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Abstract
Background: The aim of this meta-analysis was to compare the short-term outcomes surrounding the efficacy and complication
rate between different modalities of pyloromyotomy and gastric electrical stimulation (GES) in the treatment of gastroparesis.

Methods: Comprehensive, computerized research was performed on PubMed, Embase, and the Cochrane Central Register of
Controlled Trials. We additionally reviewed relevant articles, without any language limitations, published prior to April 15, 2020. Meta-
analysis was conducted using RevMan 5.3 software.

Results: Three studies totaling 196 participants who had received 4 interventions, including single per-oral pyloromyotomy (POP),
double POP, laparoscopicpyloromyotomy, andGES,were eligible for analysis.Compared to single POP, double POPachievedabetter
clinical response with a pooled relative risk (RR) of 1.27 (95% confidence interval [CI], 1.01–1.60, P= .04), while laparoscopic
pyloromyotomy and GES showed no difference with a pooled RR of 0.89 (95% CI, 0.74–1.08, P= .23) and 0.87 (95% CI, 0.73–1.04,
P= .13), respectively. As for the recurrence and complication rates, only GES showed a borderline significance of recurrence in
comparison to single POP (RR 2.17, 95%CI, 1.00–4.71, P= .05), while there were no differences in the remainder of the comparisons.

Conclusions:We conducted a detailed comparison of 3 modalities of pyloromyotomy and GES in the treatment of gastroparesis,
with the results suggesting that double POP demonstrated better clinical success with similar recurrence and complication rates. In
addition, GES may result in more recurrence amongst these interventions.

Abbreviations: CI = confidence interval, GCSI =Gastroparesis Cardinal Symptom Index, GES = gastric electrical stimulation, LP
= laparoscopic pyloromyotomy, POP = per-oral pyloromyotomy, RR = relative risk.
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1. Introduction

Gastroparesis is a motility disorder defined by the manifestations
of chronic upper gastrointestinal symptoms and prolonged
gastric emptying in the absence of mechanical obstruction.[1,2]

Two large population-based cohort studies have shown that the
adjusted prevalence of gastroparesis was 13.8 to 24.2 per
100,000 persons in western countries, with the condition
affecting predominantly females.[3,4] The most common etiolo-
gies of gastroparesis involve idiopathic, diabetic, and postsurgical
disease. After treatment failure following both dietary modifica-
tion and tailored doses of prokinetic medications, several
therapeutic options remain available, including botulinum toxin
injection,[5,6] balloon dilations,[7] transpyloric stenting,[8] gastric
electrical stimulation (GES), laparoscopic or endoscopic pylo-
romyotomy, and gastrectomy. Botulinum toxin injection and
transpyloric stenting usually offer temporary alleviation, with
further concern being had regarding stent migration in trans-
pyloric stenting.[9] Balloon dilations have been reported mostly in
retrospective studies and are repeated if symptoms recur. The
latest guidelines from the European Society of Gastrointestinal
Endoscopy recommend against the use of botulinum toxin
injection, balloon dilations, and transpyloric stenting in
unselected patients with gastroparesis,[1] while a gastrectomy is
seldom currently performed due to the appearance of minimally
invasive procedures, including different modalities of pyloro-
myotomy and GES. However, the optimum intervention option
for gastroparesis remains elusive.
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GES has been introduced as a therapeutic option for refractory
gastroparesis particularly in diabetic patients,[10] but its efficacy
may be unsettling due to a 1-year clinical response rate of
between 45% and 74%,[11–14] as well as a complication-
associated removal rate of 6.3% to 12.8%.[12,15,16] Another
emerging alternative therapy, per-oral pyloromyotomy (POP),
also known as gastric peroral endoscopic pyloromyotomy, has
demonstrated comparable clinical success and adverse events
when using surgical pyloromyotomy as a comparison.[17] Similar
to laparoscopic pyloromyotomy (LP), POP divides the pylorus
without the invasiveness required in other surgeries during the
laparoscopic procedure. Furthermore, double POP is performed
with 2 circular pyloromyotomies in 1 session when compared to
single POP. Recently, 1 systemic review reported improved
outcomes in clinical response and gastric emptying scintigraphy
regarding POP alone in the treatment of gastroparesis,[18] thus
the application of this datum in clinical practice may be of limited
value. Therefore, the aim of this systemic review and meta-
analysis was to compare the short-term outcomes surrounding
the efficacy, as well as the complication rate between different
modalities of pyloromyotomy and GES, in the treatment of
gastroparesis.
2. Materials and methods

