INNOVATIONS: IMAGES

Bariatric endoscopic antral myotomy: first-in-human proof of
concept of a novel therapeutic method to delay gastric emptying

and induce weight loss
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As knowledge regarding the pathophysiology of obesity
and mechanisms of action for bariatric procedures has
evolved, opportunities have been created to develop new
interventions that more directly address these mecha-
nisms. One potential target is gastric emptying. This is a
critical step in digestion that has been found to be more
rapid after prolonged exposure to a high-fat diet in both
animal and human studies, with rapid emptying also being
more common in young people with obesity in some
studies.”” Medications, such as GLP-1 receptor agonists,
and interventions, such as intragastric balloons (IGBs),
have been shown to delay gastric emptying as part of their
mechanism to treat obesity. This appears to be effective
even in those with normal baseline emptying rates.

More recently, gastroplasty with endoscopic myotomy
(GEM) has been shown to consistently delay gastric
emptying without triggering symptoms of gastroparesis
and to produce substantial weight loss.” This procedure in-
volves submucosal tunneling, similar to a typical gastric
peroral endoscopic myotomy procedure; however, the
tunnel is substantially longer and the myotomy only in-
volves the antrum, leaving the pylorus intact. A modified
endoscopic sleeve gastroplasty (ESG) is also performed
proximal to the myotomy. Based on our experience with
GEM, we hypothesized that a pylorus-sparing antral myot-
omy alone, referred to as bariatric endoscopic antral myot-
omy (BEAM), would produce a consistent delay in gastric
emptying and lead to reproducible and durable weight
loss independent of ESG.

METHODS

This is an initial case report from a single-arm, prospec-
tive, first-in-human pilot study undertaken to examine the
effects of the BEAM procedure (clinical trial registration
number: NCT05725967). Patients with body mass in-
dices >30 kg/m* who were unable or unwilling to undergo
bariatric surgery were recruited from a weight management
clinic. Exclusion criteria were diabetes, gastroparesis, severe
reflux, gastric surgery, and taking GLP-1 receptor agonists,

anticoagulants, or antiplatelet agents. Primary outcomes
were technical feasibility and safety, and secondary out-
comes were percentage of total weight loss (TWL), gastric
emptying assessed using a gastric-emptying breath test
(Cairn Diagnostics, Brentwood, Tenn, USA) reported as
gastric-emptying half-time, and change in gastroparesis car-
dinal symptom index (GCSI) at 1, 3, and 6 months. The study
was approved by the institutional review board (IRB proto-
col: 2022P001757).

BEAM procedure

With patients under general anesthesia, an endoscopic
pylorus-sparing antral myotomy was performed. Specifically,
a mucosal incision was performed us a T-type hybrid knife
(Erbe, Tibingen, Germany) at the level of the incisura along
the level of the greater curvature using a Carr-Locke needle
(Steris, Mentor, Ohio, USA) and 6% hetastarch with diluted
methylene blue without epinephrine. Submucosal tunne-
ling was then performed using a T-type hybrid knife and a
VIO 3 electrosurgical unit (Erbe, Tiibingen, Germany, Endo-
cut Q 2-2-2, PreciseSECT6.0, SoftCoag 6.0 settings). The tun-
nel was stopped immediately proximal to the pylorus. Two
parallel lines of partial-thickness myotomy were then per-
formed from the distal to proximal antrum using the same
T-type hybrid knife (Endocut Q 2-2-2). The myotomy was
stopped approximately 2 cm distal to the mucosotomy
site. Subsequently, 2% lidocaine was sprayed in the tunnel
before closure of the mucosotomy site using the Overstitch
suturing device (Apollo Endosurgery, Austin, Tex, USA).

End-tidal carbon dioxide, abdominal fullness, and peak
ventilation pressures were monitored throughout the pro-
cedure. Patients were monitored overnight for adverse
events followed by an upper GI series before diet advance-
ment. Patients undertook a liquid protein diet for 6 weeks
postoperatively, followed by 2 weeks of a soft solid diet,
and then advancing to a regular caloric-restricted diet.
Follow-up was scheduled at 2 weeks and at 1, 3, 6, 9,
and 12 months, with a repeat gastric-emptying study at 3
months.
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Figure 1. Bariatric endoscopic antral myotomy procedure. A, Rapid antral contractions before the procedure. B, Submucosal tunnel extending to the
prepyloric region. C, Parallel partial-thickness pylorus-sparing antral myotomies. D, Postprocedure gastric deformation with gastric shortening and

angulation.

