, while no formal 
studies have been done on the learning curve for IGB 
placement learning curves, Thompson et al. noted that 

IGBs are extremely easy to place with minimal training and 
a minimal learning curve in the hands of an experienced 
gastroenterologist (36). That being said, the FDA has 
issued a statement in regards to the risk of acute pancreatitis 
associated with over-inflation of the fluid-filled balloons. 
Also, the FDA recently a statement regarding the deaths 
of 12 patients using the Orbera and ReShape balloons. 
Labeling changes were approved to reflect the risk of death 
possibly associated with these devices (37).

Sleeve gastroplasty and stapling devices

The laparoscopic gastric plication (LGP), which is also 
known as gastric imbrication, was first done by Dr. Kirk in 
1968 (38). The procedure involves folding the stomach over 
and stitching it to itself. Stomach stapling, also known as 
vertical banded gastroplasty (VBG), was first done by Dr. 
Edward E. Mason in 1980 (39). In VBG, a small pouch was 
created along the lesser curve of the stomach by vertically 
stapling the upper stomach while also banding the bottom 
of the pouch to create a 1 cm opening to the remainder of 
the stomach. Due to a high failure rate of the procedure, 
as well as the amount of long-term complications, this 
procedure is no longer performed.

Two endoscopic methods attempted to recreate the 
VBG: the EndoCinch Endoluminal Vertical Gastroplasty 
(EVG) (C.R. Bard, Inc, Murray Hill, NJ) and the TransOral 
GAstroplasty system (TOGA) (Satiety Inc, Palo Alto, CA) (14). 
EVG using the EndoCinch suturing device performs the 
same suturing as VBG, but excludes the banding portion 
of the procedure. In 2008, Fogel et al. were the first to 
demonstrate that EVG could be successfully used to achieve 
gastric volume reduction using the EndoCinch device. One 
study of 64 patients showed no serious adverse effects with 
a one-year excess weight loss of 58.1%±19.9% (EWL) (40).

The TOGA suturing device was first introduced in 2008. 
It was used to create a restricted outlet by stapling a sleeve 
along the lesser curvature of the stomach. A multi-center 
study of 67 patients with an average BMI of 41.5 kg/m2  
demonstrated EWL of 29.3%±11.6%, 36.8%±15.7%, 
and 38.7%±17.1% at 3, 6 and 12 months respectively. 
Furthermore, the study reported that hemoglobin A1c and 
triglyceride levels decreased while high density lipoprotein 
levels increased. Reported complications included one 
case of respiratory distress associated with anesthesia in a 
patient with COPD and one case of pneumoperitoneum 
without perforation, which was managed conservatively (41).  
Devière et al. [2008] reported a multicenter TOGA study 
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involving 21 patients with an average BMI of 43.3 kg/m2.  
Pa t i ent s  exper ienced  an  average  we ight  lo s s  o f  
17.6 pounds at 1 month, 24.5 pounds at three months, and 
26.5 pounds at 6 months post-treatment with EWL of 
16.2%, 22.6%, and 24.4%, respectively (42). The TOGA 
system was not approved by the United States Food 
and Drug Administration (FDA) and Satiety Inc. halted 
operations as of 2011.

Three endoscopic procedures attempt to recreate LGP: 
RESTORe suturing system (Bard/Davol, Warwick, RI), 
Overstitch for Endoscopic Sleeve Gastroplasty (Apollo 
Endosurgery, Austin, TX) and the Incisionless Operating 
Platform for Primary Obesity Surgery Endolumenal (USGI 
Medical, San Clemente, CA).

ESG endoscopically reduces gastric capacity and volume 
by way of creating a sleeve (43-50). The RESTORe system 
is essentially a newer version of the EndoCinch system, 
which can reload in vivo and is also able to perform deeper 
tissue acquisition. In addition to creating the pouch along 
the lesser curve, the RESTORe system also creates a pouch 
along the greater curve. The TRIM trial of 18 patients 
demonstrated 27.7%±21.9% EWL in one year with no 
significant adverse events (51,52).

The Apollo Overstitch is capable of full-thickness 
suturing in a variety of patterns, using a curved needle 
driver. The device is fitted to a dual channel endoscope. The 
device is FDA-approved to place endoscopic sutures. It was 
used to perform ESG in India for the first time in 2012; in 
2013, it was first done in the United States by Abu Dayyeh 
et al. The procedure has undergone technical refinement 
over time. Initially, interrupted reinforcing sutures were 

used for sleeve creation but the technique evolved into a 
novel, double row plication (Figure 4). This created a small 
diameter sleeve and reduced the volume of the stomach 
from the prepyloric antrum to the GE junction. Suturing 
technique was also adjusted in order to improve gastric 
fundus closure, a previously problematic portion of the 
procedure. However, the technique eventually progressed 
to not closing the fundus at all (43,53,54).