2.1. Search strategy and selection criteria

This systematic review was performed according to PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-
analyses) recommendations.[19] Comprehensive, computerized
research was performed on the electronic databases of PubMed,
Embase, and the Cochrane Central Register of Controlled
Trials published prior to April 15, 2020 without any language
restrictions. Additionally, we conducted a manual literature
search of references in retrieved articles and significant
reviews in eligible publications. A detailed description of the
search strategies is provided in Table S1, Supplemental
Digital Content, http://links.lww.com/MD2/A449. Ethical ap-
proval and informed consent from the participants were
not necessary as there was no individual participant data
involved.
We included trials which evaluated the short-term outcomes of

2 comparators, including different types of pyloromyotomy and
GES in adults having a confirmed diagnosis of gastroparesis
according to the Gastroparesis Cardinal Symptom Index
(GCSI),[20] a known validated questionnaire for gastroparesis-
related symptoms, and gastric emptying scintigraphy.[2] The
index remains a gold standard in the evaluation of gastric
motility. Reports that have studied pediatric patients, pregnant
women, or patients with histories of active upper gastrointestinal
bleeding, surgery, malignancy (including gastric or non-gastric
origins), and severe concurrent comorbidities were excluded. We
grouped the therapies into 4 interventions: double POP, single
POP, LP, and GES.
2.2. Outcome measures

We determined the clinical response of intention to treat analysis
3 to 6months after completion of therapeutic intervention from
the enrolled studies. We also analyzed the recurrence and
complication rates during the follow-up period in order to
investigate therapeutic safety.
2

2.3. Data extraction and quality assessment

Two investigators (S-SH and L-HN) independently screened the
titles and abstracts for eligibility, with their full texts being
assessed in order to clarify the eligibility status of each article.
Any disagreements were discussed until a consensus was reached,
with a third investigator (S-SI) being consulted when necessary.
We calculated the intention to treat or attempted to contact the
corresponding authors if it was not indicated in the article. Two
reviewers (S-SH and L-HN) extracted data independently, with
their data then subsequently checked by a third investigator
(S-SI). The following variables were extracted independently by 2
investigators: the first author, year of publication, country of
study, study design, sample size, comparison intervention,
outcome measurements, participants’ characteristics, and risk
of bias in the enrolled studies. We also calculated outcome
measurements, including the relative risk (RR) and a 95%
confidence interval (CI).
Two authors (S-SH and L-HN) independently evaluated the

risk of bias in the enrolled studies, based upon the Newcastle-
Ottawa Scale assessment tool.[21] Any disagreements were
discussed until a consensus was reached. A third investigator
(S-SI) was consulted whenever necessary.
2.4. Data synthesis and statistical analysis

The results were analyzed using ReviewManager V.5.3 software
(Nordic Cochrane Centre, Copenhagen, Denmark). An RR with
a 95% CI was used to present the short-term outcomes of
gastroparesis after patients had undergone therapeutic interven-
tion. These were completely produced using a random effect
model to allow for the expected heterogeneity amongst the
enrolled studies.
3. Results

3.1. Literature search and eligible studies

The detailed searching strategy is summarized in Figure 1.
Initially, we identified 1143 abstracts and reviewed 14 full-text
articles independently after the exclusion of 1129 studies which
were not relevant to our topic. Finally, we included 3 articles
involving a total of 196 participants for the purpose of qualitative
and quantitative synthesis.[22–24]

3.2. Characteristics and clinical parameters of included
studies

The methodological narrations and characteristics of the study
design and outcomes of the 2 retrospective cohort trials, plus 1
case-controlled study, are summarized in Tables 1 and 2.
Amongst these studies, the sample sizes ranged from 46 to 90,
while the ranges for age and percentage of female gender were
42.0 to 47.6, and 76.7 to 87.0, respectively. All studies were
conducted in the United States. The duration of gastroparesis
ranged from 2.3 to 5.8years, with the GCSI score prior to the
procedure ranging between 3.75 and 4.00. Regarding etiology,
idiopathic origin predominantly prevailed, followed by diabetes
and postsurgical consequences.
The comparison geometry for the efficacy of different

modalities of pyloromyotomy and GES is shown in Figure 2.
Traditional meta-analyses of the included regimens are shown in
Figure 3. When compared with single POP (the reference
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Figure 1. PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic reviews and Meta-analyses.
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regimen), only double POP showed significantly greater efficacy
(RR 1.27, 95% CI: 1.01–1.60, P= .04), while LP and GES
showed no differences with pooled RRs of 0.89 (95% CI, 0.74–
1.08, P= .23) and 0.87 (95% CI, 0.73–1.04, P= .13), respective-
ly. In Figure 4 we have calculated the separated data on the
recurrence rate and revealed that GES alone had a borderline
significance of recurrence in comparison to single POP (RR 2.17,
95% CI, 1.00–4.71, P= .05), while there were no differences in
the remainder of the comparisons. Figure 5 shows that there was
3

also no difference found among single POP, LP, and GES
regarding the complication rate.We did not perform a funnel plot
of this meta-analysis due to there being only 1 trial in each
comparator group.
We conducted a meta-analysis using the Newcastle-Ottawa

Scale assessment tool to detect any risk of bias for the
retrospective cohort and case-controlled studies (Table 3). The
scores in all the trials were more than 7 points, which suggests a
high quality.
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Table 2

Characteristics of enrolled trials.

