
Introduction
Global obesity rates have tripled since 1975 and it is estimated
that by the year 2030, nearly half of the adult population in the
United States will be either overweight or obese [1]. There is an
urgent need to develop weight loss solutions that are clinically
efficacious, cost efficient and scalable [2, 3].

Current treatment options for patients with obesity include
diet-lifestyle modification, pharmacotherapy, surgery and in

recent years, endoscopic procedures. Diet-lifestyle modifica-
tion is generally difficult to adhere to and has a high rate of re-
currence [4]. Despite recent advances in pharmacotherapy, pa-
tient compliance, side effects and high cost are potential draw-
backs [5]. Surgery, while highly efficacious, is unlikely to meet
the growing global demand for obesity treatment [6, 7]. Unfor-
tunately, fewer than 2% of eligible patients will choose to have
surgery, and this is largely due to the fear of undergoing an op-
eration [8, 9]. In recent years, novel endoscopic platforms have
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ABSTRACT

Background and study aims Endoscopic weight loss pro-

cedures have gained traction as minimally invasive options

for the primary treatment of obesity. Thus far, we have de-

veloped endoscopic procedures that reliably address gastric

restriction but result in significantly less weight loss than

surgical gastrointestinal bypass. The goal of this nonsurvi-

val study was to assess the technical feasibility of an endo-

scopic procedure, that incorporates both gastric restriction

and potentially reversible gastrointestinal bypass.

Methods Ultrasound-assisted endoscopic gastric bypass

(USA-EGB) was performed in three consecutive live swine,

followed by euthanasia and necropsy. Procedure steps

were: 1) balloon-assisted enteroscopy that determines the

length of the bypassed limb; 2) endoscopic ultrasound-

guided gastroenterostomy that creates a gastrointestinal

anastomosis using a lumen apposing metal stent; 3) endo-

scopic pyloric exclusion that disrupts transpyloric continu-

ity resulting in complete gastrointestinal bypass; and 4)

gastric restriction that reduces gastric volume.

Results Complete gastrointestinal bypass and gastric re-

striction was achieved in all three swine. The mean total

procedure time was 131 minutes (range 113–143), mean

length of the bypassed limb was 92.5 cm and 180 cm, using

short and long overtubes, respectively. There were no sig-

nificant complications.

Conclusions We successfully described USA-EGB in three

consecutive live swine. Further studies are needed to access

the procedures safety, efficacy, and clinical use.
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facilitated transoral incisionless procedures that alter gastric
anatomy and induce weight loss. When compared to surgery,
endoscopic procedures are perceived to be less invasive, have
shorter recovery periods, lower morbidity, are cost-effective
and have grained traction as primary treatment options for
obesity [10, 11].

Endoscopic procedures that restrict gastric volume have
been developed for clinical use in humans. Examples of such
procedures are endoscopic balloon therapy and endoscopic
sleeve gastroplasty. Procedures that simultaneously bypass
proximal small bowel and restrict gastric volume are more ef-
fective at inducing weight loss and have superior metabolic ef-
fects than procedures that restrict gastric volume alone [12,
13]. Several promising animal studies have evaluated the utility
of alternatives such as natural orifice transluminal endoscopic
surgery and self-assembling magnets to create a gastroenteric
or entero-enteric bypass. An endoscopic procedure that simul-
taneously bypasses the proximal small bowel and restricts gas-
tric volume has not yet been developed for clinical use in hu-
mans [14, 15, 16].

The goal of this nonsurvival animal study was to assess the
technical feasibility of an endoscopic ultrasound (EUS)-assisted
bypass procedure, that incorporates both gastric restriction
and small intestinal bypass.

Materials and methods
The study was conducted at a United States Department of
Agriculture-licensed facility, under an active protocol that was
approved by our Institutional Review Board. Animal Care and
Use Committee (IACUC) guidelines were strictly adhered to.
Three large Yorkshire pigs that weighed 170 to 175 lb were
used (▶Table1). On the day of the procedure, the animals
were sedated and placed on a ventilator. Vitals including nonin-
vasive blood pressure (NIBP), pulse, peripheral oxygen satura-
tion, end tidal carbon dioxide levels and respiratory rate were
measured throughout. After completion of the procedure, all
three animals were euthanized using weight-based doses of so-
dium pentobarbital and necropsy was performed.

