
Introduction
Gastric sleeve stenosis (GSS) can occur following laparoscopic
sleeve gastrectomy (LSG). Available endoscopic treatment op-
tions, including pneumatic balloon dilation (PBD) and place-
ment of a fully covered self-expanding metal stent (FCSEMS),
both offer limited long-term success [1,2], particularly in heli-
cal stenoses [3–5]. These axial deviations, believed to be due
to asymmetric traction and/or misalignment while stapling,
cause a rotated gastric sleeve and a functional obstruction to
flow. Proposed mechanisms of treatment failure include hyper
pressure at the helical twist [6], where neither dilation nor

stenting can result in sufficiently deep muscle tear or remodel-
ing for correction. While conversion to Roux-en-Y gastric bypass
(RYGB) is considered the gold standard, patients are often hesi-
tant to undergo further invasive surgery. We hypothesize that
the twist/stenosis that causes functional obstruction could be
released by a full-thickness myotomy of the muscularis propria
of the stomach. We report our early experience using gastric
peroral endoscopic myotomy (G-POEM) in the treatment of
GSS.
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ABSTRACT

Background Traditional endoscopic treatments have lim-

ited success in gastric sleeve stenosis (GSS). Gastric peroral

endoscopic myotomy (G-POEM) could conceivably obliter-

ate the twist/angulation that causes GSS through a tun-

neled stricturotomy. We report early outcomes of G-POEM

for GSS treatment.

Methods We retrospectively reviewed all patients with

GSS treated with G-POEM at our center. The primary end

point was clinical success, defined as symptom improve-

ment with resumption of adequate oral intake, without

requiring further intervention.

Results 13 patients (mean age 43±10.9 years; 12 female)

underwent G-POEM for predominantly helical (11/13, 85%)

GSS. Three (23%) had concurrent sleeve leak and 10 (77%)

had prior GSS treatment. Two intraoperative complications

occurred, with no deviation to the procedure; no major

complications occurred. At median follow-up of 175 (inter-

quartile range [IQR] 119–260) days, clinical success was

achieved in 10 patients (77%). Median Gastroparesis Cardi-

nal Symptom Index score in responders decreased from

2.06 (IQR 1.5–2.8) to 0.39 (IQR 0.2–0.5). Three patients

(23%) required surgical revision.

Conclusions G-POEM was feasible and safe, and may pro-

vide an alternative option for those averse to undergoing

surgical revision for treatment of GSS.

Tables 1 s, 2 s, Figs. 1 s–3 s

Supplementary material is available under

https://doi.org/10.1055/a-1544-4923
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Methods
All patients with prior LSG presenting to our institution with typi-
cal symptoms including nausea, vomiting, abdominal pain, re-
flux and/or regurgitation underwent comprehensive evaluation
with patient questionnaires, upper gastrointestinal series, and
upper endoscopy with intraprocedural contrast injection. Pa-
tient symptoms were characterized using the Gastroparesis Car-
dinal Symptom Index (GCSI) [7]. Patients with typical symptoms
and GSS on upper gastrointestinal series, upper endoscopy, or
intraprocedural contrast injection were then classified as either
helical or nonhelical (▶Fig. 1). A helical stenosis can be seen as a
narrowed segment on fluoroscopy with contrast hold up and
supported by endoscopic evidence of axial deviation requiring
additional maneuvering to advance the endoscope through the
stenotic segment. A nonhelical stenosis is noted as a luminal nar-
rowing on fluoroscopy and a straight staple line seen endoscop-
ically. GSS treatment was determined after formal review by the
treating endoscopist and bariatric surgeon. In general, sequen-
tial PBD is first-line therapy. If no symptom improvement is seen
or if the GSS is not amenable to PBD (i. e. PBD would cause inad-
vertent dilation of the lower esophageal sphincter [LES]/pylorus
or the sleeve lumen is too narrow to accommodate the balloon),
patients are then offered G-POEM. We retrospectively reviewed
all patients with GSS treated by G-POEM from 2018 to 2021.