Author
Mean age
(years)

Female
(%)

BMI
(kg/m2)

Duration
(years)

Diabetic
(%)

Idiopathic
(%)

Postsurgical
(%)

GCSI score
before procedure

Abdelfatah et al 47.6 81.1 27.4 5.8 42.2 50.0 7.8 3.82
Shen et al 42.0 87.0 23.1 2.3 47.8

∗
52.2 NA 3.75

Landreneau et al 44.8 76.7 25.5 NA 16.7 63.3 20.0 4.00

BMI = body mass index, GCSI = Gastroparesis Cardinal Symptom Index, NA = not available.
∗
Diabetes and others.

Table 1

Narrations of enrolled trials.

Author Year Country Study type
Sample
size

Comparison
intervention Outcome measures

Abdelfatah et al 2020 USA Retrospective case-controlled
study (single center)

90 Double POP vs
single POP

Clinical response: Decrease of at least 1
point in the average total GCSI score with
more than a 25% decrease in at least 2
subscales of cardinal symptoms

Shen et al 2020 USA Retrospective cohort study
(single center)

46 GES vs single POP Clinical response: No clinical recurrence
which was defined as gastroparesis
symptoms that were refractory to medical
management and required at least 1
gastroparesis-related hospitalization, as
well as a persistent GCSI score ≥3 for at
least 6 months

Landreneau et al 2019 USA Retrospective cohort study
(single center)

60 LP vs single POP Clinical response: No readmission within 30
days

GCSI = Gastroparesis Cardinal Symptom Index, GES = gastric electrical stimulation, LP = laparoscopic pyloromyotomy, POP = per-oral pyloromyotomy.
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4. Discussion

In this meta-analysis, we comprehensively evaluated a detailed
comparison of 3 different types of pyloromyotomy and GES in
the treatment of gastroparesis, with the results suggesting that
double POP demonstrated better clinical success with similar
recurrence and complication rates. Additionally, GES may result
in more recurrence amongst these interventions.
Figure 2. Comparison geometry amongst different modalities of pyloromyot-
omy and gastric electrical stimulation. GES= gastric electrical stimulation, LP =
laparoscopic pyloromyotomy, POP = per-oral pyloromyotomy.
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Dietmodification comprised of low fat foods and lowfibermeat,
as well as prokinetic medications, are often recommended as first-
line therapy in the management of gastroparesis.[25] Although 1
meta-analysis found that cisapride, D2 receptor antagonists, and
relamorelin resulted in significant improvements in both gastric
emptying andupper gastrointestinal symptoms clinically, aswell as
offering a positive association between the improvement of
symptoms and gastric emptying onmeta-regression of the optimal
methodology of gastric emptying scintigraphy,[26] the level of
evidence has still not yet been well-established. Several minimal
invasive interventions[1,25] have been suggested as second-line
therapies, including GES and laparoscopic or endoscopic
pyloromyotomy. GES was approved as a humanitarian use device
and has been given exemption by the US Food and Drug
Administration since 2000, owing to large multicenter stud-
ies[27,28] which have shown significantly decreased symptoms of
vomiting frequency in patients with intractable gastroparesis,
particularly those involving diabetic gastroparesis. Another
randomized, double-blind, crossover-designed controlled trial[29]

showeda reduced frequency innauseaandvomiting indiabetic and
non-diabetic patients with gastroparesis-like syndrome[30] or
gastroparesis, although GES did not improve either gastric
emptying or quality of life. Limited benefits from GES in patients
with idiopathic gastroparesis[23] exist due to the requirement of
surgical implantation, subsequent pacemaker adjustment or
battery replacement, variable clinical response rates,[11–14] and
device-associated removal rates,[12,15,16] all of which are factors
which may negatively affect the clinical application of GES.
Pyloric spasm is one of the factors in the pathogenesis of

gastroparesis, along with abnormal fundic emptying, gastric
dysrhythmia, and antral hypomotility.[31] Pyloroplasty has been
recently introduced to disrupt barrier function of the pylorus in



