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ABSTRACT

Background and study aims Alterations to interstitial

cells of Cajal (ICC) and collagen fibrosis have been implica-

ted in the pathogenesis of gastroparesis. We aimed to eval-

uate the feasibility and safety of pyloric muscle sampling

during gastric peroral endoscopic myotomy (G-POEM) and

the association between pyloric ICC density and degree of

fibrosis with clinical outcomes.

Patients and methods This was a single-center prospec-

tive study of gastroparetic patients who underwent G-

POEM and intraprocedural pyloric muscle biopsies between

January 2022 and April 2023. ICC count was estimated

using CD117 stain and trichome for collagen fibrosis. Clini-

cal response to G-POEM was defined as an improvement of

≥ 1 point on the Gastroparesis Cardinal Symptom Index.

Results Fifty-six patients (median age 60 years, 71.4%

women) underwent G-POEM (100% technical success;

71.4% clinical response). ICC depletion (< 10/high-power

field) and fibrosis were encountered in 70.4% and 75% of

the cases, respectively. There was no difference in mean

ICC count between G-POEM responders vs. non-responders

(7±3.6 vs. 7.7±3.3; P=0.9). There was no association be-

tween ICC density or degree of fibrosis with the etiology of

gastroparesis, duration of symptoms, gastric emptying

rate, or pyloric impedance planimetry. Patients who did

not respond to G-POEM had a significantly higher degree

of moderate/severe fibrosis when compared with those

who responded (81.3% vs. 25%; P =0.0002).

Conclusions Pyloric muscle biopsies during G-POEM was

feasible and safe. ICC depletion and pyloric muscle fibrosis

are common in gastroparetic patients. The degree of fibro-

sis may be related to pyloric dysfunction and clinical re-

sponse to G-POEM. Additional studies are needed to con-

firm these results.

Original article

Yang Dennis et al. Quantification of interstitial… Endosc Int Open 2024; 12: E585–E592 | © 2024. The Author(s). E585

Accepted Manuscript online: 2024-03-18   Article published online: 2024-04-23



Introduction
Gastroparesis is a condition characterized by delayed gastric
emptying in the absence of mechanical obstruction in the con-
text of symptoms. Patients often report chronic disabling
symptoms, including nausea, vomiting, early satiety, bloating,
abdominal pain, and weight loss, which often translate into re-
current hospital visits and result in a significant burden to the
health care system [1, 2, 3]. Importantly, many patients have
medically refractory gastroparesis, defined as persistent symp-
toms despite dietary modifications and prokinetics as first-line
therapeutic agents [4].

Gastric per-oral endoscopic pyloromyotomy (G-POEM) has
recently emerged as a potential therapy for patients with medi-
cally refractory gastroparesis [1]. Yet, clinical response to G-
POEM remains quite variable and no clear predictors of treat-
ment success have been identified [5, 6, 7]. One of the main
limitations in development of highly effective treatment strate-
gies lies in the lack of a clear understanding of the underlying
pathophysiology of this disease. Nonetheless, new advances,
including introduction of functional luminal impedance plani-
metry (FLIP), have shown promise in our evaluation of pyloros-
pasm and clinical response to G-POEM [8].

Interstitial cells of Cajal (ICC) act as a physiological pacemak-
er by generating a slow-wave electrical rhythm that mediates
motor contractions leading to normal gastric emptying [3, 4,
9, 10]. It has been hypothesized that slow-wave electric activity
in gastroparesis is impaired due to altered or damaged ICC [10,
11, 12, 13, 14]. A previous study by Morajevi et al demonstrated
alteration in ICC density and degree of fibrosis in the pylorus in
surgical biopsy specimens of gastroparetic patients [15]. As op-
posed to surgery, G-POEM offers a less invasive approach for di-
rect tissue acquisition at the time of the procedure. A prior sin-
gle-center retrospective study of 21 patients indicated that
gastric muscle biopsy during G-POEM for histological assess-
ment was safe [16].

The aim of this single-center prospective study was to: 1)
confirm the feasibility and safety of pyloric muscle sampling
during G-POEM; 2) quantify ICC density and the degree of fi-
brosis in the pylorus; and 3) correlate histological findings with
clinical outcomes.

