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Abstract

Obesity is a serious health problem in the United
States. Although laparoscopic surgical procedures are
effective in achieving weight loss and improving obe-
sity-related co-morbidities, they are not without their
limitations and consequently there is a growing demand
for less invasive approaches. Transoral techniques, as
both primary and revisional procedures, are promising
in this regard as they may provide a safer and more
cost-effective means of achieving meaningful weight
loss. The aim of this paper is to review the currently
available transoral approaches to weight loss, with a
particular focus on those applied in human trials.
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INTRODUCTION

Obesity is a serious public health problem associated with
increased morbidity and mortality and decreased quality of
life. According to the World Health Organization, in 2005
there were approximately 1.6 billion overweight adults and
at least 400 million obese adults worldwide". The preva-
lence of obesity has increased so rapidly over the last few
decades that it is now considered a global epidemic.

In the United States, the National Health and Nutti-
tion Examination Surveys, conducted by the Center for
Disease Control, study the prevalence of obesity by us-
ing directly measured heights and weights. Studies have
shown that currently there are 72 million obese adults
[i.e., body mass index (BMI) = 30 kg/ m’. Interestingly,
while the prevalence has more than doubled over the
last four decades (from 13.4% in 1960-1962 to 35.1%
in 2005-2006 for adults aged 20-74 years)” it seems to
have reached a plateau over the last 3 yearsl}sj. However,
when Ogden ¢ a/* compared the distribution of BMI
between 1976-1980 and 2005-2000, they observed that,
among adults, the distribution of BMI shifted to the
right, reflecting the change in prevalence of super obesity
(ie., BMI = 50 kg/m?), which increased from 0.9% in
1960-1962 to 6.2% in 2005-2006 among adults.

Studies have indicated that obesity is responsible for
more than 2.5 million deaths worldwide per year'” due
to the increased prevalence of related co-morbidities,
including type 2 diabetes, hyperlipidemia, hypertension,
obstructive sleep apnea, heart disease, stroke, asthma,

back and lower extremity weight-bearing degenerative
[6-8]

problems, several forms of cancer and depression
Additionally, obesity is an independent risk factor for
mortality. A study by Fontaine e# al” demonstrated that,
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in comparison with a normal weight individual, a 25-year-
old morbidly obese man has a 22% reduction in life
expectancy, representing approximately 12 years of life
lost. A more recent study examining 10-year mortality
rates in more than 500000 Americans, 50 to 71 years old,
demonstrated that in middle aged men and women who
were non-smokers and had no pre-existing illnesses, there
was a 20%-40% increased mortality in those who were
overweight (i.e.,, BMI 25-30 kg/m” and a 2- to 3-fold
increased risk of mortality in individuals who were obese
(BMI = 30 kg/m)"".

As is evidenced by the innumerable weight loss pro-
grams, most adults attempt to lose weight at some point in
their life"". However, medically managed weight loss, in-
cluding diets and pharmaceutical agents, are ineffective in
the long-term treatment of obesity"?, Tn 1991, the Nation-
al Institutes of Health established guidelines for the surgi-
cal management of morbid obesity (BMI = 40 kg/m”
or BMI > 35 kg/mZ in the presence of significant co-
morbidities)"™' and, since then, the number of bariatric
surgical procedures has dramatically increased. In 2004,
approximately 144000 obese individuals received surgical
treatment, compared to the 20000 procedures performed
in 1999, The dramatic increase is most likely the result
of refinement in minimally invasive surgical techniques,
increased media coverage and increased patient satisfac-
tion. Indeed, of the various available weight-loss strategies,
bariatric surgery is the only effective long-term weight-
loss therapy for obese patients“()].

