Digestive Diseases and Sciences (2018) 63:2405-2412
https://doi.org/10.1007/5s10620-018-4976-9

ORIGINAL ARTICLE

@ CrossMark

Gastric Per Oral Endoscopic Myotomy (G-POEM) for the Treatment
of Refractory Gastroparesis: Early Experience

Zubair Malik' - Rahul Kataria' - Rani Modayil? - Adam C. Ehrlich® - Ron Schey’ - Henry P. Parkman' -
Stavros N. Stavropoulos'

Received: 12 July 2017 / Accepted: 10 February 2018 / Published online: 22 February 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Background Gastric per oral endoscopic myotomy (G-POEM) of the pylorus is a technique that is recently being used to
treat gastroparesis. Our aim was to report our experience in performing G-POEM for refractory gastroparesis of different
etiologies and determine symptom improvement.

Methods Thirteen patients undergoing G-POEM are reported. Pre- and post-procedure gastric emptying study (GES) and
PAGI-SYM for symptom severity were obtained. Patients underwent G-POEM by creating a submucosal tunnel starting in
the greater curvature of the distal antrum and extending it to the beginning of the duodenal bulb, followed by a full thick-
ness pyloromyotomy.

Results All 13 gastroparesis patients successfully underwent G-POEM (one diabetic [DGp], four idiopathic [IGp], eight
postsurgical [PSGp]). Postsurgical patients included 4 s/p esophagectomy for esophageal cancer, 3 s/p Nissen fundoplication,
and 1 s/p esophagectomy for achalasia. There were no procedure-related side effects. Of 11 patients completing follow-up
questionnaires, eight were improved subjectively (four patients reported considerably better, four patients somewhat better,
one unchanged, and two worse). Individual symptom severity scores tended to improve, particularly vomiting, retching, and
loss of appetite. Of six patients that had post-G-POEM GES; GES improved in four, unchanged in one, and worsened in one).
Conclusions G-POEM for treatment of refractory gastroparesis appears to be a feasible and safe technique that can be suc-
cessfully performed in patients with a variety of etiologies including different types of postsurgical gastroparesis. Our initial
experience suggests that the majority of patients report some improvement in symptoms, particularly symptoms of vomiting,
retching, and loss of appetite. Further experience is needed to determine the efficacy and safety of G-POEM and predict
those who best respond to this treatment.
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Introduction

Gastroparesis is a disorder defined objectively by delayed
gastric emptying in the absence of mechanical obstruction
and subjectively by symptoms such as early satiety, nausea,
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vomiting, postprandial fullness, and upper abdominal pain
[1]. Gastric emptying does not correlate well with symptoms
in gastroparesis. Gastroparesis has three primary etiologies,
diabetic gastroparesis (DGp), idiopathic gastroparesis (IGp),
and postsurgical gastroparesis (PSGp). Patients with gastro-
paresis are often treated with prokinetic drugs such as meto-
clopramide, erythromycin, and domperidone as well as with
antiemetic agents such as promethazine and ondansetron, but
response may be limited and side effects may occur [2]. For
refractory patients, treatment options are limited. Gastric
electric stimulation has also been tried, but this is listed by
the FDA as humanitarian device exemption.

The pyloric sphincter helps regulate gastric emptying.
Prior studies using water perfused manometry and high-
resolution manometry have characterized the pylorus muscle
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as a sphincter which is seen as an area of high pressure on
manometry. Some patients with diabetic gastroparesis can
have pylorospasm, which is prolonged periods of increased
pyloric tone and phasic contractions [3-5]. Studies of the
pylorus using the Endoscopic Functional Luminal Imaging
Probe (EndoFLIP) showed that the pylorus in gastroparesis
patients has higher pressure and lower compliance compared
to normal subjects [6] with pyloric diameter and cross-sec-
tional area (CSA) associated with symptoms of early satiety
and postprandial fullness [7].

