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Background/Aims
The effect of peroral endoscopic myotomy (POEM) on esophageal body movement in achalasia is poorly understood. This study 
aims to evaluate morphological changes in esophageal body movement after POEM in type III achalasia by analyzing intraluminal 
ultrasound (US) images in comparison to type I and II achalasia.

Methods
Intraluminal US images and impedance values of the distal esophagus from 47 achalasia patients who underwent POEM or pneumatic 
dilatation (PD) (30 patients in the POEM group and 17 patients in the PD group) with pre- and post-procedural high-resolution 
impedance manometry and intraluminal US examinations were analyzed. The muscle thickness (MT), muscle cross-sectional area, 
lumen cross-sectional area (LCSA), contractility and distensibility indices, swallow-to-distension interval, and distension duration 
during each bolus transport were analyzed.

Results
The MT increased and LCSA decreased significantly (P < 0.001), but the contractility index was not improved after POEM or PD in type 
I achalasia. Baseline MT increased and LCSA decreased significantly after POEM and PD in type II achalasia (P < 0.001). In contrast, 
MT and the swallow-to-distension interval decreased and the distension LCSA/duration and contractility index increased after POEM in 
type III achalasia (P < 0.001). In contrast to type I and II achalasia, in type III achalasia, these effects were unique to the POEM group.

Conclusions
POEM decreased the esophageal LCSA by decreasing intrabolus pressure without improving contractility in type I and II achalasia. In 
contrast, POEM increased esophageal body distension and contractility and improved the inhibitory process during bolus transport in 
type III achalasia.
(J Neurogastroenterol Motil 2022;28:131-144)
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Introduction  

Due to the development of diagnostic modalities for esophageal 
motility disorders, achalasia can now be subclassified into 3 subtypes 
according to the pattern of esophageal body pressurization.1 Recent 
histologic reports also support the conceptual model explaining dif-
ferent morphologic phenotypes of achalasia, ie, that the pathophysi-
ology of type I and II achalasia is basically loss of inhibitory neurons 
but that of type III achalasia is distinguished by imbalance between 
postganglionic inhibitory and excitatory neurons.2,3 In fact, type III 
achalasia was reported to be associated with poor treatment response 
to pneumatic dilatation (PD) and Heller myotomy,4-6 and this may 
be due to inhibitory function disorders involving the distal esopha-
geal body as well as the lower esophageal sphincter (LES).

Peroral endoscopic myotomy (POEM), which has advantages 
over PD, exact myotomy of the LES in a tailored manner under 
direct visualization, and long distal esophageal myotomy was in-
troduced as an effective alternative treatment option for achalasia. 
Most recent comparative clinical studies have also reported superior 
long-term outcomes of POEM over PD.7,8 Additionally, POEM 
has been reported to be especially effective for type III achalasia and 
cases of failure or recurrence after PD or Heller myotomy.9,10

Based on previous studies, we can hypothesize that in addition 
to decreasing LES pressure, POEM can also modify esophageal 
body movement in achalasia, and the effect may be distinguishable 
in type III achalasia compared to type I and II achalasia. The an-
swer to this hypothesis will provide useful information for deciding 
the treatment strategy for achalasia, such as the length of myotomy, 
as well as for providing essential evidence for applying POEM in 
spastic esophageal motility disorders other than type III achalasia, 
such as jackhammer esophagus and distal esophageal spasm, in 
which LES relaxation during primary peristalsis is intact and the 
main pathophysiology is confined to the esophageal body.11 Howev-
er, studies on changes in esophageal body movement after POEM 
are limited12 and based on timed barium esophagography, which 
provides indirect information about esophageal bolus transit.13 
The recently introduced functional imaging probe was reported to 
provide clinically useful information about esophageal distensibility 
after POEM, but it has limitations in providing primary peristalsis 
data.14

Although it is labor intensive, intraluminal ultrasound (US) 
examination has strong advantages in terms of providing detailed 
information on cross-sectional esophageal body movement and 
inhibitory function during primary peristalsis by directly measuring 

changes in esophageal body muscle thickness and muscle/lumen 
cross-sectional area (CSA).15,16

Therefore, we performed this study to evaluate the morpholog-
ic changes in cross-sectional movement in the esophageal body after 
POEM in type III achalasia in comparison to type I and II acha-
lasia and to those after PD by analyzing intraluminal US images 
temporally correlated with high-resolution impedance manometry 
(HRIM) data.