Patients and methods
Study design and population

This was a single-center prospective trial (NCT05905016) of
consecutive patients ≥ 18 years of age who underwent G-
POEM and intraprocedural pyloric muscle biopsies between
January 2022 and March 2023. Prior to G-POEM, clinical assess-
ment, baseline gastroparesis cardinal symptom index (GCSI)
score [17], and gastric emptying scan (GES), were performed.
Patients who met the following inclusion criteria were prospec-
tively enrolled in the study: 1) gastroparesis refractory to stand-
ard therapy (including diet, lifestyle modification and prokinet-
ics); and 2) gastroparesis diagnosis established by a 4-hour so-
lid-phase GES. Abnormal GES was defined as > 10% meal reten-
tion at 4 hours [18]. Patients were excluded if they met any of

the following criteria: 1) on chronic opiate medications; 2) up-
per gastrointestinal surgeries involving the pylorus, including
prior surgical or laparoscopic pyloromyotomy; 3) current or his-
tory of gastroesophageal malignancy; 4) pregnancy; 5) any
contraindication to endoscopy; and/or 6) unable to provide in-
formed consent. The study was approved by the Institutional
Review Board for Human Research at AdventHealth, Orlando,
Florida, United States. Signed procedure and research informed
consent was obtained from all patients. All authors had access
to the study data and reviewed and approved the final manu-
script.

Data collection

The data were prospectively recorded and entered into a cen-
tral electronic database specifically created for the purpose of
the study. Data on patient demographics, gastroparesis (etiolo-
gy, duration of symptoms, GCSI, prior interventions), and GES
were collected. Procedure data included pyloric endoscopic
FLIP, length of pyloromyotomy, procedure time, technical suc-
cess of G-POEM, pyloric muscle biopsies, and adverse events
(AEs). Post-procedure data (i. e. histology, GCSI, pyloric FLIP)
were also recorded at the time of follow-up.

G-POEM procedure

All patients underwent endoscopy under propofol sedation and
carbon dioxide insufflation. Pyloric FLIP (models EF-100 and En-
doFLIP 2.0, balloon catheter EF-325N, Medtronic, Minneapolis,
Minnesota, United States) was performed immediately before
and after the procedure (during the same endoscopy session
with G-POEM) as previously described in the literature [8, 19].
The following FLIP measurements were obtained at a volumet-
ric distension of 40 mL: intraballoon pressure, pylorus diameter,
cross-sectional area (CSA), and distensibility index (DI) [8, 19].

All G-POEM procedures were performed by two providers
(DY and MKH) with experience in submucosal endoscopy. The
procedures were performed as previously described in the lit-
erature [20, 21, 22, 23]. In brief, all cases were under general
anesthesia with the patient in left lateral decubitus position. Pa-
tients received 3.75g piperacillin/tazobactam or 500mg cipro-
floxacin shortly before the procedure. A standard gastroscope
(GIF-H190; Olympus, Tokyo, Japan) with a clear distal attach-
ment cap (MH 588; Olympus America, Center Valley, Pennsyl-
vania, United States) was used for all procedures.

A submucosal injection of 6% hetastarch admixed with me-
thylene blue was performed approximately 5 cm proximal from
the pylorus on the greater curvature. Following the submucosal
lift, a 1.5- to 2.5-cm transverse mucosal incision was made (En-
docut Q, effect 3, cut duration 2, cut interval 1) (ERBE, Mariet-
ta, Georgia, United States) with a high-pressure needle-free
electrosurgical knife (Hybrid I-type knife, ERBE, Marietta, Geor-
gia, USA). Submucosal dissection was then performed with the
electrosurgical knife (Endocut Q and forced coagulation, effect
2, maximum 50W) and repeated submucosal injections until
the pyloric ring was exposed. Pyloromyotomy using an insula-
ted tip knife (IT-2 knife, Olympus America, Center Valley, Penn-
sylvania, United States) was then performed by starting at the
pylorus ring from the most distal aspect of the pylorus to prox-
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imal and extended approximately 2 cm toward the antrum. Fi-
nally, the mucosal incision was closed using either the
through-the-scope (TTS) suturing system (X-tack Endoscopic
Helix Tacking System; Boston Scientific, Marlborough, Massa-
chusetts, United States), or the dual action tissue clip (Micro-
Tech Endoscopy, USA, Ann Arbor, Michigan, United States) in
conjunction with conventional TTS clips [21, 22].