RESULTS

Technical feasibility and safety

A 28-year-old woman with class III obesity (body mass in-
dex of 41.3 kg/m?), polycystic ovary syndrome, and nonalco-
holic fatty liver disease was recruited from the bariatric
endoscopy clinic. She previously attempted lifestyle modifi-
cation with hypocaloric diets, cardiovascular and resistance
exercise, and phentermine and over-the-counter supple-
ments but was unable to achieve clinically significant weight
loss. After discussing benefits and risks, she was enrolled in
the study and successfully underwent the BEAM procedure.
Specifically, a 15-cm-long submucosal tunnel was created
along the greater curvature extending from the incisura to
the prepyloric region. Subsequently, 2 parallel partial-
thickness myotomies were performed along the greater cur-
vature from distal to proximal extending approximately 12
cm in length. The mucosotomy site was then closed using
a running suture pattern with 6 stitches (Fig. 1). The total
procedure time was 73 minutes.

There were no intra- or postprocedure adverse events
or serious adverse events. Postprocedurally, the patient re-
ported 2 out of 10 for abdominal pain on a Likert scale. She
was admitted per protocol. An upper GI series performed
on postoperative day 1 showed a smooth, bulging antrum

with delayed contrast entry into the duodenum, without
contrast extravasation (Fig. 2). She was discharged home
on postoperative day 1.

Short-term weight loss

At 1 and 3 months, the patient experienced 6.8% TWL
and 20.5% TWL, respectively. Her body mass index
decreased from 41.3 kg/m* preprocedurally to 38.5 kg/m*
and 32.9 kg/m? at 1 and 3 months, respectively. The patient
began resistance training at 6 weeks after the procedure.
No antiobesity medication was prescribed.

Physiologic changes

Gastric-emptying half-life increased from 47.9 minutes
to 70.3 minutes at 3 months, representing a 68% delay
from baseline (Fig. 3). The GCSI score increased from
0 to 1.67 and .83 at 1 and 3 months, respectively (Fig. 4).
Specifically, the GCSI subscores at 1 month were 0 for
nausea/vomiting, 4 for postprandial fullness and early
satiety, and 1 for bloating. The GCSI subscores at 3 months
were 0 for nausea/vomiting, 2.75 for postprandial fullness
and early satiety, and O for bloating. Clinically, the patient
reported no negative gastroparesis symptoms with no
postprandial abdominal pain, discomfort, or vomiting.
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Figure 2. Upper GI series (A) at baseline and (B) 1 day after bariatric endoscopic antral myotomy. Note the smooth, bulging antrum with delayed

contrast entry into the duodenum.
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Figure 3. Delay in gastric-emptying rate after the bariatric endoscopic antral myotomy (BEAM) procedure measured with the gastric-emptying breath
test. Baseline (blue, half-life of 47 minutes), 3 months after BEAM (orange, half-life of 71 minutes), and pathologic half-life cutoff (gray).

DISCUSSION

This first-in-human case report of the BEAM procedure,
using parallel pylorus-sparing antral myotomies along the
greater curvature of the stomach, was technically feasible
and well tolerated. This myotomy alone produced a delay
in gastric emptying and subsequent weight loss that was
on the high end of that typically seen with endoscopic bariat-
ric and metabolic therapies. Of note, the BEAM procedure
was well tolerated, and our patient did not develop any symp-
toms characteristic of gastroparesis. There was no significant
increase in the GCSI subscales for nausea and vomiting or
bloating. This suggests that the clinical manifestations of gas-
troparesis are likely because of neuropathy or other mecha-
nisms and not the delay in emptying alone. The only subscale
increase seen was for fullness and early satiety, which was the
intended consequence of the procedure.

