
Introduction
Esophageal motility disorders cause marked reductions in qual-
ity of life, as they can lead to severe dysphagia, regurgitation,
and non-cardiac chest pain owing to a lack of coordinated
esophageal motility function. According to the Chicago classifi-
cation [1], these disorders are classified into the following ma-
jor types: achalasia, esophagogastric junction (EGJ) outflow ob-
struction, distal esophageal spasm, and jackhammer esopha-
gus. Among them, achalasia is the most common type of
esophageal motility disorder (annual incidence: 1.63/100,000,
prevalence rate: 10.82/100,000) [2]. Because pathogenesis of

achalasia depends on impaired relaxation of the lower esopha-
geal sphincter (LES) during swallowing [3], current treatments
usually focus on the destruction or forced relaxation of the LES.

At present, peroral endoscopic myotomy (POEM) is one of
the most important procedures for achalasia [4]. It is well
known that this procedure produces a higher success rate than
pneumatic balloon dilation (PD) [5], moreover, the fact that it is
incision-less gives it an advantage over Heller myotomy. This is
the reason why many advanced facilities use POEM to treat pa-
tients with esophageal motility disorders, and many articles re-
garding this technique have been published. Under these cir-
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ABSTRACT

Background and study aims Previously, we reported that

esophageal muscle layer thickness was associated with

technical complexity of peroral endoscopic myotomy

(POEM). However, there are no data regarding the mid-

term effects of POEM procedures on esophageal muscle

layer thickness. Therefore, we conducted this study to elu-

cidate mid-term effects of POEM procedures, and to exam-

ine whether postoperative changes in esophageal muscle

layer thickness were related to particular clinico-pathologi-

cal features in patients with esophageal motility disorders.

Patients and methods Seventy-four consecutive patients

with esophageal motility disorders who underwent POEM

at Kobe University Hospital from April 2015 to December

2016 were prospectively recruited into this study. First, we

investigated the esophageal muscle layer thickness values

obtained at 1 year after POEM. Second, we evaluated the ef-

fects of a reduction in muscle layer thickness on various

clinico-pathological features.

Results At 1 year after POEM, mean thickness of the inner

circular muscle at 0 cm, 5 cm, and 10 cm from the esopha-

gogastric junction was 1.06±0.45mm, 0.99±0.36mm,

and 0.97±0.44mm, respectively. Among all sites, muscle

layer thickness had significantly decreased after POEM.

However, univariate logistic regression analysis demon-

strated that no clinical factors were associated with esoph-

ageal muscle layer thickness after POEM procedure.

Conclusions We demonstrated for the first time that

thickness of the esophageal muscle layer was significantly

decreased after POEM. This result reveals that changes in

esophageal muscle layer thickness caused by esophageal

motility disorders are reversible.
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cumstances, the efficacy and safety of POEM procedures have
recently started to be elucidated.

Regarding short-term outcomes of POEM, we previously
clarified associations between clinical outcomes and thickness
of the esophageal muscle layer in patients who underwent
POEM [6]. Esophageal muscle layer thickness was identified as
the most important clinical factor affecting duration of POEM
procedures. As for mid- and long-term outcomes of POEM, a
few studies have suggested that a thick preoperative esopha-
geal muscle layer might be a predictor of failure of PD [7]. Pa-
tients whose esophageal muscle layers were <1.3mm thick ex-
hibited a significantly higher mid-term success rate after PD
than those with thicker esophageal muscle layers (100% vs.
36.3%, P=0.01). However, to the best of our knowledge, there
are no data regarding mid- or long-term effects of POEM on
esophageal muscle layer thickness.

Recently, POEM has been recognized as one of the standard
treatments for achalasia, therefore, it has become an alterna-
tive to surgical myotomy. In addition, recent advances in medi-
cal imaging technology have enabled us to precisely evaluate
the thickness of in vivo muscle layers preoperatively. Therefore,
we conducted this study to elucidate mid-term effects of POEM
procedures on thickness of the esophageal muscle layer, and
moreover, we examined whether postoperative changes in
esophageal muscle layer thickness are related to particular clin-
icopathological features in patients with esophageal motility
disorders.