Therapies for gastroparesis have been directed toward
the pylorus with partial success. Previous open label stud-
ies have shown some improvement in symptoms and gas-
tric emptying after botulinum neurotoxin A (BoNT/A)
[8]. BoNT/A injection to the pylorus inhibits release of
acetylcholine and reduces pyloric smooth muscle pressure
[9]. However, placebo-controlled studies showed similar
responses in composite symptoms of gastroparesis when
comparing BoNT/A and placebo [2, 10]. Another approach
has been through surgical pyloroplasty, which has been in
use for over 40 years. Hibbard et al. [11] showed that the use
of surgical pyloromyotomy in patients with gastroparesis
improved both symptom scores as well as gastric emptying.
Later studies demonstrated adding a surgical pyloroplasty to
use of gastric electric stimulator placement improved both
symptoms of gastroparesis as well as gastric emptying, both
in short-term and long-term follow-up [12, 13]. Transpyloric
stenting of the pylorus has shown initial improvement in
symptoms and gastric emptying, but there is concern for
stent migration and long-term viability [14, 15].

Per oral endoscopic myotomy (POEM) is a newer tech-
nique that was initially used for the treatment of achalasia
and was first described by Ortega et al. and first performed
on a human by Inoue [16, 17]. With the development of this
technique and the successful results of other pyloric thera-
pies, an endoscopic pyloromyotomy was theorized, with its
first application in pigs by Kawai et al. [18] and first human
case performed by Khashab et al. which was published in
2013 [19]. Recently, a multicenter trial was published with
data on 30 patients who received G-POEM for gastroparesis,
showing 86% clinical response and only two adverse events
(6.7%) [20].

Our aim in this study was to report our results in perform-
ing G-POEM performed by a single endoscopist in patients
with refractory gastroparesis from a variety of etiologies of
gastroparesis, including atypical forms of gastroparesis, and
determine the symptom improvement as well as to use End-
oFLIP to see if there were pyloric sphincter characteristics
that could predict a successful procedure.
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Methods

The first 13 patients undergoing G-POEM are reported in
this study from October 2015 to October 2016. Patients
were offered this procedure if they had ongoing severe
refractory symptoms for which a pyloromyotomy was
suggested for treatment of their refractory symptoms.
Our center also provides treatment with domperidone
and gastric electric stimulation; stimulator placement was
generally offered to diabetic or idiopathic gastroparesis
patients with refractory nausea and vomiting prior to con-
sidering pyloromyotomy, or at times, a pyloromyotomy
was suggested to be done laparoscopically with place-
ment of GES. The G-POEM procedures were performed
by a single interventional endoscopist (SS), experienced
in endoscopic submucosal dissection (ESD) and POEM, at
either Winthrop University Hospital or Temple University
Hospital. Pre-procedure gastric emptying study (GES) was
done on all patients. Each patient filled out a questionnaire
that included the Patient Assessment of GI Symptoms
(PAGI-SYM). The PAGI-SYM, which includes the Gas-
troparesis Cardinal Symptom Index, assesses symptoms
of gastroparesis asking about their primary symptom of
gastroparesis as well as the severity of other symptoms
including nausea, stomach fullness, loss of appetite, bloat-
ing, retching, vomiting, stomach visibly larger, not able
to finish a normal size meal, feeling excessively full after
meals, and upper abdominal pain. Patients graded their
symptoms severity over the prior 2 weeks from 0 (none)
to 5 (very severe) [21, 22].

Patients underwent G-POEM during endoscopic gas-
troduodenoscopy (EGD) procedure under general anes-
thesia using a standard Olympus 190 upper endoscope.
The technique used was adopted from Dr. Inoue described
in the initial G-POEM procedure with some modifica-
tions [19]. After completing an initial diagnostic EGD,
an Endoscopic Functional Luminal Imaging Probe (End-
oFLIP) measurement of the pylorus was taken, if felt to
be clinically feasible and safe. A gentamicin wash was
then performed of the stomach, esophagus, and oral cav-
ity. The G-POEM procedure was then started by creat-
ing a submucosal tunnel starting in the greater curvature
of the distal antrum 5 cm proximal to the pylorus and
extending it to the beginning of the duodenal bulb using
an [-Type Hybrid Knife. This was followed by a full thick-
ness pyloromyotomy using an I-Type Hybrid Knife or a
Hook Knife. Post-pyloromyotomy EndoFLIP was then per-
formed if it was felt to be clinically feasible and safe. The
submucosal tunnel was then closed using an endoscopic
suturing device. Any accidental mucosotomy was closed
using clips. Patients were admitted to the hospital after the
G-POEM. An upper GI series was performed on either day
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1 or day 2 post-G-POEM based on the patients’ clinical
symptoms to evaluate for perforation. If there was no leak
seen on the upper GI series, patient was started on a liquid
diet and when able to tolerate the diet without pain was
discharged home.

