
Introduction
Gastroparesis is a chronic motility disorder of the stomach
characterized by pyloric dysfunction, antral hypomotility and/
or poor fundic accommodation [1]. Several conditions and dis-
eases such as vagal nerve injury following surgery, diabetes
mellitus, neurologic diseases, and gastrointestinal infections
could induce neuromuscular dysfunction and produce symp-

toms including nausea, bloating, early satiety, and upper ab-
dominal pain [2–5]. Though prevalence of gastroparesis has
significantly increased over the last decade, management is still
challenging. Patients with gastroparesis respond poorly to pro-
kinetic, analgesic and antiemetic agents and they frequently
present with refractory symptoms [1, 4, 6]. Surgical approaches
have been proposed, however, the invasive nature of those pro-
cedures along with the low rate of clinical success have made
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ABSTRACT

Background and aim Clinical management of patients

with gastroparesis is challenging. Prior pyloric targeted

procedures are either invasive or have questionable long-

term efficacy. Gastric per-oral endoscopic myotomy (G-

POEM) has been recently introduced as a minimally invasive

approach. In this review, we performed a meta-analysis to

evaluate the feasibility and efficacy of this technique in the

management of patients with refractory gastroparesis.

Methods PubMed, Embase, and Scopus databases were

searched to identify relevant studies published through

May 2018. Weighted pool rates (WPR) of the clinical resolu-

tion were calculated. Pooled values of Gastroparesis Cardi-

nal Symptom Index (GCSI) before and after the procedure

were compared. Pooled difference in means comparing

gastric emptying before and after the procedure was calcu-

lated. Fixed or random effect model was used according to

the level of heterogeneity.

Results Seven studies with 196 patients were included in

the meta-analysis. The mean value of procedure duration

was 69.7 (95% confidence interval [95% CI]: 39–99 min-

utes) and average estimate of hospital stay was 1.96 (95%

CI: 1.22–2.95) days. The WPR for clinical success was 82%

(95% CI: 74%–87%, I2 = 0). Compared with pre-procedure

GCSI values, mean values of GCSI were reduced significantly

at 5 days (–1.57 (95% CI:–2.2,-0.9), I2 = 80%) (P<0.001).

Mean values of gastric emptying were significantly

decreased 2–3 months after the procedure (–22.3 (95%CI:

–32.9,–11.6), I2 = 67%) (P <0.05).

Conclusion Due to the high rate of clinical success and low

rate of adverse events, G-POEM should be considered in

management of refractory gastroparesis.
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them less favorable [7]. Endoscopic interventions including in-
tra-pyloric injection of botulinum toxin, endoscopic gastrojeju-
nostomy, and transpyloric stenting have also been described
[8].

Based on positive results with pylorus-dedicated procedures
and the success of per-oral endoscopic myotomy (POEM) in
management of esophageal achalasia, a minimally invasive
method called per-oral pyloromyotomy (POP) or gastric POEM
(G-POEM) recently has been introduced [9–10]. This novel
technique employs principles of esophageal POEM and was first
reported by Khashab et al. in 2013 [10]. Over the last few years,
several observational studies and case reports have described
promising results of G-POEM in treatment of patients with re-
fractory gastroparesis [11–19]. These recently published stud-
ies were intended to describe this new technique as a feasible
and effective approach for management of patients with re-
fractory gastroparesis. Nevertheless, owing to the novelty of
this technique, the published studies had small sample sizes
and short follow-ups. Also, this skill-dependent technique has
been done by highly experienced endoscopists and there is no
consensus on the efficacy and safety of the procedure. Thus, we
aimed to perform a meta-analysis assessing the success rate of
G-POEM, its adverse events (AEs) and the results of patients’
follow-up scintigraphic studies.

Methods
The current meta-analysis was performed following the guide-
lines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [20] and meta-analysis of obser-
vational studies in epidemiology (MOOSE) [21].

Literature search and study selection

The study protocol was elaborated and approved by the investi-
gators. A comprehensive literature search was developed by an
experienced medical reference librarian (K.L) and the subse-
quent literature search was conducted by two independent in-
vestigators (MA.M, D.S). To find relevant publications, MED-
LINE, Embase and Scopus databases were searched through
May 1, 2018. The MeSH and keyword search terms included:
“Gastric per-oral endoscopy myotomy,” “G-POEM,” “per-oral
pyloromyotomy,” and “gastroparesis”. All identified records
were screened based on their title and abstract and the eligible
articles were selected to be evaluated at the level of full text.
Only English language articles were included. In addition, the
bibliography of eligible articles was reviewed to identify more
relevant studies.

