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Abstract: Obesity and its associated conditions, including type 2 diabetes and cardiovascular
disease, have reached epidemic proportions. Gastrointestinal weight loss surgery (GIWLS)
shows the most promise in achieving significant and sustained weight loss and diabetes res-
olution. However, a large mismatch exists between the magnitude of the obesity epidemic and
the number of surgical procedures performed to produce a significant shift in the distribution
of obesity on a population level. This mismatch is fueled by high surgical costs, morbidity and
mortality associated with surgical interventions, and the fact that the greatest public health
burden of obesity comes from those around the center of the population body mass index
distribution with mild to moderate obesity, rather than those at the distribution tail with severe
obesity that GIWLS targets. New endoscopic methods, capitalizing on advances in our under-
standing of the physiological mechanisms by which GIWLS works, are developing to provide
viable alternatives in the treatment of bariatric surgical complications, and for the primary
treatment of obesity. These methods may have the added advantage of reduced invasiveness,
reversibility, cost-effectiveness, and applicability to a larger segment of the population with

moderate obesity.
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Introduction

Obesity and its associated conditions, including
type 2 diabetes and cardiovascular disease, have
reached epidemic proportions. According to the
National Health and Nutrition Survey
(NHANES), about one third of the adult US
population has obesity, and the prevalence of
metabolic syndrome and diabetes in this popula-
tion is 39.2% and 14.2%, respectively [Flegal
et al. 2010; Nguyen ez al. 2008].

Of the many therapeutic approaches for the treat-
ment of obesity and its complications, gastroin-
testinal weight loss surgery (GIWLS) shows the
most promise in achieving significant and sus-
tained weight loss and diabetes resolution when
compared with medications or dietary and behav-
ioral modifications [Sjostrom et al. 2007].
Laparoscopic  Roux-en-Y  gastric  bypass
(RYGB), open RYGB, and adjustable gastric
band comprise approximately 98% of all
GIWLS, with vertical banded gastroplasty,

duodenal switch, gastric sleeve and biliopancrea-
tic diversion contributing the remaining 2%.

RYGB is currently the GIWLS of choice accord-
ing to a meta-analysis of 136 studies including
22,094 subjects. The average excess body
weight loss with RYGB is 62% with 84% full dia-
betes resolution, 68% full hypertension resolu-
tion, 97% hyperlipidemia improvement, and
81% complete resolution of obstructive sleep
apnea. The 30 days operative mortality rate of
the RYGB is 0.5% [Buchwald er al. 2009,
2004; Tice er al. 2008].

The proven efficacy of GIWLS coupled with an
improved surgical safety profile afforded by the
introduction of laparoscopic surgical techniques
have led to a surge in the number of bariatric surgery
procedures performed in the USA and worldwide,
with an estimated 220,000 bariatric operations per-
formed in the USA and Canada in 2008 [Buchwald
and Oien, 2009; Kohn ez al. 2009].
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Despite this increase, a large mismatch exists
between the magnitude of the obesity epidemic
and the number of GIWLS performed to pro-
duce a significant shift in the distribution of obe-
sity on a population level. This mismatch is
fueled by high surgical costs, morbidity and mor-
tality associated with surgical interventions, and
the fact that the greatest public health burden of
obesity comes from those around the center of
the population body mass index distribution,
with mild to moderate obesity, rather than
those at the high distribution tail with severe obe-
sity that GIWLS targets. Thus, minimally inva-
sive and effective interventions that replicate
some of the anatomical manipulations of
GIWLS endoscopically are greatly needed.

Recently, our understanding of the mechanism
by which RYGB surgery works has evolved
from that of mechanical restriction and malab-
sorption [Fisher and Schauer. 2002], to that of
anatomical surgical manipulations resulting in
physiological alterations in the gut neuroendo-
crine signaling to the brain, pancreas, liver, adi-
pose tissue, and muscles to regulate food intake
through enhanced satiety, increased energy
expenditure, and improved glucose homeostasis
[Bueter et al. 2010; Stylopoulos ez al. 2009; Vetter
et al. 2009; Wang et al. 2008]. This coupled with
rapidly evolving new endoscopic techniques and
technologies have enabled endoscopy to not only
assume a pivotal role in the effective management
of post-RYGB complications, but also in the pri-
mary management of obesity.

