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Short versus standard peroral endoscopic myotomy for esophageal
achalasia: a systematic review and meta-analysis
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Muhammad Aziz®, Zubair Khan<, Ahmed M. Elzanaty?, Jordan Burlen®, Ali Nawras®

University of Toledo, Toledo, OH; University of Texas, Houston, TX, USA

Background Peroral endoscopic myotomy (POEM) is increasingly used to treat esophageal achalasia,
but is associated with a high rate of gastroesophageal reflux disease (GERD). The aim of our meta-
analysis was to compare short and standard POEM in terms of clinical success and postoperative GERD.

Methods We conducted a systematic review and meta-analysis of studies that compared POEM
using short myotomy with standard myotomy. The primary outcome was clinical success.
Secondary outcomes were postoperative GERD, perioperative complications, operation time,
and length of hospital stay. A random-effects model was used to calculate the risk ratios (RR),
mean differences (MD), and confidence intervals (CI). A P-value <0.05 was considered statistically

Results We included 5 studies involving 474 esophageal achalasia patients. Short and standard
myotomies were similar in terms of clinical success (RR 1.02, 95%CI 0.97-1.09), perioperative
complications (RR 0.68, 95%CI 0.26-1.75), and length of hospital stay (MD 0.25 days, 95%CI -0.14-
0.63). Operation time was shorter for short myotomy (MD -15.01 mins, 95%CI -20.34 - -9.67).
Although reflux symptoms were similar (RR 0.94, 95%CI 0.51-1.74), short myotomy had a lower
risk of reflux esophagitis on endoscopy (RR 0.61, 95%CI 0.39-0.98), and pathologic acid exposure

Conclusions POEM using a shorter myotomy is comparable with standard myotomy in terms of
efficacy and safety in the short-term setting. A short myotomy requires a shorter operation time

Keywords Esophageal achalasia, endoscopy, myotomy, gastroesophageal reflux disease

Abstract
significant.
on pH monitoring (RR 0.58, 95%CI 0.36-0.94).
and might reduce the occurrence of postoperative GERD.
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Introduction

Esophageal achalasia is an uncommon esophageal motility
disorder that results from the degeneration of ganglion cells in
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the esophageal wall. This leads to aperistalsis and incomplete
relaxation of the lower esophageal sphincter (LES), which
manifests with dysphagia, weight loss, and regurgitation [1].
Treatment of achalasia is aimed at lowering the resting LES
pressure, which can be achieved by mechanical disruption of the
LES muscles. This can be accomplished by surgical myotomy,
pneumatic dilation, or peroral endoscopic myotomy (POEM) [2].
Laparoscopic Heller myotomy (LHM) has been the gold standard
for the treatment of achalasia because of its high efficacy and
durability. POEM is a newer technique performed endoscopically
and does not require incisions in the chest or abdomen [3].
POEM is equivalent to LHM in terms of efficacy in relieving
dysphagia in the short term [4]. LHM is usually combined with
fundoplication to prevent acid reflex, but POEM includes no
antireflux procedure [3,5]. Therefore, POEM is associated
with higher rates of postoperative gastroesophageal reflux
disease (GERD) by multiple measurements, including reflux
symptoms, reflux esophagitis on endoscopy and pathologic
acid exposure on pH monitoring [4]. Recently, a few studies
have suggested that a modified POEM with a shorter myotomy
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length could reduce the incidence of postoperative GERD
while achieving the same clinical success rate [6].

The literature lacks high-quality evidence that compares the
clinical outcomes of short and standard POEM for esophageal
achalasia. The purpose of our systematic review and meta-
analysis was to compare short and standard POEM in terms of
clinical success and to determine whether a shorter myotomy
could reduce the incidence of postoperative GERD.

Materials and methods

Data sources and search strategy

The meta-analysis protocol was registered on PROSPERO (ID:
CRD42020222752). We performed a comprehensive search for
studies that compared short and standard POEM for esophageal
achalasia. We searched the databases of PubMed/MEDLINE,
Embase, the Cochrane Central Register of Controlled Trials, and
Web of Science Core Collection. The following were the main
search terms: (“peroral endoscopic myotomy” or “POEM”) and
(“short” or “shorter”) and “achalasia’ Supplementary Table 1
describes the search strategy used in our electronic search.
We included all publications that fit our search from inception
until October 30, 2020, not limited by language, study design
or country of origin. We also included relevant studies using
references of eligible publications. We tried to obtain the full
texts of all potential studies including contact with the authors.

Study selection

We followed the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) and the meta-analysis
of observational studies in epidemiology (MOOSE) guidelines
to screen the studies [7,8]. Two researchers (SG and AB)
independently screened and selected the studies for the final
review. Discrepancies were resolved by a third researcher (YK).
We considered full texts and abstracts of randomized controlled
trials (RCTs), cohort studies, case-control studies and case
series. We excluded single-arm studies, animal studies, case
reports, case series with a sample size <10 patients, reviews,
editorials, and letters to the Editor. We also excluded preprints
if the peer review process was not complete.

Data extraction

We extracted the following data from the final studies:
last name of first author, publication date, country of origin,
study design, study period, follow-up duration, sex, age, and
sample size. We also extracted the number of patients who
underwent short or standard POEM and their preoperative
characteristics, including Eckardt score, basal LES pressure,
4-sec integrated relaxation pressure (4sIRP), and barium
column diameter. Finally, we extracted relevant perioperative
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details, including myotomy length, operation time, length of
hospital stay, and perioperative complications. Institutional
review board approval and written consent was not needed for
this paper.