Figure 3. Forest plot of direct comparisons (RR) amongst different modalities of pyloromyotomy and gastric electrical stimulation (efficacy). CI = confidence
interval, GES = gastric electrical stimulation, LP = laparoscopic pyloromyotomy, POP = per-oral pyloromyotomy, RR = relative risk.
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order to facilitate gastric emptying and improve clinical
symptoms. Laparoscopic or endoscopic pyloromyotomy are 2
mainstream interventions for refractory gastroparesis, with one
of the largest prospective cohort studies, which had enrolled 177
Figure 4. Forest plot of direct comparisons (RR) amongst different modalities of pyl
interval, GES = gastric electrical stimulation, LP = laparoscopic pyloromyotomy,

5

patients who underwent LP, reporting improvement in gastric
emptying in 86% of patients, as well as in the patient’s symptom
severity scores.[32] Shada et al also showed that the overall
morbidity rate for LP was 6.8%, with 10.7% of patients
oromyotomy and gastric electrical stimulation (recurrence rate). CI = confidence
POP = per-oral pyloromyotomy, RR = relative risk.

http://www.md-journal.com


Figure 5. Forest plot of direct comparisons (RR) amongst different modalities of pyloromyotomy and gastric electrical stimulation (complication rate). CI =
confidence interval, GES = gastric electrical stimulation, LP = laparoscopic pyloromyotomy, POP = per-oral pyloromyotomy, RR = relative risk.

Table 3

Assessment of risk of bias in retrospective cohort and case-controlled trials by Newcastle-Ottawa Scale tool.

Author Year Selection Comparability Outcome Score

Abdelfatah et al 2020 3 2 3 8
Shen et al 2020 4 2 2 8
Landreneau et al 2019 4 1 2 7
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undergoing subsequent surgical interventions. Landreneau et al[24]

presented similar clinical improvement data in gastric emptying
and GCSI scores in patients receiving LP, although patients
experienced a longer hospitalization course, surgery time, and an
increasing trend of complicative events when compared to patients
receiving single POP. POP, another endoluminal pyloromyotomy,
was primarily introduced in 2012, and has become more common
in recent years. One meta-analysis demonstrated that the pooled
mean differences inGCSI scores and the 4-hour solid-phase gastric
emptying scintigraphy following single POP were significant at
1.76 and 26.28, respectively, as well as showing POP as having a
71% clinical success rate.[18] Another recent meta-analysis[17]

revealed that pooled clinical success rates based upon GCSI scores
and the 4-hour gastric emptying scintigraphy after single POPwere
not significant at 75.8% and 85.1%, respectively, when compared
to surgical pyloromyotomy. In our study we further prove that
double POP may offer better clinical success results than both
single POPandLP,with similar recurrence and complication rates.
There are several limitations to this meta-analysis. First of all,

we enrolled 2 retrospective cohort trials and 1 case-controlled
study in our analysis, which may have possibly contributed to
selection bias and confounding factors. Althoughmost trials have
clarified their patient population using widely validated GCSI
scores and 4-hour solid-phase gastric emptying scintigraphy, our
GCSI scores lack the ability to discriminate between gastroparesis
and functional dyspepsia, while gastric emptying scintigraphy
could not optimally distinguish pyloric spasm from other
abnormal gastric dysrhythmia or hypomotility, nor accurately
predict the severity of symptoms.[33] Even the functional lumen
imaging probe still possesses certain technical obstacles to
resolve, as well as having standardized normative parameters.[34]

Secondly, it is challenging to estimate the clinical outcomes of
refractory gastroparesis after a procedure when reporting bias
6

exists due to different outcome definitions, assessments, and
follow up periods. Nevertheless, we comprehensively evaluated
the short-term outcomes of 3 different types of pyloromyotomy
and GES in the treatment of gastroparesis using head-to-head
comparisons. Thirdly, we did not perform a funnel plot to
explore publication bias, or subgroup analysis to evaluate the
effectiveness of different modalities stratified by different
etiologies of gastroparesis due to both the small sample size
within these studies, and the sparse number of clinical trials.
Therefore, further multicenter prospective studies are awaited,
particularly in different etiologies of gastroparesis. Finally, we did
not include any combination therapies involving pyloromyotomy
plus GES simultaneously or other pyloric interventions. Recently,
1 retrospective case-controlled study showed that combining
pyloric surgery and GES, or GES alone, appeared to offer greater
improvement in nausea/vomiting for patients experiencing
predominant refractory gastroparesis, when compared separately
to pre-operative status.[35] However, the mechanisms of pyloric
interventions and GES[36,37] are completely different, with the
indication, feasibility, safety, and long-term efficacy of combina-
tion therapies remaining elusive.
In summary, we have reviewed and demonstrated that double

POP offers greater clinical success with similar recurrence and
complication rates. Additionally, GES alone displayed a
borderline significance of recurrence in comparison to single
POP, while there were no differences in the remainder of the
comparisons.
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