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Endoluminal bariatric techniques
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The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee provides reviews of new or
emerging endoscopic technologies that have the potential
to have an impact on the practice of GI endoscopy.
Evidence-based methodology is used, with a MEDLINE
literature search to identify pertinent preclinical and clin-
ical studies on the topic and a MAUDE (U.S. Food and
Drug Administration Center for Devices and Radiological
Health) database search to identify the reported compli-
cations of a given technology. Both are supplemented by
accessing the “related articles” feature of PubMed and by
scrutinizing pertinent references cited by the identified
studies. Controlled clinical trials are emphasized, but in
many cases, data from randomized, controlled trials are
lacking. In such cases, large case series, preliminary clin-
ical studies, and expert opinions are used. Technical data
are gathered from traditional and Web-based publica-
tions, proprietary publications, and informal communi-
cations with pertinent vendors. For this review, the

EDLINE database was searched through January 2011
sing the keywords “bariatric,” “endoscopic,” “intragas-

ric balloon,” “duodenojejunal bypass sleeve,” and “trans-
ral gastroplasty.” Reports on Emerging Technologies are
rafted by 1 or 2 members of the ASGE Technology Com-
ittee, reviewed and edited by the committee as a whole,
nd approved by the Governing Board of the ASGE. These
eports are scientific reviews provided solely for educa-
ional and informational purposes. Reports on Emerging
echnologies are not rules and should not be construed as
stablishing a legal standard of care or as encouraging,
dvocating, requiring, or discouraging any particular

reatment or payment for such treatment.

Obesity is a worldwide epidemic associated with
ultiple comorbidities.1 Behavioral and pharmacologi-

cal treatment approaches are only modestly effective
and are not durable.2 Bariatric surgical procedures are
effective but are associated with major complications in
as many as 25% of patients and a mortality rate as high
as 7.6%.3-6 There is a need for less-invasive weight-loss
procedures. This document reviews endoluminal de-
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ices and techniques. These devices are not yet ap-
roved for use in the United States.

NTRAGASTRIC BALLOON

The intragastric balloon (IGB) is thought to induce early
atiety by partially filling the stomach. Previously available
alloons, such as Garren-Edwards and Ballobes, failed to
nduce significant weight loss and were associated with
ignificant complications.7-9 The newer balloons have a
arger capacity and may be filled with either saline solution
r air (Fig. 1).

IOENTERICS INTRAGASTRIC BALLOON

The BioEnterics Intragastric Balloon (BIB) (Allergan
nc, Irvine, Calif) is a spherical, large-capacity (600-800
L) silicone polymer balloon. The deflated balloon comes
reloaded on a catheter, which is blindly passed tran-
orally into the esophagus. Once the balloon has been
assed, an endoscope is passed along side it to ensure
ccurate placement of the balloon in the fundus. Under
irect visualization, the balloon is then inflated by inject-
ng saline solution mixed with methylene blue through the
xternal portion of the catheter. The BIB should be re-
oved after a maximum of 6 months because beyond this
eriod, there is a higher risk of spontaneous balloon de-
ation. If inadvertent balloon rupture occurs, the methyl-
ne blue is systemically absorbed, causing a change in
rine color, which serves as an alert that the balloon has
eflated.
Uncontrolled studies have mostly shown positive re-

ults with the BIB, with mean body mass index (BMI)
ecrease of 4.9 to 6.5 kg/m2,10-12 although 1 small Asian
tudy failed to show a benefit.13 Compared with struc-
ured diet therapy in a retrospective study, BIB place-
ent resulted in a significantly greater decrease in BMI

t 6 months (35.4 kg/m2 vs 38.9 kg/m2).14 The BIB has
een compared with surgical treatment (sleeve gastrec-
omy) in 2 nonrandomized studies. At 6 months, 1 study
howed no difference in mean weight loss, although the
urgical procedure was superior at 12-month fol-
owup.15 The other study of superobese patients (BMI
50) found that sleeve gastrectomy patients lost signif-

cantly more weight at 6 months (45.5 kg vs 22.3 kg).16

tudies that evaluated the effect of BIB placement on
omorbidities showed a decreased incidence of meta-

olic syndrome,17,18 decreased insulin resistance,19 im-
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Endoluminal bariatric techniques
provement in hepatic steatosis20 and obstructive sleep
apnea,21 and a significant reduction in hemoglobin A1c
evels in those who lost weight.18,22 Finally, a small
uncontrolled study found that weight loss caused by
preoperative BIB therapy may reduce the rate of con-
version of laparoscopic gastric banding to open surgery
and decreased intraoperative complications.23