Intraprocedural pyloric muscle biopsy and
histologic evaluation

After completion of the myotomy and prior to mucosal closure
of the submucosal tunnel, biopsies of the pylorus were obtain-
ed with a large-capacity forceps (M00513313; Boston Scienti-
fic, Marlborough, Massachusetts, United States) (▶Fig. 1,

▶Video 1). A total of two to three biopsies were performed
with tissue acquisition visually confirmed by the presence of
gross specimens in the formalin container. The pyloric muscle
biopsies were fixed in 10% formaldehyde, embedded in paraffin
and processed for routine hematoxylin and eosin (H&E) stains,
Masson's trichrome stain, and CD117 immunoperoxidase stain
[15]. Any biopsy with at least one fragment of muscularis pro-
pria was deemed adequate for microscopic evaluation. Intracy-
toplasmic inclusions were evaluated on H&E-stained slides. The
ICC density was estimated using CD117 stain - for evaluation
200 x (with 20 x objective) was deemed a single high-power
field, and the highest density was reported (▶Fig. 2). Trichrome
stain was utilized to evaluate the extent of fibrosis (▶Fig. 2).

Study endpoints and definitions

Technical success was defined as successful completion of the
G-POEM procedure. In concordance with G-POEM literature,
clinical response was defined as an improvement of ≥ 1 point
on GCSI after G-POEM [24]. Adequacy of pyloric muscle biop-
sies was defined by the proportion of cases in which the biop-
sies yielded at least one fragment of muscularis propria suffi-
cient for microscopic evaluation. Tissues without any smooth
muscle and only fibrovascular or adipose tissue were deemed
non-diagnostic. For quantification of ICC, only cells with both
an identifiable nuclei and wavy cytoplasmic process were
counted using CD117 stain. Depletion of ICC was defined as <
10/HPF. This cut-off was based on prior studies comparing ICC
density between control and gastroparetic patients and its as-
sociation with gastric emptying rate [12, 15]. Fibrosis was
deemed as mild or minimal (grade 1) if there was no expansion
of the space between two bundles of smooth muscle, and if
there was no fibrosis within a bundle. Cases with either expan-
ded interstitial space between the bundles and/or fibrosis
within a bundle but without destruction of smooth muscle
were deemed as moderate (grade 2). Any fibrosis associated
with loss of tissue architecture and destruction of smooth mus-
cle bundles was deemed as marked or severe (grade 3). AEs
were graded according to a standardized AE classification sys-
tem for gastrointestinal endoscopy [25].

Statistical analysis

Descriptive statistics for each baseline variable were obtained
and expressed as mean, standard deviation (SD), median and
interquartile ranges (IQR). Chi-square or Fisher exact test for

▶ Fig. 1 Gastric per-oral endoscopic pyloromyotomy (G-POEM) with pyloric muscle biopsies. a Transverse mucosal incision was made proximal
to the pylorus b followed by submucosal tunneling c until the pyloric ring was visualized. d After completion of pyloromyotomy, e pyloric muscle
biopsies were obtained with cold biopsy forceps f followed by mucosal incision closure with endoscopic clips.
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categorical variables and the t test for continuous variables
were performed when indicated. Nominal P values are report-
ed; P < 0.05 was considered significant. All statistical analysis
was performed with the open-source statistical software pack-
age R (version 3.5.0).

Results

Fifty-six patients (median age 60 years; 71.4% women) under-
went G-POEM between January 2022 and March 2023 for dia-
betic (n =18), idiopathic (n =17), and postsurgical (n =21)
medically refractory gastroparesis (▶Table1). Nearly half the
patients had prior treatment with botulinum toxin injections
to the pylorus (n =25; 44.6%). Mean 4-hour retention percenta-
ges on GES and baseline GCSI were 46.6 ± 24.2% and 3.3 ± 1.2,
respectively.

The G-POEM technical success rate was 100%. Mean pyloro-
myotomy length was 2.3 ± 0.9 cm and total procedure time was
43.1 ± 17.3 minutes (▶Table 1). There was one AE (1.8%). In
that patient, a mucosotomy was identified after completion of
the pyloromyotomy. This was adequately closed on the mucosal
side with placement of two hemostatic clips. Upper gastroin-
testinal series did not reveal contrast extravasation on post-
operative day (POD) #1 and the patient was discharged with
full recovery on POD #3.