Materials and Methods  

Patients and Healthy Controls
The medical records of consecutive achalasia patients aged 18 

to 80 who underwent POEM or PD at a tertiary referral center 
from March 2014 to December 2019 were retrospectively re-
viewed.

The inclusion criteria were as follows: (1) confirmed primary 
achalasia based on HRIM according to the Chicago classification, 
version 3.0;1 (2) intraluminal US performed with a 20-MHz mini-
probe catheter simultaneously with HRIM; (3) POEM or PD 
performed as the initial therapeutic modality within 3 months of the 
initial diagnosis; and (4) follow-up HRIM and intraluminal US 
performed simultaneously within 3-6 months after the procedure.

The exclusion criteria were as follows: (1) clinical outcome data 
not available at least 1 year after POEM or PD; (2) treatment fail-
ure, which was defined as no improvement or relapse of symptoms, 
with an increase in the Eckart score to 4 or higher within a month.; 
and (3) US images that were too poor for parameter analysis.

To validate the intraluminal US and impedance parameters, 8 
healthy controls were also included in the study.

Simultaneous High-resolution Impedance 
Manometry and Intraluminal Ultrasound Image 
Recording

All studies were conducted using a solid-state HRIM catheter 
equipped with 36 pressure sensors and 18 impedance channels 
(MSC-3890-Z, Given Imaging, Los Angeles, CA, USA). Sub-
jects were positioned in the 20° low Fowler’s position, and data 
were acquired during swallows of 10 mL of 0.5 N saline spaced at 
30-second intervals. Swallows were repeated at least 10 times. Dedi-
cated software (ManoView, Given Imaging, CA, USA) was used 
to visualize the plots and calculate the metrics. Achalasia was classi-
fied into 3 subtypes according to the Chicago classification, version 
3.0.
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Intraluminal US examination was performed simultaneously 
with HRIM examination using a 20-MHz miniprobe catheter 
(UM3D-DP20-25R, Olympus, Tokyo, Japan), which was in-
terfaced with an EU-ME2 system (Olympus), and simultaneous 
esophageal pressures, US images and intraluminal impedance 
signals were acquired. The HRIM and US catheters were intro-
duced separately through each nostril, and the US transducer was 
positioned to acquire images at the distal esophagus, 5 cm proximal 
to the LES.

Simultaneous HRIM and intraluminal US examinations were 
performed initially and repeated between 3 and 6 months after 
POEM or PD.

Data Extraction and Analysis
US images of 3 to 5 analyzable swallows from each examina-

tion were captured from the DVD files with Adobe Premier CS 3.0 
(Adobe Systems, Mountain View, CA, USA) and then converted 
to BMP tomographic B-mode images at 30 frames per second. 
The B-mode US images were converted into 16 equispaced M-
mode images (every 22.5° apart).17

To evaluate the cross-sectional contractility and distensibility of 
the esophageal body during bolus transit, muscle thickness (MT), 
muscle CSA (MCSA), and lumen CSA (LCSA) were calculated 
using B-mode US images. The contractility index (defined as [dis-
tension LCSA - contraction LCSA]/distension LCSA) and disten-
sibility index (defined as distension LCSA/baseline LCSA) of each 
bolus transport cycle were also analyzed.

To evaluate deglutitive inhibitory function as well as distensi-
bility, the swallow-to-distension interval (which was defined as the 
time between swallowing and the onset of esophageal distension) 
and distension duration (which was defined as the time between the 
onset of esophageal distension and closure of the esophageal lumen) 
were analyzed using M-mode US images in type III achalasia.

The B-mode US images of each swallow used to analyze the 
baseline/contraction/distension MT, MCSA, and LCSA were 
selected using M-mode US images. Image analysis was performed 
using Sigma Scan Pro 5 (Jandel Scientific, San Rafael, CA, USA).

Baseline MT/MCSA/LCSA values were calculated from B-
mode images captured 0.5-1 seconds before swallowing. Distension 
MT/MCSA/LCSA values were obtained from the B-mode im-
ages captured at peak luminal distension during bolus transit. Con-
traction MT/MCSA/LCSA values were obtained from B-mode 
images showing the point at which the muscle layer became thickest 
with accompanying lumen occlusion/decrease during bolus transit.

The average distance of the 4 points, including the thinnest and 

the thickest points, parallel to the US beam between the outer longi-
tudinal muscle edge and inner margin of the inner circular muscle 
represents the MT. The MCSA was measured by subtracting the 
CSA from the inner rings of the esophageal muscle from the total 
esophageal CSA.