Inclusion and exclusion criteria

Inclusion criteria were established by two authors (MAM, MAK)
and were determined as studies that described performing G-
POEM on patients with refractory gastroparesis (persistent
symptoms refractory to medical therapy or Gastroparesis Car-
dinal Symptom Index (GCSI) > 1.5 for more than 6 months).
We intended to identify randomized clinical trials (RCTs) or ob-
servational studies that reported clinical success rate and GSCI
or gastric emptying scan (GES) before and after G-POEM. Clini-

cal success rate was defined as statistically significant improve-
ment in the mean GCSI.

Exclusion criteria were:
▪ Studies performed on animal subjects
▪ Individual case reports or case series with fewer than 5 pa-

tients
▪ Published abstracts
▪ Review articles, technical and investigative studies that did

not report original data for clinical outcomes

All eligible articles were downloaded into EndNote 7.0 (Thom-
son ISI ResearchSoft, Philadelphia, Pennsylvania, United
States), and duplicate studies were removed. Relevant articles
were identified for review at the level of full text according to
their titles and abstracts. Studies were selected for the final in-
clusion if they met all the inclusion criteria. The whole process
of literature search, identification of relevant articles and full-
text study review were performed by two investigators inde-
pendently. The decision for the final inclusion was achieved by
joint consensus between two investigators (MA.M, DS).

Data extraction and quality assessment

Data were extracted by two independent investigators (M.AM,
D.S) from included articles using a predesigned extraction data
form. Study design, year of publication, number of patients, age,
clinical success rate, GCSI before and after procedure, GES be-
fore and after procedure, etiology of gastroparesis, length of
procedure, length of hospital stay,myotomy length, and adverse
events were extracted. Two independent investigators (M.AM,
DS) conducted quality assessment by using the National Insti-
tutes of Health (NIH) quality assessment tool for before – after
studies with no control group [18]. Any discrepancy between in-
vestigators was discussed and a joint consensus was achieved.

Statistical analysis and data synthesis

Efficacy and feasibility of G-POEM were considered as the pri-
mary outcomes of interest in this study. Weighted pool rates
of clinical success with their corresponding 95% confidence in-
tervals (CI) were calculated and the corresponding forest plot
was drawn.

Secondary outcomes of interest of this study included:
▪ Pooled difference in mean values of GCSI before and after

the procedure.
▪ Pooled difference in mean value of GES before and after the

procedure.

Paired t test was used to compare before and after procedure
values in each study.

Heterogeneity across studies was evaluated by Cochran’s Q
test and I2 [22]. P<0.1 for the Cochran’s Q test was considered
statistically significant for presence of heterogeneity. The I2

score values of 0% to 50%, 50% to 75%, and 75% to 100%
were considered as low, moderate, and high heterogeneity,
respectively [23]. When heterogeneity was low, fixed effect
model was applied and if moderate or high level of heterogene-
ity was observed, DerSimonian– Laird random-effects model of
meta-analysis were applied [24–25].
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Publication bias was evaluated by Egger’s test and visual
evaluation of obtained funnel plots. If publication bias was
found, Duval and Tweedie’s ‘‘trim and fill’’ test was used to ac-
count for the possibly missing studies.

All analysis was performed by Comprehensive Meta-Analysis
software (version 3.0; Biostat; Englewood, New Jersey, United
States).

Results
Literature search

Our search strategy identified 42 records from PubMed, 104 re-
cords from Embase, and 35 records from Scopus. After removal
of duplicates, 98 articles were screened based on their title and
abstract and 76 records were excluded. Full texts of 22 studies
were reviewed for the final inclusion. One study was not select-
ed for the final inclusion due to the fact that it was performed
under guidance of laparoscopy [17]. We excluded two studies
due to population overlap [11–12]. Finally, seven studies with
a total 196 patients with refractory gastroparesis were included
in this meta-analysis. Two studies [11, 15] were prospective and
five studies [13–14, 16, 18–19] were retrospective. The search
strategy and the process of study selection are described in a
PRISMA flowchart (▶Fig. 1).