Outcomes

The primary outcome of our meta-analysis was the clinical
success of POEM, which was defined as a postoperative Eckardt
score of 3 or lower. Secondary outcomes were postoperative
Eckardt score, change in Eckardt score, postoperative basal
LES pressure, postoperative 4sIRP, and postoperative barium
column diameter. We also extracted outcomes related to the
occurrence of postoperative GERD, including reflux symptoms,
reflux esophagitis on endoscopy, and pathologic acid exposure
on pH monitoring.

Statistical analysis

The meta-analysis was performed using Review
Manager 5.4 (Cochrane Collaboration, Copenhagen, The
Nordic Cochrane Centre) and Comprehensive Meta-
Analysis (Biostat, Englewood, USA). A random-effects
model was used to calculate the weighted pooled risk
ratios (RR), mean differences (MD), and 95% confidence
intervals (CI) of our desired outcomes. We planned for
subgroup analysis according to clinical success, based
on publication status (abstract vs. publication) and study
design (RCT vs. retrospective cohort). We also planned for
subgroup analysis according to reflux esophagitis, based on
depth of myotomy (circular myotomy vs. circular myotomy
in the upper part of the tunnel and full thickness in the
lower part). A P-value <0.05 was considered statistically
significant. Heterogeneity was assessed using the Higgins
I? index, where I’ values >50% implied the presence of
substantial heterogeneity [9].

Quality and publication bias assessment

The quality of the included studies was assessed using
the revised Cochrane risk of bias tool (RoB 2) for RCTs,
and the Newcastle-Ottawa scale for cohort studies [10,11].
Publication bias was assessed visually by generating a

funnel plot of the studies that reported the clinical success
rate.

Results
Study selection

A total of 570 studies were retrieved by our search strategy.
We removed 231 duplicate studies and reviewed the remaining
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339. We excluded 331 studies based on the titles and abstracts
and reviewed the full texts of the remaining 8 studies. Finally, 5
studies met our inclusion and exclusion criteria [12-16]. Fig. 1
shows the PRISMA flow chart that illustrates how the final
studies were selected.

Study characteristics

Table 1 shows the characteristics of the 5 studies included
in our meta-analysis. The studies included 474 esophageal
achalasia patients who underwent POEM, of whom 214
underwent short myotomy and 260 standard myotomy. The
studies were published between April 2016 and October
2020. Three studies originated from China, 1 from Italy, and
1 from India. As regards design, 3 studies were RCTs and 2
were retrospective cohorts. Of the included studies, 4 were
full-text publications and 1 was an abstract. The mean age was
42.5 years and males represented 49.6% of the total participants.
Supplementary Table 2 summarizes the preoperative,
perioperative, and postoperative outcomes.

Preoperative characteristics

Supplementary Fig. 1 shows the forest plots that
compare short and standard POEM regarding preoperative
characteristics, including Eckardt score, basal LES pressure,
4sIRP, and barium column diameter. There was no statistically
significant difference between short and standard myotomies
regarding any of these characteristics.

Records identified through database searching
(n=570)
PubMed (n=113)
Embase (n=254)
Cochrane (n=64)
Web of science (n=137)
Other sources (n=2)

Duplicate records excluded
? (n=231)

Records after duplicates removed
(n=339)

Records excluded based on title

and abstract (n=331)

« Animal studies (n=5)

+ Case reports/series (n=16)

« Irrelevant comparison (n=119)

« Irrelevant population (n=161)

 Reviews/editorials/letters
(n=30)

Full-text articles assessed for eligibility
(n=8)

Full-text articles excluded (n=3)
« Single arm/no control (n=3)

Studies included in meta-analysis
(n=5)

Figure 1 Flow diagram for the selection of studies
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Perioperative outcomes

Table 2 shows the detailed values for myotomy lengths in
individual studies. Each study planned for identical gastric
myotomy lengths in both groups and a shorter esophageal
myotomy in the short myotomy group. When POEM was
performed, gastric myotomy lengths were slightly shorter in
the short myotomy group but within 1 cm of the standard
myotomy group. Esophageal myotomy lengths were noticeably
shorter in the short myotomy group compared with the
standard myotomy group. In the short myotomy group, the
range of total myotomy was 3-7 cm (2-6 cm esophageal and
1-3 cm gastric). In the standard myotomy group, the range
of the total myotomy was 8-25 cm (6-20 cm esophageal and
2-5 cm gastric).

Supplementary Table 3 shows the technical details of POEM
in individual studies in terms of orientation and depth of
myotomy and the perioperative use of proton pump inhibitors.
In terms of orientation of myotomy, some studies used an
anterior approach and others a posterior approach. In terms
of depth of myotomy, some studies involved a uniform circular
myotomy along the length of the tunnel. Other studies involved
a progressive myotomy depth, with a circular myotomy in the
upper part of the tunnel and a full-thickness myotomy in the
lower part.