The G-POEM procedure (▶Fig. 2, ▶Video1) is described in
detail in the Supplementary Methods (see the online-only Sup-
plementary material). In summary, the target stenotic segment
was determined using a combination of radiology, prior
response to PBD, and intraprocedural contrast injection (Fig. 1
s, Fig. 2 s, Fig. 3 s). Then, noting the location of the LES and
pylorus to avoid inadvertent injury, submucosal injection and
mucosal incision were performed 5 cm proximal to the stenosis.
In GSS <5 cm from the LES, incision was performed in the distal
esophagus. The mucosal incision and subsequent tunneling
were performed toward the greater curvature on the posterior
wall of the stomach (usually immediately right of the staple
line) to avoid the increased vasculature over the lesser curve
and allow a straighter approach toward the antrum. Full-thick-
ness myotomy was performed from the terminal extent of the
tunnel to 2 cm from the mucosal incision. In cases of distal
esophageal entry, myotomy was limited to the stomach, keep-
ing the LES intact. Mucosal closure was performed using either
through-the-scope clips or endoscopic suturing (OverStitch;
Apollo Endosurgery, Austin, Texas, USA).

The primary end point was clinical success, defined as
improvement of symptoms with resumption of adequate oral
intake, without requiring further intervention at maximal fol-
low-up. Secondary end points included technical success,
change in symptoms according to GCSI [7], adverse events (as
per American Society for Gastrointestinal Endoscopy lexicon),
rates of recurrence, and/or requirement for revision surgery.
Continuous variables are presented as median and interquartile
range (IQR). The study was approved by our Institutional Re-
view Board (IRB00116742) and complied with the Health Insur-
ance Portability and Accountability Act regulations.

Results
A total of 13 patients (mean age 43 years, standard deviation
10.9 years; 12 female) underwent G-POEM for management of
predominantly helical (n =11, 85%) GSS (Table1 s). Two pa-
tients previously presented in case reports [8, 9] were included
with the benefit of extended follow-up and in order to complete
our early experience. The median symptom onset, most com-
monly reflux (n=13, 100%) and regurgitation (n =10, 77%)
after LSG was 77 (IQR 5–194) days. Three patients (23%) had a
concurrent sleeve leak (Table2 s). A total of 10 patients (77%)
had prior treatment (8 PBD, and 2 both PBD and FCSEMS).

All procedures were successfully completed (▶Table 1).
There were two inadvertent mucosotomies, which were closed
intraprocedurally. No severe adverse events occurred. Median
post-procedure stay was 1 (IQR 1–2) day. Clinical success at a
median follow-up of 175 (IQR 119–260) days, was achieved in
10 patients (77%), 6 of whom had complete symptom resolu-
tion and 4 had partial response, with acid reflux being the
most common residual symptom. The median GCSI score in pa-
tients achieving clinical success decreased from 2.06 (IQR 1.5–
2.8) preprocedure to 0.39 (IQR 0.2–0.5) post-procedure. Three
patients (23%) required conversion to RYGB.

Discussion
We modified G-POEM, as initially described for refractory gas-
troparesis [10], with the crucial distinction of a tunneled stric-
turotomy (instead of pyloromyotomy). Accurate identification
of the clinically significant stenotic segment is key, particularly
in the setting of helical stenoses. We used a combination of

▶ Fig. 1 Helical stenosis vs. nonhelical stenosis. The location of
stenosis is indicated in each image by the white arrow. a Endoscopic
view of a proximal helical stenosis. b Fluoroscopic view showing the
proximal helical stenosis. c Endoscopic view of a straight staple line
with a nonhelical stenosis. d Fluoroscopic view confirming the non-
helical stenosis.
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endoscopic and radiologic findings; however, impedance plani-
metry has also been reported [11]. Once the stenotic segment
had been identified, the mucosotomy site was determined and
submucosal tunneling was performed to achieve an efficient
tunnel that avoided myotomy of the LES and pylorus. In two