The LCSA was obtained by marking the interface between the 
liquid and the inner margin of the esophageal mucosa. The imped-
ance value of the distal esophagus 5 cm proximal to the LES and 
M-mode US images were temporally correlated to obtain baseline 
and nadir impedance values. To doublecheck the change in the 
LCSA before and after the procedure, the baseline luminal imped-
ance value, defined as the average value 1 second before the onset of 
swallowing, was calculated in all subjects. The nadir luminal imped-
ance value, which corresponded to the peak distension point, was 
also obtained using temporally correlated impedance values and M-
mode US images in type III achalasia patients and healthy controls 
(Fig. 1).

Along with cross-sectional image analysis, pre- and post-pro-
cedural changes in esophageal peristalsis parameters, such as com-
pleteness and sequentiality of bolus transport and panesophageal 
pressurization (PEP), and HRIM parameters, such as 4-second 
integrated relaxation pressure (4s-IRP) and basal LES pressure, 
were also analyzed.

The pattern of bolus transport and completion of bolus clear-
ance was defined based on the analysis of the impedance waveform. 
For bolus transport to be defined as sequential, the impedance 
waveform was required to meet the following 2 criteria: (1) the 
onset of the decrease in the impedance waves progressed in the 
aboral direction and (2) the velocity of onset of the decrease in im-
pedance wave from the mid-esophagus to the distal esophagus just 
above LES was less than 8 cm/second. Complete bolus clearance 
was defined as the return of esophageal impedance to 50% of its 
baseline value.18 PEP was defined as uniform pressurization of > 
30 mmHg extending from the upper esophageal sphincter to the 
esophagogastric junction.

Peroral Endoscopic Myotomy and Pneumatic 
Dilatation Technique

POEM was performed under general anesthesia. The orienta-
tion of the mucosal incision and subsequent submucosal tunneling 
and myotomy were performed in a posterior fashion. A submucosal 
tunnel was established 2-3 cm beyond the LES. Subsequent myot-
omy in a selected inner circular muscle was performed starting 2 cm 
caudally from the mid-esophageal incision up to 1-2 cm beyond the 
LES. The length of myotomy was 7-10 cm. All procedures were 
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performed using a hook knife (Olympus) and the spray coagulation 
mode at 60 W on effect 2 (ERBE, Tübingen, Germany).

Pneumatic dilation was performed under fluoroscopic guidance 
with the use of a 20-30-mm Rigiflex dilater (Boston Scientific, Bos-
ton, MA, USA). The dilater was inflated with a maximum of 15 
psi for 60 seconds and repeated 2 times.

All examinations and procedures were performed by a single 
experienced investigator (J.H.K.).

Statistical Methods
Data are reported as the mean (± standard deviation) or medi-

an (interquartile range 25-75) when appropriate. The baseline char-
acteristics and US images and luminal impedance parameters of 
the healthy controls and patients were compared by chi-square test, 
independent t test and one-way ANOVA. A paired t test was em-
ployed to compare US images and luminal impedance parameters 
(MT, MCSA, LCSA, contractility/distensibility index, swallow-to-

distension interval, distension duration, and baseline/nadir imped-
ance value) before and after POEM or PD. A multivariate analysis 
was conducted with a binary logistic regression test. A P-value < 
0.05 was considered statistically significant.

Ethical Approval
This study was approved by the Institutional Review Board 

of Inje University Busan Paik Hospital (Approval No. 19-0106), 
which confirmed that the study was performed in accordance with 
the ethical guidelines of the Helsinki Declaration.

All authors had access to the study data and reviewed and ap-
proved the final manuscript.
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Figure 1. Intraluminal ultrasound (US) and impedance parameters in a healthy subject. (A) The impedance value 5 cm proximal to the lower 
esophageal sphincter and M-mode US images temporally correlated to obtain baseline and nadir impedance values. The swallow-to-distension 
interval and distension duration were calculated using M-mode images. The B-mode images for analyzing US parameters were selected using M-
mode images (curved arrows a, b, and c). (B) The baseline/contraction/distension muscle thickness, muscle cross-sectional area, and lumen cross-
sectional area were analyzed using the corresponding B-mode US images.
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Results  

Baseline Characteristics: Peroral Endoscopic 
Myotomy Versus Pneumatic Dilatation Group

