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Abstract

Background: Heller myotomy has been considered the standard surgical treatment for patients with achalasia. Since the initiation
of peroral endoscopic myotomy (POEM), it has represented an alternative for treating patients with achalasia. Over the years,
numerous prospective and retrospective studies with POEM use for achalasia have been published. We performed a systematic
review and meta-analysis to evaluate the efficacy and safety of POEM in patients with achalasia.

Methods: Publications investigating the safety and efficacy of POEM in patients with achalasia were searched in Medline, Ovid
Journals, Medline non-indexed citations, and Cochrane Central Register of Controlled Trials and Database of Systematic Reviews.
Pooling was conducted by both fixed and random effects models.

Results: The initial search identified 328 reference articles; of these, 34 relevant articles were selected and reviewed. Data was
extracted from 20 studies (n=1753) which met the inclusion criteria. In pooled analysis, the clinical success of POEM at 3
months was 94% (95% Cl=93-95). The pooled clinical success of POEM at 12 months was 91% (95% Cl=90-92). The pooled
rate of gastroesophageal reflux disease (GERD) was 21% (95% Cl=19-23), esophagitis was reported in 16% (95% Cl=15-18),
pneumomediastinum in 4% (95% Cl=3-6), cervical emphysema in 12% (95% Cl=10-13), pneumoperitoneum in 8% (95%
Cl=7-10), pneumothorax in 5% (95% Cl=4 — 6), pleural effusion in 3% (95% Cl=2-3), post-operative bleeding in 4.29% (95%
Cl=1.91 -7.61) and aspiration pneumonia in 3.08% (95% Cl=1.13-5.97) of the patients after POEM.

Conclusion: This meta-analysis suggests that POEM is a highly effective and safe endoscopic treatment for patients with achalasia
and a reasonable alternative to Heller myotomy.
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Introduction

Achalasia is an uncommon primary motor disorder
of the esophagus that is characterized by insufficient
relaxation of the lower esophageal sphincter (LES) as well
as disorganized peristalsis of the LES. Symptoms include
dysphagia, regurgitation, and chest pain.! The annual
incidence rate of 1.6 cases per 100000 individuals and the
prevalence of 10 cases per 100000 appears to be rising.?
While the disease can occur at any age, the onset before
adolescence is rare, and it is usually diagnosed between 25
and 60 years of age.?

Achalasia results from inflammation and degeneration
of neurons in the esophageal wall.*® Histological
examination typically reveals decreased numbers of
ganglion cells in the myenteric plexus with an increased
number of lymphocytes surrounding the remaining cells.®
The primary loss of inhibitory neurons within the wall of
the esophagusleads to an increase in the basal LES pressure
and affects its normal relaxation. This leads to progressive
dilation of the esophagus, tortuosity, angulation, and
even mega-esophagus. Patients with achalasia are also at

an increased risk of developing esophageal cancer. Both
squamous cell carcinoma and adenocarcinoma have
been implicated, with squamous cell carcinoma typically
having an increased prevalence.”

Treatment goals aim to improve the progression of the
ingested contents into the stomach and alleviate dysphagia.
Currently, the three main discussed therapeutic options
are pneumatic dilatation (PD), laparoscopic Heller
myotomy (LHM), and peroral endoscopic myotomy
(POEM). The choice of treatment modality depends
on many factors, including the type of achalasia, prior
treatments, and the functional status of the patient.

Currently, the most common treatment modality
employed by gastroenterologists is PD. It involves the
passage of a dilating balloon across the LES attempting
to disrupt the sphincter muscles. LHM is an alternative
modality involving a laparoscopic approach to the
LES myotomy. To prevent gastroesophageal reflux
disease (GERD), concomitant partial fundoplication is
performed. For patients who are not surgical candidates,
Botox injections at LES can be offered for short-term
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symptom relief.

POEM is a novel endoscopic procedure that
incorporates concepts of natural orifice transluminal
endoscopic surgery and expands upon techniques
used in endoscopic submucosal dissection in order to
achieve a division of the esophageal circular muscle
fibers across the gastroesophageal junction. As a result,
POEM incorporates the advantages of both endoscopic
dilation and LHM.® Previous literature and major society
guidelines support it as a safe and effective treatment
option, mainly for type 2 and type 3 achalasia.” When
performed by an experienced operator, there is a low
incidence of intra and post-procedure complications."