Pyloric muscle tissue acquisition and histology
findings

Direct biopsies of the pyloric muscle during G-POEM were per-
formed with visual confirmation of a retrieved specimen in all
cases. Of these, 54 (96.4%) were deemed adequate for histolo-
gical ICC quantification and 52 (92.9%) for grading of fibrosis.
In two cases, the smooth muscle specimens were fragmented
and cauterized, which impeded assessment for CD117 positiv-
ity. In the other cases, the specimens were insufficient for his-
tologic evaluation. The mean ICC count was 7.3 ± 3.5/HPF. The
ICC count was found to be depleted (< 10/HPF) in 70.4% of pa-
tients (n =38) who underwent G-POEM. There was no fibrosis
identified in 13 specimens (25%), whereas the remaining were

categorized as mild (n =17; 32.7%), moderate (n =18; 34.6%),
and severe (n =4; 7.7%).

▶Table 2 compares baseline characteristics between pa-
tients with low ICC count (< 10/HPF) vs. high ICC count (≥ 10/
HPF) and those with minimal degree of fibrosis (none/mild) vs
high degree of fibrosis (moderate/severe). In all, there were no
significant differences in patient demographics (age, sex, etiol-
ogy of gastroparesis), severity of disease (duration of symp-
toms, GCSI and GES), proportion of patients who underwent
botulinum toxin injection prior to G-POEM, or pylorus FLIP
parameters among the different groups.

Clinical response and correlation with
histopathology

Short-term clinical success (up to 12-month follow-up), defined
by an average reduction of 1 point in GCSI, was observed in
71.4% of patients (n =40), with mean GCSI decreasing from a
baseline of 3.3 ± 1.1 to 1.5 ± 1.2 (P < 0.001). Baseline character-

▶ Fig. 2 a Pyloric interstitial cells of Cajal (ICC) (circled) on CD117
immunostain (× 200). b Mild (grade 1) fibrosis c and severe (grade
3) detected by Trichome (blue color) staining (×40).

VIDEO

▶ Video 1 Gastric per-oral endoscopic pyloromyotomy
(G-POEM) with intraprocedural pyloric muscle biopsies.
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istics between G-POEM responders vs non-responders are
shown in the supplementary material (Supplement 1). Overall,
there were no significant differences in patient demographics
(age, sex, etiology of gastroparesis), disease severity (duration
of symptoms, GCSI, GES), procedure characteristics (length of
pyloromyotomy, procedure time), or post-procedure FLIP be-
tween the two groups.

Mean ICC count was similar between G-POEM responders (7
± 3.6) and non-responders (7.7 ± 3.3) (P =0.90). ICC depletion

trended higher among patients who did not respond to G-
POEM as opposed to the responder group (80% vs. 63.9%) but
this was not statistically significant (P =0.33) (▶Fig. 3). There
was a significantly higher proportion of patients with no fibrosis
on pyloric muscle biopsy among G-POEM responders vs non-re-
sponders (33.3% vs 6.3%; P =0.04). Conversely, there were no
patients with severe fibrosis in the G-POEM responders group
as opposed to four patients (25%) in the non-responder group
(P =0.007). In all, there was a significantly higher rate of mod-
erate/severe fibrosis among patients who did not respond to G-
POEM as opposed to those who did respond (81.3% vs 25%; P =
0.0002).

Discussion
The pathophysiology of gastroparesis, a condition character-
ized by symptomatic delayed gastric emptying, remains poorly
understood. ICC are involved in the neural signaling that med-
iates motor contractions during gastric emptying [14]. In this
prospective study, pyloric muscle biopsies for histological anal-
ysis were obtained from all consecutive patients with medically
refractory gastroparesis referred for G-POEM. We demonstrat-
ed that pyloric smooth muscle biopsy during G-POEM was fea-
sible and safe. ICC depletion was frequently identified among
all patients with gastroparesis, whereas moderate to severe py-
loric muscle fibrosis was more commonly identified among pa-
tients who did respond to G-POEM.

ICC play an important role in the pathogenesis of gastropar-
esis [12, 14]. Previous studies have shown that ICC are depleted
in the gastric body and antrum of gastroparetic patients [12,
15, 16]. Loss of ICC has also been implicated in abnormal regu-
lation of pyloric relaxation and potentially affects gastric emp-
tying [14]. In our study, pyloric ICC were depleted in 70.4% of
gastroparetic patients who underwent G-POEM. Notably, this
finding is identical to the ICC depletion (70.5%) reported from
a prior study on surgical full-thickness pyloric smooth muscle
specimens of patients with gastroparesis [15]. Hence, our re-
sults suggest that pyloric smooth muscle biopsy during G-
POEM is a minimally invasive alternative with high correlation
to surgical tissue acquisition and supports the notion that pylo-
ric ICC are depleted in these patients [15, 16]. Animal studies
have suggested that the rate of gastric emptying may depend
on the levels of ICC [26, 27]. However, similar to a prior report
[15], we did not identify an association between pyloric ICC
counts and gastric emptying rate.