Bariatric surgical procedures are divided into restrictive
(i.e., adjustable gastric banding, vertical banded gastro-
plasty, sleeve gastrectomy), malabsorptive (biliopancreatic
diversion with/out duodenal switch) or a combination
of both (roux-en-y gastric bypass). Of the various pro-
cedures, roux-en-y gastric bypass and adjustable gastric
banding are the most commonly performed procedures.
While bariatric surgery has been shown to be extremely
effective for long-term weight loss, the mortality rate,
albeit low, is not zero [i.e., 0.28% (95% CI: 0.22-0.34) and
0.35% (95% CI: 0.12-0.58) at < 30 d and > 30 d respec-
tively"'"]. Additionally, from a morbidity perspective, there
are procedure-specific risks' ™" and shared complications,
including incisional hernias, wound infections, fistula and
leaks"™”.

More recently, there has been emerging interest in
transoral techniques for pre-operative, stand-alone or
revisional bariatric proceduresm. Specifically, considering
transoral surgery is performed exclusively through the
gastrointestinal (GI) tract »ia a flexible endoscope, the
value of this approach lies in the possibility of an ambu-
latory weight loss procedute that may be safer and more
cost effective compared with laparoscopic approaches. By
extension, this may allow bariatric procedures to be per-
formed in those individuals who ate currently precluded
due to multiple co-morbidities, older age, super-obesity
(BMI = 50 kg/m?), mild obesity (BMI 25-30 kg/m?),
atypical anatomy (e.g;, adhesions secondary to previous
abdominal surgery, a history of gastric resection, or bowel
resection) or disease states that affect the bowel (e.g.,
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Crohn’s disease). The present paper aims to review cut-
rently available transoral techniques with a focus on those
applied in human trials.

TRANSORAL DEVICES USED AS
PRIMARY PROCEDURES

Primary procedures are divided into restrictive or malab-
sorptive. Restrictive devices include intragastric balloons,
endolumenal suturing, endolumenal stapling and the tran-
soral restrictive implant system. These are designed to
mimic restrictive laparoscopic procedures (i.e., adjustable
gastric banding, vertical banded gastroplasty, sleeve gas-
trectomy). Malabsorptive procedures (i.e., biliopancreatic
diversion with/out a duodenal switch) induce weight loss
by bypassing the absorptive surface of the intestine. The
duodenal-jejunal bypass sleeve is a malabsorptive device
that mimics such surgical procedutes.

Intragastric balloon

One of the earliest transoral devices created to restrict
oral intake was the intragastric balloon. Unfortunately,
significant complications, premature balloon deflation
and failure to achieve meaningful weight loss led to it be-
ing abandoned as a weight loss device. However, in 1987,
guidelines for development of an appropriate balloon
appliance were outlined and the BioEntetics Intragastric
Balloon (BIB; Inamed, Santa Barbara CA) was devel-
oped™. Structurally, the BIB is a small, flexible balloon
in the collapsed state and expands into a sphetrical shape
10 cm in diameter when filled with 500 mL of saline
solution. Its shell is made of an inert, nontoxic silicone
clastomer that is resistant to gastric acid. The balloon has
a radiopaque self-sealing valve that allows volume adjust-
ments from 400 to 800 mL.

Procedurally, under conscious sedation or general an-
esthesia, a diagnostic endoscopy should be performed to
rule out abnormalities that would preclude balloon inset-
tion. The BIB placement assembly, consisting of a sheath
with the collapsed balloon and a balloon fill tube, is then
inserted into the gastric fundus. A syringe, attached to
the balloon fill tube, is then used to fill the balloon under
direct visualization with 500-700 mL of saline/methylene
blue solution. After filling the balloon, gentle suction ex-
erted by withdrawing the plunger of the syringe creates a
vacuum, which seals the valve. The balloon is released by
a short pull on the fill tube and this tube with the place-
ment assembly is removed. After placement, the position
of the free-floating balloon can be confirmed radio-
graphically (Figure 1)*”. BIB adjustments, to increase or
decrease volume if there is inadequate weight loss or per-
sistent nausea and vomiting respectively, requires endos-
copy and a reintubation catheter. Directional arrows at
the equator of the balloon assist in identifying the valve
and the reintubation catheter is pushed into the valve to
add or remove fluid. Finally, to remove the BIB, as much
fluid as possible is removed before grasping the balloon
with a snate or forceps. The endoscope and the grasped
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Figure 1 The BioEnterics Intragastric Balloon. A: The balloon is smooth and spherical. The arrows at the equator point toward the valve. The radiopaque self-
sealing and repenetrable valve with its Z-shape configuration (visible inside balloon) allows adjustment of the balloon volume from 400 to 800 mL; B: Plain abdominal
radiograph showing balloon in body of stomach. A coin taped on the lower sternum permits follow-up comparisons of balloon size to detect premature deflation.