Study characteristics and quality assessment

Regarding the etiology of gastroparesis among these 196 pa-
tients, idiopathic was the most prevalent cause, present in 83
cases (42.3%), 51 cases (26%) were post-surgical, and 56 cases

(28.5%) were diabetic. Six patients (3%) had gastroparesis due
to other etiologies such as infection and scleroderma. Due to
small number of patients in each group, cumulative clinical re-
sponse was analyzed. Patients’ duration of follow-up ranged
between 1 and 18 months.

In six studies [13–16, 18–19] routine G-POEM was per-
formed as described by Khashab et al. [10], while in one study
[11], fluoroscopy-guided G-POEM was performed. Demograph-
ic data, technical information and reported complications are
detailed in ▶Table1. Duration of procedure was reported in
six studies [13–16, 18–19] with a mean of 69.7 minutes (95%
CI: 39–99), Cochern Q test P<0.001, I2 = 97%, random effect
model. Eager’s test revealed no publication bias (two-sided P=
0.29). The pooled average hospital stay was 1.96 days (95% CI:
0.98–3.02) and was reported in four studies [14–16, 19] P<
0.001, I2 = 96% random effect model. Egger’s test demonstrat-
ed low risk of publication bias (two-sided P=0.35).

Based on NIH quality assessment, three studies [13–14, 18]
had good quality, and the other four studies [11, 15–16, 19]
were of fair quality (▶Table2).

Meta-analysis
Primary outcome

Overall, the technical success rate was 100%. Regarding the pri-
mary outcome of interest, five studies [13–15, 18–19] report-
ed clinical success rate. One study [14] defined clinical success
as improvement in symptoms without recurrent hospitaliza-
tion. Another study [15] reported clinical success subjectively

PubMed: 42; Embase: 104; Scopus: 35; (n = 181)

Id
en

tif
ic

at
io

n

83 records removed as duplicates

Title and abstracts of all identified records were screened (n = 98)

Sc
re

en
in

g

76 records excluded after title and abstract review

Eligible studies were assessed at the level of their full text (n = 22)

El
ig

ib
ili

ty

7 studies included for final meta-analysis

In
cl

ud
ed

Full-text articles excluded (n = 15)
▪Animal study: 2
▪Review article: 2
▪Studies with no relevant data: 4
▪Study with less than 5 cases: 5
▪Studies with overlap population: 2

▶ Fig. 1 PRISMA flowchart.
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by using Clinical Patient Grading Assessment Score (CPGAS).
The remaining studies [11, 13, 16, 18–19] described clinical
success as significant decrease in the GCSI after procedure. On
fixed effects models, the weighted pooled rate (WPR) of clinical
success of G-POEM was 82% (95%CI: 74%–87%), P=0.83, I2 = 0

(▶Fig. 2). Visual assessment of funnel plot and Egger’s test
demonstrated low risk of publication bias (two-sided P=0.61).

▶ Table 2 Quality assessment of studies with NIH quality assessment tool for before– after studies with no control group.

Criterion Khashab

et al.

2017

Malik et

al. 2018

Gonza-

lez et al.

2017

Xue et

al.

2017

Rodriguez

et al.

2017

Kahaleh

et al.

2018

Mekar-

oonkamol

et al.

2018

1.Was the study question or objective
clearly stated?

Yes Yes Yes Yes Yes Yes Yes

2.Were eligibility/selection criteria for
the study population prespecified and
clearly described?

Yes Yes Yes Yes Yes Yes Yes

3.Were the participants in the study
representative of those who would be
eligible for the test/service/interven-
tion in the general or clinical population
of interest?

Yes Yes Yes Yes Yes Yes Yes

4.Were all eligible participants that
met the prespecified entry criteria en-
rolled?

Yes Yes Yes Yes Yes Yes No

5.Was the sample size sufficiently large
to provide confidence in the findings?

No No No No No No No

6.Was the test/service/intervention
clearly described and delivered consis-
tently across the study population?

Yes No Yes Yes Yes Yes Yes

7.Were the outcome measures prespe-
cified, clearly defined, valid, reliable,
and assessed consistently across all
study participants?

Yes Yes Yes Yes Yes Yes Yes

8.Were the people assessing the out-
comes blinded to the participants' ex-
posures/interventions?

No No No No No No No

9.Was the loss to follow-up after base-
line 20% or less? Were those lost to fol-
low-up accounted for in the analysis?

