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Background/Aims
Achalasia is a rare disease, but the incidence is increasing recently. Peroral esophageal myotomy (POEM) is an effective treatment. 
Regurgitation is a common symptom before and after POEM. Our aim is to investigate the factors related to preoperative and postoperative 
reflux symptoms.

Methods
Our study was retrospective. The achalasia patients diagnosed by high-resolution manometry and gastroscopy were divided into 
reflux group and non-reflux group before and after POEM, respectively. General information, symptoms, POEM information, and 
manometric results were compared.

Results
(1) Ninety-six of 130 patients had reflux symptoms before POEM. The lower esophageal sphincter pressure (LESP) in the reflux group 
was significantly higher than the non-reflux group (P = 0.023), while integrated relaxation pressure (IRP) was similar. The reflux 
group had longer esophagus than the non-reflux group (P = 0.006). Reflux symptoms were not related to subtypes of achalasia. 
(2) Twenty-five of 84 patients had reflux symptoms after POEM. Postoperative Eckardt scores, LESP, and 4-second IRP (4sIRP) were 
significantly lower than the preoperative values (P < 0.001). The preoperative values and POEM information were similar between the 
postoperative 2 groups and there was no significant difference in the presence of preoperative reflux symptoms between 2 groups. 
The postoperative LESP and 4sIRP were similar between the 2 groups, however, the postoperative UESP was significantly higher in 
the reflux group than the non-reflux group (P = 0.042). The non-reflux group had more declines in Eckardt scores and LESP than the 
reflux group.

Conclusions
The reflux symptoms of achalasia patients without treatment were mainly due to food retention. The postoperative reflux symptoms 
were not the sign of the excessive relaxation of lower esophageal sphincter.
(J Neurogastroenterol Motil 2021;27:377-389)
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Introduction 	

Achalasia is a rare motility disorder of the esophagus character-
ized by insufficient esophagogastric junction relaxation and loss of 
esophageal peristalsis.1 The pathogenesis of achalasia remains un-
clear. The main symptoms are dysphagia, regurgitation, chest pain, 
and weight loss.2

Many patients with achalasia have the symptoms of regurgita-
tion (76-91%).2 The regurgitation may be the retention of undi-
gested food because of the insufficient relaxation of esophagogastric 
junction. The cause of regurgitation may also be the transient 
relaxation of the lower esophageal sphincter (LES) or the imbal-
ance between the excitatory and inhibitory neurons of the myenteric 
plexus.3 Many studies have been done to investigate the heartburn 
of untreated achalsia.4 Few studies have focused on the reflux symp-
tom. Fisichella et al5 studied the character of 145 untreated achalasia 
patients, they found that the reflux of achalasia was not the true re-
flux. However, Shoenut et al6 found that the pH monitoring results 
of untreated achalasia were inconsistent with those of stimulated 
bacterial fermentation in vitro. So we focused on the reflux symp-
toms to investigate the factors related to it before treatment.

Peroral esophageal myotomy (POEM) is a recent endoscopic 
technique and this technique has a consequent risk of gastroesopha-
geal reflux disease (GERD).7 Many studies have investigated the 
gastroesophageal reflux after POEM.7,8 However, few studies have 
focused on the relevant factors of reflux symptoms and the relation-
ship between preoperative and postoperative symptoms. This study 
aims to evaluate the factors associated with the reflux symptoms 
before and after POEM and to find the predictors of less reflux 
symptom after POEM.

Materials and Methods 	

Patients
Our study was a retrospective study. One hundred and ninety-

nine patients with achalasia diagnosed by HRM in the First Affili-
ated Hospital of Nanjing Medical University from July 2011 to 
October 2018 were recruited. Endoscopy and radiology was used 
to rule out anatomical lesions. Patients with the following conditions 
were excluded: age less than 18 years or over than 70 years, history 
of botulinum toxin injection, pneumatic dilatation or surgical myot-
omy,9 with systemic diseases that could affect esophageal motility (ie, 
scleroderma and diabetes),10 and consumption of prokinetic medi-

cation.10 One hundred and thirty patients underwent POEM and 
were assessed symptoms before POEM. There were 46 patients lost 
to follow-up, so 84 patients were assessed symptoms after POEM. 
The study was approved by the Medical Review Ethics Committee 
of Nanjing Medical University (Approval No. 2019-SR-516).