balloon are then gently removed. A needle is available to
puncture the balloon in case of unsuccessful reintuba-
tion. In terms of morbidity, the major adverse events in-
clude nausea and vomiting that in some cases can require
eatly removal, as well as eatly deflation, gastric ulceration
and erosion'.

Genco ¢ al” conducted a retrospective analysis to as-
sess the efficacy of the BIB in terms of weight loss and
improvement in obesity-related co-morbid states. From
2002-2004, 2515 patients with a mean BMI of (44.8 *
7.8) kg/ m’ underwent endoscopic placement of the BIB.
Positioning of the balloon was successful in all but 2
cases (0.08%), and the overall complication rate was 2.8%
(70/2515). Specifically, gastric perforation occutred in 5
patients, 4 of whom had undergone previous gastric sur-
gery, and 2 of whom died. There were 19 gastric obstruc-
tions (0.76%) within the first week of insertion and these
were remedied by BIB removal. The balloon ruptured in
9 cases (0.36%) and had to be removed. Finally, esophagi-
tis was diagnosed in 32 patients (1.27%) and gastric ulcers
developed in 5 patients (0.2%) with a history of peptic
disease. Both complications were treated with medical
therapy.

Concerning weight loss and improvement in obesity-
related co-morbidities, at 6 mo follow-up, the percentage
excess weight loss (YEWL) was (33.9 £ 18.7). During
this interval, improvement or resolution of diabetes and
hypertension was observed in 86.9% and 93.7%, respec-
tively. These results were further supported in a random-
ized, sham-controlled, crossover study of 32 patients
conducted by the same grouplm.

Taken together, studies demonstrate that the BIB, in
conjunction with the appropriate diet, is a safe, effective
shortterm weight loss procedure in patients that have not
had any previous gastric surgery. As such, its role should
be relegated to being a bridge to more definitive bariatric
interventions. Currently, however, no intragastric bal-
loons are approved for use in the United States.

Endoluminal suturing
Endoluminal vertical gastroplasty (EVG), using the Bard
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EndoCinch Suturing System (C.R. Bard, Murray Hill,
NJ), was first described in the context of treating gastro-
esophageal reflux disease. Due to lack of repair durability,
the role of EVG in control of gastroesophageal reflux
disease (GERD) was abandoned™ ™",

In terms of its application for the treatment of obe-
sity, Fogel ez al”™ first described the use of the EndoCinch
in 64 patients. The primary objectives of this study were
to determine the safety and technical feasibility of EVG.
The secondary aim was assessment of its efficacy with re-
spect to patient weight loss. Technically, the EVG involves
configuring one continuous suture running through 5 to
7 stitch points, in a cross-linked fashion from proximal
fundus to distal body™. The suture is deployed from a
capsule attached to the end of a diagnostic gastroscope.
Specifically, as described by Fogel ez al™ ] the first stitch
is placed proximally in the nearest folds on the anterior
face of the gastric fundus (approximately 40-43 cm from
the mouth). Subsequently, a second stitch is placed as far
down on the anterior face to the most distal fold of the
stomach body’s rugae, proximal to the antrum, usually
10 to 13 cm from the first stitch (approximately 53 cm
from the mouth). A third stitch is then placed 1 to 2 cm
proximal to the second stitch but on the posterior face
of the stomach (approximately 51 cm from the mouth).
Subsequent stitches are placed, working in a proximal
direction alternating anterior and posterior faces of the
stomach with consecutive stitches separated by approxi-
mately 2 cm. The last stitch in the sequence is placed on
the posterior face 1 to 2 cm proximal from the first stitch.
After all the stitches are placed and visualized, the suture
is tightened, bringing the anterior and posterior faces to-
gether creating the EVG. The suture is then secured and
excess suture is cut.