Thoughts on marking for the procedure have changed. 
Argon plasma coagulation is used to create a dotted target 
line for the sutures, but is no longer deemed necessary 
since the targets move during the procedure. Initially there 
was concern on whether the sutures were fully penetrating 
the tissue. This was remedied by using a tissue helix for 
tissue acquisition to achieve full thickness sutures. This 
led to expected post procedure free air therefore it is 
recommended to perform the procedure using carbon 
dioxide, to allow for more efficient reabsorption. Patients 
are typically noted to regain full functionality in 1–3 days 
after the procedure. They follow a clear liquid diet for 
24–48 hours post-procedure then transition to a full liquid 
diet for one to two weeks, then a soft diet for the next  
2–4 weeks, after which they may eat a solid diet (43,53,54).

An international, multi-center study with 77 patients 
showed 17.4%±1.2% TWL at the 1-year mark (53). Also, 
the PROMISE trial, with 22 patients, showed 48.2%±9.9% 
EWL at the 1 one-year mark, with no serious adverse 
effects (50). Another study of 248 patients showed that ESG 
could sustain better than 10% weight loss in approximately 
75% of patients who had mild-moderate obesity over a 
24-month period (55). In one study, significant reductions 

Figure 4 Endoscopic sleeve gastroplasty (with cross section suture). 
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were noted at 12 months in HbA1c, systolic blood pressure, 
serum triglycerides and alanine aminotransferase. In the 
same study, 6-month TBWL was 14.4% (with an 80% 
follow up rate), 12-month TBWL was 17.6% and a 
24-month TBWL was 20.9% (56). 

Another study showed that the physiologic changes that 
occur in ESG parallel those in bariatric surgery, as well 
as noting a decrease in ghrelin (an appetite stimulating 
hormone), increase in insulin sensitivity and delay in gastric 
emptying. Three months after ESG, there was a 90-minute 
increase in time it took to empty 50% of the ingested meal. 
It was also noted that 4 hours after ingestion, 32.25% of the 
meal was retained in the stomach after ESG as compared 
to only 5.25% before ESG. There was no delay in gastric 
emptying of liquids after ESG. Satiation was significantly 
increased after ESG, decreasing caloric intake by 59% 
and leading to earlier termination of meals. Meals were 
completed by 11.5±2.3 minutes post-ESG as compared to 
35.2±9.9 minutes pre-ESG. Post-prandial ghrelin levels 
were noted to be decreased by 29.4% 3 months post-ESG. 
Using the fasting homeostatic model for insulin resistance, 
it was noted that the patients’ insulin resistance score 
improved. Their area under the curve for post-prandial 
glucose and insulin decreased by 36% and 34% as well. 
There was no significant change in the levels of leptin, 
GLP-1 and PYY (47).

The Incisionless Operating Platform for Primary Obesity 
Surgery Endolumenal works by creating full-thickness 
plications and is still under FDA review. It is a 54-Fr flexible 
tube, has a control handle and 4 working channels (33). The 
Primary Obesity Surgery Endolumenal procedure (POSE) 
was first reported in 2013, using 8–9 plications in the 
fundus, followed by 3–4 plications in the distal end of the 
body. A study of 45 patients showed 49.4%±21.5% EWL at 
6 months (57). The ESSENTIAL trial, with 332 patients, 
showed patients in the study arm lost 4.95%±7.04% EWL 
while the patients in the sham arm lost 1.38%±5.58% EWL 
in 1 year (58). Two other studies showed a one-year EWL 

of 44.9%±24.4% and 45%, with no serious short- or long-
term side effects. Mean procedures time was noted to be 
51.8±14.5 minutes (46,59). Recently, physiological changes 
in regards to POSE were studied. They noted a significant 
reduction in intake capacity, delayed gastric emptying, 
improved glucose homeostasis, and a decrease in post-
prandial ghrelin (60).

A number of studies have been conducted regarding 
the learning curve of ESG (Table 2). A study of 55 patients 
showed that ESG using the OverStitch was a safe and 
efficacious procedure when done by expert endoscopists 
in a controlled hospital setting with appropriate inpatient 
postoperative surveillance. In fact, they reported no major 
complications. They did not define what was meant by 
an “expert endoscopist” (49). Kumbhari et al. performed 
a study using the OverStitch device showing that total 
length of procedure, number of plications placed during 
the procedure and the amount of time spent per placing 
each plication dropped significantly with the number of 
performed procedures. They also noted that the decrease 
in total number of plications per procedure were a 
demonstration of “mastery.” Efficiency was defined as 
a decrease in time spent per plication as well a decrease 
in total length of procedure. They determined that  
7 procedures were sufficient to develop 90% potential 
efficiency after a 1-day training session. It is worth noting 
that the endoscopist in this study was already familiar and 
proficient with the OverStitch device and was only learning 
the ESG procedure (61). 