Procedure success was defined as the ability to accomplish
all required steps of the procedure in a live swine without sig-
nificant hemodynamic change or respiratory distress. At the
conclusion of the procedure, water-soluble contrast was injec-
ted at the esophagogastric junction and the following was en-
sured on fluoroscopy: 1) absence of transpyloric contrast pas-
sage; 2) reduction in gastric volume by at least 50%; 3) pres-
ence of a common conduit that connects the gastric inlet to
both the pylorus and the lumen apposing metal stent (LAMS);
and 4) complete diversion of contrast through the gastroenter-
ic anastomosis with no fluoroscopic evidence of a leak. Proce-
dure-related complications were defined as perforation, signif-
icant bleeding that required intervention or any gross deviation
from the expected procedure outcome.

▶ Fig. 1 Procedure room setup. The swine were kept supine on a
horizontal surface and the c-arm was positioned in a neutral ante-
rior-posterior (AP) direction throughout.
Source: Image courtesy of Elena S. Kakoshina.

▶Table 1 Characteristics of live swine models.

Swine 1 Swine 2 Swine 3

Sex F F F

Weight (lb) 170 175 170

Pre-proce-
dure prepa-
ration

Half-ration
solid food
for 48 hours,
and only
water
24 hours
prior to the
procedure*

Only water
for 48 hours

Only water
for 48 hours

Induction
anesthesia

Aceproma-
zine 0.4mL
Atropine
9.9mL
Buprenor-
phine 1.3mL

Aceproma-
zine 0.4mL
Atropine
9.9mL
Buprenor-
phine 1.3mL

Aceproma-
zine 0.4mL
Atropine
9.9mL
Buprenor-
phine 1.3mL

Ventilator
tidal volume
(mL)

630 650 630

Necropsy
performed

Yes Yes Yes

*Despite pre-procedure fasting and copious pre-procedure gastric lavage,
we encountered large amounts of solid debris in the stomach of Swine 1. The
issue was resolved by a prolonged 48-hour liquid fast in the subsequent two
animal models.
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Procedure description

The ultrasound-assisted endoscopic gastric bypass (USA-EGB)
procedure was performed using the following steps, in three
consecutive live swine, by a team of one physician with training
in advanced endoscopy, one endoscopy technician, and one
fluoroscopy technician (▶Fig. 1).

Step 1: Balloon-assisted enteroscopy

This step determines the length of small bowel that is bypassed.
Balloon-assisted enteroscopy (BAE) is utilized to explore the
small bowel to a pre-determined depth from the pylorus. The

enteroscope is also used to manipulate the small bowel and
create a window for EUS-guided gastroenteric anastomosis
(EUS-GEA).

A balloon-assisted enteroscope was advanced into the small
bowel and, using standard technique, either 15 anterograde
push-and-pull cycles were completed or 60 minutes elapsed
(▶Fig. 2a). Following this, the enteroscope and overtube were
manipulated until the loop of bowel that is located immediately
downstream from the overtube balloon, overlaps the gastric sil-
houette on fluoroscopy (▶Fig. 3). Within this loop, the seg-
ment of bowel that simultaneously overlaps a hypothetical 3-
to 5-cm tubular zone that starts at the gastric inlet, runs along
the lesser curvature, and ends at the pylorus, is ideally suited
for LAMS placement (▶Fig. 2b). This segment of small bowel
will be referred to as the "target segment" for simplicity. After
this position was achieved, the small bowel was infused with a
solution of water, radio contrast, and methylene blue. The en-
teroscope was then withdrawn leaving the overtube with an in-
flated balloon in situ.

Step 2: EUS-guided gastroenterostomy.

Using a commercially available LAMS, this step creates an EUS-
guided anastomosis between the stomach and small bowel.