In terms of outcomes, Fogel ¢ a/* demonstrated
that the mean procedure time was 45 min with a recovery
time of 1 to 2 h. All patients were discharged on the day
of procedure. No patients experienced any setious ad-
verse events. However, minor events included nausea and
reflux-like symptoms that resolved within 24 h. Follow-up
for up to 12 mo was accomplished in 59 of 64 patients.
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Results for secondary outcomes demonstrated a signifi-
cant reduction in BMI at 12 mo [mean = SD, BMI (39.9 *+
5.1) kg/rn2 at baseline »s5 (30.6 + 4.7) kg/m2 at 12 mo; P <
0.001] with mean (Y%oEWL * SD) of (21.1 £ 6.2), (39.6
11.3), and (58.1 + 19.9) at 1, 3 and 12 mo post-procedure,
respectively. Additionally, repeat endoscopy performed in
a non-uniform manner in 14 of 64 patients after reports
of feeling hungry or plateauing weight loss, demonstrated
11 patients had intact suture lines but three had disrupted
sutures. These were repaired by repeating the suturing
procedure.

A newer version of the EVG device was created and
tested by Brethauer ¢z a/*” in 18 patients in a short term
(< 24 h) study. They demonstrated that the average pro-
cedure time was (125 £ 23) min and there were no seti-
ous procedure related complications. Minor complaints
included nausea, vomiting and abdominal discomfort.

Issues that still need to be addressed include the long-
term durability of the plication procedure given the prob-
lems seen with eatlier trials focused on the treatment of
GERD. Additionally, the ease of repeating interventions
to facilitate additional weight loss in refractory or recut-
rent cases needs to be examined.

Endoluminal stapling

The Transoral Gastroplasty System (TOGA; Satiety Inc.,
Palo Alto, CA) was the first endoscopic device to use
staplers to create full thickness plications along the lesser
curve of the stomach, effectively creating a sleeve™. The
technique entails upper endoscopy and placement of a
guide wire over which a 60 Fr bougie is introduced to
dilate and test for any resistance prior to device introduc-
tion. The TOGA Sleeve Stapler is introduced over the
guide wire and the wire removed. A < 8.6 mm endo-
scope 1s introduced through a channel in the device, ad-
vanced into the stomach and retroflexed for direct view-
ing of the stapling procedure. In the stomach, the body
of the stapler is positioned along the lesser curvature and
the jaws opened. A septum with an attached retraction
wire is deployed to spread and orient the stomach tissue
for capture and stapling. Suction is applied and tissue
from the anterior and posterior walls of the stomach is
acquired into two vacuum pods in the device. The stapler
is closed and fired, delivering three rows of 11 titanium
staples. This creates a transmural staple line connecting
the anterior and posterior stomach, beginning 1 cm prox-
imal to the Z-line and extending distally 4.5 cm, parallel
to the lesser curvature. This process is repeated to add
a second staple line, extending the new sleeve distally to
create a sleeve approximately 8-9 cm in length. The distal
sleeve outlet is then narrowed using the TOGA Restric-
tor, a single-suction-pod stapler that acquires and staples
tissue in pleats. Restrictions are placed until the outlet is
less than 20 mm.