In 2017, Kahaleh et al. conducted a study using the 
OverStitch device (56). Again, it was a single-endoscopist 
study who already had proficiency with the suturing device. 
They demonstrated that efficiency was achieved after  
35 cases; there was a significant decrease in total 
procedure time and that number essentially plateaued 
after 35 cases (mean procedure time for first 35 cases was  
144.9±39.4 minutes while the mean procedure time for 
subsequent cases was 74.32±18.7 minutes).

In 2018, Sharaiha et al. also conducted another study to 
define the learning curve for ESG (62). In their study, the 
primary outcome was procedure time, with a secondary 
outcome of efficiency and mastery. The study was done 
with the OverStitch platform. They defined efficiency “as 
the point on the learning curve where the operator was able 
to make procedural improvements to decrease procedure 
time”. Mastery was defined “as the point at which the 
procedure time became consistent by eliminating outliers in 
terms of operating time”. Based on their analysis, efficiency 

Table 2 ESG learning curve studies

Study
Number of cases 

to efficiency
Number of cases to 

mastery

Kumbhari et al. (61) 2017 7 9

Kahaleh et al. (56) 2017 35 Not defined

Sharaiha et al. (62) 2018 29–38 55

ESG, endoscopic sleeve gastroplasty.
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was achieved after 29–38 procedures, while mastery 
was achieved after 55 procedures. They also noted that 
improvement in procedure time did not adversely affect the 
overall outcome of weight loss.

Recently, Fayad et al. conducted a case-matched study 
comparing ESG with laparoscopic sleeve gastrectomy 
(LSG) (63) (Figure 5). They noted that at one month follow 
up, ESG had a significantly greater %TBWL than LSG 
(9.8%±2.5% vs. 6.6%±2.4%). However, they noted that 
at the six-month follow up, LSG had significantly greater 
%TBWL than ESG (23.6%±7.6% vs. 17.1%±6.5%). A 
further subgroup analysis demonstrated that in patients 
with a BMI over 40, LSG remained superior to ESG at 
the 6-month mark. However, in patients with BMI under 
40, ESG and LSG were comparable in regard to %TBWL 
at the 6-month mark. The ESG group demonstrated 
significantly less adverse effects than the LSG group (5.2% 
vs. 16.9%). Also, new onset GERD was significantly lower 
in the ESG group as compared to the LSG group (1.9% vs. 

14.5%). Given these findings, ESG was a good option for 
patients, especially in the subgroup of patients with a BMI 
under 40, since most would not even qualify for LSG.

Transpyloric shuttle

The transpyloric shuttle is used in the treatment of obesity 
by delaying gastric emptying (64). It consists of two 
bulbs joined by a flexible catheter which facilitates partial 
gastric obstruction (Figure 6). The ENDObesity 1 study 
was conducted in Australia with 20 patients and a mean 
BMI of 36 (65). All patients had the transpyloric shuttle 
inserted and follow up at 3 and 6 months. The study 
reported progressive weight loss at 3 months (31.3%±15.7% 
EWL) and 6 months (50%±26.4% EWL). All patients 
also tolerated the device while 15 patients had evidence of 
mucosal erosion. Two patients had the device removed due 
to persistent ulceration. A follow-up trial (ENDObesity II) 
has completed its recruitment phases and is being studied 
(https://clinicaltrials.gov/ct2/show/NCT02518685).

Incisionless Anastomosis System (IAS)

Another novel technique called the incisionless magnetic 
anastomosis system, utilizes two self-forming magnets. The 
magnets are endoscopically deposited which eventually join 
and compress two regions of small bowel. Stomach contents 
are then diverted into the new pathway, and eventually 
the magnets are passed in the stool. A prospective study 
involving 10 patients delivered the magnets through the 
working channel of a colonoscope, with laparoscopic 
supervision (31). Patients were not required to participate 
in an intensive lifestyle/diet management program. 
Endoscopic visualization of the anastomosis was obtained 
at 2, 6, and 12 months. Patient weight, glycemic profile, 
and metabolic panels were acquired at 0.5, 1, 2, 3, 6, 9, and  
12 months. The study reported an average total weight loss 
of 14.6% (40.2% excess weight loss) at 12 months. Larger 
studies are needed to validate these initial results before IAS 
can be implemented in practice.

Aspiration therapy

The aspiration therapy system has also been used to 
treat obesity which consists of an endoscopically placed 
gastrostomy tube and siphon assembly (66). Patients 
can aspirate gastric contents about 20 min after eating. 
This process takes 10 mins to perform and can remove 

Figure 5 Endoscopic sleeve gastrectomy. 