Post-procedure GES and repeat questionnaire were per-
formed approximately 3 months after treatment to assess
treatment response to G-POEM. Patients filled out the
CPGAS (Clinical Patient Grading Assessment Score) to
assess their overall response to the treatment mainly if they
had improved or not (as a dichotomized response) and the
degree of their improvement from + 3 to — 3: + 3 (com-
pletely better); + 2 (considerably better); + 1 (somewhat
better); 0 (unchanged); — 1 (somewhat worse); — 2 (con-
siderably worse); — 3 (very considerably worse) [23]. This
CPGAS is analogous to clinical global patient impression
(CGPI), used in other treatment trials [24].

Statistical Analysis

Data and statistical analysis were performed using a de-iden-
tified Microsoft Excel database. Student’s t test was used to
compare pretreatment and posttreatment values, responders
and non-responders, as well as different subtypes of gastro-
paresis. Results are expressed as mean + standard deviation
(SD).

Results
Patients

Thirteen patients with refractory gastroparesis (persistent
symptoms and gastric retention) successfully underwent
G-POEM (mean age 45.7 + 10.3 years; six male, seven
females) (Table 1). One patient had diabetic gastroparesis
(DGp), four had idiopathic gastroparesis (IGp), and eight
were postsurgical gastroparesis (PSGp). Of the eight PSGp
patients, three were post-Nissen fundoplication and five had
atypical postsurgical gastroparesis (four post-esophagectomy
for esophageal cancer, and one post-esophagectomy with
gastric pull-up for achalasia). Eleven of the 13 patients had
previously been treated with Botox injections of the pylorus
(one DGp, four IGp, six PSGp), one PSGp had previously
had pyloric surgery as well as balloon dilations, and one had
no previous pyloric treatment (PSGp). Three of the patients
had previous gastric stimulators placed (one DGp, two IGp).

G-POEM Procedure

The average time for G-POEM was 119 + 23 min from
scope insertion to removal. The average length of the sub-
mucosal tunnel was 6.8 + 2.0 cm which took an average

of 35 + 13 min to complete. The average myotomy length
was 3.5 + 0.8 cm which took an average of 23.9 + 9.3 min
to complete. The average time for the submucosal tunnel
to be closed with a running suture was 5.1 + 2.8 min. The
average time from incision to closure of the G-POEM was
64.4 + 17.1 min. During the procedure, three patients had
an accidental mucosotomy and all were closed with clips.
The average length of hospital stay post-G-POEM was
2.5 + 1.4 days. None of the patients had a leak on the upper
GI series that was done post-procedurally. Post-procedurally,
there was only one complication, a pulmonary embolism
(PE) in a patient who had previously had a PE and there was
suspicion of underlying hematologic abnormality.

EndoFLIP

EndoFLIP measurements of the pylorus were taken pre-
procedurally in nine patients and post-procedurally in four
patients. The EndoFLIP measurements were not performed
in two patients: in two patients, the catheter could not be
passed past the pylorus, whereas in two patients, it was not
attempted due to the timing of the case. Measurements were
taken with 30-, 40-, 50-ml balloon inflation. Prior to the pro-
cedure, with 30-ml inflation, the pylorus was characterized
as average pressure of 15.7 + 8.4 mm Hg, cross-sectional
area (CSA) of 78.2 + 34.8 mm?, diameter of 9.7 + 2.2 mm,
distensibility of 6.0 + 3.3 mm*/mmHg, and compliance of
196 + 99 mm*/mmHg. Immediately after the G-POEM pro-
cedure, there were trends to improvement with decrease in
average pressure of 9.6 + 10.8 mm Hg, increase in CSA
of 83.6 + 27.3 mm? and diameter of 10.2 + 1.6 mm, and
improved distensibility to 6.6 + 5.2 mm*mmHg and compli-
ance to 203 + 178 mm*/mmHg. When comparing patients
that clinically improved with those that did not, only one
measurement showed significant difference—minimum
diameter with 40 cc balloon volume; a larger CSA was pre-
sent in those improving (14.7 vs. 12.3 mm?, p = 0.04). No
other significant differences were seen between EndoFLIP
and clinical response, symptom scores, or gastric emptying.