Devicre e al™” conducted the first human prospective,
single-arm trial examining the safety and feasibility of the
TOGA system in 21 patients. Primary outcomes focused
on safety and appearance of the pouch at 6 mo. Second-
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ary outcomes included %EWL. The study demonstrated
that the most common device-related adverse events wetre
vomiting, pain, nausea and transient dysphagia. There
were no serious adverse events. Assessment of pouch
anatomy at 6 mo demonstrated staple line gaps in 13 pa-
tients, incomplete distal sleeves in 3 patients and normal
pouch anatomy (i.e., intact sleeves and staple lines) in 5
patients. In terms of secondary outcomes, mean EWL
was 16.2%, 22.6%, and 24.4% at 1, 3, and 6 mo and the
average BMI decreased from 43.0 pretreatment to 37.8 at
6 mo (P < 0.0001).

A follow-up prospective, single-arm study by the same
groupm examined the safety and feasibility of a second
generation TOGA stapler that was modified to remedy the
staple line gaps. The device was improved by the develop-
ment of an adjustable septum that allowed closer apposi-
tion of the two staple lines. A total of 11 patients were
recruited into the trial. No serious adverse events were ob-
served but procedure related problems included transient
epigastric pain requiring analgesic treatment, throat pain,
esophagitis, nausea and mild dysphagia. At 6 mo, endo-
scopic examination demonstrated that 4 of 11 patients had
a mid-stoma (less than 1cm) indicative of a gap between
the first and second staple line. Assessment of %EWL
demonstrated a reduction of 19.2 %, 33.7% and 46.0% at 1,
3 and 6 mo, respectively (P < 0.05), with a mean BMI re-
duction from 41.6 kg/ m” before treatment to 38.1 ke/ m’,
35.4 kg/m” and 33.1 kg/m” at 1, 3 and 6 mo, respectively (P
< 0.01).

Taken together, these studies demonstrate that the
TOGA system is feasible, safe and can induce significant
weight loss in the short-term. Currently the Phase [ trials
are being validated in multicenter, randomized controlled
trials to evaluate the durability and extent of weight loss.

Transoral endoscopic restrictive implant system

The transoral endoscopic restrictive implant system
[BaroSense Trans-oral Endoscopic Restrictive Implant
System (TERIS), BaroSense, Redwood City, CA] endo-
scopically implants a prosthetic device at the level of the
cardia, creating a small gastric reservoir. The procedure
requires formation of 5 gastric plications with insertion
of 5 silicone anchors, followed by attachment of the gas-
tric restrictor”,

Specifically, plications are created at the level of the
cardia, 3 cm distal to the gastroesophageal junction. The
first plication is created just above the lesser curve of the
stomach using an articulating endoscopic circular sta-
pler which, through suction, can acquire a full-thickness
gastric plication, compress the tissues and create 2 con-
centric rings of 3.5 mm staples reinforced by a plastic
ring. The stapler also excises the tissues within the ring to
create a plication hole. Then using a 2-lumen cannulation
guide, the endoscope, silicone anchors and articulated
guide with an anchor grasper are inserted. The proximal
end of the silicone anchor is pulled under direct visu-
alization through the plication hole and then released.
Once all five anchors are placed, they are each attached to
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locking anchor graspers using a multiple-lumen guide and
a 5mm endoscope. The 5 proximal handles of the anchor
graspers are passed through the 5 apertures in the gastric
restrictor and are used to guide the gastric restrictor down
to the level of the anchors. Under direct visualization, the
proximal ends of the silicone anchors are brought inside
the gastric restrictor, to lock it in place.

The initial feasibility and safety of the TERIS system
is being examined in 20 human subjects by Biertho ez al™
using a randomized, uncontrolled, open label, single group
Phase I human trial. A published report on their first case
demonstrated that there were no intra- ot post-opetative
complications and the patient was discharged home on
post-operative day 2 tolerating a soft diet. At 3 and 6 mo,
the Y%EWL was 21% and 26% respectively.

Considering the novelty of the TERIS system, further
investigation of the safety and efficacy of the device in
both the short and long-term and comparison to controls
in a randomized fashion is warranted.