Furthermore, patient characteristics, etiology of gastropar-
esis, duration of symptoms, pyloric compliance based on FLIP,
and clinical response to G-POEM did not correlate with levels
of pyloric ICC on histology. Our findings are in contrast with a
study by Shah et al, which reported lower average ICC (per 4
mm2) in G-POEM non-responders as compared with responders
[16]. However, besides the retrospective nature and small num-
ber of patients (21 patients; only four in the G-POEM non-re-
sponder group), the authors included ICC counts from both an-
tral and pyloric specimens, which limits the interpretability of
the results as ICC density varies significantly based on location
[9, 10, 15]. Hence, further investigation of the exact role of py-

▶Table 1 Baseline and procedure characteristics.

Baseline characteristics All (n = 56)

Median age (IQR); years 60 (48–68.5)

Female; n (%) 40 (71.4)

Median duration of symptoms (IQR); months 24 (12–36)

Etiology of gastroparesis; n (%)

▪ Diabetes mellitus 18 (32.1)

▪ Post-surgical 21 (37.5)

▪ Idiopathic 17 (30.4)

Psychiatric comorbidities; n (%)

▪ Depression 25 (44.6)

▪ Anxiety 22 (39.3)

History of pyloric botulinum toxin injections;
n (%)

25 (44.6)

Mean 4-hour retention percentage on GES
emptying scan, (SD)

46 (24.2)

Mean baseline GCSI, (SD) 3.3 (1.2)

Baseline FLIP measurements at 40mL disten-
sion, mean (SD)

▪ Diameter, mm 14.0 (2.1)

▪ Pylorus CSA (mm2) 24.5 (19.5)

▪ Bag pressure (mm Hg) 175 (80)

▪ Distensibility index (mm2/Hg) 7.8 (3.8)

Procedure characteristics

Length, mean (SD), cm

▪ Mucosal Incision 2.1 (0.4)

▪ Submucosal tunnel 4.5 (0.7)

▪ Pyloromyotomy 2.3 (0.9)

Total procedure time, mean (SD) 43.1 (17.3)

Adverse events, n (%)

▪ Post-procedure bleeding 0

▪ Mucosotomy 1 (1.8)

▪ Other 0

IQR, interquartile range; GES, gastric emptying scan; GCSI, gastroparesis
cardinal symptom index; SD, standard deviation; FLIP, functional luminal
impedance planimetry; CSA, cross-sectional area.
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loric ICC in the pathogenesis and clinical manifestations of pa-
tients with gastroparesis is still needed.

Our study demonstrated that most patients with gastropar-
esis had diffuse collagen fibrosis (75%) in the pylorus. This find-
ing is consistent with the degree of fibrosis (82%) identified on
a prior study evaluating full-thickness pyloric muscle surgical
specimens in gastroparesis [15]. The more prominent fibrosis
in the pylorus as compared with in the antrum or body of the
stomach in patients with gastroparesis has been implicated as
a potential contributor to pyloric dysfunction [14, 15]. Interest-
ingly, we identified significant variability in the degree of fibro-
sis between patients who had a clinical response to G-POEM
versus those who did not. For one, approximately one-third of
patients who responded to G-POEM (33.3%) had no pyloric fi-
brosis as compared with only one patient (6.3%) in the non-re-
sponder group (P =0.04). Even among patients with fibrosis,
the degree of moderate to severe fibrosis was significantly
more prevalent among G-POEM non-responders vs responders
(81.3% vs 25%; P =0.0002). Interestingly, pyloric compliance,
based on CSA and DI on FLIP, was not different between pa-
tients with no to mild fibrosis vs. those with moderate to severe
fibrosis. Additional studies are needed to further elucidate the
mechanism by which fibrosis may contribute to pyloric dysfunc-
tion and impact treatment response to pylorus-directed thera-
pies such as G-POEM.