patients, we commenced the mucosal incision and tunneled
through the LES due to the proximal nature of the gastric steno-
sis and challenges associated with entry and closure of the tun-
nel at or close to the LES. During tunneling, it was critical to
frequently check orientation endoscopically and fluoroscopi-
cally to ensure extension beyond the stenosis. In the highly vas-
cular stomach, where views within the tunnel are already lim-
ited by fibrosis and/or axial deviation, even a small amount of
bleeding can rapidly impair visualization. Therefore, any vessels
should be promptly addressed. Similarly to esophageal POEM,
we treated the stenosis and surrounding high pressure zone.
Accordingly, we had a long median myotomy length of 8 cm.
Future studies should address optimal myotomy length. We
aimed to perform a full-thickness myotomy while maintaining
the serosal layer. Although small defects are usually clinically
inconsequential, we propose two reasons to support our pro-
tection of the serosal layer. First, maintaining the serosal layer
minimizes leakage of carbon dioxide, gastric secretions, and
fluid. Other technical points to minimize pneumoperitoneum
include minimizing early muscle injury and minimizing insuffla-
tion following myotomy. Second, and perhaps more important-
ly, serosal vasculature is often of a larger caliber and difficult to
treat once bleeding commences.

G-POEM allows minimally invasive anatomical correction,
similarly to surgical seromyotomy which, despite good out-
comes [12], is not widely used owing to technical difficulty
and high rates of postoperative leak [13]. Notably, no post-pro-
cedure leaks were seen in our series. Although this pilot study

Video 1 Gastric peroral endoscopic myotomy (G-POEM) for
treatment of gastric sleeve stenosis.
Online content viewable at:
https://doi.org/10.1055/a-1544-4923

▶ Fig. 2 Gastric peroral endoscopic myotomy (G-POEM) procedure. a A mucosal bleb is created by submucosal injection of a methylene blue/
hetastarch mixture. Then, a horizontal mucosal incision is performed at the level of the mucosal bleb. b The submucosal space is entered and
dissection is performed to establish a submucosal tunnel. Here, the submucosal tunnel in a nonhelical stenosis is seen. c Submucosal tunnel in
a helical stenosis, where axial deviation of the muscle plane is appreciated. d Full-thickness myotomy is performed, keeping the serosal layer
intact. e Following G-POEM, the procedure is completed with mucosal closure using endoscopic suturing.
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included insufficient numbers to determine the efficacy of G-
POEM in helical vs. nonhelical GSS, we believe G-POEM would
be more likely to benefit helical stenoses. A nonhelical stenosis
is a circular, more symmetric restriction due to mechanical nar-
rowing and therefore more likely to be disrupted by mechanical
stretch with PBD or FCSEMS placement. We feel myotomy is less
beneficial in a circumferential ring of scar tissue. In contrast, a
helical twist results in a functional obstruction to flow due to a
significant axial deviation, and we theorize that myotomy can
help to relieve tortuosity and “unravel” the twist. Future
research efforts should examine this further.

We propose a stepwise treatment algorithm for manage-
ment of GSS (▶Fig. 3). While FCSEMS placement results in early
clinical success, there is a high risk of stent migration [1] and
the gastric wall layers may be compromised if subsequent G-
POEM is required. Accordingly, we reserve FCSEMS placement
for acute GSS, or as a bridge to RYGB. At our institution, all pa-
tients with symptomatic GSS undergo sequential PBD starting
with a 30-mm balloon. If no symptom improvement is seen fol-
lowing two PBDs or if the GSS is not amenable to PBD (i. e. PBD
would cause inadvertent dilation of the LES/pylorus or results in
confluent ischemic changes throughout the entire sleeve, sug-
gesting the sleeve lumen itself is too small to accommodate the
balloon), patients with helical stenosis are offered G-POEM
whereas patients with nonhelical stenosis are referred for
RYGB. Importantly, G-POEM does not negate subsequent RYGB.

Our case series included three patients with gastric sleeve
leak (median duration 242 days, range 47–420 days) all of
whom attained complete symptom resolution with no residual
leak at last follow-up.GSS results in increased upstream intra-
gastric pressure [14], which can trigger and perpetuate leak.
Accordingly, in all cases of leak in our series, the stenosis was
immediately distal to the leak site. The presence of concurrent
stenosis and leak can result in a self-perpetuating cycle, which
responds poorly to conventional endoscopic techniques [15]. In
these patients, we have a lower threshold to proceed to G-
POEM owing to potential dire consequences when left un-
treated. Our study included three patients who had not receiv-
ed prior GSS therapy. Two of these patients had concurrent
sleeve leaks, which were also located proximally thereby endan-
gering the LES if PBD were attempted. The third patient with a
severe helical stenosis at the incisura elected for G-POEM
because of the presence of severe symptoms. It should be
noted that G-POEM is not analogous to an endoscopic septo-
tomy, a procedure that seeks to facilitate internal drainage of

▶Table 1 Clinical and procedural outcomes.