Fig. 2 shows the forest plots that compare short and
standard POEM regarding operation time, length of hospital
stay, and perioperative complications. Operation time
was significantly shorter in patients who underwent short
myotomy compared with standard myotomy (MD -15.01 min,
95%CI -20.34 to -9.67; P<0.001; I’=63%) (Fig. 2A). Length of
hospital stay was not significantly different between patients
who underwent short or standard myotomy (MD 0.25 days,
95%CI -0.14 to 0.63; P=0.21; I’=37%) (Fig. 2B). Occurrence
of perioperative complications was also similar between the 2
groups (RR 0.68, 95%CI 0.26-1.75; P=0.42; I’=63%) (Fig. 2C).
Supplementary Fig. 2 shows the forest plot comparing short
myotomy and standard myotomy regarding perioperative
gas-related complications. There was no significant
difference between the 2 groups (RR 0.52, 95%CI 0.07-3.61;
P=0.51; I’=82%). Supplementary Table 4 shows the specific
perioperative complications that occurred in individual
studies.

Postoperative outcomes

Fig. 3 shows the forest plots that compare short and standard
POEM regarding postoperative outcomes, including clinical
success rate, postoperative Eckardt score, change in Eckardt
score, postoperative basal LES pressure, postoperative 4sIRP,
and postoperative barium column diameter. Clinical success
rate was similar between patients who underwent short or
standard myotomy (RR 1.02, 95%CI 0.97-1.09; P=0.40; I’=0%)
(Fig. 3A). Similarly, all other postoperative outcomes did not
differ significantly between the 2 groups (Fig. 3B-F).
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Short myotomy Standard myotomy Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Favours short myotomy Favours standard myotomy

Figure 2 Forest plot comparing short myotomy and standard myotomy regarding perioperative outcomes. (A) Operation time. (B) Length of

hospital stay. (C) Perioperative complications
CI, confidence interval

Postoperative GERD

Fig. 4 shows the forest plots that compare short and standard
POEM regarding the occurrence of postoperative GERD,
including reflux symptoms, reflux esophagitis on endoscopy,
and pathologic acid exposure on pH monitoring. Reflux
symptoms were similar between patients who underwent short
or standard myotomy (RR 0.94, 95%CI 0.51-1.74; P=0.84;
I’=48%) (Fig. 4A). Reflux esophagitis on endoscopy was
significantly less likely to occur in short myotomy compared
with standard myotomy (RR 0.61, 95%CI 0.39-0.98; P=0.04;
I’=0%) (Fig. 4B). Pathologic acid exposure on pH monitoring
was also less likely to occur in short myotomy compared with
standard myotomy (RR 0.58, 95%CI 0.36-0.94; P=0.03; I’=0%)
(Fig. 4C). Supplementary Table 5 shows the grades of reflux
esophagitis in individual studies based on the Los Angeles
classification of esophagitis.

Subgroup analysis

Supplementary Fig. 3 shows the forest plots that compare
short and standard POEM regarding clinical success, based
on publication status and study design. Short and standard
myotomies had similar clinical success rates regardless of
whether the studies were in the form of abstracts or publications
(Supplementary Fig. 3A), or whether the studies were RCTs or
retrospective cohorts (Supplementary Fig. 3B). Supplementary

Fig. 4 shows the forest plots that compare short and standard
POEM regarding reflux esophagitis, based on depth of
myotomy. Short and standard myotomies had similar rates of
reflux esophagitis, regardless of whether circular myotomy was
applied along the length of the tunnel, or circular myotomy in
the upper part of the tunnel and full thickness in the lower part.

Quality and publication bias assessment

We assessed the quality of the included studies using the
Cochrane RoB 2 tool for RCTs, and the Newcastle-Ottawa
scale for cohort studies (Supplementary Fig. 5). Overall, the
quality of the cohort studies was excellent. Quality assessment
was limited for 1 RCT because it was published as an abstract.
There was visible asymmetry in the funnel plot of the studies
that reported the clinical success rate, suggesting publication
bias (Supplementary Fig. 6).

Discussion

We performed a systematic review and meta-analysis of
studies that compared short and standard POEM in relation
to various perioperative and postoperative outcomes.
This meta-analysis demonstrated that short and standard
POEM had similar short-term clinical success, defined as
a postoperative Eckardt score of 3 or lower. Postoperative
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Figure 3 Forest plot comparing short myotomy and standard myotomy regarding postoperative outcomes. (A) Clinical success rate. (B)
Postoperative Eckardt score. (C) Change in Eckardt score. (D) Postoperative basal lower esophageal sphincter pressure. (E) Postoperative 4-sec
integrated relaxation pressure. (F) Postoperative barium column diameter

CI, confidence interval

manometric and esophagram findings were also comparable,
including LES pressure, 4sIRP, and barium column diameter.
A shorter myotomy shortened operation time significantly
compared with standard myotomy, but this did not affect the
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occurrence of perioperative complications or the length of
hospital stay.
Postoperative GERD is the most common adverse event
that complicates POEM in the long term. A modified POEM
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Figure 4 Forest plot comparing short myotomy and standard myotomy regarding postoperative gastroesophageal reflux disease. (A) Reflux
symptoms. (B) Reflux esophagitis on endoscopy. (C) Pathologic acid exposure on pH monitoring

CI, confidence interval

with short myotomy may theoretically reduce the risk of
postoperative GERD. In this meta-analysis, subjective reporting
of reflux symptoms was similar between short and standard
myotomies. However, objective assessment endoscopically and
through 24-h pH monitoring showed that short myotomy had
a lower risk of reflux esophagitis and pathologic acid exposure,
respectively. This demonstrates that POEM with a shorter
myotomy is associated with a lower risk of postoperative GERD
compared with standard myotomy in the short-term setting.
The exact mechanism by which a shorter myotomy reduces the
occurrence of GERD is not clear. One possible explanation is
preservation of alonger segment of the circular and longitudinal
muscle fibers, improving the anti-reflux function of the LES.