Among 83 patients who were diagnosed with achalasia, 68 un-
derwent POEM or PD as an initial therapeutic modality and had 
pre- and post-procedural intraluminal US performed simultane-
ously with HRIM. Among them, 3 patients who underwent PD 
were excluded because of treatment failure, 6 patients (2 underwent 
POEM and 4 underwent PD) were excluded because of loss to 
follow-up for clinical outcomes within a year, and 12 patients were 
excluded because the US images were too poor to analyze. Finally, 
47 patients (30 and 17 patients in the POEM and PD groups, 
respectively, with a mean age of 50.11 [22-76] years and mean 
follow-up period of 22.34 [12-38] months), fulfilled the inclusion 
criteria. There was no significant difference between the POEM 
and PD groups in terms of sex, age, BMI, follow-up period, type 
of achalasia, Eckardt score, pre- and post-procedural 4s-IRP, or 
basal LES pressure. The frequency of PEP was also not different 
between the POEM and PD groups (40 in type II, 3 in type I vs 
32 in type II, 3 in type I).

The symptom relapse rate during the follow-up period was 

higher in the PD group (2 and 4 cases in type II and III achalasia, 
respectively) than in the POEM group (1 case in type II and 1 case 
in type III achalasia, respectively) (35.26% vs 6.67%, P = 0.041) 
(Table 1).

The US images and impedance parameters of 40 swallow 
samples from healthy controls and 218 swallow samples from 47 
achalasia patients (53 swallows from type I, 82 from type II, and 83 
from type III) were analyzed. No significant differences were found 
among type I, II, and III achalasia patients in terms of age or fol-
low-up duration. BMI was significantly higher in type III achalasia 
patients than in type I and II achalasia patients. Bolus transport was 
complete in 96.36% and sequential in 73.49% of analyzed swallows 
from type III achalasia patients (Table 2).

Post-procedural US images and the impedance parameters of 
218 swallows were obtained from the 47 achalasia patients.

Baseline High-resolution Impedance Manometry, 
Ultrasound Images, and Impedance Parameters 
According to Subtype of Achalasia

The baseline, distension, and contraction MT values were 
largest in type III achalasia, followed by type II and type I achalasia 
(P < 0.001). Distension MT was smaller than baseline MT in 
healthy controls and type I and III achalasia patients (P < 0.001). 
In contrast, distension MT was larger than baseline MT in type II 

Table 1. Clinical and Manometric Parameters of Patients Who Underwent Peroral Endoscopic Myotomy and Pneumatic Dilatation

Parameters POEM (n = 30) PD (n = 17) P-value

Sex (male/female) 15/15 7/10 0.564
Age (yr) 51.03 ± 15.13 48.47 ± 16.36 0.591
BMI (kg/m2) 21.90 ± 3.22 22.05 ± 4.08 0.892
Follow-up period (mo) 20.67 ± 7.95 25.29 ± 8.96 0.074
Type of achalasia 0.948
  Type I 8 (26.7) 4 (23.5)
  Type II 10 (33.3) 7 (41.2)
  Type III 12 (40.0) 6 (35.3)
Pre-procedural parameters
  Eckardt score 6.90 ± 1.67 6.82 ± 0.81 0.834
  4s-IRP (mmHg) 33.68 ± 13.35 33.02 ± 14.59 0.875
  Basal LES pressure (mmHg) 45.85 ± 11.46 40.16 ± 12.8 0.124
  PEP (n/total swallows [%]) 43/133 (32.3) 35/85 (41.18) 0.365
Post-procedural parameters
  4s-IRP (mmHg) 10.53 ± 3.84 12.71 ± 4.27 0.079
  Basal LES pressure (mmHg) 11.98 ± 4.19 12.58 ± 4.83 0.652
  PEP (n/total swallows [%]) 3/133 (2.26) 6/85 (7.06) 0.098
Symptom relapse 2 (6.67) 6 (35.26) 0.041

POEM, peroral endoscopic myotomy; PD, pneumatic dilatation; BMI, body mass index; 4s-IRP, 4-second integrated relaxation pressure; LES, lower esophageal 
sphincter; PEP, panesophageal pressurization.
Data are expressed as n/n, mean ± SD, or n (%).
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achalasia (P < 0.001).
In regard to the MCSA, the baseline, distension, and contrac-

tion MCSA values were significantly increased in type II and type 
III achalasia compared to the healthy controls and type I achalasia, 
but no significant difference was found between type II and type III 
achalasia (P < 0.001).

The baseline, distension, and contraction LCSA values sig-
nificantly increased in type I and type II achalasia compared to the 
normal control. In type III achalasia, the baseline and contraction 
LCSA values were not significantly different from those in the 
healthy controls, but the distension LCSA was significantly de-
creased compared to the healthy controls (P < 0.001).