Figure 6 Transpyloric shuttle.

https://clinicaltrials.gov/ct2/show/NCT02518685
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up to 30% of gastric contents. Noren and Forssel [2016] 
performed a prospective study involving 25 patients with a 
mean BMI of 39.8 kg/m2 and excess weight loss was 54.4% 
(SD 28.8, P<0.01) (67). At 2 years BMI was 31.0 kg/m2  
(5.1, P<0.01), and excess weight loss was 61.5% (28.5, 
P<0.01). No serious adverse effects including electrolyte 
disturbance was reported. The rate of compliance was 80% 
after 1 year and 60% after 2 years. The study showed that 
weight was halved in a year and that aspiration therapy was 
a safe treatment for obesity. Additionally, Thompson et al. 
reported the results of a clinical trial involving 111 patients 
treated with AspireAssist and life-style counseling (AALC) 
versus life-style counseling alone (LCA) (68). The study 
reported that at 52 weeks, the mean %EWL of the AALC 
group was 31.5%±26.7%, on a modified Intent to Treat 
basis (mITT) basis, and 37.2%±27.5%, on per-protocol (PP) 
basis, versus 9.8%±15.5% of the LCA group on a mITT 
basis and 13.0%±17.6%, on a PP basis. The difference in 
mean %EWL achieved between groups was 21.7% (95% 
CI: 15.3, 28.1) on a mITT basis and 24.2% (95% CI: 15.5, 
32.9). The average difference in both study arms was 21.7% 
(95% CI: 15.3, 28.1, P=0.0083) on a mITT basis and 24.2% 
(95% CI: 15.5, 32.9, P=0.0038) on a PP basis. Adverse 
effects related to the AspireAssist device include occasional 
indigestion, nausea, vomiting, constipation and diarrhea. 
The AspireAssist device was approved for use by the FDA 
in June of 2016 for patients with a BMI of 35–55 kg/m2.  
Although there are no studies looking at the learning curve 
for placing the AspireAssist device, proficiency can be 
achieved after one has mastered percutaneous endoscopic 
gastrostomy.

Botulinum toxin injection

Botulinum toxin A (BTX-A) has been hypothesized to 
lead to weight loss by selectively inhibiting smooth and 
striated muscle contraction. By injecting the stomach 
antrum with BTX-A, food contents may be slowed down 
by increasing transit time and inducing satiation. Elshakh  
et al. conducted a review of 60 articles of which only 11 were 
relevant for examining the efficacy of BTX-A injections on 
obesity (69). The study concluded that current data does 
not demonstrate sustained weight loss through the use of 
endoscopic BTX-A injection. de Moura et al. reported a 
recent randomized double blinded control trial involving 32 
super-obese patients to study the effect of endoscopic guided 
BTX-A injections as a bridge to bariatric surgery (70).  
Patients were grouped into one of two groups: BTX-A, in 

which 200 units of BTX-A were injected into the gastric 
antrum and body; and control, in which the same injections 
were performed with 0.9% saline. Both study arms were 
followed for 6 months. The study reported that both 
groups showed similar weight loss (P<0.001). No statistical 
significance was observed between groups regarding weight 
loss, excess weight, total loss of excess weight, total weight 
loss, or change in BMI. Furthermore, due to variability in 
dosages, poor sample sizes, site of injection, and methods 
used to measure weight reduction, meta-analyses are also 
unreliable. 

Conclusions

Endoscopic bariatric and metabolic therapies are safe and 
effective strategies for weight loss, especially when used in 
conjunction with diet and lifestyle modification. As more 
practitioners gain proficiency, we can expect concomitant 
expansion and widespread application of these procedures. 
Moving forward, it will be important to keep in mind 
that these therapies should be tailored to each patient 
based on their clinical phenotype and physiology. While 
a lot of information abounds on the clinical effects of 
EBT, technical information related to training in this 
subspecialized area is sparse. Trainees are expected to 
understand the limitations of each technique and its 
application in the right clinical setting. For instance, not 
all balloons are equal, choosing between the Orbera and 
the ReShape balloon may be a matter of clinical context, 
user experience, or preference. Furthermore, training 
in this area may be limited to large University training 
centers. As a result, trainees at smaller community centers 
may not have access to this form of training. To address 
this dilemma, national organizations such as the ACG, 
AGA, ASGE should consider advance fellowship training 
in EBT for those willing to focus their future practice in 
this area. Other trainees can undergo elective rotations 
to gain more experience and exposure. Despite these 
shortcomings, the learning curve associated with EBT 
requires dedicated practice. EBT is a relatively new field 
and will help bridge the gap in patients who fail medical 
therapy and are not candidates for traditional surgery. To 
this end, algorithms and guidelines are needed to further 
delineate the appropriate application of EBT. 
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