Many endoscopic bariatric and metabolic therapies have
focused on gastric physiology and digestion to induce

weight loss. The original primary obesity surgery endolu-
minal procedure addressed the first phase of gastric diges-
tion by placing plications in the gastric fundus to limit
fundal accommodation. This resulted in only a 5% TWL
in a controlled trial, and the pattern has been subsequently
modified to focus on the gastric body.”” IGBs and ESG
concentrate more on the second phase of digestion,
limiting the breakdown and mixing of food into chyme.
These deliver more weight loss, ranging from 10% to
18% TWL.>’ The transpyloric shuttle is a temporary
implant similar to the IGB. It consists of a balloon that re-
sides in the antrum connected to a smaller bulb that sits in
the duodenum and is believed to delay gastric emptying by
causing intermittent pyloric obstruction. This delivered a
9.5% TWL and a safety profile similar to IGBs.”” The
BEAM procedure aims to more directly and permanently
inhibit the antral pump by creating longitudinal partial-
thickness antral myotomies and leaving the pylorus intact.
Based on the results of the GEM procedure and the
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Change in weight and GCSI score 3 months after Bariatric
Endoscopic Antral Myotomy
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Figure 4. Weight loss and GCSI change after BEAM. GCSI, Gastroparesis cardinal symptom index; BEAM, bariatric endoscopic antral myotomy.

transpyloric shuttle, it was hypothesized that BEAM
without ESG could produce a significant delay in gastric
emptying with significant weight loss.

BEAM could also be thought of as a member of the
POEM family and may be referred to as Bariatric POEM
(B-POEM). However, it is important to note that all
POEM procedures to date have been performed for exactly
the opposite reason of making esophageal or gastric transit
more rapid in patients who are struggling to eat and main-
tain their weight. This could be confusing for patients, and
even physicians, who are researching the procedure. Addi-
tionally, we feel that POEM terminology is somewhat less
descriptive and may ultimately be less helpful in under-
standing the procedure. BEAM is the opposite of a typical
gastric peroral endoscopic myotomy, which involves tran-
section of the pyloric ring and leaves the antrum intact in
an effort to increase the rate of gastric emptying. Develop-
ment and refinement of endoscopic submucosal tunneling
and closure techniques have allowed for safe and repro-
ducible interventions on submucosal lesions and the mus-
cularis propria. To date, submucosal tunneling—based
procedures have been used to remove subepithelial tu-
mors'” and release muscular sphincters of the oropharynx,
esophagus, pylorus, and rectum'' " as well as to treat re-
fractory sleeve stenosis.'” Submucosal tunneling and myot-
omy of the antral pump to delay gastric emptying are novel
concepts first used by our group in combination with a su-
tured gastroplasty for the treatment of obesity in the GEM
procedure. This procedure produced a significant delay in
gastric emptying and substantial weight loss.” However,
ESG may delay gastric emptying independently of myot-
omy,'® and this is the first report to evaluate the impact
of an isolated antral myotomy. Antral myotomy alone,
without the need for gastric suturing or plication, would
have several potential benefits if there was good weight
loss efficacy.

Compared with suturing and plication-based endobari-
atric approaches, BEAM may allow for a shorter procedure
time, improved reproducibility with less variability of tech-
nique, minimal perioperative discomfort, and increased
durability. Compared with IGBs, BEAM is more permanent
and does not require use of a temporary implant. It also ap-
pears to be better tolerated than most IGBs. The technique
may also be cost-saving because of the need for only a
needle-knife and injection solution, compared with other
procedures that rely on more sophisticated and expensive
equipment.

This procedure is important as a proof of concept and
may ultimately be a valuable addition to the endoscopic
management of obesity if efficacy and safety are confirmed
in the ongoing study and subsequent controlled trials with
longer-term follow-up. Furthermore, pylorus-sparing antral
myotomy, by decreasing the gastric-emptying rate, may
have potential in the treatment of pathologically rapid
gastric emptying, such as that seen in idiopathic dumping
syndrome. These observations provide a potential new
therapeutic target for endoscopic myotomy and deepen
our understanding of gastric physiology. Because BEAM
has such a clear mechanism of action, it may also allow a
more personalized and targeted approach to the manage-
ment of patients with obesity.

In conclusion, BEAM appears to be technically feasible
and induces a delay in gastric emptying that is associated
with significant weight loss and no symptoms of gastropa-
resis. Long-term study is underway to better understand
these results.
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