The contractility index was largest in healthy controls, followed 
by type III, type II, and type I achalasia. The distensibility index in 
type I, II and III achalasia was significantly smaller than that in the 
healthy controls. Both indices were significantly larger in type III 

achalasia than in type I and II achalasia, and no significant differ-
ence was found between type I and II achalasia.

The baseline luminal impedance level significantly decreased in 
type I and type II achalasia compared to the healthy controls, which 
is concordant with the baseline LCSA results. In contrast, the base-
line luminal impedance was significantly greater in type III achala-
sia than in type I and II achalasia and in the healthy controls (P < 
0.001). The nadir luminal impedance level in type III achalasia also 
increased compared with that in the healthy controls (P < 0.001).

The swallow-to-distension interval was significantly prolonged 
and the distension duration was significantly decreased in type III 
achalasia patients compared to healthy controls (Table 2).

Type I Achalasia: Post-peroral Endoscopic Myotomy 
and Pneumatic Dilatation

The nadir impedance value was not identified, and bolus clear-

Table 2. Baseline Clinical, Manometric, and Intraluminal Ultrasound Parameters of Healthy Controls and Achalasia Patients

Parameters Healthy control (n = 8) Type I (n = 12) Type II (n = 17) Type III (n = 18) P-value

Sex (male/female) 3/5 6/6 8/9 8/10 0.889
Age (yr) 45.13 ± 10.56 46.17 ± 17.92 47.12 ± 15.39 55.56 ± 12.83 0.195
BMI (kg/m2) 23.66 ± 1.88 20.12 ± 1.82 20.56 ± 2.02 24.50 ± 4.04 < 0.001
Eckardt score 6.83 ± 1.19 7.00 ± 1.54 6.78 ± 1.48 0.896
Followup period (month) 24.50 ± 8.99 19.59 ± 7.66 23.50 ± 8.79 0.242
IRP (mmHg) 32.15 ± 13.97 30.28 ± 13.05 37.30 ± 13.82 0.299
Basal LES pressure (mmHg) 39.27 ± 11.10 38.84 ± 10.16 51.49 ± 10.97 0.002
Complete bolus transport (n/total swallows [%]) 0/53 (0) 0/82 (0) 80/83 (96.39) < 0.001
Sequential bolus transport (n/total swallows [%]) 0/53 (0) 0/82 (0) 61/83 (73.49) < 0.001
Muscle thickness (mm)  
  Baseline 1.75 ± 0.22 1.49 ± 0.33 2.08 ± 0.31 4.62 ± 1.21 < 0.001
  Distension 1.45 ± 0.11 1.37 ± 0.21 2.42 ± 0.53 4.08 ± 1.35 < 0.001
  Contraction 2.38 ± 0.41 1.51 ± 0.32 2.77 ± 0.63 4.77 ± 1.20 < 0.001
Muscle CSA (mm2)
  Baseline 124.37 ± 14.51 113.84 ± 4.00 230.95 ± 54.99 249.28 ± 115.48 < 0.001
  Distension 153.07 ± 10.10 139.63 ± 10.92 342.87 ± 70.73 369.19 ± 184.53 < 0.001
  Contraction 85.52 ± 8.04 118.18 ± 17.81 226.66 ± 79.96 282.41 ± 109.63 < 0.001
Lumen CSA (mm2)
  Baseline 75.93 ± 7.30 625.86 ± 145.97 597.31 ± 129.40 59.93 ± 1.99 < 0.001
  Distension 321.00 ± 47.97 700.37 ± 106.27 683.90 ± 109.51 147.38 ± 6.12 < 0.001
  Contraction 48.89 ± 5.77 620.03 ± 77.91 428.26 ± 95.52 51.05 ± 5.51 < 0.001
Contractility index 0.84 ± 0.32 0.091 ± 0.063 0.43 ± 0.10 0.65 ± 0.33 < 0.001
Distensibility index 4.24 ± 0.62 1.14 ± 0.11 1.16 ± 0.15 2.17 ± 0.68 < 0.001
Baseline impedance (Ω) 921.75 ± 118.82 168.68 ± 33.14 211.07 ± 88.10 1747.19 ± 461.58 < 0.001
Nadir impedance (Ω) 180.50 ± 47.18 573.78 ± 196.84 < 0.001
Swallow-to-distension interval (sec) 1.39 ± 0.14 2.25 ± 0.35 < 0.001
Distension duration (sec) 6.24 ± 0.53 3.25 ± 0.67 < 0.001

BMI, body mass index; IRP, integrated relaxation pressure; LES, lower esophageal sphincter; CSA, cross-sectional area.
Data are expressed as n/n or mean ± SD.
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ance was incomplete in 100% of swallows after POEM and PD.
The baseline, distension, and contraction MT values signifi-

cantly increased after POEM and PD (P < 0.001). The baseline 
and contraction MCSA values also significantly increased (P < 
0.001), but the distension MCSA did not significantly changed 
after POEM and PD compared with pre-POEM and PD (P = 
0.608 and P = 0.347, respectively).