Inoue et al presented the first human experience that studied
the efficacy of POEM in achalasia [3]. To identify the optimal
myotomy length, 2 subsets of patients underwent POEM with
different myotomy lengths. The first 7 patients underwent a
relatively shorter myotomy with an average length of 4.9 (range
3-7) cm. In the latter 10 patients, myotomy length was extended to
an average of 10.4 (range 7-15) cm. When these 2 subgroups were
compared, the postoperative dysphagia score was lower in the
latter patients, implying that a longer myotomy was more effective
in improving symptoms. Therefore, the authors recommended a
long myotomy approach with a minimum length of 7 cm. Since
then, most studies that investigated the effectiveness of POEM
employed the long myotomy approach [17-19].

The first report of a modified POEM with a shorter myotomy
was a prospective study by Wang et al [6]. They hypothesized

that a shorter myotomy could achieve similar clinical outcomes,
but with a lower incidence of complications and a shorter
operation time. They used a short myotomy with an average
length of 5.4 (range 3.5-7.5) cm. In their assessment, this was
long enough to fully cut the LES, which has an average length
of 3.2 (range 2.4-4.0) cm. Their approach was highly successful
in the short term, with a clinical success rate of 100%. Seven
of the 46 patients (15.2%) developed GERD during follow up,
but this was lower than the incidence of GERD in studies that
utilized a long myotomy [17-19].

Recently, a few studies have directly compared POEM with
short myotomy and long myotomy [12-16]. These studies
hypothesized that a shorter myotomy could be as effective as
long myotomy, but with a lower risk of postoperative GERD.
The individual studies found similar clinical success rates
between the 2 myotomy lengths but did not detect a difference
in terms of postoperative GERD. By pooling data across studies,
our meta-analysis showed that a shorter myotomy was, in fact,
associated with a lower incidence of postoperative GERD.

Based on high-resolution manometry findings, 3
achalasia subtypes have been described: type I or classic
achalasia with minimal contractility in the esophageal body;
type II with periods of pan-esophageal pressurization; and
type III with spastic contractions [20]. Multiple studies
have shown that the choice of therapy and treatment
outcomes depend on subtypes of achalasia. For example,
POEM, LHM, and pneumatic dilation are very effective
for type I and type II achalasia [21]. However, LHM and
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Table 1 Characteristics of studies included in the meta-analysis

Author, Country Study  Study Publication Achalasia Sample Short/ Male/  Age, mean, Follow
year period  design status subtypesa size standard  female years up, mean,
[Ref.] myotomy months
Familiari,  Italy Ended  RCT Abstract Type I and IT 73 35/38 NR NR 8
2016 [12] 2015
Gu, 2020 China 2018 - RCT Publication Type I 94 46/48 44/50 Short: 43.6 12
[13] 2019 Standard:
42.8
Huang, China 2011- RC Publication ~ Type I: 34.5% 110 36/74 59/51 Short: 40.8  Short: 26.8
2020 [14] 2017 Type II: Standard: Standard:
65.5% 37.7 29.5
Li, 2019 China 2013- RC Publication ~ Type I: 19.8% 126 63/63 54/72 Short: 49.3  Short: 20.1
[15] 2016 Type II: Standard: Standard:
77.0% 45.9 23.6
Type I11: 3.2%
Nabi, India 2017-  RCT Publication ~ Type I: 35.2% 71 34/37 42/29 Short: 40.1 12
2020 [16] 2019 Type II: Standard:
64.8% 41.3
*Subtypes according to the Chicago classification of achalasia
NR, not reported; RC, retrospective cohort; RCT, randomized controlled trial
Table 2 Detailed values for myotomy lengths in individual studies
Author, year [Ref] Short myotomy length Standard myotomy length
Mean + SD (range), cm Mean + SD (range), cm
Esophageal Gastric Total Esophageal Gastric Total
Planned myotomy lengths
Familiari, 2016 [12] 5 3 8 10 3 13
Gu, 2020 [13] 3-4 2-3 5-7 7-8 2-3 9-11
Huang, 2020 [14] <4 2-3 <7 >4 2-3 >7
Li, 2019 [15] 4-6 2 6-8 8-12 2 10-14
Nabi, 2020 [16] <3 2-4 <5-7 >6 2-4 >8-10
Reported myotomy lengths?
Familiari, 2016 [12] NR NR NR NR NR NR
Gu, 2020 [13] NR NR 5.66+0.14 NR NR 10.14+0.54
Huang, 2020 [14] 440.7 (3-6) 2.140.3 (1-3) 6.0£0.6 (5-7) 8.242.7 (6-20) 3.241.2 (2-5) 11.5+3.1 (8-25)
Li, 2019 [15] 2.9 (2-4) 2.0 (1-3) 4.8 (3-6) 6.9 (5-9) 2.3(2-4) 9.2 (8-11)
Nabi, 2020 [16] 2.76£0.41 2.70+0.73 NR 7.97+2.40 2.84+0.63 NR

“P-value was <0.001 for all comparisons between short and standard myotomies, except for the gastric myotomy length comparison for Nabi where the P-value

was 0.389
NR, not reported; SD, standard deviation

pneumatic dilation are associated with a lower success rate
for type III achalasia [22], and multiple gastrointestinal
societies are now recommending POEM as the preferred
therapy in these cases [21,23,24]. Presumably, POEM can
improve the success rate in type III achalasia by applying
an esophageal myotomy where the length of myotomy is
tailored to the spastic segment [22]. Therefore, patients with
type III achalasia might benefit from a longer myotomy. In
our meta-analysis, Li et al included 4 patients with type III
achalasia, and these make up 0.84% of the total number
of patients included in this meta-analysis [15]. Given the
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recent literature and the small number of patients with
type III achalasia included in this meta-analysis, our
conclusions probably do not apply to type III achalasia and
a short myotomy is not recommended.