Ortega et al in 1980, first described a technique
for dissecting the LES using a needle-knife to cut the
muscular fibers from the luminal side.!! Later, Pasricha
et al described the feasibility of an endoscopic mucosal
esophageal myotomy in animal models.’? Thereafter, in
2010 Inoue et al successfully performed the first POEM in
humans. Inoue is also known for coining the term peroral
endoscopic esophageal myotomy.”* Since then, there
have been a number of prospective and retrospective
data in terms of outcomes and adverse events. The aim
of this meta-analysis was to pool the results of previously
published literature on the efficacy and safety of this novel
technique.

Materials and Methods

Search Methodology

A literature search was conducted using the electronic
database engines MEDLINE through PubMed, Ovid,
Cochrane Library (Cochrane Central Register of
Controlled Trials and Cochrane Database of Systematic
Reviews), EMBASE, Cumulative Index for Nursing &
Allied Health Literature, ACP Journal Club, Database
of Abstracts of Reviews of Effects (DARE), International
Pharmaceutical Abstracts, OVID HealthStar, and Google
Scholar from January 1974 to July 2021 to identify
published articles and reports addressing the use of POEM
in patients with achalasia. The combinations of keywords
used were “Peroral Endoscopic Myotomy” or “POEM”
and “Achalasia”. The reference list of all eligible studies
was reviewed to identify additional studies. The retrieved
studies were carefully examined to exclude potential
duplicates or overlapping data. Titles and abstracts
selected from the initial search were first scanned, and the
full papers of potentially eligible studies were reviewed.

Study Eligibility

Published studies were eligible for inclusion if
they reported the use of POEM for the management
of achalasia. Articles were excluded if they were not
available in English, no outcomes were reported, or
they represented review articles or studies published as
abstracts only. In studies using multiple modalities for the
management of achalasia, data from the cohort of patients
who underwent POEM were collected and analyzed. Two
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reviewers (AK, MB) independently performed study
selections according to eligibility criteria. Disagreements
were resolved by discussion or a third reviewer.

Data Extraction and Quality Assessment

The following data was independently abstracted onto a
standardized form: study characteristics (primary author,
time period of study, year of publication, and country of the
population studied), study design, baseline characteristics
of the study population (the numbers of patients enrolled,
participant demographics, pre-procedure dysphagia
score), the intervention details and outcomes (clinical
success at 3 months, efficacy at 1-year, post-procedure
dysphagia score and complications). Risk of bias was
rated for each study by two authors independently, using
the Cochrane criteria for RCTs.

Outcome Definition

The primary outcome of interest was efficacy assessment
3 and 12 months after the procedure. This was defined
as a post-POEM Eckardt score <3 or clinically relevant
improvement of dysphagia. The secondary outcome of
interest was safety assessment, including immediate and
late complications. GERD was defined as symptomatic
gastroesophageal reflux or abnormal acid exposure
noted in a 24-hour pH monitoring study. Esophagitis
was defined by the presence of erosions or ulcerations in
the distal esophagus noted on upper gastrointestinal (GI)
endoscopy.

Statistical Analysis

This meta-analysis was performed by calculating pooled
proportions. First, the individual study proportions were
transformed into a quantity using Freeman-Tukey variant
of the arcsine square root transformed proportion. The
pooled proportion is calculated as the back-transform
of the weighted mean of the transformed proportions,
using inverse arcsine variance weights for the fixed effects
model and DerSimonian-Laird weights for the random
effects model. Forest plots were drawn to show the point
estimates in each study in relation to the summary pooled
estimate. The width of the point estimates in the Forest
plots indicates the assigned weight to that study. The
heterogeneity among studies was tested using I* statistic
and Cochran Q test based upon inverse variance
weights. I* of 0% to 39% was considered as nonsignificant
heterogeneity, 40% to 75% as moderate heterogeneity,
and 76% to 100% as considerable heterogeneity. If P value
is>0.10, it rejects the null hypothesis that the studies are
heterogeneous. The effect of publication and selection
bias on the summary estimates was tested by the Egger
bias indicator.”