In regard to the LCSA, the baseline, distension, and contrac-

tion LCSA values significantly decreased in both the POEM and 
PD groups (P < 0.001). The baseline impedance level also signifi-
cantly increased after POEM and PD (P < 0.001) (Fig. 2A and 
3A).

The distensibility index significantly increased after POEM 
(1.14 ± 0.10 vs 1.20 ± 0.15, P < 0.001) and PD (1.15 ± 0.13 vs 
1.23 ± 0.19, P < 0.001). However, the contractility index was not 
significantly changed in either the POEM or PD group (P = 0.880 
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Figure 2. Changes in the muscle thickness (MT), muscle cross-sectional area (MCSA), lumen cross-sectional area (LCSA), and impedance val-
ues after peroral endoscopic myotomy (POEM) in type I (A), type II (B), and type III achalasia (C). The MT, baseline/contraction MCSA, and 
baseline impedance significantly increased in type I achalasia. Baseline MT and baseline impedance significantly increased in type II achalasia. 
LCSA significantly decreased in type I and II achalasia. In contrast, the MT, MCSA, and baseline/nadir impedance significantly decreased, and 
the LCSA significantly increased in type III achalasia.
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and P = 0.141, respectively) (Fig. 4A and 4B).

Type II Achalasia: Post-peroral Endoscopic Myotomy 
and Pneumatic Dilatation

Simultaneous bolus transport with complete bolus clearance 
was observed in 7 swallows of 47 analyzed swallows (14.9%) in the 
POEM group. Complete bolus clearance was found in 6 swallows 
of 35 analyzed swallows (17.1%) (4 simultaneous and 2 sequential) 
in the PD group. PEP was observed in 3 and 6 swallows in the 

POEM and PD groups, respectively.
The baseline MT values significantly increased after POEM 

and PD (P < 0.001). However, there was no significant change in 
the distension MT in either the POEM or PD group (P = 0.277 
and P = 0.230, respectively). The contraction MT values signifi-
cantly increased in the PD group (P < 0.001) but unchanged in 
the POEM group (P = 0.101). Distension MT decreased than 
the baseline MT post-procedure in both the POEM and PD 
groups (P < 0.001 for each).
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Figure 3. Changes in the muscle thickness (MT), muscle cross-sectional area (MCSA), lumen cross-sectional area (LCSA), and impedance values 
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There was no significant difference in the baseline or contrac-
tion MCSA in either the POEM or PD group. However, the 
distension MCSA significantly decreased in both the POEM and 
PD groups (P = 0.007 and P < 0.001, respectively).

The baseline, distension, and contraction LCSA values signifi-
cantly decreased after POEM and PD (P < 0.001). The baseline 
impedance level significantly increased in both groups (P < 0.001) 
(Fig. 2B and 3B).

The contraction index was not changed significantly in the 
POEM group (P = 0.231), but it significantly increased in the 
PD group (0.37 ± 0.12 vs 0.42 ± 0.15, P = 0.004). The distensi-
bility index significantly increased in both the POEM (1.16 ± 0.15 
vs 1.48 ± 0.47, P < 0.001) and PD groups (1.17 ± 0.17 vs 1.39 
± 0.41, P = 0.001) (Fig. 4C and 4D).

Type III Achalasia: Post-peroral Endoscopic Myotomy 
and Pneumatic Dilatation

Bolus clearance was complete in 47 of 53 analyzed swallows 
(88.7%), and bolus transport was sequential in 44 swallows (83.0%) 
in the POEM group and complete in 28 of 30 analyzed swallows 
(93.3%) and sequential in 23 swallows (76.7%) in the PD group.

The baseline, distension, and contraction MT/MCSA values 
significantly decreased after POEM (P < 0.001) but did not 
change significantly in the PD group.