Duodenal-jejunal bypass sleeve
The duodenal-jejunal bypass sleeve (DJBS, The EndoBar-
rier, GI Dynamics Inc., Lexington, MA, United States) is
an endoluminal malabsorptive procedure that effectively
bypasses the proximal small intestine using a 60 cm long
fluoropolymer liner anchored in the duodenum. Under
general anesthesia, the device is delivered using both fluo-
roscopy and endoscopy. The implant is delivered using an
ovet-the-wire catheter system and is contained within a
capsule at the distal end of the catheter. Once the capsule
is placed in the duodenum, an inner catheter is pushed
and the bowel negotiated with the aid of an atraumatic
ball attached to the distal end of the catheter. The sleeve,
which is attached to the catheter, is pulled out of the cap-
sule as the catheter is advanced. Once the sleeve is fully
deployed, the anchor is deployed from the capsule to sit
within the duodenal bulb. The anchor is self-expanding
and the barbs engage the tissue to prevent movement.
Contrast is flushed to ensure patency of the sleeve and
the sleeve and ball are detached from the catheter which is
removed from the bowel, leaving the implant in place™.
Rodriguez-Grunert ez a/” reported on the first hu-
man expetience, delivering and retrieving the DJBS in 12
patients. Primary outcomes measured the incidence and
severity of adverse events, with secondary measures fo-
cused on %EWL and changes in co-morbid status. The
mean implant and explant times were 26.6 and 43.3 min
respectively. The device remained in place for 12 wk in 10
of 12 patients, with early retrieval (i.e., 9 d) in 2 patients
due to intractable abdominal pain. Most adverse events
related to implantation occurred within the first 2 wk and
included abdominal pain, nausea and vomiting. During
explantation, there was one pattial pharyngeal tear and
one esophageal tear. All patients had implant site inflam-
mation. In terms of weight loss, at 12 wk, the average
%EWL in 10 of 12 patients was 23.6%, with all patients
achieving at least a 10% EWL. Finally, of the 4 diabetic
patients, all had normal fasting plasma glucose levels for
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the entire 12 wk without the need for oral hypoglycemics
and 3 of 4 patients had decreased HbAlc of = 0.5% by
week 12.

Tarnoff e al" conducted an open-label, multicenter,
prospective randomized control trial comparing the effect
of the DJBS with a low fat diet, to a low fat diet alone
for 12 wk. The device was implanted in 25 patients and
14 patients comprised the control arm. Both groups re-
ceived counseling at baseline, consisting of a low calorie
diet, with advice on exercise and behavior modification.
The study demonstrated that 20 of 25 device subjects
maintained the sleeve for 12 wk. The mean EWL was
22% and 5% for the device and control groups, respec-
tively. Five of 25 device subjects had to have the device
explanted early due to upper GI bleeding (# = 3), anchor
migration (7 = 1) and sleeve obstruction (z = 1). At 12
wk, the average %oEWL was 22.1% and 5.3% for the de-
vice and control group respectively. Concerning diabetes,
four patients (i.e. 1 control subject and 3 experimental
subjects) had a history of type 2 diabetes. Within 1 wk, all
4 patients had improved HbAlc levels and one diabetic
in the device arm had complete resolution of diabetes at
12 wk.

While future studies ate needed to elucidate the safety
and feasibility of the DJBS in both the short- and long-
term, this procedure could potentially be utilized as a
non-surgical method for pre-operative weight loss or
improvement and/or resolution of type 2 diabetes. Ad-
ditionally, the DJBS could be utilized as a bridge in those
patients whose BMI and/or comorbidities preclude them
from undergoing surgery, allowing weight reduction and
improvement in co-morbidities to a level that would
make a surgical bariatric procedure more safe.

TRANSORAL SURGERY FOR REVISIONAL
BARIATRIC PROCEDURES

Transoral procedures are also being investigated in the
context of revisional bariatric surgery. Specifically, while
roux-en-y gastric bypass remains the gold-standard surgi-
cal procedure for weight loss (i.e., Y0EWL at 2 years of
61.6%"""; early and late mortality of 0.16% and 0.09%,
respectively'), inadequate loss and/or weight regain
is reported as high as 25%-30% after gastric bypass or
other bariatric procedures”’. The etiology of weight re-
gain is multifactorial®” and includes inadequate long-term
management of psychological, dietary or medical issues,

as well as anatomical aberrancies.