Patients and methods
Study design and criteria

To elucidate long-term effects of POEM on esophageal muscle
layer thickness and associations between such changes and
various clinicopathological features, we performed a prospec-
tive cohort study, involving patients with esophageal motility
disorders who underwent POEM [8]. Before starting our study,
sample size calculation was done. Prior data indicated that
mean thickness of muscle layer was 1.6±0.7mm [8], while
that in patients without esophageal motility disorders was
0.61±0.1mm (▶Supplemental Fig. 1). With an average differ-
ence of 0.5 (half the mean difference between two groups
based on the indicated values), standard deviation of 0.7, prob-
ability of α error as 0.05 and probability of β error as 0.8, the re-
quired minimum sample size was estimated to be 31 patients.
The sample size calculation was carried out using EZR version
1.37. This observational study was conducted at Kobe Universi-
ty Hospital with the approval of the institutional ethics commit-
tee. Written informed consent was obtained from all partici-
pants, and the study was carried out according to the Declara-
tion of Helsinki.

Patients

First, 74 consecutive patients with esophageal motility disor-
ders who complained of clinical symptoms and underwent
POEM at Kobe University Hospital between April 2015 and De-
cember 2016 were prospectively recruited into this study [8].
Then, all patients who were eligible for 1-year follow-up exam-

inations were recommended to undergo upper gastrointestinal
tract endoscopy and esophageal high-resolution manometry
(HRM). Patients for whom insufficient data were available
were excluded from the final analysis. The exclusion criterion
for this study was patients who refused to or did not provide in-
formed consent.

Outcome measurements

Prior to treatment, patients’ symptoms were systematically
documented via interviews. In addition, they underwent upper
gastrointestinal endoscopy, barium esophagography, and HRM
before POEM. Outcome measurements assessed in this study
included thickness of the esophageal muscle layer, Eckardt
symptom score, integrated relaxation pressure (IRP), POEM
procedure-related variables (myotomy length, procedure time,
and adverse events [AE]), disease duration, type of achalasia,
and previous treatments. Type of achalasia was evaluated using
HRM according to the Chicago classification, version 3 [1].
Postoperative change in thickness of the esophageal muscle
layer (ΔEMLT) was defined as reduction in thickness of the
esophageal muscle layer noted after POEM, which was calculat-
ed as esophageal muscle layer thickness before POEM minus
that seen at 1 year after the procedure. Overall success rate of
POEM was defined as a post-POEM Eckardt score less than 2 or a
reduction of more than 4 points from baseline [9]. All of the
abovementioned variables were statistically analyzed.

Indications for POEM and the POEM procedure

All symptomatic patients were diagnosed with esophageal mo-
tility disorders were indicated for endoscopic POEM. All POEM
procedures were performed in the operating room under gen-
eral anesthesia. The POEM procedure was conducted as de-
scribed previously [10], and it was carried out by two highly
skilled endoscopists with experience of more than 30 POEM
procedures.

Endoscopic ultrasound evaluations

All patients were included in the final analysis underwent endo-
scopic ultrasound (EUS) examinations before and 1 year after
POEM. For the EUS examinations, a 20-MHz miniature probe
(UM-3R; Olympus Medical Systems, Tokyo, Japan) was used
after filling the esophagus with de-aerated water. The EUS ima-
ges were displayed on an EUS processing system (EU-ME2 pre-
mier plus; Olympus Medical Systems, Tokyo, Japan). All exami-
nations were conducted under intravenous sedation. After the
esophageal lumen had been filled with de-aerated water, the
probe was positioned at the EGJ, and thickness of the esopha-
geal muscle layer was measured at 0 cm, 5 cm, and 10 cm above
the EGJ, respectively. Images of the esophageal muscle layer
that were obtained at maximum relaxation were selected.

Symptom assessment

Clinical symptoms were assessed according to the Eckardt score
[11]. This score is calculated as the sum of the symptom scores
for dysphagia, regurgitation, and chest pain (0: absent, 1: occa-
sional, 2: daily, and 3: each meal) and weight loss score (0: no
weight loss, 1:≤5 kg, 2: 5 to 10kg, and 3:≥10kg).
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Statistical analysis

Mean, standard deviation, and range values were obtained for
continuous variables, whereas ratios and percentages were ob-
tained for categorical variables. Comparisons of continuous
variables were performed using the Mann-Whitney U test. As-
sociations between the ΔEMLT and clinical factors were ana-
lyzed using univariate logistic regression analysis, and odds ra-
tios (OR) were estimated and are shown together with 95%
confidence intervals (95% CI). For this analysis, we classified
eligible patients into two groups; i. e., into patients with
ΔEMLT≥0.45mm and those with ΔEMLT<0.45mm. Differences
associated with P values < 0.05 were considered to be statisti-
cally significant, and all tests of significance were two-tailed.
Cut-off values for each parameter in this study were deter-
mined by subjecting the mean value to rounding, where appro-
priate. All statistical analyses were conducted using JMP soft-
ware, version 10.0.2 (SAS Institute, Cary, North Carolina, Uni-
ted States).