Results

The initial search identified 328 reference articles; of these,
34 relevant articles were selected and reviewed. Data was
extracted from 20 studies which met the inclusion criteria.
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Figure 2. Forrest plot showing the pooled estimate of clinical success at 3 months with peroral endoscopic myotomy (POEM) in patients with achalasia
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Figure 3. Bias assessment plot of publication bias in reporting clinical
success at 3 months with peroral endoscopic myotomy (POEM) in patients
with achalasia

variable.
Pooled change in Eckardt score at 12 months was noted
to be -3.95 (95% CI=-4.10 - -3.80).

Rate of Immediate Complications

Pooled rate of pneumomediastinum was 4% (95%
CI=3-6), cervical emphysema was reported in 12% (95%
CI=10-13), pneumoperitoneum in 8% (95% CI=7-10),
pneumothorax in 5% (95% CI=4-6), pleural effusion
in 3% (95% CI=2-3), post-operative bleeding in 4.29%
(95% CI=1.91-7.61) and aspiration pneumonia in 3.08%
(95% CI=1.13-5.97) of the patients after POEM.
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Rate of Late Complications

The pooled rate of GERD was 21% (95% CI=19-23), and
esophagitis was reported in 16% (95% CI=15-18) of the
patients.

Discussion

POEM is a relatively novel, minimally invasive technique
that entails the creation of a submucosal tunnel, followed
by myotomy of the muscular layer, reducing LES resting
pressure.”” The major alternatives to POEM for the
treatment of achalasia are Heller myotomy and endoscopic
pneumatic dilation. Since 2008, POEM has proven its
efficacy in the treatment of patients with achalasia. POEM
can be offered for different esophageal diseases, is cost-
saving, and provides a longer myotomy with similar long-
term benefits as compared to LHM, all while reducing
post-procedural complications.'® In addition, endoscopic
myotomy has proven to be a promising technique for other
esophageal conditions, such as Jackhammer esophagus,
and as a “salvation technique” for patients with recurrent
symptoms after LHM. Prior studies have demonstrated
similar results comparing POEM and LHM and found
that patients in the POEM group had lower Eckardt scores
after the procedure compared with the LHM group.”
Similarly, Schlottmann et al conducted a meta-analysis of
LHM versus POEM for achalasia, confirming that overall,
POEM is more effective than the Heller procedure based
on short-term results.** Endoscopic pneumatic dilation
is associated with a 4% risk of perforation, although it
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Figure 4. Forrest plot showing the pooled estimate of clinical success at 12 months with peroral endoscopic myotomy (POEM) in patients with achalasia
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Figure 5. Bias assessment plot of publication bias in reporting clinical
success at 12 months with peroral endoscopic myotomy (POEM) in patients
with achalasia

appears to be as effective as Heller myotomy for at least
2-3 years.

In order to summarize the literature and assess for
potential sources of heterogeneity, we conducted a
systematic review and meta-analysis of available literature
on the safety and efficacy of POEM.

This study further adds to the available evidence
that POEM is an effective treatment for performing
an endoscopic myotomy in patients with achalasia.
In a pooled population of 1753, our meta-analysis
demonstrated a pooled clinical success of 93% at 3 months
and 91% at 1 year. Moreover, the risk of adverse events
requiring surgical intervention was minimal and only
observed in one patient* Most of the adverse-related
events were successfully managed conservatively.

As no anti-reflux procedure is performed in POEM,
the development of GERD post-operatively has been a
concern since its introduction. In our meta-analysis, post-

POEM GERD was noted in 21% of the patients, which is
higher than a rate of 11.5% with LHM noted in a large
meta-analysis.** While the aim of POEM is to leave the
layer of longitudinal muscle fibers intact, adverse events
of pneumomediastinum, pneumoperitoneum and/or
subcutaneous emphysema were noted in less than 10% of
the patients.

This study has several limitations. The absence of
individual patient data limited our ability to stratify
patients according to the manometric subtype and
previous treatments. Long-term follow-up was unavailable
in most studies as POEM is a novel technique.

Conclusion

In conclusion, our study adds to the current evidence that
POEM is a safe and efficacious procedure for patients with
achalasia. As a short-term follow-up, POEM resulted in a
significant decrease in Eckardt score with minimal adverse
events. At this time, further data would be beneficial in
discussing the long-term outcomes of POEM.
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