The baseline, distension, and contraction LCSA values signifi-
cantly increased, and the baseline/nadir impedance values signifi-
cantly decreased after POEM (P < 0.001) (Fig. 2C). The baseline 
LCSA and impedance values significantly increased and decreased, 
respectively, in the PD group (P < 0.001), but the distension/con-
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Figure 4. Changes in the contractility 
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peroral endoscopic myotomy (POEM) 
and pneumatic dilatation (PD) in type 
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II achalasia and after POEM in type III 
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traction LCSA and nadir impedance values did not change signifi-
cantly (Fig. 2C and 3C).

The contraction index significantly increased (0.65 ± 0.30 vs 
0.72 ± 0.79, P < 0.001), and the distensibility index also signifi-
cantly increased (2.09 ± 0.80 vs 2.47 ± 0.89, P < 0.001) in the 
POEM group. However, the distensibility index decreased signifi-
cantly (2.46 ± 0.66 vs 1.89 ± 0.23, P < 0.001), and the contractil-
ity index did not change significantly (P = 0.927) in the PD group 
(Fig. 4E and 4F).

The swallow-to-distension interval significantly decreased 
(2.25 ± 0.36 vs 1.58 ± 0.47, P < 0.001), and the distension dura-
tion significantly increased (3.20 ± 0.47 vs 6.04 ± 1.39, P < 0.001) 
after POEM. In contrast, there was no significant difference in 
either parameter in the PD group (P = 0.181 and 0.241, respec-
tively) (Fig. 5A, 5B, and 6).

Symptom Relapse After the Procedure in Type III 
Achalasia

Four patients who underwent PD (66.7%) and 1 patient who 
underwent POEM (8.3%) experienced a relapse in symptoms 
during the follow-up period. Univariate analysis revealed that the 
post-procedural 4s-IRP, distension MT, distension MCSA, con-
traction MCSA, baseline/nadir impedance values, and swallow-to-
distension interval were significantly larger in relapsed patients than 
in non-relapsed patients. In contrast, the distension LCSA, disten-
sion duration, and contractility/distensibility index were significantly 
smaller in relapsed patients than in non-relapsed patients. Among 
those parameters, post-procedural distension LCSA (P = 0.002; 
OR, 0.84; 95% CI, 0.67-0.94) and distension duration (P = 0.041; 
OR, 0.93; 95% CI, 0.54-0.98) remained significant factors for pre-

dicting relapse in the multivariate analysis.

Discussion  

In our study, type III achalasia was characterized by intact com-
pleteness and sequentiality in bolus transport, a markedly increased 
baseline and distension MT, and an insufficient distension LCSA, 
which are totally different characteristics from those in type I and II 
achalasia. Additionally, muscle thinning during the distension pe-
riod of bolus transport, which is an important feature of the normal 
inhibitory process of primary peristalsis,15,19 was found to be insuf-
ficient in type III achalasia (Fig. 1 and 6). These findings are con-
cordant with those of previous studies reporting inhibitory function 
abnormalities in esophageal body motility in type III achalasia.18,20

The morphological changes after POEM in type III achalasia 
can be summarized as decreases in the MT and MCSA and in-
creases in the baseline and distension LCSA, which are distinctive 
changes from those in type I and II achalasia. POEM also im-
proved the distensibility index despite the baseline LCSA increase. 
In other words, POEM physically improved esophageal body 
distensibility during bolus transit in type III achalasia. Addition-
ally, we revealed that PD could not improve the intraluminal US 
parameters (except baseline LCSA) or the contractility/distensibility 
index in type III achalasia. These results may account for the supe-
rior effect of POEM compared with PD in type III achalasia.7,8

One of the unique findings of this study was that the prolonged 
swallow-to-distension interval and shortened distension duration, 
which are indicators of the inhibitory dysfunction of esophageal 
body peristalsis and assumed to be a cause of premature contrac-
tion,20 also improved after POEM but not after PD in type III 
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achalasia. Additionally, along the distension LCSA, post-procedural 
distension duration was revealed as a significant predicting factor 
for symptom relapse in type III achalasia. This also suggests that 
improving esophageal body compliance by long myotomy can im-
prove the deglutitive inhibitory process during primary peristalsis 
and provides important clues regarding the mechanisms of symp-
tom improvement after POEM in type III achalasia. As a result, 
our findings suggest that long myotomy is an essential component 

of POEM for type III achalasia management.
Our results also provide evidence supporting the application 

of POEM in other spastic esophageal motility disorders, such as 
jackhammer esophagus and distal esophageal spasm, in which in-
hibitory abnormalities in body peristalsis are prominent and LES 
relaxation is intact.11,21-24 Although additional controlled studies 
will be needed for verification, POEM may be a rational treatment 
strategy for these disorders.
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Along with esophageal body aperistalsis, increased muscle layer 
thickness is a well-known phenomenon in achalasia patients,25,26 
and this is supposedly due to the sustained increase in intrabolus 
pressure with underlying esophageal myopathy.27,28 In addition, 
paradoxical muscle thickening during distension, which may be the 
cause of PEP, was found in most cases of type II achalasia (Supple-
mentary Fig. 1).

