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Myotomy of Distal Esophagus Influences  
Proximal Esophageal Contraction and Upper 
Esophageal Sphincter Relaxation in Patients with 
Achalasia After Peroral Endoscopic Myotomy  

Yutang Ren,1 Xiaowei Tang,1,2 Fengping Chen,2 Zhiliang Deng,2 Jianuan Wu,2 Soma Nei,1 Bo Jiang,1 and Wei Gong2*
1Department of Gastroenterology, Beijing Tsinghua Changgung Hospital, Medical Center, Tsinghua University, Beijing, China; and 2Department 
of Gastroenterology, Nanfang Hospital, Southern Medical University, Guangzhou, China

Background/Aims
The motility change after peroral endoscopic myotomy (POEM) in achalasia is currently focused on lower esophageal sphincter (LES). 
This study aims to investigate the correlation of motility response between distal and proximal esophagus after POEM.

Methods
A total of 32 achalasia patients who received POEM and high-resolution manometry (HRM) were included for analysis. Eckardt 
score was used to assess symptom improvement. HRM was applied for studying motility. Main parameters analyzed were (1) LES: 
resting pressure (restP), 4-second integrated relaxation pressure; (2) esophageal body (EB): contractile integral of distal segment with 
myotomy (CI-DM) and proximal segment without myotomy (CI-PNM); and (3) upper esophageal sphincter (UES): relaxation pressure 
(UES-RP).

Results
There were 6 type I, 17 type II, and 9 type III achalasia patients included for analysis. (1) Eckardt score, LES tone, CI-DM, CI-PNM and 
UES-RP were reduced remarkably after POEM (P < 0.001). (2) no significant correlation was noted between LES tone and contractile 
intergral of EB. (3) a positive linear correlation of CI-DM and CI-PNM changes was detected (P < 0.001). (4) the change of UES-RP was 
positively correlated with the change of contractile integral of EB (P < 0.001). 

Conclusions
Myotomy of the distal esophagus would attenuate proximal EB contraction and assist UES relaxation in achalasia patients after POEM. 
(J Neurogastroenterol Motil 2016;22:78-85)
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Introduction 	

Achalasia is an esophageal motility disorder, which is defined as 
impaired deglutitive lower esophageal sphincter (LES) relaxation 
and aperistalsis of the esophageal body (EB).1 When achalasia pa-
tients swallow food, the dysmotility change would lead to food bolus 
impaction and food stasis. Thus achalasia patients usually complain 
of dysphagia, regurgitation, and chest pain, which greatly impairs 
their life quality.2 

The emerging peroral endoscopic myotomy (POEM) is a 
promising and minimal-invasive surgery, which showed even better 
clinical outcome than pneumatic dilation in the short term.3-5 How-
ever, investigations on motility change after POEM was mainly 
focused on LES. In several studies, not only LES resting pressure, 
but also LES relaxation pressure was noted to be decreased dra-
matically.3,4,6 This was believed to be the main reason for satisfactory 
symptom improvement. 

Nevertheless, Wauters et al7 reported that the motility change 
of LES after pneumatic dilation correlated significantly with the 
change in upper esophageal sphincter (UES) and EB motility in 
achalasia patients. This finding shed light on the distal therapeutic 
effect for the proximal esophagus. Yao and Linghu8 also reported 
decreased UES relaxation pressure after POEM, but the exact 
mechanism was still unclear. So the aim of this study is to investigate 
the therapeutic effect of POEM on the proximal esophagus, espe-
cially in achalasia subtypes.