Some studies have examined the effectiveness of a longer
gastric myotomy during LHM [25,26]. A prospective study
compared extended gastric myotomy, defined as a 3-cm
incision into the stomach, with standard gastric myotomy,
defined as a 1-2-cm incision into the stomach. A total of
52 patients were followed for a median of 45 months in the
extended myotomy group and 46 months in the standard



myotomy group. The extended myotomy group had lower
postoperative dysphagia severity scores than the standard
myotomy group [26]. This questions whether a shorter
myotomy may decrease the success rate of POEM if it involves
a shorter gastric myotomy. In the individual studies included
in this meta-analysis, the authors planned for gastric myotomy
lengths that were similar between the short and standard
myotomy groups. Eventually, the gastric myotomy lengths
were comparable and the differences between the myotomy
lengths of short and standard POEM were mainly attributed
to esophageal myotomy.

There are several limitations to our meta-analysis. First,
the follow-up duration ranged between 8 months and
2 years, which may have not been long enough to adequately
compare the efficacy of the 2 myotomy lengths. A longer
follow-up duration is required to ensure the 2 myotomy
lengths are comparable in the long-term setting. Second, our
conclusions mainly apply to type I and type II achalasia, and
a short myotomy might not be useful in type III achalasia.
Third, only 5 studies were retrieved by our search strategy,
which compelled us to include both cohort studies and RCTs
in the same analysis. We adjusted for this by performing a
subgroup analysis for the primary outcome based on study
design, which showed no difference between retrospective
cohort studies and RCTs. Fourth, 3 of the 5 included
studies that originated from China, which could limit
the generalizability of our conclusions. Fifth, blinding of
endoscopists was not possible in individual studies because
of the nature of the intervention, which increased the risk of
performance bias in all studies. Sixth, 1 of the included RCTs
was an abstract, for which quality assessment was lacking
because of limited information about the methodology
used. Seventh, although we included 474 patients in our
meta-analysis, some outcomes were not reported by all
studies. For example, 3 outcomes were only reported by 2
studies including 165 participants, which may affect the
accuracy of our conclusions. Finally, given the heterogeneity
of the included studies, the definition of short myotomy
remains imprecise and cannot be accurately outlined by
this meta-analysis. Nevertheless, myotomy lengths in the
short myotomy group ranged between 3 cm and 7 cm across
studies. Therefore, we think that the optimal length of short
myotomy may lie somewhere between 3 cm and 7 cm, which
corresponds to the range of myotomy lengths utilized by
Inoue et al in their initial study [3].

In conclusion, POEM using short myotomy is comparable
with standard myotomy in terms of efficacy and safety in the
short-term setting. A shorter myotomy requires a shorter
procedure time and reduces the incidence of postoperative
GERD. Our results are not conclusive and are limited by a short
follow-up duration, the small number of patients and the lack
of a universal definition of short myotomy. Future RCTs should
determine whether efficacy remains equivalent after many
years of follow up and whether the recurrence rate is higher
in the short myotomy group. Finally, future studies should
compare multiple myotomy lengths to determine the optimal
length that achieves the greatest balance between efficacy and
safety.
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Summary Box

What is already known:

e Peroral endoscopic myotomy (POEM) is a very
effective treatment for esophageal achalasia

e POEM carries a high risk of postoperative
gastroesophageal reflux disease (GERD)

e A modified POEM with a shorter myotomy might
decrease the occurrence of postoperative GERD
when compared with standard (long) myotomy

e Recent studies could not demonstrate a statistically
significant difference between the 2 myotomy
lengths

What the new findings are:

e POEM with short myotomy reduces the occurrence
of postoperative GERD

e Short POEM reduced operation time compared
with standard POEM

e Short POEM is as effective as standard POEM
in terms of short-term clinical success rate,
complications, and postoperative manometric and
esophagogram findings
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Supplementary material