There are several strengths to our study. For one, this is the
largest prospective study evaluating histological changes at the
pylorus in patients with gastroparesis. We demonstrated that

pyloric smooth muscle biopsy during G-POEM was highly feasi-
ble and safe, with adequate tissue acquisition for histological a-
nalysis obtained in > 93% of the cases and no AEs reported. Sec-
ond, our histological findings correlated closely with previous
reports using full-thickness surgical specimens, further sup-
porting the efficacy of submucosal endoscopy as a viable path
for direct biopsy and augmenting the external validity of our
observations. Last, we were able to correlate histological find-
ings with clinical response to G-POEM, thereby providing addi-
tional data regarding pyloric dysfunction in patients with gas-
troparesis.

Our study is not without limitations. First, the criterion for
clinical success used in this study was an improvement ≥ 1 point
on the GCSI, which was based on some prior studies. However,
there is currently no consensus definition for clinical success
and a more stringent criterion may have affected our results.
Second, we also acknowledge that most of our patients have
only been followed between 3 and 12 months; therefore, long-
term data are lacking. There are currently no data on the asso-
ciation between ICC density and fibrosis at the pylorus on his-
tology and clinical response to G-POEM. As such, no formal
sample size calculation was derived for this study, which should
be taken into consideration when interpreting our results.
Third, we also recognize that while this represents the largest
study assessing histological changes on pyloric muscle biopsies
in patients undergoing G-POEM, the relatively small sample size
precludes any significant subgroup analyses. We also acknowl-
edge that more than half of the patients in this study had prior

▶Table 2 Comparison of patients with pyloric ICC < 10/HPF vs ≥ 10/HPF and no/mild fibrosis vs. moderate/severe fibrosis.

Variable ICC

< 10/HPF

(n =38)

ICC

≥ 10/HPF

(n =16)

P value Mild fibrosis

(n =30)

Moderate/

severe fibrosis

(n =22)

P value

Age, median (IQR); years 64 (44.5–69) 57 (48.5–65.3) 0.92 58.5 (49–68.3) 65 (45–69) 0.91

Female; n (%) 25 (62.5) 14 (87.5) 0.18 23 14 0.36

Etiology of gastroparesis; n (%)

▪ Diabetes 11 6 13 5 5 0.15

▪ Postsurgical 18 3 12 10 10 0.78

▪ Idiopathic 9 7 15 7 7 0.26

Duration of symptoms, median (IQR);
months

24 (12–54) 23 (16.3–24) 0.16 24 (10.5–60) 20 (12–33) 0.18

Botulinum toxin injections; n (%) 16 8 0.77 13 10 1.00

4-hour retention percentage on GES,
mean (SD), %

48.2 (21.8) 44 (28.1) 0.56 44.1 (24.1) 47.6 (24.4) 0.60

Baseline GCSI, mean (SD) 3.3 (1.2) 3.3 (1.2) 1.00 3.4 (1.3) 3.1 (1.2) 0.40

Baseline pylorus FLIP, mean (SD)

▪ Pylorus CSA (mm2) 178.6 (68.5) 168 (98) 0.65 164.7 (57.9) 193.5 (104.6) 0.71

▪ Distensibility index (mm2/Hg) 8.3 (3.5) 6.9 (4.3) 0.22 8.0 (3.5) 7.9 (4.3) 0.44

ICC, interstitial cells of Cajal; IQR, interquartile range; GES, gastric emptying scan; GCSI, gastroparesis cardinal symptom index; FLIP, functional luminal impedance
planimetry; CSA, cross-sectional area.
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botulinum toxin injections to the pylorus and it remains unclear
if this could have affected the histological findings. Nonethe-
less, on subgroup analysis (supplementary material), we did
not find a difference in ICC count or degree of fibrosis between
gastroparetic patients who received botulinum toxin injections
vs. those who did not. Third, our sample size included only pa-
tients with medically refractory gastroparesis referred for G-
POEM; therefore, it may not be representative of all patients
with gastroparesis. Furthermore, given the nature of how the
biopsies were obtained, a control group (patients without gas-
troparesis) was not available. Irrespective of those limitations,
our study provides compelling data indicating an association
between ICC depletion and fibrosis in patients with pyloric dys-
function and clinical response to G-POEM.

Conclusions
In conclusion, our study supports the feasibility and safety of
direct biopsy of the pylorus during G-POEM. We demonstrated
that both pyloric ICC depletion and fibrosis are common among
patients with gastroparesis. Initial data suggest patients with a
higher degree of fibrosis at the pylorus may have a worse re-
sponse to G-POEM therapy. Further longitudinal studies are
needed to corroborate these results and the implications in

management of patients with medically refractory gastropar-
esis.
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