Symptoms Evaluation
The symptoms were assessed by questionnaires such as gastro-

esophageal reflux disease questionnaire (GERDQ) and Eckardt 
scores. The Eckardt score was used to assess the severity of acha-
lasia11 before and after POEM. The GERDQ was used to assess 
symptoms after POEM.7 We defined the preoperative Eckardt 
scores minus postoperative Eckardt scores for △Eckardt. We as-
sessed the reflux symptoms according to the questionnaires and we 
defined reflux symptom score greater than or equal to 1 in the Eck-
ardt score as the presence of reflux symptom. Then we divided  the 
patients  into 2 groups according to the reflux symptoms.

High-resolution Manometry
High-resolution manometry (HRM) was used before and 

after POEM. HRM is the golden standard to diagnose achalasia. 
All patients were asked to stop taking the medications that may af-
fect esophageal motility a week before the examination. Before the 
examination, the patient fasted for 12 hours and banned from water 
for 8 hours. The patient was placed in a semi-decumbent posi-
tion and a catheter was inserted through the nasal cavity. First, the 
esophageal resting state was recorded. After that, each patient was 
required to swallow 5 mL of water 10 times, with an interval of 20-
30 seconds between the 2 times. Each time, the patient was required 
to swallow it as one mouthful as possible. The data was then ana-
lyzed. According to the Chicago classification criteria, achalasia was 
defined as the integrated relaxation pressure (IRP) greater than 
15 mmHg and no peristalsis in the esophagus body. According to 
the patterns of non-peristaltic esophageal pressurization, achalasia 
could be divided into 3 subtypes: type I, 100% failed contractions 
and no esophageal pressurization; type II, no normal peristalsis and 
≥ 20% swallowing with panesophageal pressurization; and type III, 
no normal peristalsis and ≥ 20% swallowing with preserved spastic 
contractions.10,12 For comparison, we defined the preoperative lower 
esophageal sphincter pressure (LESP) minus postoperative LESP 
for △LESP. We defined the preoperative IRP minus postoperative 
IRP for △IRP.

Peroral Esophageal Myotomy
POEM was performed by an experienced chief physician. 
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POEM was performed in a standard procedure.13 Each patient 
completed preoperative examinations and received general anesthe-
sia. The normal saline + indigo carmine + adrenalin were injected 
into the submucosa of the wall of esophagus. After the mucosa was 
fully elevated, a knife was used to cut through the mucosa to form 
a longitudinal incision, which was then further separated to form 
a tunnel. After that, a knife was used to cut the esophageal circular 
muscle and part of the longitudinal muscle along the wall of the 
esophagus to keep the fibrous membrane intact. The entry site of 
the tunnel was closed by endoscopic clips.

Statistical Methods
All statistical analyses were performed using the SPSS version 

23.0 (SPSS Inc, Chicago, IL, USA). The normality of data was 
tested by the Kolmogorov-Smirnov. Independent-samples t test 
and paired t test were used in normal data, and the values were pre-
sented as mean ± standard deviation in normal data. Chi-square 
test was used in unordered categorical variables and the data were 
presented as numbers and percentages. In the case of rank variables 
or non-normally distributed data, Mann-Whitney U was used, and 
the rank variables were presented as numbers and percentages, the 
non-normally distributed data were presented as median and range. 
A P-value < 0.05 was considered to be statistically significant.

Results 	

One hundred and thirty patients with achalasia who underwent 
POEM were included. Eighty-four patients of them were followed 
up at least 6 months after POEM, and 32 patients underwent 
HRM at 6 months after POEM (Fig. 1).