Symptom Response

Eleven of the 13 patients completed their follow-up question-
naires at approximately 3-month follow-up (108 + 69 days).
Of these 11 patients, eight were improved subjectively using
the CGPAS (73%) (three 1Gp, five PSGp), two were wors-
ened (IGp, PSGp), and one was unchanged (PSGp). Overall,
the mean CGPAS score was 0.6 + 1.6.

Of the 11 patients with follow-up information, four
patients had a CGPAS score of 2 (considerably better). The
response to the G-POEM tended to be better if patients
had a prior clinical improvement to Botox injection into
the pylorus. We had response information to eight of the
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eleven patients undergoing prior Botox injection of the
pylorus before the G-POEM. Of five patients that responded
to Botox injection of the pylorus, three (60%) responded
to G-POEM, whereas of three patients not responding to
Botox injection of the pylorus, only one (33%) responded
to G-POEM.

No significant difference was seen between pre and
post-GCSI scores when looking at all patients (2.1 + 0.8 vs
1.9 + 1.0) and patients that showed improvement (1.9 + 0.6
vs 1.6 + 1.0) or no improvement (2.8 + 1.1 vs 2.7 + 0.7).
There was a trend toward a lower starting GCSI in patients
who improved when compared to those who did not improve
(1.9+0.6 vs 2.8 + 1.1; p = 0.14). Using the clinically mean-
ingful change of the GCSI of 0.5 [22], five of the eleven
patients with follow-up had a clinically meaningful improve-
ment. The individual symptom scores, particularly vomiting,
retching, and loss of appetite, tended to improve in patients
with reduction of symptom severity of 29, 24, and 24%,
respectively (Table 2). The GCSI score does not factor in
symptoms of regurgitation or abdominal pain that some of
our patients had.

Gastric Emptying

All patients had delayed gastric emptying before the proce-
dure, averaging 78% retention at 2 h and 49% retention at
4 h. Post-G-POEM GES was obtained in six patients. Gastric
emptying improved with the percent retention at 2 h decreas-
ing from 79 to 60% (p = 0.06) and the percent retention
at 4 h decreasing from 49 to 33% (p = 0.10) (Table 2). In

the six patients with follow-up gastric emptying tests, four
improved gastric emptying (three clinically improved, one
unchanged), one had an unchanged gastric emptying (clini-
cally improved), and one had a worsened gastric emptying
(clinically improved). Of the four GES that improved, two
studies were within normal limits after G-POEM, one was
mildly abnormal (12% retention, normal < 10%) which was
the patient who subjectively was unchanged, and one was
markedly abnormal but improved from baseline (97% reten-
tion to 65% retention) (Table 1).

Discussion

This study demonstrates that G-POEM for treatment of
refractory gastroparesis appears to be a feasible and safe
procedure. Furthermore, our study shows that G-POEM can
be performed in a variety of patients with different types of
gastroparesis including different types of atypical postsurgi-
cal gastroparesis. This study had 100% procedural success
with no procedural complications. The majority of patients
reported being at least ‘somewhat’ better. Individual symp-
toms tended to improve particularly vomiting, retching, and
loss of appetite which tended to have 20-30% decrease in
symptom score. Only one adverse event was reported (pul-
monary embolism). This patient had a previous history of
pulmonary embolism.

Our single-center results are similar to other G-POEM
studies that have been reported (see Table 3 for comparison
of previous study results) as well as surgical pyloroplasty

Table 2 Effect of endoscopic pyloromyotomy (G-POEM) on symptoms of gastroparesis and gastric emptying

PAGI-SYM questionnaire Sx Pre-procedure Pre-procedure Post-procedure p value Percent