Materials and Methods 	

Study Subjects
This study is a retrospective analysis of a prospectively collected 

achalasia database. Thirty-two achalasia patients were included 
and treated at a tertiary gastroenterology center (Nanfang Hospi-
tal, Guangzhou, China) between November 2012 and July 2013. 
Achalasia was diagnosed by clinical symptoms, barium esophagram, 
and high-resolution manometry (HRM) with Chicago classifica-
tion.9-11 Endoscopy was used to exclude pseudo-achalasia such as 
carcinoma of the cardia. Exclusion criteria were patients with coag-
ulopathy, pregnancy, American Society of Anesthesiologists (ASA) 
stage ≥ 4, and patients who reject manometry and who withdraw 
informed consent. Standard Eckardt score was used to evaluate 
the severity of disease and the efficacy of POEM.12 The patients 
were followed up with both Eckardt score and HRM. The study 

protocol was approved by the institutional review board of Nanfang 
Hospital (NFEC-201211-K2) and adhered to the Declaration of 
Helsinki. Informed consent was obtained from all participating pa-
tients. 

High-resolution Manometry Procedure
All patients fasted overnight before HRM, which was con-

ducted using solid-state probe with pressure sensors spaced at 1-cm 
intervals from the pharynx to the stomach (Sierra Scientific, Los 
Angeles, CA, USA). The patient was oriented in a left decubitus 
position. Prior to each recording, the probe was calibrated using 
externally applied pressure. After an initial equilibration period, the 
resting pressure was recorded over a 1-minute period before 10 
swallows at 30-second intervals of 5 mL of water at room tempera-
ture. The motility data were recorded and analyzed by Manoscan 
360 (Sierra Scientific, Los Angeles, CA, USA). 

Peroral Endoscopic Myotomy Technique
POEM was performed by Dr Wei Gong as described by In-

oue et al3 with general anesthesia and CO2 insufflation. First, a sub-
mucosal injection with normal saline and indigo carmine were made 
5-10 cm above the gastroesophageal junction (GEJ), followed by 
a 2 cm longitudinal incision using a triangle-tip knife (KD-640L; 
Olympus, Tokyo, Japan). Second, the submucosal layer was dis-
sected to make a tunnel along the esophagus and across the GEJ 
2-3 cm into the proximal stomach. Third, myotomy was started 3 
cm below the tunnel entrance and extended 2-3 cm into the proxi-
mal stomach. The circular muscle fiber was dissected and the lon-
gitudinal muscle fiber was preserved. Fourth, the submucosal entry 
was closed by metal clips (EZ-CLIP; Olympus). The esophageal 
myotomy length was measured above the LES. The gastric length 
was measured below the GEJ. After the procedure, patients re-
ceived antibiotics and intravenous nutrition for 3 days, after which 
they began to take liquid food and gradually changed to solid food. 
They were followed up with Eckardt scores and HRM 3 months 
after POEM. 

High-resolution Manometry Data Analysis

Lower esophageal sphincter parameters

LES resting pressure (LES restP) was assessed before all wet 
swallows using the LES markers. Impaired LES relaxation was 
calculated using the 4-second integrated relaxation pressure (4s-
IRP). LES parameters were determined as the mean pressures for 
10 wet swallows of 5 mL each.
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Esophageal body parameters

A new parameter, the contractile integral (CI), was used to rep-
resent the amplitude, duration, and length of the EB contraction. 
CI was measured using the software Manoscan in a way similar 
to the distal contractile integral (DCI): amplitude × duration × 
length (mmHg∙sec∙cm) of the esophageal contraction exceeding 
20 mmHg of a given segment. CI was separated according the 
esophageal myotomy length and total esophageal length between 
the lower border of the UES and the upper border of the LES. CI 
of the distal segment with myotomy (CI-DM; Fig. 1A) and CI of 
the proximal segment without myotomy (CI-PNM; Fig. 1B) were 
measured for each swallow, which were averaged for each series of 5 
mL wet swallows.

Upper esophageal sphincter parameters

UES restP were calculated before all wet swallows. The relax-
ation pressure (UES-RP, the nadir pressure) and relaxation dura-
tion were averaged for each series of 5 mL wet swallows. 