Table 1. Characteristics of Patients Before Peroral Esophageal Myotomy

Variables
Achalasia patients before POEM  

(n = 130)

Gender (male) 58 (44.6)
Age (yr) 42.64 ± 14.10
BMI (kg/m2) 21.37 (18.85-24.06)
Eckardt scores
  Dysphagia
    Never, 0 0 (0.0)
    Occasional, 1 12 (9.2)
    Daily, 2 39 (30.0)
    Every meal, 3 79 (60.8)
  Regurgitation
    Never, 0 34 (26.2)
    Occasional, 1 64 (49.2)
    Daily, 2 26 (20.0)
    Every meal, 3 6 (4.6)
  Chest pain
    Never, 0 81 (62.3)
    Occasional, 1 27 (20.8)
    Daily, 2 14 (10.8)
    Every meal, 3 8 (6.1)
  Weight loss
    No weight loss, 0 84 (64.6)
    < 5 kg, 1 27 (20.8)
    5-10 kg, 2 14 (10.8)
    > 10 kg, 3 5 (3.8)
  Total Eckardt scores 5(4-5)
Other symptoms
  Heartburn
    Absent 79 (60.8)
    Present 51 (39.2)
  Nausea 
    Absent 82 (63.1)
    Present 48 (36.9)
  Emesis 
    Absent 68 (52.3)
    Present 62 (47.7)
  Ructus
    Absent 89 (68.5)
    Present 41 (31.5)
HRM
  LESP (mmHg) 34.90 (28.20-43.80)
  IRP (mmHg) 30.58 ± 11.30
Subtypes
  Type I 15 (11.5)
  Type II 114 (87.7)
  Type III 1 (0.8)

POEM, peroral esophageal myotomy; BMI, body mass index; HRM, high-
resolution manometry; LESP, resting lower esophageal sphincter pressure; 
IRP, integrated relaxation pressure.
Values are presented as n (%), mean ± SD, or median (interquartile range).

199 Achalasia patients

(2011-2018)

130 Patients underwent POEM

and HRM (2011-2018)

84 Patients completed assessment

of symptoms after POEM

32 Patients underwent HRM

after POEM

69 Patients excluded

46 Patients lost to follow-up

Figure 1. Procedure and follow-up. HRM, high-resolution manom-
etry; POEM, peroral esophageal myotomy.
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Table 2. The Reflux/Non-reflux Group Before Peroral Esophageal Myotomy

Variables Reflux group (n = 96) Non-reflux group (n = 34) P-value

Gender (male/female) 46/50 12/22 0.203
Age (yr) 41.70 ± 13.80 45.29 ± 14.70 0.201
BMI (kg/m2) 21.10 (18.59-24.03) 23.00 (20.17-24.12) 0.177
Eckardt scores
  Dysphagia
    Never, 0 0 (0.0) 0 (0.0)
    Occasional, 1 10 (10.4) 2 (5.9)
    Daily, 2 31 (32.3) 8 (23.5)
    Every meal, 3 55 (57.3) 24 (70.6) 0.166
  Chest pain
    Never, 0 61 (63.5) 20 (58.8)
    Occasional, 1 21 (21.9) 6 (17.6)
    Daily, 2 10 (10.4) 4 (11.8)
    Every meal, 3 4 (4.2) 4 (11.8) 0.422
  Weight loss
    No weight loss, 0 59 (61.5) 25 (73.5)
    < 5 kg, 1 22 (22.9) 5 (14.7)
    5-10 kg, 2 10 (10.4) 4 (11.8)
    > 10 kg, 3 5 (5.2) 0 (0.0) 0.211 
  Total Eckardt scores 5 (4-6) 4 (3-5) < 0.01a

Other symptoms
  Heartburn
    Absent 52 (54.2) 27 (79.4)
    Present 44 (45.8) 7 (20.6) 0.010b

  Nausea
    Absent 58 (60.4) 24 (70.6)
    Present 38 (39.6) 10 (29.4) 0.291
  Emesis
    Absent 48 (50.0) 20 (58.8)
    Present 48 (50.0) 14 (41.2) 0.376
  Ructus
    Absent 58 (60.4) 31 (91.2)
    Present 38 (39.6) 3 (8.8) 0.002a

HRM
  LES center (distance from nostrils, cm) 47.00 (44.00-48.95) 44.20 (43.00-46.00) 0.020b

  Proximal LES (distance from nostrils, cm) 44.90 ± 3.38 43.45 ± 3.20 0.044b

  Length of LES (cm) 3.30 (3.00-4.00) 3.60 (3.10-4.10) 0.311
  Length of esophageal (cm) 27.90 (26.00-29.00) 25.80 (24.00-27.35) 0.006a