All 13 patients 11 pts with Fu 11 pts with Fu i{;l;rovemem

4

Nausea 22+08 23+12 20+15 0.30 10
Retching 25+12 19+13 14+15 0.22 24
Vomiting 22+13 19+1.2 14+14 0.10 29
Stomach fullness 30+038 29+038 28 +1.1 0.40 3
Early satiety 33+06 33+06 3.1+09 0.29 1
Postprandial fullness 28+1.2 3.0+09 25+1.2 0.12 15
Loss of appetite 21+14 19+14 14+13 0.15 24
Bloating 1.7+14 19+ 1.5 1.7+15 0.12 7
Stomach visibly larger 14+14 15+14 1.7+14 NS - 16
Upper abdominal pain 22+13 20+1.3 1.7+ 1.5 0.20 16
GCSI 22+038 21+038 1.9+1.0 0.27 9
Gastric emptying Pre-procedure Pre-procedure Post-procedure p value Percent

All 13 patients 6 pts with Fu 6 pts with Fu improvement
Percent retention—2 h 78 + 14 79 + 15 60 + 27 0.06 24
Percent retention—4 h 49 + 24 49 +25 33 +28 0.10 32

Results expressed mean + SD
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Table 3 Results of reported studies of G-POEM for gastroparesis

Study N

Type of gastroparesis Clinical efficacy

Gastric emptying scintigraphy

Schlomovitz et al. [24] 7 (G-POEM at same

time as laparoscopic
surgery)

Khashab et al. [20] 30 patients (5 centers)

Gonzalez et al. [25] 29
Dacha et al. [27]

16 (4 stimulators)

Rodriguez et al. [28] 47

5 Idiopathic
2 Postsurgical

12 Postsurgical
11 Diabetic

7 Idiopathic

15 Idiopathic
7 Diabetic

5 Postsurgical
2 Scleroderma
9 Diabetic

5 Idiopathic

1 Postsurgical
1 Post-infectious

27 Idiopathic

6/7 (86%) improved at 3 months

86%

No validated score

23/39 (79%) at 3 m
2 failures DGp

13/16 (81%) better GCSI, no
admission
3 failures DGp

Improvement in GCSI from 4.6
to 3.3

Improvement in GCSI from 3.5 to
1.3 at 3 months

4/5 (80%) improved

8/17 (47%) normalized

16/23 (70%) normalized

9/12 (75%) normalized 3/12 (25%)
improved

Improvement from 37 to 20%
retention at 4 h

Improvement from 57.5 to 15.0%
retention at 4 h at 3 months

12 Diabetic
8 Postsurgical
Jacques [29] 20 10 Diabetic
10 Nondiabetic
Malik et al. (this study) 13 (11 Botox, 3 1 Diabetic
stimulators, 1 surgi- 4 Idiopathic

cal myotomy) 8 Postsurgical

8/11 (73%) improved

follow-up

4/6 (67%) improved (2 of these
(33%) normalized)

studies [10]. Three previous single-center trials were per-
formed ranging from seven patients to 29 patients, mainly
performed on DGp and IGp, had similar clinical efficacy as
our study ranging from 81 to 86% improvement [25-27].
The Khashab et al. report was a retrospective multicenter
study of five centers included 30 patients both of which had
a 100% procedural success and 86% clinical response and
7% complication rate, which unfortunately did not use a vali-
dated gastroparesis symptom questionnaire [20]. Of interest,
our study shows the procedure was able to be accomplished
in a number of different forms of atypical and postsurgical
gastroparesis.

The utility of the EndoFLIP in assessing pyloric dys-
function in patients with gastroparesis is being reported.
Gourcerol et al. [27] showed fasting pyloric compliance in
patients with gastroparesis was significantly lower than in
healthy controls and correlated with symptom severity and
gastric emptying time. Malik et al. [7] showed pyloric diam-
eter and cross-sectional area were inversely correlated with
symptom severity. Snape et al. [30] demonstrated significant
correlation between pyloric distensibility and pressure and
showed that reduced pyloric distensibility was associated
with delayed gastric emptying. It was our hypothesis that
EndoFLIP measurements taken prior to G-POEM may help
to determine which patients will benefit from G-POEM
and those who will not. Although no correlation was seen,
our numbers are limited and further studies with the use
of EndoFLIP are needed. Our post-procedure EndoFLIP

@ Springer

measurements were taken right after the endoscopic pylo-
romyotomy; perhaps, there is swelling and inflammation
affecting the measurements and performing this later after
the pyloromyotomy would be better to assess the improve-
ment in pyloric characteristics. We found the intubation of
the pylorus with the EndoFLIP catheter could be difficult
due to looping of the catheter in the stomach; better tech-
niques to intubate the pylorus are being developed.