Focusing on anatomy, initial investigations must in-
clude an esophagogastroduodenoscopy (EGD) or up-
per GI study to evaluate for gastro-gastric fistula, gastric
pouch dilatation or anastomotic dilatation. Once a gastro-
gastric fistula is ruled out, gastrojejunal anastomosis and/
or pouch dilatation may undetlie weight regain as patients
may lose the feeling of early satiety, leading to overeating,
Indeed, upper endoscopy has revealed that, in patients
who regain weight, the size of the stoma or anastomosis is
twice the immediate post-operative diameter of 1.0-1.5 cm.
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Figure 2 StomaphyX device. A: polypropylene fastener; B: StomaphyX™ mechanism of tissue approximation.

If dilatation of the pouch or gastrojejunal anastomosis is
diagnosed, then revisional surgery may be necessary and
issues related to feasibility and safety arise. Recent studies
estimate a rate of 5%-13% for major complications with
re-operative surgery[38], the most serious of which include
anastomotic leaks, wound dehiscence, incisional hernias
and pulmonary complications.

Given the frequency of weight regain and risk of
revisional surgery, Mikami e/ al” investigated whether it
was possible to restore a dilated gastric pouch to its origi-
nal inner diameter and/or volume transorally by utilizing
the StomaphyX™ device; a natural orifice surgical device
that utilizes 7 mm, 3-0 polypropylene H-fasteners to cre-
ate full-thickness, serosal-to-serosal tissue approximation.

As described by Mikami ez a/™, under general anes-
thesia, an EGD is performed to measure the length of
the pouch. The gastroscope is then placed through the
internal lJumen of the StomaphyX™ device and extended
approximately 20 cm beyond the device. The apparatus
is then passed down the esophagus, through the gastric
pouch and the scope is passed into the efferent jejunal
limb to allow passage of the StomaphyX™ device through
the anastomosis. Using suction, the StomaphyX™
device draws tissue through an opening at its distal end
and an H-fastener is deployed. In this manner, a circular
pleat of tissue is created 1 cm proximal to the anastomo-
sis, with a second row placed 1 cm proximal to the first
row. A total of 12 fasteners are placed at two different lev-
els. Finally, any identified open mucosal areas are fastened
(i.e., an additional 3-5 fasteners). Repeat endoscopy is used
at the end of the procedure to assess the reduction of the
gastric pouch and anastomosis (Figure 2).

A total of 39 patients were enrolled in the trial™. The
average procedure time was 35 min (16-62 min) and
between 12 and 41 H-fasteners were used in each case.
In terms of primary safety outcomes, 37 of 39 patients
were discharged on the same day with the remaining
2 patients kept overnight due to their procedure being
performed late in the day. There were no major adverse
events. Minor complications included sore throats lasting
less than 48 h [34 of 39 patients (87.1%)] and epigastric
pain lasting for a few days [30 of 39 patients (76.9%)].
Interestingly, 3 patients with late dumping syndrome after
their original gastric bypass experienced resolution of
their postprandial diarrhea. Additionally, at 1 mo follow-
up, 8 patients with a history of gastric esophageal reflux
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noted improvement of their symptoms post-procedure.
In terms of weight loss, the average pre-procedure excess
body weight was 51.1 kg. Mean weight loss at 2 wk (# =
39) was 3.8 kg (7.4% excess body weight loss, EBWL), at
1 mo (7 = 34) was 5.4 kg (10.6% EBWL), at 2 mo (» = 26)
was 0.7 kg (13.1% EBWL), at 3 mo (# = 15) was 6.7 kg
(13.1% EBWL), at 6 mo (#» = 14) was 8.7 kg (17.0%
EBWL) and at 1 year (» = 6) was 10.0 kg (19.5% EBWL).