Manometric classification for achalasia

The diagnosis of achalasia was supported manometrically by 
the Chicago classification for esophageal motility disorders.9 Type I 
achalasia was diagnosed with a mean 4s-IRP over 15 mmHg with 
100% failed peristalsis. Type II achalasia was recognised with 4s-
IRP over 15 mmHg and panesophageal pressurization present in 
≥ 20% of swallows. Type III achalasia was characterised by 4s-IRP 
over 15 mmHg and spastic contractions in ≥ 20% of swallows.

Statistical Methods
Data from HRM were described as mean ± standard devia-

tion. Age, Eckardt score, myotomy length, and CI were written as 
the median value (range). Eckardt score changes were analysed us-
ing paired Wilcoxon test. Changes of manometric parameters were 
compared by Students’ t test, except for CI, in which the paired 
Wilcoxon test was utilized. Spearman correlation analysis was used 
to identify the possible correlation between motility parameters. A 
two-sided P-value of < 0.05 is considered statistically significant. 
Standard statistics software was used (SPSS version 22.0, IBM Co, 
Somers, NY, USA).

Results 	

Information of Achalasia Patients
The study group was composed of 16 males and 16 females, 

with a median (range) age of 34.5 (19-68) years (Table 1). Six 
patients were classified as type I achalasia, 17 patients had type II 
achalasia, and 9 patients were categorized as type III achalasia. 
Eleven patients received previous treatments without satisfactory re-
sults. All achalasia patients received POEM successfully. The me-
dian (range) esophageal myotomy length was 5.0 (3-10) cm and the 
median (range) gastric myotomy length was 3.0 (2-5) cm. POEM 
reduced the Eckardt score remarkably (7.5 [4.0-11.0] vs 1.0 [0.0-
5.0], P < 0.001) within a median follow-up time of 2.0 (1.0-8.0) 
months.

A B

Figure 1. The contractile integral was calculated using the software Manoscan in a way similar to distal contractile integral: amplitude × duration 
× length (mmHg · sec · cm) of the esophageal contraction exceeding 20 mmHg of a given segment. (A) Contractile integral of the distal segment 
with myotomy (CI-DM) was measured in the distal pressurization part outlined in black. (B) Contractile integral of the proximal segment without 
myotomy (CI-PNM) was measured in the proximal pressurization part outlined in black.
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Treatment Effects on Esophageal Motility
LES motility parameters such as restP and 4s-IRP were re-

duced significantly after POEM (38.12 ± 13.48 vs 14.53 ± 4.92 
mmHg, P < 0.001 and 31.28 ± 10.03 vs 8.80 ± 4.22 mmHg, 
P < 0.001; Table 2). POEM lowered the CI of EB contraction 
significantly in both distal segments with myotomy and proximal 
segments without myotomy (CI-DM: 43.95 [0.29-743.40] vs 3.79 
[0-665.70] mmHg·sec·cm, P < 0.001; CI-PNM:1337.73 [2.30-
9856.31] vs 480.85 [2.16-3121.83] mmHg·sec·cm, P < 0.001). 
The UES relaxP was reduced by POEM (12.74 ± 7.14 vs 5.79 

± 6.11 cm, P < 0.001). However, UES restP and relaxation dura-
tion remained almost unchanged. In subtypes according to Chicago 
classification, LES restP and 4s-IRP were all reduced remarkably 
in type I, type II, and type III achalasia (Supplementary Table). 
The reduction of CI-PNM, CI-DM, and UES-RP were signifi-
cant in type II and type III achalasia, but were insignificant in type 
I achalasia. It should be noted that sample size in type I achalasia is 
small. 

The Correlation of Changes in Motility Parameters 
Between Distal Esophagus with Myotomy and Proxi-
mal Esophagus Without Myotomy After Treatment

After POEM, no significant correlation was detected between 
the change of LES restP, 4s-IRP and the motility parameters of 
EB and UES (Table 3). There was a positive linear correlation 
of CI changes between the distal EB segment with myotomy and 
proximal EB without myotomy (correlation coefficient = 0.901, 
P < 0.001; Fig. 2). The change of UES-RP was positively cor-
related with the CI of distal EB with myotomy and proximal EB 
without myotomy (CI-DM: correlation coefficient = 0.705, P < 
0.001; CI-PNM: correlation coefficient = 0.755, P < 0.001).