Supplementary Table 1 Detailed search strategy

Database ~ Search  Query Items
PubMed #1 ((“peroral”[All Fields] OR “perorally”[All Fields] OR “per-oral”[All Fields]) AND (“endoscope 1954
s”[All Fields] OR “endoscoped”[All Fields] OR “endoscopes”’[MeSH Terms] OR “endoscopes”[All
Fields] OR “endoscope”[All Fields] OR “endoscopical”[All Fields] OR “endoscopically”[All Fields]
OR “endoscopy”[MeSH Terms] OR “endoscopy”[All Fields] OR “endoscopic”[All Fields]) AND
(“myotomy”[MeSH Terms] OR “myotomy”[All Fields] OR “myotomies”[All Fields])) OR “POEM”[All
Fields]
#2 “esophageal achalasia”[MeSH Terms] OR (“esophageal”[All Fields] AND “achalasia”[All Fields]) OR 8677
“esophageal achalasia”[All Fields] OR “achalasia’[All Fields]
#3 “short”[All Fields] OR “shorts”[All Fields] OR “shorter”[All Fields] 983,747
#4 #1 AND #2 AND #3 170
#5 #4 NOT (“case reports”[Publication Type] OR “editorial”’[Publication Type] OR “guideline”[Publication 113
Type] OR “introductory journal article’[Publication Type] OR “meta analysis”[Publication Type] OR
“news”[Publication Type] OR “practice guideline”[Publication Type] OR “review”[Publication Type] OR
“systematic review” [Publication Type])
Embase #1 (peroral OR ‘per oral’) AND endoscopic AND (‘myotomy’/exp OR myotomy) OR poem 3792
#2 achalasia 13522
#3 short OR shorter 1927915
#4 #1 AND #2 AND #3 476
#5 #4 NOT (‘animal cell’/de OR ‘animal experiment’/de OR ‘animal model’/de OR ‘animal tissue’/de OR 340
‘case report’/de OR ‘clinical protocol’/de OR ‘diagnostic test accuracy study’/de OR ‘meta analysis’/de OR
‘methodology’/de OR ‘nonhuman’/de OR ‘practice guideline’/de OR ‘questionnaire’/de OR ‘systematic
review’/de OR ‘chapter’/it OR ‘editorial’/it OR ‘erratum’/it OR ‘note’/it OR ‘review’/it OR ‘short survey’/it)
#6 #5 AND [embase]/lim NOT ([embase]/lim AND [medline]/lim) 254
‘Web of #1 (((((peroral OR per-oral) AND endoscopic AND myotomy) OR POEM) AND (achalasia)) AND (short OR 137
science shorter))
Refined by: [excluding] DOCUMENT TYPES: (REVIEW OR EDITORIAL MATERIAL OR LETTER)
Cochrane #1 (poem OR myotomy) AND achalasia AND (short OR shorter) 64




Supplementary Table 2 Summary of pooled effect estimates of preoperative, perioperative, and postoperative outcomes

Outcome Studies  Participants  Statistical method Estimate [95%CI] P-value P
Preoperative Eckardt score 4 401 MD (IV, Random, 95%CI) -0.03 [-0.67, 0.61] 0.92 73%
Preoperative basal LES pressure 3 330 MD (IV, Random, 95%CI) 0.75 [-1.05, 2.55] 0.41 0%
Preoperative 4sIRP 2 165 MD (IV, Random, 95%CI) 0.86 [-2.23, 3.95] 0.59 31%
Preoperative barium column diameter 3 275 MD (IV, Random, 95%CI) 0.33 [-0.03, 0.69] 0.08 0%
Operation time 5 474 MD (IV, Random, 95%CI) -15.01 [-20.34, -9.67] <0.001 63%
Length of hospital stay 3 275 MD (IV, Random, 95%CI) 0.25 [-0.14, 0.63] 0.21 37%
Perioperative complications 4 401 RR (MH, Random, 95%CI) 0.68 [0.26, 1.75] 0.42 63%
Clinical success 5 474 RR (MH, Random, 95%CI) 1.02 [0.97, 1.09] 0.40 0%
Postoperative Eckardt score 5 474 MD (IV, Random, 95%CI) 0.05 [-0.07, 0.16] 0.45 0%
Change in Eckardt score 4 401 MD (IV, Random, 95%CI) -0.02 [-0.60, 0.57] 0.95 63%
Postoperative basal LES pressure 4 403 MD (IV, Random, 95%CI) -1.00 [-3.93, 1.93] 0.50 85%
Postoperative 4sIRP 3 238 MD (IV, Random, 95%CI) -0.13 [-1.88, 1.61] 0.88 75%
Postoperative barium column diameter 2 165 MD (IV, Random, 95%CI) 0.09 [-0.37, 0.55] 0.71 31%
Reflux symptoms 4 403 RR (MH, Random, 95%CI) 0.94 [0.51, 1.74] 0.84 48%
Reflux esophagitis on endoscopy 4 401 RR (MH, Random, 95%CI) 0.61 [0.39, 0.98] 0.04 0%
Pathologic acid exposure on pH 2 165 RR (MH, Random, 95%CI) 0.58 [0.36, 0.94] 0.03 0%

monitoring

4sIRB, 4-sec integrated relaxation pressure; CI, confidence interval; GERD, gastroesophageal reflux disease; IV, inverse variance; LES, lower esophageal sphincter;
MH, Mantel-Haenszel; MD, mean difference; RR, risk ratio

Supplementary Table 3 Technical details of POEM in individual studies

Author, year Orientation ~ Depth of myotomy PPI use
[Suppl. Ref.] of myotomy
Inpatient Outpatient
Familiari, NR NR NR NR
2016 [1]
Gu, 2020 [2] Posterior Circular myotomy IV PPI Oral PPI
approach for 2 weeks
Huang, NR Circular myotomy NR Oral PPI
2020 [3] for 2 weeks
Li, 2019 [4] Variable Progressively increased from circular myotomy at the upper end of myotomy to IV PPI Oral PPI
full-thickness myotomy at the lower end for 4 weeks
Nabi, 2020 [5]  Anterior Circular myotomy in the upper part of myotomy and full-thickness myotomy NR NR
approach from 2-3 cm above the gastroesophageal junction until the lower end