Results
Seventy-four consecutive patients with esophageal motility
disorders were prospectively enrolled in this study (▶Fig. 1)
[8]. Among them, 64 patients completed 1-year follow-up ex-
aminations after undergoing POEM. However, 13 patients
were excluded because of insufficient clinical information;
therefore, 51 patients were included in the final analysis, as
shown in ▶Table1.

Patient characteristics

Of the 51 patients were eligible for the final analysis, 19 were
male (37.3%) and 32 female (62.7%). Among all patients,
mean age, body mass index (BMI), and disease duration were
52.0±16.7 years (range: 16 to 85), 21.6±4.1 (range: 15.8 to
31.6), and 6.6 ±12.9 years (range: 0.5 to 31), respectively. Var-
ious subtypes of motility disorder exhibited the following fre-
quencies: straight type, 42 patients (82.4%); sigmoid type,
four patients (7.8%); advanced sigmoid type, two patients
(3.9%); and others, three patients (5.9%). Most of the patients
had not received any treatment prior to the POEM procedure
(57 patients, 86.3%).

Procedure-related outcomes

Among all eligible patients, mean procedure time and length of
myotomy were 74.9±29.1min (range: 44 to 179) and 13.9 ±
4.0mm (range: 5 to 20), respectively. Procedure-related AEs
occurred in 11 patients (11/51, 21.6%) (▶Table 1). Frequencies
of these events were as follows (with some overlapping): pneu-
moperitoneum, eight patients (15.7%); inadvertent mucosec-
tomies, four patients (7.8%); and subcutaneous emphysema,
three patients (5.9%). POEM procedure success was achieved
in 49 of 50 patients (98.0%). No serious complications or
deaths occurred, and none of the adverse events required sur-
gery.

Comparison of esophageal muscle layer thickness
values obtained before and at 1 year after POEM

▶Table2 and ▶Fig. 2 show a comparison of esophageal muscle
layer thickness values obtained before and at 1 year after
POEM. Before the procedure, mean thickness of the inner circu-
lar muscle (ICM) at 0 cm, 5 cm, and 10cm from the EGJ was
1.55±0.54mm, 1.46±0.75mm, and 1.31±0.68mm, respec-
tively. On the other hand, at 1 year after POEM, mean thickness
of the ICM at 0 cm, 5 cm, and 10cm from the EGJ was 1.06±
0.45mm, 0.99±0.36mm, and 0.97±0.44mm, respectively.
Therefore, our data showed that POEM significantly reduced
thickness of the ICM at each esophageal site. However, thick-
ness of the outer longitudinal muscle (OLM) at 5 cm from the
EGJ did not change significantly after the procedure (0.65±
0.23mm vs. 0.61±0.19mm).

Comparison of the IRP and the Eckardt score at
1 year after POEM procedure between thick
(≥1.5mm) and thin (< 1.5mm) esophageal muscle
layer groups

To investigate whether effects of POEM on clinical factors differ
among patients with and without thickened esophageal muscle
layers, we compared clinical outcomes (the IRP and Eckardt
score) of the thick (≥1.5mm) and thin (< 1.5mm) esophageal
muscle layer groups. In this analysis, IRP values and Eckardt
scores obtained at 1 year after the POEM procedure did not dif-
fer significantly between the two groups (▶Table 3).

Comparison between ΔEMLT values of the ICM and
OLM layers

▶Table4 shows a comparison between ΔEMLT values of the
ICM and OLM. In this analysis, ΔEMLT indicates reduction in
thickness of the muscle layer observed after POEM. Mean
ΔEMLT of the ICM at 0 cm, 5 cm, and 10 cm from the EGJ were
0.48±0.52mm, 0.47±0.84mm, and 0.35±0.59mm, respec-
tively. On the other hand, mean ΔEMLT of the OLM at 0 cm,
5 cm, and 10 cm from the EGJ were 0.18±0.47mm, 0.04±

74 patients were prospectively enrolled
at the beginning of this study

64 patients completed the 1-year follow up

51 patients were included in the analysis

10 patients were lost to follow-up

5 patients did not undergo follow-up 
examinations

Data were insufficient to analyze in 8 patients

▶ Fig. 1 Flow diagram of patients included in the analysis.
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0.30mm, and 0.07±0.21mm, respectively. Thus, after POEM,
the ICM exhibited significantly greater mean ΔEMLT than the
OLM.