Different Correlation Patterns in Achalasia Subtypes 
After Treatment

In type I achalasia, no significant correlation of changes was 
detected between CI-DM, CI-PNM and UES-RP (Table 4). 
In type II achalasia, there was a significant positive correlation of 
changes between CI-DM and CI-PNM (correlation coefficient 
= 0.699, P = 0.002), CI-PNM, and UES-RP(correlation coef-
ficient = 0.691, P = 0.002). However, the correlation between 

Table 2. The Effect of Peroral Endoscopic Myotomy on Esophageal Motility (N = 32)

Motility parameters Before POEM After POEM P-value

LES
    restP (mmHg) 38.19 ± 13.48 14.53 ± 4.92 < 0.001
    4s-IRP (mmHg) 31.28 ± 10.03 8.80 ± 4.22 < 0.001
EB
    CI-PNM (mmHg∙sec∙cm) 1337.73 (2.30-9856.31) 480.85 (2.16-3121.83) < 0.001
    CI-DM (mmHg∙sec∙cm) 43.95 (0.29-743.40) 3.79 (0-665.70) < 0.001
UES
    restP (mmHg) 83.91 ± 34.08 84.33 ± 35.48 0.946
    RP (mmHg) 12.96 ± 7.30 5.87 ± 6.30 < 0.001
    RD (msec) 828.25 ± 194.81 817.16 ± 168.23 0.709

POEM, peroral endoscopic myotomy; LES, lower esophageal sphincter; restP, resting pressure; 4s-IRP, 4-second integrated relaxation pressure; EB, esophageal 
body; CI-PNM, contractile integral of proximal segment without myotomy; CI-DM, contractile integral of distal segment with myotomy; UES, upper esophageal 
sphincter; RP, relaxation pressure; RD, relaxation duration. 

Table 1. Information of Recruited Achalasia Patients (N = 32)

Male/female ratio 16/16

Age (median [range], yr) 34.50 (19-68)
Chicago classification: Type 1/2/3 6/17/9
Previous treatment (No. of patients)
    Pneumatic dilation 9
    Botox injection 2
    Heller myotomy 0
Eckardt score (median [range])

    Before POEM 7.5 (4-11)
    After POEM 1.0 (0-5)a

Myotomy length of POEM (median [range])
    Esophageal 5.0 (3-10)
    Stomach 3.0 (2-5)
Adverse events (No. of patients)
    Subcutaneous emphysema 2
    Pneumothorax 1

aLevel of significance, P < 0.001.
POEM, peroral endoscopic myotomy. 
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CI-DM and UES-RP was insignificant (correlation coefficient = 
0.400, P = 0.112). It could be observed that the pressurization of 
the EB changed synchronously as a whole, irrespective of segment 
with myotomy or without myotomy (Fig. 3A and 3B). In type III 
achalasia, the positive correlation of changes in CI was significant 
between the distal EB with myotomy and proximal EB without my-
otomy (correlation coefficient = 0.917, P = 0.001). However, in-
significant positive correlations could be detected between CI-DM 
and UES-RP (correlation coefficient = 0.667, P = 0.050), CI-
PNM and UES-RP(correlation coefficient = 0.650, P = 0.058). 
It could also be observed that the spasm in the proximal segment 
without myotomy attenuated with spasm in the distal segment with 
myotomy after POEM (Fig. 3C and 3D). The sample size in type 

III achalasia was also relatively small. 