In this review, we will discuss the advances in
endoscopic techniques and technologies that
have enabled the modern endoscopist to
manage effectively the majority of post-RYGB
surgery complications. We will also discuss the
evolution of endoscopically placed devices that
have the potential to replicate the physiological
effects of the RYGB surgery in an effective and
minimally invasive manner to allow their applica-
tion to a larger subset of the population with
moderate obesity.

The role of endoscopy in the management of
post-RYGB surgery complications

RYGB surgery is associated with a number of
early and late complications that are associated
with increased morbidity and mortality, and can
result in re-operation or revision surgery [Kellogg
et al. 2009; Almahmeed er al. 2007]. Early com-
plications with their associated incidence are as

follow: nausea, vomiting, and dehydration 5%,
anastomotic leaks 4%, thromboembolic events
3.5%, bowel obstruction 2%, gastrointestinal
hemorrhage 2%, wound complications 2%, and
death 0.5% [Kellogg er al. 2009; Almahmeed
et al. 2007; Gonzalez er al. 2006; Podnos et al.
2003]. Late complications include: marginal
ulcers 27—52%, weight regain 30%, anastomotic
stenosis 4—27%, incisional hernia 8%, gastrogas-
tric fistula 1-2%, and biliary and nutritional
complications [Lee et al. 2009; Diniz Mde ez al.
2008; Carrodeguas er al. 2005; Podnos er al.
2003].

Marginal ulcers are the most frequently encoun-
tered post-RYGB complication that is usually
diagnosed with an upper endoscopy. A thorough
endoscopic examination for gastrogastric fistula
and foreign material removal from the ulcer site
by endoscopic scissors are important as this may
aid in ulcer resolution [Frezza et al. 2007].
Further management of marginal ulcers consists
of evaluating the pouch pH, testing and treating
Helicobacter pylori, soluble proton-pump inhibitor
therapy, liquid sucralfate, elimination of nonste-
roidal anti-inflammatory drugs, smoking cessa-
tion, and optimizing diabetes control. Marginal
ulcers that present with acute upper gastrointes-
tinal bleeding are managed endoscopically with
mechanical hemoclipping in a similar fashion to
bleeding peptic ulcers [Guo er al. 2009], and
those ulcers that re-bleed will often require sur-
gical revisions.

Anastomotic strictures can result from tension on
the anastomotic site and ischemia, or secondary
to nonabsorbable suture material at the gastroje-
junostomy site. Two options for the management
of anastomotic strictures exist, that is, balloon
dilation with a through the scope method, or
Savary-Gilliard bougies. Both techniques are
very effective and safe, with most patients
responding to dilation after an average of two
sessions [Fernandez-Esparrach ez al. 2008;
UkKkleja ez al. 2008]. Strictures refractory to dila-
tion can be managed with endoscopic covered
stents, such as Polyflex or Alveous, to avoid
the high complication rate associated with re-
operation. Although the short-term success
rates of these stents is high at about 84%, the
incidence of complications such as stent migra-
tion is also high, and data about their long-term
benefit and risk profile are lacking [Eubanks ez al.
2008].
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Staple-line disruption and anastomotic leaks are
devastating complications of RYGB surgery with
high morbidity and mortality in the acute setting,
and chronically may lead to fistula formations,
such as gastrogastric fistulas that lead to weight
regain. The incidence of staple-line disruption
following RYGB surgery is highly dependent on
the surgical technique utilized, with much higher
rates reported when the pouch and bypassed sto-
mach are stapled in continuity versus transected
completely [Capella and Capella, 1996].
Although in continuity staple-line disruptions
more commonly result in chronic gastrogastric
fistula not leaks. Given the high morbidity and
mortality associated with the operative manage-
ment of staple-line complications, alternative
endoscopic approaches have been explored.
Covered stents are one method that has been
developed as a means of primary endoscopic clo-
sure. In a meta-analysis of seven studies involving
77 subjects, in whom self-expanding stents were
utilized for management of postbariatric surgery
leaks, the pooled proportion of successful leak
closure was 84.5%, with a successful stent
removal after leak closure of 90%. Stent migra-
tion rate was 26%. Most migrations were mini-
mal with no associated mortality reported [Puli
et al. 2010]. Other means of primary closure have
also been reported. Multiple case series demon-
strated the feasibility of utilizing a variety of
endoscopic techniques, such as fibrin glue,
hemoclips, endoscopic suturing devices, sclero-
therapy, Surgisis (an acellular matrix biomaterial
derived from the porcine small intestine submu-
cosa that stimulates proliferation of fibroblasts),
and argon plasma coagulation for the repair of
chronic fistula resulting from anastomotic leaks
or in combination with covered self-expandable
metallic stents for refractory fistulas cases
[Fernandez-Esparrach er al. 2010; Toussaint
et al. 2009; Papavramidis er al. 2008; Merrifield
et al. 2006]. Although the above techniques
appear feasible and promising, long-term data
about their efficacy and durability are lacking.