This trial demonstrates that the StomaphyX™ proce-
dure may offer a safe, effective revisional bariatric proce-
dure; however, long-term randomized prospective studies
need to be conducted.

CONCLUSION

Currently, laparoscopic surgical therapies for morbid
obesity are effective in achieving significant weight loss
and improving obesity-related co-morbidities over the
long-term. However, as is true of all surgical procedures,
laparoscopic approaches to weight loss are not without
patient restrictions (e.g., multiple co-morbidities, older
age, supet-obesity, atypical anatomy) and procedural com-
plications“s’wj.

Given the persistence of obesity in the United States
and limitations of surgical interventions, there is a grow-
ing demand for less-invasive approaches. Transoral tech-
niques, as both primary and revisional procedures, are
promising in this regard. However, these therapies need to
be rigorously tested in a randomized, controlled fashion,
to determine their safety and efficacy in both the short-
and long-term. In particulat, transoral procedures should
not only demonstrate equivalent or lower morbidity and
mortality rates compared to the current gold-standard
therapy (i.c., roux-en-y gastric bypass) but they should also
aim to achieve meaningful weight loss and improvement
in co-morbid states.

Currently, several aforementioned techniques are be-
ing examined in Phase II /T trials (Table 1). If these
studies demonstrate that transoral procedures can achieve
safe, effective and long-term weight loss, then their ap-
plicability could be far reaching. Indeed, the major ad-
vantages of transoral techniques include: (1) provision
of ambulatory weight loss procedures that may be safer
and more cost effective compared with laparoscopic ap-
proaches; and (2) circumvention of permanent surgical
modification. Therefore, those patients who were pre-
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Table 1 Summary of developmental phase of transoral procedures
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Endoluminal vertical Transoral gastroplasty ~ Transoral endoscopic Duodenal-jejunal Stomaphyx
gastroplasty system restrictive implant system bypass sleeve
Phase of development Phase I Phase II Phase I Phase I /1T Phase I

Non-randomized
multicenter feasibility

Non-randomized
multicenter validation

studies trials
Patients/ trials n =82 1in 2 trials n =32 in 2 trials
n =64 n=21""
n =18 n=11%"
Short term morbidity Nausea, vomiting, Nausea, vomiting,
abdominal pain epigastric pain,
transient dysphagia
Long term morbidity Disruption of suture Staple line gaps (1 =
lines (1 = 3/64°") 13/21"1)
Incomplete distal
sleeves (n =3/21°")
Mortality None None
Average length of procedure 45 min®” 160 min®"
125 min®*”! 84 min®™
Tested in randomized trials No No
%EWL
1mo 21.1% 16.2°"; 19,2
3 mo 39.6% 22.6""; 33,7
6 mo Not reported 24 4P 46 P
12 mo 58.1 (n = 59/64)™ Not reported

Trial still underway -
report on first patient
n=239in1 trial

n=201in1 trial n =37 in 2 trials

n=12%
n =25
Not reported Nausea, vomiting, Sore throat,
abdominal pain epigastric pain
Not reported Tissue inflammation ~ None
at site of anchor
None None None
195 min 41 min™ 35 min
39 min™!
No Yes®! Yes
Not reported
16.0%%; 15.0% 10.6
21.0 24.0%%%; 21.0% 13.1
26.0 Not reported 17.0
Not reported Not reported 195

%EWL: Percentage excess weight loss.

cluded for pathological/physiological or financial reasons
may be candidates for weight loss procedures. Addition-
ally, transoral techniques may also be used as a bridge for
more definitive weight loss procedures. Specifically, using
these techniques may provide a way of identifying those
patients who are committed to a more definitive surgical
intervention. Finally, transoral techniques could provide
a safer means of revising bariatric procedures in those
individuals that have reached their weight-loss plateau or
have started regaining weight.

Transoral techniques are rapidly becoming a reality in
the armamentarium of weight loss procedures and it is
our responsibility to ensure that these techniques are safe
and effective in the long-term.
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