Yes Yes Yes Yes No Yes Yes

10.Did the statistical methods examine
changes in outcome measures from
before to after the intervention? Were
statistical tests done that provided p
values for the pre-to-post changes?

Yes Yes Yes Yes Yes Yes Yes

11.Were outcome measures of interest
taken multiple times before the inter-
vention and multiple times after the in-
tervention (i. e., did they use an inter-
rupted time-series design)?

Yes Yes Yes No Yes Yes Yes

12. If the intervention was conducted at
a group level (e. g., a whole hospital, a
community, etc.) did the statistical a-
nalysis take into account the use of in-
dividual-level data to determine effects
at the group level?

N/A N/A N/A N/A N/A N/A N/A

Results Good Fair Good Fair Fair Good Fair
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Secondary outcomes

For secondary outcomes of interest, the pooled difference in
means of GCSI before and after procedure was calculated.
Three studies [11, 15, 19] reported mean values of GCSI 5 days
after the procedure. The pooled mean difference in GCSI fol-
lowing the procedure was statistically significant –1:57 [95%
CI:–2.2,–0.9; P<0.001], Cochrane Q test P=0.01, I2 = 77%,
random effect model (▶Fig. 3). Although the heterogeneity
was high, all studies reported decrease in values of GCSI follow-
ing G-POEM. Egger’s tests did not find any publication bias (P=
0.62, two-sided). Mean difference of GCSI 1 month following G-
POEM –2.35±0.47 and –1.7 ±0.42, which was reported by
Gonzalez et al. [13] and Mekaroonkamol et al. [19], respective-
ly. The mean difference between GSCI before and 3 months
after the procedure was reported by Gonzalez et al. [13] (–2.3
±0.55) and Rodriguez et al. [16] (–1.3 ±0.46).

The average percentage of gastric retention 4 hours after a
solid meal on GES before and 2 to 3 months after the procedure
were reported by 5 studies [13–16, 19]. It was decreased sig-
nificantly (P <0.001) and difference in mean values of GES was–
22.3 (95% CI:–32.9,–11.6), Cochran Q test P=0.01, I2 = 67%,
random effect model (▶Fig. 4). Egger’s test did not show any
publication bias (P=0.72, two-sided).

Adverse events

All seven articles [11, 13–16, 18–19] reported post-procedure
AEs. Twelve AEs were reported in 196 patients. Capnoperito-
neum was the most common. It happened in seven cases and
was managed with needle decompression. Peptic ulcer and
bleeding occurred in two patients. One case of pulmonary em-
boli, one case of abscess, and one case of stricture were also re-
ported. No mortality was reported due to G-POEM.

Discussion
Since the first report of human G-POEM in 2013 [10], a few
studies have described the technical feasibility and short-term
outcomes of this treatment modality [11–19]. The findings of
our meta-analysis suggest that G-POEM could be considered as
an effective treatment for management of patients with refrac-
tory gastroparesis. In all studies, the technical success rate was
100%. Based on a systematic review and meta-analysis, we
found a very high clinical success rate.

While many surgical options including pyloroplasty have
been described for management of patients with refractory
gastroparesis [26–27], their results have been variable with a
high rate of complications and recurrence of patient symptoms
[27]. Gastric electrical stimulation has been described as one of

Study name WPR and 95% CI
 WPR Lower Upper
  limit limit

Khashab 0.867 0.694 0.949
Malik 0.727 0.414 0.910
Gonzalez 0.793 0.610 0.904
Kahaleh 0.848 0.684 0.935
Mekaroonkamol 0.800 0.621 0.907
 0.816 0.740 0.874

 Clinical success

–1.00 –0.50 0.00 0.50 1.00

▶ Fig. 2 Forest plot displaying weighted pool rate for clinical success of G-POEM in refractory gastroparesis.

Study name Statistics for each study Diff erence in means and 95 % CI
 Diff erence Lower Upper
 in means limit limit P-Value

Malik –0.200 –1.418 1.018 0.748

Xue –2.090 –2.492 –1.688 0.000

Mekaroonkamol –1.700 –2.117 –1.283 0.000

 –1.574 –2.259 –0.890 0.000

 GCSI before and 5 days after the procedure

–4.00 –2.00 0.00 2.00 4.00

▶ Fig. 3 Forest plot displaying difference in means of GCSI before and 5 days after the procedure.
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the most popular surgical techniques for management of pa-
tients with gastroparesis [28]. Though this technique has been
shown to significantly improve symptoms in patients with dia-
betic gastroparesis, that was not observed in patients with
other etiologies. One clinical trial that evaluated the efficacy
of gastric electrical stimulation in 33 patients with diabetic
and idiopathic gastroparesis reported no significant improve-
ment [29]. Furthermore, device-related complications such as
lead migration, infection, bowel obstruction, and perforation
were also reported in several studies [26–27]. There has been
a trend toward less invasive, more efficient alternative options
such as endoscopic implantation of gastric electrical stimula-
tion [28]. While initial results have been promising, further lar-
ger studies are required to evaluate the outcomes of this tech-
nique.