Procedural outcomes (n =13)

Technical success, n (%) 13 (100)

Total procedural time, median (IQR), minutes 140 (130–150)

Mucosal incision length, median (IQR), cm 2 (2–2)

Mucosal incision orientation, n (%)

▪ Transverse 10 (77)

▪ Longitudinal 3 (23)

Tunnel length, median (IQR), cm 10 (8–11)

Myotomy length, median (IQR), cm 8 (6–8)

Myotomy type, n (%)

▪ Full thickness 13 (100)

Mucosal closure, n (%)

▪ Endoscopic suturing 11 (85)

▪ Through the scope clips 2 (15)

Intraprocedural complications, n (%) 2 (15)

▪ Inadvertent mucosal injury 2

Clinical outcomes (n=13)

Clinical success, n (%) 10 (77)

▪ Complete resolution 6

▪ Partial improvement 4

▪ Residual reflux 3

▪ Residual regurgitation 1

Post-procedure length of stay, median (IQR), days 1 (1–2)

Decrease in GCSI in responders (n = 10), median
(IQR)

▪ Overall 1.72 (1.2–2.3)

▪ Nausea/vomiting subscore 2.0 (0.6–2.1)

▪ Early satiety subscore 1.75 (1.6–2.4)

▪ Bloating subscore 1.75 (1.4–2.1)

Outcomes by stenosis type, n (%)

▪ Helical stenosis n = 11

▪ Clinical success 9 (82)

– Complete resolution 6

– Partial improvement 3

▪ Clinical failure 2 (18)

▪ Nonhelical stenosis n = 2

▪ Clinical success 1 (50)

– Complete resolution 0

– Partial improvement 1

▪ Clinical failure 1 (50)

Post-procedure complications, n (%) 0 (0)

▶Table 1 (Continuation)

Procedural outcomes (n =13)

BMI change after G-POEM, median (IQR), kg/m2 –0.02
(–1.24–0.31)

Conversion to Roux-en-Y gastric bypass, n (%) 3 (23)

Follow-up duration, median (IQR), days 175 (119–260)

IQR, interquartile range; BMI, body mass index.
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refractory leaks by enlarging the fistulous tract and in doing so
equalizing the pressures between the gastric lumen and peri-
gastric collection [16, 17]. In contrast, G-POEM treats the
underlying issue, the downstream stenosis perpetuating the
leak. Nevertheless, the two could be used concurrently, provid-
ed the mucosa overlying the submucosal tunnel path is not dis-
turbed.

We acknowledge several limitations. First, this was a single-
center retrospective study. Second, follow-up duration was
short, although we believe it was adequate to assess feasibility
and safety of G-POEM. Just as recrudescence of LES hyperten-
sion after esophageal POEM is rare, we expect similar findings
in long-term follow-up of our cohort. Third, we did not use a va-
lidated outcome tool as none exists for GSS.We chose GCSI due
to significant symptom overlap between gastroparesis and
GSS.However, reflux was a prominent symptom, and is not cap-
tured by GCSI. Moreover, two patients required surgery despite
improved GCSI score, while four patients with nonzero scores
reported complete symptom resolution. This is likely to be due
to symptoms (such as early satiety) that are expected and ap-
propriate post-LSG being captured on GCSI. Therefore, GCSI is
not the ideal outcome tool for GSS, and future research efforts
should attempt to validate a more fitting tool. Finally, adoption
of this technique will be limited to highly experienced centers

as the learning curve will be longer in the post-LSG stomach
than for standard G-POEM.

G-POEM is a feasible and safe technique that may provide an
alternative minimally invasive treatment for GSS with or with-
out concurrent leak. Our data suggest promising early clinical
outcomes; however, longer-term follow-up and prospective
studies are crucial to validate our findings.
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