A curvilinear echoendoscope was advanced alongside the
flexible overtube, and using fluoroscopy and EUS, the “target
segment” of small bowel was identified. After obtaining an
avascular window on Doppler, a 15 × 10mm electrocautery-en-
hanced LAMS (Hot Axios stent, Boston Scientific, Marlborough,
Massachusetts, United States) was deployed freehand using
standard technique and a gastroenteric anastomosis was cre-
ated (▶Fig. 2c). The overtube balloon was then deflated and
the echoendoscope and overtube were withdrawn.

▶ Fig. 3 X-ray image (neutral AP) of an optimal fluoroscopic posi-
tion for EUS-GEA i. e., the overtube balloon (yellow arrow) is located
at the outer margin of the gastric silhouette and the leading portion
of the enteroscope (represents the loop of bowel that is located
immediately downstream from the overtube balloon) overlaps the
gastric silhouette (highlighted in blue).

▶ Fig. 2 Descriptive illustrations USA-EGB procedure. a A balloon-
assisted enteroscope is advanced into the small bowel. b The en-
teroscope and overtube are manipulated until the loop of small
bowel located immediately downstream from the overtube balloon,
overlaps the gastric silhouette on fluoroscopy. The “target seg-
ment” (meshed lines) within this loop of small bowel that is ideally
suited for LAMS placement, is the segment of bowel that also over-
laps a hypothetical 3- to 5-cm tubular zone that starts at the gastric
inlet, runs along the lesser curvature, and ends at the pylorus (or-
ange). The small bowel is then infused with a solution of water,
radio contrast and a blue dye. The enteroscope is then withdrawn,
leaving the overtube with an inflated balloon in situ. c A curvilinear
echoendoscope is inserted alongside the overtube and the LAMS is
deployed within the “target segment” (meshed lines) of small
bowel. d Closure of the pylorus using a single continuous polypro-
pylene suture. e Reduction of gastric volume by application of
transmural sutures. f Completed USA-EGB procedure depicting
complete gastrointestinal bypass and gastric restriction.
Source: Image courtesy of Elena S. Kakoshina.
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Step 3: Endoscopic pyloric exclusion

This step closes the pylorus and completely excludes the proxi-
mal small bowel from the nutrient stream. After this step is
completed, the gastroenteric anastomosis serves as the sole
conduit for the nutrient stream, therefore completing the gas-
trointestinal bypass.

An endoscope mounted with a suturing devise (OverStitch
Endoscopic Suturing System, Apollo Endosurgery, Austin,
Texas, United States) was used to close the pylorus with a single
continuous 2.0 polypropylene suture (▶Fig. 2d). The endo-
scope was kept in a short position to prevent excess linear force
on the greater curvature of the stomach or the recently placed
LAMS. To allow for reversibility, the pylorus is not de-epithelia-
lized prior to suturing, and a single continuous suture is used
that can be easily cut if necessary.

Step 4: Gastric restriction

This step reduces gastric volume by using a plication or suturing
devise.

The stomach was reduced in volume, by the application of
transmural sutures (OverStitch Endoscopic Suturing System,
Apollo Endosurgery, Austin, Texas, United States). We adhered
to the following principals while suturing the stomach: 1) pre-
servation of a hypothetical 3- to 5-cm tubular zone that starts
at the gastric inlet, runs along the lesser curvature and con-
nects the gastric inlet to both the gastroenteric anastomosis
and the pylorus; 2) no suturing of the gastric fundus or antrum;
and 3) no suturing within 2 to 3 cm of the LAMS, as that may
have compromised the gastric outlet or result in undue pres-
sure on the LAMS (▶Fig. 2e). After completion of the suturing
portion of the procedure, the LAMS was dilated to 10mm using
a wire-guided dilating balloon. At the conclusion of the proce-
dure, contrast was injected at the esophagogastric junction to
fill the stomach. Under fluoroscopy, reduction of gastric vol-
ume combined with complete diversion of the enteric stream
into the small bowel via the LAMS was ensured (▶Fig. 2f). Fol-
lowing this, the endoscope and all accessories were withdrawn
(▶Video 1).

Results
We were able to successfully reduce gastric volume and achieve
complete gastrointestinal bypass in all three consecutive live
swine (▶Fig. 4).