Many of our patients had prior botulinum toxin injections
into the pylorus. BoONT/A injections into the LES have been
reported to make Heller myotomy and POEM more diffi-
cult in achalasia due to scarring induced by the BoNT/A
injection [31]. We did not find that this made the G-POEM
procedure more difficult. The response to G-POEM tended
to be greater in those that had a clinical response to Botox
injection into the pylorus, compared those that Botox did
not help symptoms. Pylorospasm appears to be relevant dis-
ease mechanism in a subset of gastroparesis patients. The
response to BoNT/A injections into the pylorus may help
predict those who might respond to G-POEM. Further stud-
ies are needed to help investigate if the response to pyloric
botulinum toxin injection is a helpful test to see who might
respond to G-POEM.

Each of the patients had refractory gastroparesis with per-
sistent symptoms and delayed gastric emptying. Many of the
postsurgical patients had low gastroparesis symptoms, as
assessed by the GCSI. This might have been from their prior
vagotomy as the vagus nerve mediates sensory transmission
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from the GI tract or due to atypical symptoms of gastropare-
sis as several patients had initially esophageal disorders such
as achalasia and had post-esophagectomy gastroparesis. The
lack of significant change in the GCSI might have been due
to the lower GCSI values that were present at baseline. The
symptoms that responded to G-POEM in our study included
vomiting, retching, and loss of appetite. A larger number
of patients undergoing this procedure would strengthen this
statement statistically. Our study used the commonly used,
validated questionnaire, PAGI-SYM that includes the Gas-
troparesis Cardinal Symptom Index (GCSI) and captures
other symptoms such as upper abdominal pain. Interestingly,
our study revealed a lower starting GCSI in patients who
improved compared with those who did not respond. This
suggests those with lower GCSI and less severe sympto-
matic disease had a better response whereas those with more
severe symptoms who may have more severe gastroparesis
with antral hypomotility that would not be improved with
pyloromyotomy. Perhaps pyloromyotomy should be per-
formed earlier in the disease course rather than in patients
that are refractory to other treatments as was done in our
study. No other predictive factors of response were seen in
our small study. Gonzalez et al. [26] suggest that diabetes
and female gender were associated with a poor response.
Further larger-scale studies will be needed to determine
the utility of pre-procedural testing including EndoFLIP as
response to other treatments such as Botox injection of the
pylorus.

Our study had the patients rate their response to treatment
with G-POEM using the CGPAS. The CPGAS is analogous
to clinical global patient impression (CGPI), used in other
treatment trials. Using this assessment, 73% of patients rated
an improvement with the G-PEOM procedure. Of our 11
patients with follow-up information, four had a score of 2
(considerably better). The more favorable response with
the CPGAS assessment than the GCSI might stem from the
CPGAS including other symptoms that patients deem impor-
tant to their disorder, such as regurgitation and abdominal
pain.

Gastric emptying improved with the G-POEM procedure
and normalized in some patients. Patients had initially the
4-h gastric emptying scintigraphy test. We were unable to
obtain post-procedure gastric emptying tests in all patients,
in part, due to referral areas being some distance from our
center.

There are several limitations in this study. This study was
performed at an academic medical center, one with experi-
ence with gastroparesis, and the procedure was performed
by an expert interventional endoscopist. We did not have
follow-up on all the patients—symptoms and gastric emp-
tying. Finally, the EndoFLIP data were not obtained on all
patients pre- and post-procedure as the catheter could not be
passed across the pylorus in all patients.

In conclusion, our single-center study involving 11
patients in whom follow-up data were available shows that
G-POEM is a potential treatment option of refractory gas-
troparesis. G-POEM appears to be feasible, safe, and poten-
tially useful technique. Furthermore, our study shows that
G-POEM can be performed in a variety of patients with
different types of gastroparesis including different types
of atypical postsurgical gastroparesis. Of the gastroparesis
symptoms, vomiting, retching, and loss of appetite tended
to improve the most. Post-procedure gastric emptying scin-
tigraphy was available in only six patients: four showed
improvements, one unchanged, and one worse. Randomized
sham-controlled studies are needed to further assess the effi-
cacy of G-POEM and to predict those who respond best to
this treatment.
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