1V, intravenous; NR, not reported; POEM, peroral endoscopic myotomy; PPI, proton pump inhibitor



Supplementary Table 4 Specific perioperative complications that occurred in individual studies

Author, year [Suppl. Ref] Complication Short myotomy Standard myotomy
Familiari, 2016 [1] NR NR NR
Gu, 2020 [2] Mucosal injury 0 1
Huang, 2020 [3] Mucosal perforation 0 1
Major bleeding 2 3
Pneumothorax 1 2
Li, 2019 [4] Mucosal injury 4 5
Pneumothorax 0 1
Pneumoperitoneum 2 3
Pneumomediastinum 0 1
Subcutaneous emphysema 0 14
Nabi, 2020 [5] Mucosal injury requiring clipping 1 1
Minor bleeding 12 17
Subcutaneous emphysema 4 4
Capnoperitoneum requiring decompression 3 3
Retroperitoneal CO, 4 2

NR, not reported

Supplementary Table 5 Grades of reflux esophagitis in individual
studies based on the LA classification of esophagitis

Author, year LA grade  Total Short Standard
[Suppl. Ref.] myotomy  myotomy
Familiari, 2016 [1] NR NR NR NR
Gu, 2020 [2] Aand B 10 NR NR

C 1 NR NR
Huang, 2020 (3] A 5 1 4

B 2 2
Li, 2019 [4] NR NR NR NR
Nabi, 2020 [5] A 13 5 8

B 14 5 9

@ 1 0 1

LA, Los Angeles; NR, not reported



Short myotomy  Standard myotomy Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Gu 2020 756 156 46 7.12 1.68 48 25.2% 0.44 [-0.22, 1.10] T

Huang 2020 71 16 36 7.5 1.9 74 24.7% -0.40 [-1.08, 0.28] —

Li 2019 7.92.008 63 7.3 2.008 63 24.2% 0.60 [-0.10, 1.30] T

Nabi 2020 6.02 1.33 34 675 1.32 37 259% -0.73[-1.35,-0.11] —

Total (95% Cl) 179 222 100.0%  -0.03 [-0.67, 0.61] ?

Heterogeneity: Tau?= 0.31; Chi?= 11.13, df = 3 (P = 0.01); I>= 73% + t t + +

Test for overall effect: Z = 0.10 (P = 0.92) -4 2 0 2 4

Short myotomy  Standard myotomy Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Gu 2020 335 5 46 324 53 48 746%  1.10[-0.98, 3.18] —TH—

Huang 2020 41.8 14.3 36 3938 13.7 74 10.3% 2.00[-3.62, 7.62]

Li 2019 27.813.2442 63 296 13.2442 63 151% -1.80[-6.43, 2.83] -

Total (95% CI) 145 185 100.0% 0.75 [-1.05, 2.55] ?

Heterogeneity: Tau?= 0.00; Chi?= 1.47, df = 2 (P = 0.48); I>= 0% 16 E‘) 5 5‘ 16

Test for overall effect: Z = 0.82 (P = 0.41) Favours short myotomy Favours standard myotomy
Short myotomy  Standard myotomy Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Gu 2020 232 48 46 215 46 38 77.8% 1.70 [-0.20, 3.60] ——

Nabi 2020 26.4 13.93 34 285 11.01 37 22.2% -2.10 [-7.97, 3.77]

Total (95% Cl) 80 85 100.0% 0.86 [-2.23, 3.95] ,’

Heterogeneity: Tau?= 2.26; Chi?= 1.45, df = 1 (P = 0.23); I>= 31% 1(5) _53 0 5‘ 16

Test for overall effect: Z = 0.54 (P = 0.59
( ) Favours short myotomy Favours standard myotomy

Short myotomy Standard myotomy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gu 2020 5.9 1 46 56 08 48 97.8% 0.30 [-0.07, 0.67] B
Huang 2020 791 264 36 816 437 74 0.1% -2.50[-15.67,10.67] ¢ ?
Li 2019 1299 54 34 1121 536 37 21% 1.78 [-0.73, 4.29] *
Total (95% Cl) 116 159 100.0% 0.33 [-0.03, 0.69] —~= I
Heterogeneity: Tau2= 0.00; Chi’= 1.49, df = 2 (P = 0.47); I’= 0% 1= 0=5 h 0 5 15

Test for overall effect: Z=1.78 (P = 0.08)

Favours short myotomy Favours standard myotomy

Supplementary Figure 1 Forest plots comparing short myotomy and standard myotomy regarding preoperative characteristics. (A) Preoperative
Eckardt score. (B) Preoperative basal lower esophageal sphincter pressure. (C) Pre-operative 4-sec integrated relaxation pressure. (D) Preoperative
barium column diameter

CI, confidence interval

Short myotomy Standard myotomy Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Huang 2020 1 36 2 74 25.9% 1.03[0.10, 10.96]
Li 2019 2 63 19 63  34.4% 0.11[0.03, 0.43] —_—
Nabi 2020 " 34 9 37 39.7% 1.33[0.63, 2.81] —r—
Total (95% Cl) 133 174 100.0% 0.52 [0.07, 3.61] ——eaEEEee——
Total events 14 30

ity: 2= - Chiz= = = - [2= 829 ; + 1 J
?ette;o?ece:tyl.l T?fu tzzfi_zo(gg (p1—1 51(;1()1f 2 (P =0.003); I>= 82% b o1 o 0 100

estioroverall efiect: £ = ©. e Favours short myotomy Favours standard myotomy

Supplementary Figure 2 Forest plot comparing short myotomy and standard myotomy regarding perioperative gas-related complications
CI, confidence interval