There are 2 published randomized, clinical trials of the
BIB, and they are limited by small sample size and short
follow-up. One study randomized 23 patients to sham
treatment and 20 patients to a balloon treatment group for
3 months. There was no difference in weight loss between
the groups.24 No major complications were noted in this
study. A subsequent double-blind, randomized, sham-
controlled study allocated 32 patients to a BIB or sham
procedure followed by crossover after 3 months.25 Patients
receiving active treatment during the first 3 months had
greater decrease in mean BMI (5.8 kg/m2 vs 4 kg/m2, P �
.001). After crossover, the balloon group again had a
greater decrease in mean BMI (5.1 kg/m2 vs 1.1 kg/m2,
P � .001). No complications were reported. A meta-
analysis including 30 studies (18 prospective and 12 ret-

Figure 1. Large-capacity intragastric balloon after deployment. Balloon is
filled with a mixture of saline solution and methylene blue.
rospective) and a total of 4877 patients found that the s
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verall short-term (after 6 months) weight loss was 17.8 kg
mean 4.9-28.5 kg) after BIB placement.26

There are 2 case series that include follow-up beyond
year. In 1 series, 100 consecutive patients were fol-

owed for a mean of 4.8 years; the BIB was removed at
year. Weight loss that was 10% or greater that baseline
nd sustained at 2.5 years was achieved in 24% of
ndividuals.27 A prospective, nonrandomized study of
18 patients reported 5-year follow-up after single ver-
us repeated BIB placement. The single treatment group
ad balloon in place for 6 months, and the repeat
reatment group had the balloon placed immediately
fter the first balloon removal (n � 8) or after IGB-free
nterval (n � 11, median IGB-free interval of 16.3
onths). Compared with subjects with a single treat-
ent (n � 99), those with repeat treatment (n � 19) had
reater weight loss in kilograms at 1 year (12.0 kg vs 6.0
g) and excess weight loss (percentage of EWL calcu-
ated by dividing actual weight loss by ideal weight loss)
40.9% vs 20.8% EWL; P � .008), but the difference
ecame less than 2 kg starting at 3 years.28

Taken together, these studies suggest that BIB place-
ent can result in short-term weight loss in the range of 14

o 18 kg in 6 months, but the weight loss does not appear
o last, and 20% to 40% of patients fail to achieve signifi-
ant weight loss.

THER IGBs

Other available IGBs include the Heliosphere (IHB)
Helioscopie, Vienne, France), Silimed (Silimed, Rio de
aneiro, Brazil), and Semstationary Antral Balloon (JP In-
ustria Farmaceutica, Ribeirao Preto, Brazil). The place-
ent of the IHB is similar to that of the BIB except that the
alloon is inflated with air. Data regarding the efficacy and
afety of IHB are limited.29-31 In the largest published
tudy, which included 82 consecutive patients and a me-
ian follow-up of 182 days, 70% achieved more than 10%
ody weight loss. There are very few data on the other 2
GBs to date.32

omparison of IGBs
There is a single study comparing the BIB and IHB. In

his prospective, double-blind study, 18 patients were ran-
omized to IHB and 15 to BIB. Weight loss was similar in
oth groups at 6 months.33

omplications of IGBs
Complications of IGBs reported in a large case series

nd a meta-analysis include esophagitis (1.27%), gastric
erforation (�0.21%), gastric outlet obstruction (0.76%),
astric ulcer (0.2%), balloon rupture (0.36%), and death
0.07%).10,26

Other reported complications of the BIB include esoph-
geal perforation,34 small-bowel obstruction requiring

urgery,35-37 and 1 case report of cardiac arrest after BIB

www.giejournal.org
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Endoluminal bariatric techniques
placement, which was thought to be secondary to vagal
nerve activation caused by stretching of the gastric wall.38