The promising results of our meta-analysis could be attribu-
ted to the underlying mechanisms of gastroparesis. A subset of
patients with gastroparesis have functional outlet obstruction
due to pyloric dysfunction, spasm, or fibrosis [30]. Thus, it is as-
sumed that therapeutic interventions specific to the pylorus
could yield satisfactory outcomes. A number of therapeutic
procedures directed at the pylorus have been described. For in-
stance, intrapyloric injection of botulinum toxin has been ap-
plied and two placebo-controlled studies evaluated the out-
come of this technique in management of patients with gastro-
paresis [31–32]. However, the results were not satisfactory due
to short duration of action and suboptimal efficacy. According
to The American College of Gastroenterology, this technique is
not recommended for management of patients with gastropar-
esis and further investigations are required to assess the effica-
cy of this technique in a particular subset of patients with docu-
mented pylorospasm.

Transpyloric stenting has also been introduced as another
pylorus-directed technique. In a retrospective case series, this
technique was performed on 30 patients with refractory gas-
troparesis [33]. The authors reported that clinical response
was significantly lower in patients with pain than those patients

with nausea and vomiting. Furthermore, stent migration was a
common complication, which occurred in at least 48% of pa-
tients even after stent suturing. This technique is not consid-
ered definitive therapy in these patients.

This is the first meta-analysis that evaluated the outcome of
GPOEM in patients with refractory gastroparesis. We performed
a comprehensive literature search and excluded published ab-
stracts, as there are usually discrepancies between full publica-
tion and the published abstracts. Based on the findings of our
meta-analysis and comparing our results with other manage-
ment options for gastroparesis, it could be assumed that G-
POEM could serve as a potentially ideal technique with low risk
of complications. However, it should be noted that results of
our study are weakened by limitations inherent to the included
studies. G-POEM is a relatively new technique and the studies
that reported the outcome of this procedure have short fol-
low-up duration. Therefore, we cannot not provide high-level
evidence regarding the durability of this technique in offering
long-term symptom relief. Furthermore, included studies were
relatively small. Although we did not observe a significant level
of heterogeneity in our primary outcome measure, we noted a
high level of heterogeneity in all of our secondary outcome
measures. This finding could be attributed to different inclu-
sion criteria in the studies. Included studies implemented dis-
tinct criteria to define clinical success rate. Moreover, patients
with gastroparesis have various etiologies as well as symptoms
and we could not categorize our outcomes based on these
etiologies, owing to small sample size of study populations
and limited available data. For objective assessment of clinical
response, GCSI was reported at baseline, 5 days, 1 month, and
3 months after the procedure and GES was evaluated at base-
line and 2 to 3 months after the procedure. Finally, included
studies have been performed by experienced endoscopists and
this might affect the generalizability of our findings.

Study name Statistics for each study Diff erence in means and 95 % CI
 Diff erence Lower Upper
 in means limit limit P-Value

Khashab –20.000 –30.000 –9.974 0.000

Malik –16.000 –38.182 6.182 0.157

Gonzalez –12.000 –32.527 8.572 0.252

Rodriguez –16.800 –27.152 –6.448 0.001

Mekaroonkamol –40.800 –52.424 –29.176 0.000

 –22.308 –32.944 –11.671 0.000

 Gastric retention 4 hours after solid meal on GES before and after the procedure

–60.00 –30.00 0.00 30.00 60.00

▶ Fig. 4 Forest plot displaying difference in means of GES before and after the procedure.
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Conclusion
The findings of our meta-analysis suggest that G-POEM is an ef-
fective therapeutic intervention for management of patients
with refractory gastroparesis in terms of clinical response and
scintigraphic studies. Large controlled trials are required to
identify the subset of patients who would benefit the most
from this technique.
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