Much of the focus on endoscopic revision of the
RYGB has been on the gastrojejunal stoma and
gastric pouch, as dilation of the gastrojejunal
stoma, and/or enlargement of the gastric pouch,
are thought to be risk factors for suboptimal
weight loss and weight regain after the procedure.
Although, the mechanisms and postsurgical phys-
iology remain unclear, this has led to the develop-
ment of a variety of less invasive endoscopic
techniques and devices aimed at the reduction of

the gastrojejunal stoma diameter and gastric
pouch size. These include sclerotherapy tech-
niques [Loewen and Barba, 2008; Catalano er al.
2007; Spaulding et al. 2007], endoluminal sutur-
ing devices [Ryou ez al. 2009; Herron ez al. 2008;
Tang et al. 2008; Thompson er al. 2006], and
tissue plication platforms [Mikami ez al. 2010].

The Randomized Evaluation of Endoscopic
Suturing Transorally for Anastomotic Outlet
Reduction (RESTORe) trial; a multicenter, pro-
spective, double-blinded, sham-controlled trial,
tested the use of the EndoCinch device (Bard,
Murray Hill, NJ, USA) for treatment of weight
regain after RYGB secondary to dilated gastroje-
junal stoma. The RESTOREe trial evaluated the 6
months absolute percentage weight loss outcome
and safety of gastrojejunal anastomosis reduction
with the EndoCinch device. On per-protocol
completers analysis, the absolute weight loss in
the intervention group was 4.7 £5.7% (n=43),
compared with 1.9£5.2% (z=26) in the sham
group (p=0.041). Using a last observation car-
ried forward intent-to-treat analysis, the mean
6-month weight loss was 4.2+5.4% (n=>50)
and 1.9£5.2% (n=27) (p=0.066). Technical
success of reducing the gastrojejunal anastomosis
to less than 10 mm was achieved in 89% of sub-
jects. The percentage of adverse events were sim-
ilar in both groups [Thompson ez al. 2010].

Finally, rapid weight loss post-RYGB increases
the risk of biliary complication, such as choledo-
cholithiasis through increased risk of stone for-
mation resulting from the weight loss. The
RYGB anatomy, however, poses a particular
challenge for the endoscopist to gain retrograde
access to the biliary tree through the biliopan-
creatic limb utilizing endoscopic retrograde cho-
langiopancreatography (ERCP) to deal with
these complications. Therefore, multiple endo-
scopic techniques and technologies have been
developed to gain ERCP access. These can be
divided into two categories: access through the
RYGB anatomic route, or access through a gas-
trostomy or jejunostomy tract created in the gas-
tric remnant or the small bowel.

Techniques that gain access to the biliopancreatic
limb through the RYGB anatomic route either
utilize a forward viewing pediatric colonoscope,
balloon-assisted enteroscopy, or rotational over-
tube enteroscopy. A recent multicenter retrospec-
tive data collection from eight sites including 129
subjects, of which 64 had RYGB, reported an
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enteroscopy success rate of 88%, ERCP success
rate of 79%, and successful native papilla cannu-
lation in 46 out of 73 subjects. All techniques (i.e.
single balloon, double balloon, and rotational
overtube enteroscopy) achieved similar results
[Shah ez al. 2010].

Gastrostomy or jejunostomy access to the bilio-
pancreatic limb can be gained endoscopically
with the aid of balloon-assisted enteroscopy to
create a retrograde percutaneous endoscopic gas-
trostomy (PEQG) in the gastric remnant. The PEG
tract can be dilated after maturation to allow
access for the duodenoscope [Baron ez al. 2008;
Martinez et al. 2006]. Alternatively, laparoscopy-
assisted ERCP may be performed in the operating
room to gain immediate gastrostomy or jejunost-
omy access that can accommodate a sterilized
duodenoscope [Lopes and Wilcox, 2010].

The role of endoscopy in the primary man-
agement of obesity and metabolic disease
In discussing endoscopic replication of RYGB
anatomic manipulations, it is useful to divide
the surgery into separate distinct components:
(a) gastric volume restriction; (b) exclusion of
the distal stomach from alimentary flow; (c)
exclusion of the proximal intestine; (d) exposure
of the jejunum to partially digested nutrients.