Clinicopathological features associated with ΔEMLT

We evaluated the effects of a reduction in muscle layer thick-
ness on various clinicopathological features. Results of the uni-
variate logistic regression analysis are summarized in ▶Table5.
In this analysis, age, sex, BMI, disease duration, type of achala-
sia, previous treatment, procedure time, length of myotomy,
AEs, postoperative Eckardt score, and postoperative change in
IRP level were found to have no significant influence on clinico-
pathological features at any of the examined esophageal sites.

Discussion
The number of myenteric neurons is decreased by achalasia,
which results in impaired relaxation of the LES [12]. Because
such functional obstruction can cause esophageal muscular hy-

pertrophy [13, 14], we considered that thickness of the esoph-
ageal muscle layer might reflect clinical severity or symptoms
of motility disorders. Recently, we examined associations be-
tween esophageal muscle layer thickness and various clinicopa-
thological features [8]. In the latter study, we identified that a
thick esophageal muscle layer was an independent predictor
of a longer POEM procedure (OR: 8.00; 95% CI: 2.67–27.65,
P =0.0001). However, there were no significant differences in
other clinical parameters between the thick and thin esopha-
geal muscle layer groups. Therefore, we examined the mid-
and long-term effects of POEM on esophageal muscle layer
thickness in this study.

No previous studies have examined changes in esophageal
muscle layer thickness that occur after treatment in patients
with esophageal motility disorders. Previous studies based on
visual [15, 16] or EUS examinations [17, 18] revealed that the
muscularis propria of the esophagus usually thickens in pa-
tients with achalasia. In addition, several histological studies
have assessed muscular pathology that arises in patients with

▶ Table 1 Baseline characteristics of patients treated with POEM.

Age, years old, mean± SD (range), n 52.0 ±16.7 (16–85), n = 51

Sex

▪ Male, n (%) 19/51 (37.3%)

▪ Female, n (%) 32/51 (62.7%)

BMI, mean± SD (range), n 21.6 ±4.1 (15.8– 31.6), n = 51

Duration of disease, years, mean± SD (range), n 6.6 ±12.9 (0.5–31), n = 51

Type of achalasia, n

▪ Straight type (St), n (%) 42/51 (82.4%)

▪ Sigmoid type (Sg), n (%) 4/51 (7.8%)

▪ Advanced sigmoid type (A-Sg), n (%) 2/51 (3.9%)

▪ Others (JHE/DES/JHE +outflow), n (%) 3/51 (5.9%)

Previous treatment

▪ Pneumatic dilation (PD), n (%) 6/51 (11.8%)

▪ Heller myotomy (HM), n (%) 1/51 (2.0%)

▪ No previous treatment, n (%) 57/74 (86.3%)

POEM procedure time, min, mean± SD (range), n 74.9 ±29.1 (44–179), n = 51

Length of myotomy, mm, mean± SD (range), n 13.9 ±4.0 (5–20), n = 51

Adverse events, n (%) 11/51 (21.6%)

Before POEM procedure

▪ Eckardt score, mean± SD (range), n 5.9 ±2.1 (2–10), n = 51

▪ Integrated relaxation pressure (IRP), mmHg, mean± SD (range), n 29.4 ±13.4 (2.3– 75), n = 48

After POEM procedure

▪ Eckardt score, mean± SD (range), n 0.7 ±1.0 (0–4), n = 50

▪ Integrated relaxation pressure (IRP), mmHg, mean± SD (range), n 9.4 ±5.4 (0.1–23.8), n = 48

POEM, peroral endoscopic myotomy; SD, standard deviation; BMI, body mass index; JHE, Jackhammer esophagus; DES, distal esophageal spasm; JHE+outflow, Jac-
khammer esophagus plus esophagogastric junction outflow obstruction
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achalasia [19, 20]. Muscular hypertrophy was always seen at the
LES and often extended up to the distal esophagus. Because
functional obstruction can cause esophageal muscular hyper-
trophy, as mentioned above [13, 14], relieving such obstruction
might lead to a reduction in the thickness of the esophageal
muscle layer. The primary goal of treatment for achalasia is to
disrupt the muscular components that contribute to LES pres-
sure. Because POEM also aims to disrupt the LES, it should the-
oretically cause a reduction in LES pressure. Therefore, it should
result in adequate relief of esophageal obstruction. In short, re-
ducing LES pressure by performing POEM can ameliorate

esophageal muscular hypertrophy, and therefore, should re-
duce thickness of the esophageal muscle layer. In accordance
with this expectation, we clearly showed that thickness of the
esophageal muscle layer was significantly decreased at 1 year
after POEM.