Discussion 	

In this study, significant positive correlations were observed 
between the changes of contraction pressure of distal EB with my-
otomy, contraction pressure of proximal EB without myotomy and 
UES-RP after POEM. This finding suggested that myotomy of 
the distal esophagus could influence contraction of the proximal 
esophagus and UES relaxation. A second observation is that those 
correlations differ among achalasia subtypes, which were absent in 
type I achalasia, but were reserved in type II and III achalasia. 

Wauters et al7 first reported that balloon dilation of the LES 
affects intraesophageal and UES pressures in a cohort of 50 
achalasia patients and pointed out that there is a neural feedback 
mechanism existing between the tension in the esophageal wall and 
UES relaxation. Interestingly, our findings suggest that endoscopic 
myotomy of distal EB instead of myotomy of LES significantly af-
fects the contraction pressure of proximal esophagus and UES-RP. 
One possible mechanism is that the myotomy of distal esophagus 
seems to have an inhibition reflex on the motility of the proximal 
esophagus, mediated by the enteral nervous system. This could be 
illustrated by the manometric change of EB in type II achalasia, in 
which contraction of segments with and without myotomy attenu-
ated synchronously and not separated as a whole. Another possible 
mechanism is reduced proximal venting resistance following my-
otomy of the distal segment of EB and LES, so that the proximal 
intraesophageal pressure including UES-RP was reduced accord-
ing to distal myotomy. This mechanism could be demonstrated in 
type III achalasia, in which spasm of the proximal segment without 

Table 3. Bivariate Spearman Correlation Analysis of Motility Changes (Δchange After Peroral Endoscopic Myotomy) Between Lower Esophageal 
Sphincter Tone, Esophageal Body Contraction, and Upper Esophageal Sphincter Relaxation

                            Items
EB UES

ΔCI-DM ΔCI-PNM ΔUES-RP

ΔLES restP Correlation coefficient 0.135 0.188 0.186
P-value 0.462 0.304 0.308

ΔLES-IRP Correlation coefficient 0.329 0.298 0.186
P-value 0.066 0.098 0.308

ΔUES-RP Correlation coefficient 0.705 0.755
P-value < 0.001 < 0.001

ΔCI-PNM Correlation coefficient 0.901
P-value < 0.001

EB, esophageal body; UES, upper esophageal sphincter; CI-DM, contractile integral of distal segment with myotomy; CI-PNM, contractile integral of proximal 
segment without myotomy; UES-RP, relaxation pressure of UES; LES, lower esophageal sphincter; LES restP, resting pressure of LES; LES-IRP, integrated re-
laxation pressure of LES.
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Figure 2. Linear correlation of changes (Δ) of contractile integral 
between the distal segment with myotomy (CI-DM) and proximal 
segment without myotomy (CI-PNM). 
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A C

B D

Figure 3. High-resolution manometric plot of the esophageal body before and after peroral endoscopic myotomy (POEM). (A) Type II achala-
sia before POEM in one patient. Pan-esophageal pressurization could be detected. The myotomy length was 5 cm. (B) In the same patient after 
POEM, the pressurization of the proximal segment without myotomy attenuated with the pressurization of the distal segment with myotomy syn-
chronously as a whole. (C) Type III achalasia before POEM in another patient. Distal esophageal spasm was noted. The myotomy length was 6 
cm. (D) After POEM in the same patient, the spasm in the proximal segment without myotomy (black asterisk) attenuated with the spasm in the 
distal segment with myotomy.

Table 4. Bivariate Spearman Correlation Analysis of Motility Changes (Δchange After Peroral Endoscopic Myotomy) Between Distal Segment of 
Esophageal Body With Myotomy, Proximal Segment of Esophageal Body Without Myotomy, and Upper Esophageal Sphincter in Achalasia Sub-
types