Gastric interventions

Endoscopically placed intragastric balloons
(IGBs) for the treatment of obesity by reduction
of gastric volume were first introduced to the
US market in the mid 1880s with the
Garren—Edwards gastric bubble (GEGB). The
GEGB had multiple complications, mainly
small bowel obstruction due to balloon deflation
requiring endoscopic or surgical retrieval, and it
failed to demonstrate efficacy in a prospective,
double-blind, sham-operated, randomized trial
of 59 obese patients with a 9-month follow-up
period [Hogan er al. 1989; Benjamin, 1988].
Subsequently, newer generation IGBs with
better safety profiles were developed. The
BioEnterics (Allergan, Irvine, CA, USA) intra-
gastric balloon (BIB) was introduced in the
early 1990s, and the Heliosphere (Heliscopie,
Vienne, France) balloon (Heliosphere BAG)
in 2004. The BIB is an elastic spherical balloon
made from silicone and filled with about
500ml of saline; whereas, the Heliosphere is a
double-layered polymer balloon covered with
silicone, and filled with about 650—750ml of
air. Newer IGBs with more sophisticated

migration-hindering and deployment/retrieval
mechanisms, which also allow for endoscopic
balloon volume adjustments, are now available.
Data from a recent meta-analysis of 15 articles
showed a mean weight loss of about 14.7 kg
(12.2% of initial weight, and 32.1% of excess
weight) at balloon removal with the BIB. This
balloon was well tolerated with early removal
rate of 4.2%. The long-term follow up of 50 sub-
jects who had the BIB balloon for an average of 7
months, showed that 16 out of the 50 maintained
a weight loss of >10% after about 5 years of
removal [Ercan ez al. 2010]. Similar experience
was reported with the Heliosphere balloon with
no long-term efficacy data available [Imaz ez al.
2008; Trande er al. 2008].

Several endoscopic devices have been developed
for the primary treatment of obesity by creating
multiple tissue plications to reduce gastric
volume. Fogel and colleagues first described the
use of the EndoCinch device for the creation of
an endoluminal vertical gastroplasty as a primary
treatment of obesity in 64 subjects (Figure 1).
This study was a single-center, uncontrolled
study with a 1-year follow up. The procedure
was performed in roughly 60 min under general
anesthesia. The percentage of excess weight lost
(EWL) reported was 58.1 +/— 19.9% with a
favorable safety profile [Fogel er al. 2008].
However, the durability of the tissue plications
was not adequately assessed in this study, and
randomized, sham-controlled trials are needed
to validate these results.

A transoral endoscopically guided stapling system
(TOGA system) (Satiety Inc., Palo Alto, CA,
USA) has been used to create an endoluminal ver-
tical gastroplasty in two separate, prospective,
uncontrolled pilot human trials (Figure 2). The
procedure takes about 131 min to perform under
general anesthesia. The mean percentage EWL
reported in these two trials was 24% and 46% at
6 months. An intact staple line at 6 months was
documented by endoscopy in most subjects
[Deviere ez al. 2008; Moreno et al. 2008]. A mul-
ticenter, randomized, sham-controlled trial of this
technique is currently underway.

A new transoral endoscopic restrictive system
(TERIS) (BaroSense, Redwood, CA, USA) that
endoscopically places a restrictive silicone device
with a 10 mm orifice anchored by five silicone
anchors through five transmural plications at
the gastric side of the gastroesophageal junction
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Figure 1. Endoscopic vertical gastroplasty technique using the EndoCinch endoscopic suturing device: (a) the EndoCinch device; (b)
endoscopic suturing pattern for the creation of a vertical gastroplasty by the EndoCinch device; (c] and (d) endoscopic views before
and after the creation of the endoscopic vertical gastroplasty. (Reprinted with permission from Fogel et al. [2008].)

to replicate the effects of a laparoscopic gastric
band has been developed (Figure 3). De Jong
and colleagues have recently reported their expe-
rience in 13 subjects followed for 3 months. The
median procedure time was 142 min under gen-
eral anesthesia. Serious complications were
reported in three subjects (two pneumoperito-
neum requiring percutaneous intervention, and
one gastric perforation). The safety profile of
the procedure improved after adjusting the sta-
pling device and performing the procedure with
carbon dioxide insufflation. The median reported
EWL at 3 months was 28% [De Jong ez al. 2010].