In addition, we found that after POEM, the ICM displayed
greater ΔEMLT values than the OLM (P <0.001). There are two
possible explanations for this. The first is that the balance be-
tween the ICM and OLM might be impaired in patients with
esophageal motility disorders. In agreement with this, thick-
ness of the esophageal muscle layer did not differ significantly
between the ICM and OLM in patients without esophageal moti-
lity disorders (▶Supplemental Fig. 1). On the other hand, in pa-
tients with esophageal motility disorders, the ICM was thicker
than the OLM (▶Table2; ICM vs. OLM at 0 cm, 5 cm, and 10 cm
from the EGJ; P<0.01 in each case). The difference between
ΔEMLT values for the ICM and OLM might reflect the relative
contributions of these muscles to pathogeneses of esophageal
motility disorders. Therefore, the ICM might make a more sig-
nificant contribution than the OLM to pathogeneses of esopha-
geal motility disorders. The second possible reason for this
finding is that it is due to characteristics of the POEM procedure
itself. In the original POEM procedure [4], only the ICM bundles
were subjected to endoscopic myotomy, leaving the OLM in-
tact. We also perform selective myotomy of the ICM alone in
POEM. Therefore, this might be the reason why we detected a
significantly greater reduction in thickness of the esophageal
muscle layer in the ICM than in the OLM.

In this study, we could not find any clinical factors that were
associated with ΔEMLT. Although Li et al. previously claimed
that thickness of the esophageal muscle layer on EUS before
PD treatment was associated with mid-term treatment re-
sponse and clinical symptoms [7], our study revealed that there
were no significant differences in clinical outcomes between
the thick and thin esophageal muscle layer groups. Compared
with PD treatment, because POEM makes it possible to dissect
muscular bundles completely while checking the endoscopic
screen, both muscle tone abnormalities and other symptoms
can be completely abrogated, regardless of the thickness of
the esophageal muscle layer. Thus, the marked efficacy of the
POEM procedure is considered to explain why no clinical factors
were found to be associated with ΔEMLT in our study. However,
our study had one patient (2%) whose POEM procedure failed,

▶ Table 2 Comparison of esophageal muscle layer thickness values observed before and after POEM.

Before POEM procedure After POEM procedure P value

Inner circular muscle 0 cm from EGJ, mean± SD, mm 1.55±0.54 1.06± 0.45 < 0.0001

5 cm from EGJ, mean± SD, mm 1.46±0.75 0.99± 0.36 < 0.0001

10 cm from EGJ, mean± SD, mm 1.31±0.68 0.97± 0.44 < 0.0001

Outer longitudinal muscle 0 cm from EGJ, mean± SD, mm 1.07±0.35 0.89± 0.34 0.0069

5 cm from EGJ, mean± SD, mm 0.65±0.23 0.61± 0.19 NS

10 cm from EGJ, mean± SD, mm 0.60±0.19 0.53± 0.14 0.0284

POEM, peroral endoscopic myotomy; EGJ, esophagogastric junction; NS, not significant (P>0.05)

▶ Fig. 2 Representative image of esophageal muscle layer thick-
ness before and at 1 year after POEM.
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and in whom the ΔEMLT of the ICM at 0 cm, 5 cm, and 10 cm
from the EGJ were 0.7mm, 0.1mm, and 0.1mm, respectively.
These results indicate that there is a possibility that change of
esophageal muscle layer thickness at the region other than LES
correlate with failure of POEM. Therefore, more large-scale

study might be useful to reveal the possible correlation of mus-
cle thickness and response after myotomy.

This study had several limitations. First, esophageal muscle
layer thickness measurements were operator-dependent and
exhibited wide variation between different operators [21–23].

▶ Table 3 Comparisons of IRP and the Eckardt score at 1 year after POEM between thick ( > 1.5mm) and thin ( < 1.5mm) esophageal muscle layer
groups.