Among 82 patients who underwent IHB placement, nau-
sea and vomiting during the first week of insertion oc-
curred in 7.4% of patients. Two (3%) spontaneous defla-
tions without migration were noted, but only 1 early
surgical removal (1.2%) was required.32

DUODENOJEJUNAL BYPASS SLEEVE

The first strictly endoluminal implant that effectively
bypasses the proximal small intestine is the duodenojeju-
nal bypass sleeve (DJBS), also known as Endobarrier Gas-
trointestinal Liner (GI Dynamics Inc, Lexington, Mass).
The device is a 60-cm long, impermeable plastic sleeve
that is anchored in the duodenal bulb and extends into the
proximal jejunum. Because the sleeve covers the duode-
num and a portion of the jejunum, it creates a barrier to
absorption and delays the mixing of food with pancreati-
cobiliary secretions (Fig. 2). The sleeve system is passed
over a guidewire, and then, under direct visualization, it is
fully deployed in the duodenal bulb to anchor the device.
It may be removed by grasping the polypropylene draw-
string with a custom device. It is withdrawn with the aid of
a foreign-body retrieval hood to avoid trauma to the stom-
ach or esophagus.

A multicenter study randomized 30 patients to DJBS

Figure 2. A, Duodenojejunal bypass sleeve is deployed over a guidewi
creates a barrier to absorption and also delays mixing of food with bilia
and 11 to low-calorie diet alone. In a per-protocol analysis, s

www.giejournal.org
he mean percentage of EWL after 3 months was 19.0% for
evice patients compared with 6.9% for control patients
P � .002).39 In a prospective, sham-controlled, single-
lind trial randomizing 13 patients to DJBS and 24 to a
ham procedure, weight loss at 12 weeks was significantly
reater in the treatment group (8.2 kg vs 2.1 kg, P � .05).40

ight of 13 DJBS subjects were terminated early because of
ide effects including GI bleeding, abdominal pain, nau-
ea, and vomiting.

In a small study of 10 patients who underwent place-
ent of DJBS modified with a proximal flow restrictor of a

-mm diameter, the percentage of EWL was 40% at 24
eeks. Episodes of nausea, vomiting, and abdominal pain

equired endoscopic dilation of the restrictor orifice in 8
atients, with no clinically significant adverse events.41

These small studies suggest that DJBS may be effective
n achieving weight loss but appears to be poorly tolerated
n its current design. Larger trials with longer follow-up are
eeded.

NDOLUMINAL RESTRICTIVE PROCEDURES

Gastroplasty decreases gastric volume to induce weight
oss. The available devices for endoluminal gastroplasty
re the EndoCinch Suturing System (C.R. Bard, Murray
ill, NJ) and the Transoral Gastroplasty System (TOGA)

Satiety, Inc, Palo Alto, Calif). The Trans-oral Endo-

d anchored in the duodenum under direct visualization. B, The sleeve
d pancreatic secretions.
re an
copic Restrictive Implant System (TERIS; BaroSense,

Volume 76, No. 1 : 2012 GASTROINTESTINAL ENDOSCOPY 3
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Endoluminal bariatric techniques
Redwood City, CA) restricts oral intake via an implant-
able diaphragm.

EndoCinch, originally developed as an endoscopic
treatment for GERD, is a suturing device that is mounted
on the tip of the endoscope. This overtube-based device
uses a suction chamber to capture the gastric wall and
creates pleats using tagged sutures to reduce gastric
volume. A mean EWL of 21% at 1 month and 58% at 12
months was achieved in 64 patients who underwent the
procedure.42 Eleven of 14 patients who underwent
follow-up endoscopy had intact plication sutures.