Short myotomy Standard myotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.17.1 Abstract
Familiari 2016 26 35 23 38  32% 1.23[0.89, 1.69]
Subtotal (95% CI) 35 38 3.2% 1.23 [0.89, 1.69] e ——
Total events 26 23
Heterogeneity: Not applicable
Test for overall effect: Z=1.25 (P =0.21)
1.17.2 Publication
Gu 2020 44 46 45 48 36.5% 1.02[0.93, 1.12] —-—
Huang 2020 34 36 68 74 30.7% 1.03[0.93, 1.14] T
Li 2019 56 63 55 63 20.2% 1.02[0.90, 1.16] e —
Nabi 2020 29 34 32 37 9.3% 0.99[0.82, 1.19] ]
Subtotal (95% CI) 179 222 96.8% 1.02 [0.96, 1.08] i
Total events 163 200
Heterogeneity: Tau? = 0.00, Chi? = 0.15, df = 3 (P = 0.98), I>= 0%
Test for overall effect: Z = 0.62 (P = 0.53)
Total (95% Cl) 214 260 100.0% 1.02 [0.97, 1.09] ?
Total events 189 223
Heterogeneity: Tau? = 0.00, Chi? = 0.60, df =4 (P = 0.81), I>= 0% t + t + +
0.7 0.85 1 1.2 1.5

Test for overall effect: Z = 0.84 (P = 0.40)
Test for subgroup differences: Chi? = 1.24, df = 1 (P = 0.27), I>= 19.3%

Short myotomy  Standard myotomy

Risk Ratio

Weight M-H, Random, 95% CI

Favours standard myotomy Favours short myotomy

Risk Ratio
M-H, Random, 95% CI

Study or Subgroup Events Total Events Total

1.18.1 Randomized controlled trial

Familiari 2016 26 35 23 38 3.2%
Gu 2020 44 46 45 48 36.5%
Nabi 2020 29 34 32 37 9.3%
Subtotal (95% ClI) 115 123 49.1%
Total events 99 100

Heterogeneity: Tau? = 0.00, Chi? = 1.86, df = 2 (P = 0.39), I>= 0%

Test for overall effect: Z = 0.617 (P = 0.54)

1.18.2 Retrospective cohort

Huang 2020 34 36 68 74 30.7%
Li 2019 56 63 55 63 20.2%
Subtotal (95% ClI) 99 137 50.9%
Total events 90 123

Heterogeneity: Tau? = 0.00, Chi2 = 0.01, df = 1 (P = 0.91), I>= 0%
Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% CI) 214 260 100.0%
Total events 189 223

Heterogeneity: Tau? = 0.00, Chi2 = 1.60, df = 4 (P = 0.81), I1>= 0%

Test for overall effect: Z = 0.84 (P = 0.40)

Test for subgroup differences: Chi? = 1.00, df = 1 (P = 0.97), 1= 0%
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Supplementary Figure 3 Subgroup analysis comparing short myotomy and standard myotomy regarding clinical success rate based on (A)
publication status and (B) study design
CI, confidence interval

Short myotomy Standard myotomy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.19.1 Circular
Gu 2020 4 46 7 48 16.1% 0.60 [0.19, 1.90] e
Huang 2020 1 36 6 74 5.0% 0.34 [0.04, 2.74]
Subtotal (95% Cl) 82 122 21.2% 0.52 [0.19, 1.44] —~esEifiBe—
Total events 5 13
Heterogeneity: Tau? = 0.00, Chi? = 0.21, df = 1 (P = 0.72), I>= 0%
Test for overall effect: Z = 1.25 (P =0.21)
1.19.2 Circular-Full thickness
Li 2019 6 63 8 63 21.8% 0.75[0.28, 2.04] —— .
Nabi 2020 10 34 18 37 57.1% 0.60 [0.33, 1.12] —i—
Subtotal (95% CI) 97 100 78.8% 0.64 [0.38, 1.08] <>
Total events 16 26
Heterogeneity: Tau? = 0.00, Chi? = 0.13, df = 1 (P = 0.72), I>= 0%
Test for overall effect: Z=1.66 (P = 0.10)
Total (95% Cl) 179 222 100.0% 0.61 [0.39, 0.98] <>
Total events 21 39
Heterogeneity: Tau? = 0.00, Chi” = 0.46, df = 3 (P = 0.93), I’= 0% l t t i
Test fo?overzzlll effect: Z=2.05 (P = 0.04) ( ) 0.01 01 ! 10 100
Test for subgroup differences: Chi? = 0.12, df = 1 (P = 0.72), 2= 0% Favours short myotomy  Favours standard myotomy

Supplementary Figure 4 Subgroup analysis comparing short myotomy and standard myotomy regarding reflux esophagitis based on depth of myotomy
CI, confidence interval
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Supplementary Figure 5 Quality assessment of the included studies using (A) revised Cochrane risk of bias tool for randomized controlled trials
and (B) Newcastle-Ottawa scale for cohort studies
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Supplementary Figure 6 Funnel plot showing publication bias analysis for clinical success rate
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