Small bowel interventions

EndoBarrier (GI Dynamics, Lexington, MA,
USA), a new duodenal-jejunal bypass sleeve
(DJBS) made from a Teflon liner, and delivered

endoscopically to the duodenal bulb, shows
promise and efficacy in the management of obe-
sity and associated diabetes (Figure 4). When
deployed, the DJBS mimics the mechanical
manipulation of RYGB surgery by creating a
mechanical barrier that allows food to bypass
the duodenum and proximal jejunum without
mixing with bile and pancreatic enzymes until
later in the gut, thus potentially manipulating
the enteroinsular system. In rats with diet-
induced diabetes, this device showed a 20%
weight reduction compared with sham-operated
rats with no malabsorption and substantial
improvement in insulin resistance [Aguirre er al.
2008].

Results from two recent multicenter, prospec-
tive, randomized, open-label, sham-controlled

http://tag.sagepub.com
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(a)

Figure 2. Transoral endoscopically guided stapling system (TOGA] for the creation of an endoscopic vertical gastroplasty, (a) The
TOGA sleeve stapler that is used to create a gastric sleeve with a luminal diameter of approximately 20 mm parallel to the lesser
curvature of the stomach, and the TOGA restrictor used to staple gastric folds together and restrict the distal end of the sleeve to
approximately 12mm. (b) The TOGA sleeve stapler with the extendable wire fully deployed for optimal alignment of the stapler, and a
diagram showing the TOGA restrictor in place. (c) Radiographic and endoscopic views of the vertical gastroplasty created by the TOGA
system. (Reprinted with permission from Deviere et al. [2008].]

trials enrolling 21 DJBS subjects and 26 sham
controls in one, and 30 DJBS subjects with 11
diet controls in the other were recently reported
[Gersin et al. 2010; Schouten er al. 2010].
Percentage EWL at 12 weeks was 11.9% wversus
2.0% in the sham controls in one, and 19%
versus 6.9% in the diet controls in the other.
Eight D]JBS subjects required early termination
in one trial and four in the other. Reasons for

the early termination included device migration,
obstruction, bleeding, epigastric pain, nausea,
and vomiting. Average implantation time was
35min [range 12—102], and average explanta-
tion time was 17 min [range 5—99]. No acute
procedural complications were reported.
Diabetic subjects had an impressive 3.4 point
improvement in their HbAlc within the 12-
week study period, compared with 0.7 point in
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Figure 3. TERIS showing an endoscopically placed restrictive silicone device with a 10 mm orifice anchored by five silicone anchors
through five transmural plications at the gastric side of the gastroesophageal junction. (Reprinted with permission from De Jong
et al. [2010].) TERIS, transoral endoscopic restrictive system.

the diet-controlled diabetic group [Schouten
et al. 2010].

Natural orifice transluminal endoscopic surgery
Although in its infancy, the field of endoscopic
surgery shows promise in reproducing different
components of bariatric surgical procedures
endoscopically. Recently, a hybrid natural orifice
transluminal endoscopic surgery (NOTES)
transvaginal approach was used to create a
sleeve gastrectomy in obese women in Brazil
[Ramos er al. 2008]. Furthermore, work to
create a gastrojejunal anastomosis through a
NOTES approach is underway.

Others
Other endoscopically delivered devices, endo-
scopic techniques, and endoscopic suturing and

endoplication platforms that can be utilized in
the primary treatment of obesity are at different
stages of development.

Conclusion

New endoscopic methods are being developed to
provide viable alternatives in the treatment of
bariatric surgical complications. In addition,
understanding the physiological effects of the dif-
ferent gastrointestinal mechanical manipulations
produced by RYGB surgery may enable modern
endoscopy to replicate different components of
this surgery, with the potential added advantages
of reduced invasiveness, reversibility, and cost
effectiveness. Additionally, these features may
allow endoscopic procedures to be applied to
the larger segment of the population with

http://tag.sagepub.com

439



Therapeutic Advances in Gastroenterology 4 (6)

Figure 4. A duodenal-jejunal bypass sleeve (EndoBarrier) made from a Teflon liner and delivered endoscopically to the duodenal
bulb. (Reprinted with permission from Coté and Edmundowicz [2009].]

moderate obesity. Although, it is unlikely for a
single endoscopic approach to be as effective as
traditional surgery for severe obesity, the applica-
tion of a combination of such devices in tandem
or in sequence, potentially with new selective
drugs, will likely enable the treatment of a
range of patients with varying severity of disease.
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