The TOGA system is an endoscopic full-thickness sta-
pling device that allows exclusion of much of the stomach
by creating a narrow gastric sleeve (Fig. 3). It is composed
of a flexible 18-mm shaft device that is introduced into the
proximal stomach over a guidewire. The endoscope is
passed thorough a special channel within the shaft. Once
its position is confirmed endoscopically, a “sail septum” is
deployed to stabilize the anterior and posterior walls of
the body and greater curvature and prevent their incorpo-
ration into the sleeve. Suction pods located within the
stapling device are activated, bringing lesser curvature
tissue within the jaws of the device. The stapler is then
fired, creating the narrow sleeve, and the maneuvers are
repeated to create an 80– to 90-mm sleeve, approximately
19 mm in diameter extending from the esophagus along
the lesser curvature. The sleeve is then narrowed at the
outlet using the TOGA restrictor.

In a series of 21 patients who underwent gastroplasty

Figure 3. A, The TOGA device. A “sail septum” is used to keep the stomac
nto the TOGA device to create restrictive pouch. C, restrictive pouch.
with the TOGA system, the mean EWL was 24.4% at 6 o
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onths. The most commonly reported adverse events
ere vomiting, pain, nausea, and transient dysphagia.43

ecause gaps in the staple line were evident in 13 patients,
he technique was subsequently improved by the devel-
pment of an adjustable septum, allowing closer apposi-
ion of the 2 staple lines. Eleven patients who underwent
he modified technique had a mean of 46.0% EWL at 6
onths.44 Laparoscopic Roux-en-Y gastric bypass was

echnically feasible in all 4 patients who previously under-
ent the TOGA procedure and did not interfere with the

hort-term results of the laparoscopic RYGB.45

The Trans-oral Endoscopic Restrictive Implant System
reates a restriction analogous to gastric banding. The
echnique involves stapling plications into the gastric car-
ia with anchor placement and subsequent attachment of
restrictor diaphragm. This results in a restrictive pouch
ith a 10-mm orifice (Fig. 4). It is designed to be a
ermanent implant, which may be removed or modified as
eeded. In a preliminary study of 12 patients, the EWL was
2.3% and 22.2% at 1 and 3 months, respectively.46 In 1
atient, gastric perforation developed that required sur-
ery, and in 2 patients, pneumoperitoneum developed
hat was treated conservatively. Weight loss was reported
o be comparable to that with laparoscopic gastric band
lacement.

THER TECHNIQUES

The use of botulinum toxin (Botox; Allergan Inc) in

he desired position for the procedure. B, Gastric mucosa being suctioned
h in t
besity is based on animal studies that showed weight loss

www.giejournal.org
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Endoluminal bariatric techniques
by decreasing gastric emptying as a result of cholinergic
denervation.47 Injection in the prepyloric antral gastric
wall in 12 patients failed to induce weight loss.48 However,
njection of Botox into the fundus as well as the antrum
esulted in significantly higher BMI reduction (4.0 � 0.36
g/m2 vs 2 � 0.58 kg/m2, P � .001) at 8 weeks in a

randomized, sham-controlled study of 24 obese patients.
No significant side effects were reported.

There are several other endoluminal bariatric devices at
various stages of development, including an endoscopi-
cally placed removable sleeve (ValenTx bypass sleeve;
ValenTx, Inc, Carpinteria, Calif) and a device for radiofre-
quency antralplasty (Silhouette Medical, Mountain View,
Calif). Intragastric balloon placement using an ingestible
capsule has been reported. The volume of the capsule can
be adjusted wirelessly after being swallowed by the

Figure 4. A, The Trans-oral Endoscopic Restrictive Implant System (TERI
using a specialized stapling device. B, Completed TERIS procedure with
restrictive diaphragm with 10-mm orifice.
patient.49 i

www.giejournal.org
REAS FOR FUTURE RESEARCH

Long-term data on the safety, efficacy, and durabi-
ity of endoluminal bariatric techniques are needed.
urther studies comparing different endoluminal tech-
iques and their proper role in treating obesity are
equired.

UMMARY

Less-invasive weight loss methods are needed to ad-
ress the growing obesity epidemic. Endoluminal bariatric
echniques are a promising area of research with the po-
ential to have an impact on this growing health issue.
urther study on their role is required before incorporation

vice creates a small gastric pouch by means of multiple gastric plications
restrictive gastric pouch. C, Inner view of the TERIS procedure showing
S) de
small
nto clinical practice.

Volume 76, No. 1 : 2012 GASTROINTESTINAL ENDOSCOPY 5
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