Items ΔCI-PNM ΔUES-RP

ΔCI-DM Type I Correlation coefficient –0.200 0.224
P-value 0.704 0.219

Type II Correlation coefficient 0.699 0.400
P-value 0.002 0.112

Type III Correlation coefficient 0.917 0.667
P-value 0.001 0.050

ΔCI-PNM Type I Correlation coefficient –0.209
P-value 0.957

Type II Correlation coefficient 0.691
P-value 0.002

Type III Correlation coefficient 0.650
P-value 0.058

CI-PNM, contractile integral of proximal segment without myotomy; UES-RP, relaxation pressure of upper esophageal sphincter; CI-DM, contractile integral of 
distal segment with myotomy.
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myotomy disappeared with spasm in the distal segment with my-
otomy. Perhaps both mechanisms works in all subtypes of achalasia 
and inhibits the contraction or spasm of the EB and facilitate the 
relaxation of UES in achalasia patients. 

The influence of distal myotomy on the motility of proximal 
esophagus has clinical significance. The simultaneous contraction 
or pressurization of the EB would impact the food bolus and cause 
dysphagia. Ren et al13 hypothesized that the simultaneous contrac-
tion of the EB would provide a “viscous resistance” to food bolus 
during swallow. Myotomy of the distal esophagus was found to sig-
nificantly inhibit the pressurization of the whole EB and lead to less 
“viscous resistance.” In addition, Dudnick et al14 found increased 
UES-RP in achalasia patients, suggesting that impaired UES 
relaxation might provide additional resistance to food bolus during 
swallow. POEM would additionally decrease UES resistance and 
facilitate the food swallows. Apart from expected decreased LES 
pressures, decreased esophageal contraction and UES-RP might 
benefit symptom improvement for achalasia patients.

This influence differs among achalasia subtypes according to 
the Chicago classification, which was absent in type I achalasia, but 
was preserved in type II and III achalasia. One possible explanation 
is the small sample size of type I achalasia patients included, so that 
false negative results could be inevitable. Another explanation is the 
CI of EB in type I achalasia is very low and the change of CI-DM 
and CI-PNM were insignificant for type I achalasia, so the correla-
tion could be insignificant. Furthermore, it was suggested that type 
I achalasia is a later stage than type II and III achalasia because of 
progressive myenteric neuron loss.15 The inhibitory and excitatory 
neurons were eliminated in type I achalasia but were somehow 
preserved in type II and III achalasia. Since those motility changes 
were hypothesized to be a myenteric neuron-mediated reflex, it is 
least likely that those motility changes would occur with eliminated 
myenteric neurons, as in type I achalasia. 

This finding could possibly guide the decision of the optimal 
myotomy length in POEM. The length of conventional Heller 
myotomy is largely empirical. Usually a longer myotomy at least 
6 cm over the esophagus above the GEJ is recommended,16,17 
especially for vigorous achalasia. In one recent POEM study for 
esophageal spastic disease including diffuse esophageal spasm, jack-
hammer esophagus, and type III achalasia, the myotomy length was 
set according to the proximal extent of hypertensive contractions 
and the longest length was 26 cm (range: 7-26 cm).18 Nevertheless, 
in our previous unpublished study, there was no significant differ-
ence in symptom improvement or motility changes between long 
myotomy (≥ 7 cm) and short myotomy (< 7 cm) in achalasia pa-

tients. Long myotomy might need more time and would probably 
cause more complications such as perforation or pneumothorax. 
Based on this finding, we could postulate that shorter myotomy 
would also lead to satisfactory remission of pressurization or spasm 
in the proximal esophagus. Further studies should focus on finding 
the optimal short myotomy length in POEM, especially in type II 
and III achalasia. 

This study has limitations. First, because achalasia has low 
prevalence and manometry is uncomfortable, we have a limited 
number of achalasia patients included and only short follow-up in 
our one single medical center. Type II error could possibly exist, 
especially in the type I and type III subgroups. Second, we did not 
set healthy control because the manometry data was analyzed ob-
jectively with software, which could be reproducible. Future stud-
ies should focuse on multi-centered larger sample size and longer 
follow-up. 

In conclusion, peroral endoscopic myotomy of distal EB would 
decrease the proximal esophageal contraction pressure and UES-
RP.
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