All three swine had stable vital signs throughout the proce-
dure and there were no significant complications. The mean to-
tal intervention time was 131 minutes (range 113–143). The
mean time for BAE was 44.3 minutes (range 40–52). The mean
time for EUS-guided gastroenterostomy was 27 minutes (range
23–34), mean time for pyloric exclusion was 15.6 minutes
(range 14–17), mean time for gastric restriction was 44.3 min-
utes (range 32–52).

On necropsy, there was no significant intraperitoneal bleed-
ing or enteric contamination in any of the swine. The stomachs
were thoroughly examined and revealed topographic changes
consistent with transmural suturing. There were no gross de-
fects, misplaced sutures, or tethering to adjacent abdominal
structures. The gastroenterostomy was inspected and found to
be intact to palpation and visual inspection, with no gross leak-
age of air or gastric content. All three LAMS were located on the
mid to distal posterior gastric wall. Using a flexible measuring
tape, the bowel was measured three times from the duodenal-
jejunal junction to the site of the enterotomy. The average
length of the bypassed limb was 92.5 cm using the short over-
tube and 180cm using the long overtube (▶Table2).

Discussion
In this preclinical proof-of-concept study, we have successfully
demonstrated the use of a novel endoscopic technique that re-
sults in both gastroenteric bypass and gastric restriction. The
procedure is arguably similar to a surgical single-anastomosis
gastric bypass, one of the most commonly performed bypass
operations in some countries [17].

Drawbacks of the study are as follows. First, this was a non-
survival animal study. Swine have larger stomachs than humans
and variant small bowel anatomy. Considering this, procedural
dynamics and success on a swine model may not fully apply to
humans. Weight loss trajectories and metabolic benefits re-
main unknown given the nonsurvival design of the study. Sec-
ond, there is a relative paucity of literature supporting the safe-
ty of long-term LAMS use for gastroenteric anastomosis. This
may not be clinically relevant, if the LAMS is removed and the
bypass reversed within 6 months. Third, EUS-guided gastroen-
teric anastomosis is usually fashioned through the posterior
wall of the stomach. The LAMS must transverse the transverse
mesocolon, before reaching the small bowel. The mesocolon is
likely to be thicker in an overweight human than it is in swine.
Based on our experience with EUS-guided gastrojejunostomy,
we feel that this may add some technical difficulty, but do not
consider it to be prohibitive.

The bypass in USA-EGB may be potentially reversed while
leaving gastric restriction intact (▶Fig. 5). This is accomplished
via endoscopic removal of the LAMS and cutting the polypropy-
lene suture at the pylorus. Once the LAMS is removed, the gas-
troenteric anastomosis is likely to spontaneously close within a

VIDEO

▶ Video 1 Description of the ultrasound-assisted endoscopic
gastric bypass (USA-EGB) procedure in a live swine model.
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Step 1
(X-ray after enteroscope 
withdrawal showing 
overtube with balloon 
inflated and optimal for 
GJ placement)

Step 2
(EUS-guided 
gastroenterostomy 
creation)

Step 3
Endoscopic image 
showing pyloric 
suturing and exclusion

Step 4
Endoscopic image of 
gastric reduction

Final outcome
X-ray showing a 
completed USA-EGB 
procedure

Swine 1 Swine 2 Swine 3

▶ Fig. 4 Pictographic depiction of various steps of the procedure in all three swine.
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few days [18, 19]. If persistent, the fistula can be closed endo-
scopically via suturing. In addition, the pylorus was not de-epi-
thelialized, and a single continuous suture was used during py-
loric closure. Cutting the pyloric suture at a single location
would open the pylorus and restore transpyloric continuity,
hence reversing the gastroenteric bypass [20].

Conclusions
To our knowledge, this is the first successful description of a
partially reversible ultrasound-guided endoscopic bypass pro-
cedure. The gastrointestinal bypass may be reversed, leaving
gastric restriction intact. The procedure can be performed by a

single endoscopist using equipment and accessories that are
widely available. Further studies are needed to evaluate safety,
efficacy, and clinical use.
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