Studies reporting changes in the muscle layer after normalizing 
the LES pressure are scarce. Sinn et al29 performed research to 
evaluate changes in the esophageal MCSA after PD and showed 
inconsistent results and no relationship with symptom recurrence. 
However, 2 points should be considered when interpreting the 
results: because the diagnosis of achalasia was made based on con-
ventional manometry in that study, achalasia subtyping was not 
available, and data other than those for MCSA were not analyzed. 
Considering that the MCSA in achalasia is affected by the lumen 
CSA as well as the MT,25,30 the study lacks evidence estimating 
morphological changes in the esophageal body after LES decom-
pression.

Our results showed that the baseline esophageal body MT 
increased in both type I and type II achalasia after POEM or PD. 
Especially in type I achalasia, the body MT became thicker than 
that of the normal controls, though it was thinner than that of the 
normal control before POEM or PD (Supplementary Fig. 2). 
These results may be explained by the pathologically thickened 
body muscle layer becoming prominent after POEM and PD, 
which effectively decreased the intrabolus pressure.

Our study shows that the distended LCSA dramatically de-
creased after POEM in type I and II achalasia due to an effective 
decrease in LES pressure, and these results were also observed in 
the PD group.

However, our results showed that POEM could not effectively 
improve lumen-reducing esophageal contractility in type I and II 
achalasia, and the contractility index was increased after PD in type 
II achalasia. Long myotomy resulting in a decrease in esophageal 
body contractility may be an explanation for these results.31,32 These 
findings also suggest that esophageal contractility abnormalities in 
type I achalasia may be irreversible even after effective LES decom-
pression.33

Interestingly, our study shows that PEP, which was a charac-
teristic finding of type II achalasia and accompanied by paradoxical 
muscle thickening during distension, disappeared in most cases 
of type II achalasia not only in the POEM group (Supplemen-
tary Fig. 1), but also in the PD group. Although it is still debated 
whether the unique esophageal body motility pattern is caused by 

primary myopathy of the esophageal body or is secondary to in-
creased intrabolus pressure, our results suggest that effective LES 
decompression alone can normalize the PEP in type II achalasia.12

Based on our results in type I and II achalasia, we cautiously 
propose that long myotomy is not necessarily essential in type I and 
II achalasia and that POEM with short myotomy, which ensures 
complete LES myotomy, can be as effective as POEM with long 
myotomy.34

Our study has several inevitable methodologic limitations. 
Certain patients with type I and II achalasia (8 with type I acha-

lasia and 4 with type II achalasia) who fulfilled the inclusion criteria 
were excluded because of unsuitable intraluminal US images (eg, 
the baseline and distension LCSAs were too large [more than 1000 
mm2] to obtain whole images for analyzing the LCSA, or a large 
amount of remnant food was present in the esophageal lumen dur-
ing the examination), which may have caused selection bias.

Principally, an intravascular US catheter and HRIM catheter 
should be assembled by taping the US transducer to the HRIM 
catheter before insertion into the patient to maintain the US trans-
ducer 5 cm proximal to the LES and the exact same level as the 
pressure/impedance senor of the HRIM catheter during the ex-
amination.35 However, we used an EUS catheter because (1) the in-
travascular US system was not available in our institute and (2) the 
US image defect induced by interference of the adjacent HRIM 
catheter was minimized. Instead, we located the US transducer by 
fixing the US catheter to the HRIM catheter outside the body of 
the subject using the positioning function of the HRIM program.

Our results may not represent the long-term morphologic 
changes in esophageal body movement because follow-up intralu-
minal US examination was performed 3-6 months after the proce-
dure.

In conclusion, this study demonstrates that POEM decreased 
the esophageal LCSA by LES and intrabolus pressure decom-
pression in type I and II achalasia. In contrast, POEM improved 
esophageal body distension and inhibitory processes during primary 
peristalsis in type III achalasia.
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