0cm from EGJ 5 cm from EGJ 10 cm from EGJ

≥1.5mm <1.5mm P value ≥1.5mm <1.5mm P value ≥1.5mm <1.5mm P value

IRP after POEM,
mean± SD, mmHg

10.2 8.4 NS 11.3 8.1 NS 7.7 10.1 NS

Eckardt score after POEM,
mean± SD

0.9 0.4 NS 0.7 0.7 NS 0.5 0.8 NS

IRP, integrated relaxation pressure; POEM, peroral endoscopic myotomy, EGJ, esophagogastric junction; NS, not significant (P>0.05); SD, standard deviation

▶ Table 4 Comparison of ΔEMLT values between the inner circular and outer longitudinal muscle layers.

Inner circular muscle Outer longitudinal muscle P value

0 cm from EGJ, mean ± SD, mm 0.48±0.52 0.18±0.47 0.0003

5 cm from EGJ, mean ± SD, mm 0.47±0.84 0.04±0.30 <0.0001

10 cm from EGJ, mean± SD, mm 0.35±0.59 0.07±0.21 <0.0001

ΔEMLT, reduction in thickness of the esophageal muscle layer observed after procedure; SD, standard deviation

▶ Table 5 Univariate logistic regression analysis of clinical factors associated with a ΔEMLT value≥0.45mm.

ΔEMLT at 0 cm from EGJ ΔEMLT at 5 cm from EGJ ΔEMLT at 10 cm from EGJ

Variables Odds ratio
(95% C. I.)

Univariate
P value

Odds ratio
(95% C. I.)

Univariate
P value

Odds ratio (95% C.
I.)

Univariate
P value

Age,≥52 vs. < 52 yr 1.25 (0.41–3.81) NS 0.83 (0.26–2.65) NS 0.49 (0.14– 1.58) NS

Sex, male vs. female 1.43 (0.46–4.54) NS 0.90 (0.28–3.01) NS 1.13 (0.34– 3.98) NS

BMI,≥22 vs. < 22 0.48 (0.14–1.58) NS 1.00 (0.30–3.52) NS 0.41 (0.12– 1.37) NS

Duration of disease,≥7 vs.
< 7 years

0.45 (0.12–1.53) NS 1.13 (0.32–4.29) NS 0.66 (0.19– 2.38) NS

Type of achalasia, St type vs.
other types

2.00 (0.46–10.48) NS 1.60 (0.35–7.00) NS 0.20 (0.01– 1.26) NS

Previous treatment, yes vs. no 0.82 (0.15–4.15) NS 0.69 (0.13–3.88) NS 0.31 (0.06– 1.61) NS

Procedure time,≥75 vs. < 75 0.66 (0.21–2.00) NS 0.59 (0.18–1.87) NS 1.43 (0.44– 4.78) NS

Length of myotomy,≥14 vs.
14mm

0.69 (0.22–2.08) NS 0.68 (0.20–2.15) NS 0.55 (0.16– 1.78) NS

Adverse events, yes vs. no 0.92 (0.23–3.55) NS 0.94 (0.24–4.11) NS 0.84 (0.21– 3.69) NS

Eckardt score after POEM,
≥1 vs. < 1

0.38 (0.11–1.21) NS 0.98 (0.30–3.31) NS 1.43 (0.43– 5.03) NS

ΔIRP,≥20 vs. < 20mmHg 1.39 (0.43–4.59) NS 1.01 (0.30–3.49) NS 1.27 (0.37– 4.60) NS

The cut-off value for the ΔEMLT was 0.45mm.
Two-tailed P values <0.05 were considered to be statistically significant.
EMLT, esophageal muscle layer thickness; EGJ, esophagogastric junction; BMI, body mass index; CI, confidence interval; NS, not significant (P >0.05); ΔIRP, post-
operative change in integrated relaxation pressure
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Second, the sample size was small, which resulted in the study
having low statistical power. Third, the study was conducted at
a single tertiary center, so the results might not be applicable to
different institutions.

Conclusion
In conclusion, we demonstrated for the first time that thickness
of the esophageal muscle layer was significantly decreased
after POEM. Therefore, we consider that changes in thickness
of the esophageal muscle layer caused by esophageal motility
disorders are reversible. However, postoperative thickness of
the esophageal muscle layer did not have any influence on out-
comes of POEM.
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▶Supplemental Fig. 1 Mean value of esophageal muscle layer
thickness in patients without esophageal motility disorders. As-
sessment of the normal thickness of the esophageal muscle layer.
To determine the thickness of the normal esophageal muscle lay-
er, nine consecutive patients without esophageal motility disor-
ders (8 patients with early gastric cancer and 1 patient with gastric
submucosal tumor) underwent EUS examinations at Kobe Univer-
sity Hospital between April 2015 and December 2016 according
to the procedure mentioned above.
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