  LESP (mmHg) 38.67 ± 15.86 33.02 ± 9.70 0.023b

  IRP (mmHg) 31.00 ± 12.30 29.00 ± 7.60 0.288
Subtypes
  Type I 13 (13.5) 2 (5.9)
  Type II 82 (85.4) 32 (94.1)
  Type III 1 (1.0) 0 (0.0) 0.521

aP < 0.01, bP < 0.05.
BMI, body mass index; HRM, high-resolution manometry; LES, lower esophageal sphincter; LESP, lower esophageal sphincter pressure; IRP, integrated relax-
ation pressure.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).
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Characteristics of Patients Before Peroral Esophageal 
Myotomy

Ninety-six of 130 patients had symptoms of regurgitation, 64 
patients had the regurgitation symptom occasionally, 26 had the 
regurgitation symptom daily, and 6 had the regurgitation symptom 
every meal. The median total Eckardt score was 5 points. Some pa-
tients had other symptoms such as chest pain, weight loss, heart burn 
and so on. One hundred and fourteen had type II achalasia, 15 had 
type I achalasia, and only 1 person had type III achalasia (Table 1).

The Reflux/Non-reflux Group Before Peroral 
Esophageal Myotomy

We divided the 130 patients into 2 groups according to the 
reflux symptoms before POEM (Table 2). No significant differ-
ence was found in age, gender, and body mass index between 2 
groups (P > 0.05). In terms of symptoms, dysphagia, chest pain 
and weight loss were similar between 2 groups (P > 0.05). Those 
with reflux symptoms were more likely to have heartburn and 
ructus. The reflux group had higher Eckardt scores than the non-
reflux group (P < 0.01). In addition, the reflux group had longer 
esophagus than the other group (P = 0.006). The LESP in reflux 
group was significantly higher than the non-reflux group (38.67 ± 
15.86 mmHg vs 33.02 ± 9.7 mmHg, P = 0.023). The IRP was 
similar between 2 groups (31 ± 12.3 mmHg vs 29 ± 7.6 mmHg, 
P = 0.288). There was no significant difference in the composition 
of the 3 subtypes between the 2 groups (P = 0.521).

The Reflux/Non-reflux Group After Peroral 
Esophageal Myotomy

We compared preoperative and postoperative differences in 84 

follow-up patients (Fig. 2). Postoperative median Eckardt scores, 
median LESP, and mean 4-second IRP (4sIRP) were significantly 
lower compared to the preoperative values (P < 0.001).

We divided patients into 2 groups according to the postopera-
tive reflux symptoms, regardless of preoperative symptoms. The 
preoperative values were similar between the reflux group and the 
non-reflux group after POEM (P > 0.05). In addition, there 
was no significant difference in the presence of preoperative reflux 
symptoms between 2 groups (Table 3). No significant difference 
was found in tunnel length and myotomy length of POEM be-
tween 2 groups. We also compared the postoperative values be-
tween 2 groups (Table 3). The reflux group had higher Eckardt 
scores and GERDQ scores than the non-reflux group (P < 
0.01). The postoperative median LESP and mean 4sIRP were 
similar between the 2 groups, however, the mean UES pressure 
was significant higher in the reflux group than the other group 
(71.4 ± 19.1 mmHg vs 53.96 ± 23.68 mmHg, P = 0.042). 
Postoperative median Eckardt scores, median LESP, and mean 
4sIRP were significantly lower compared to the preoperative val-
ues in each group (P < 0.001) (Fig. 3). We also compared the 
△Eckardt, △LESP, and △IRP between the 2 groups. The △IRP 
was similar between the reflux group and non-reflux group. The 
△Eckardt and △LESP were different between the 2 groups (P 
< 0.05), and the non-reflux group had greater reductions in these 
2 values.

The Relationship Between Preoperative and 
Postoperative Reflux Symptom

Then, to figure out the relationship between preoperative and 
postoperative reflux symptoms, we divided the patients with pre-
operative reflux symptoms into the group with postoperative reflux 
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symptoms (reflux+reflux+) and the group without postoperative 
reflux symptoms (reflux+reflux–). We also divided the patients with-
out preoperative reflux symptoms into the group with postoperative 
reflux symptoms (reflux−reflux+) and the group without postopera-
tive reflux symptoms (reflux−reflux−). We compared them respec-
tively. 

The preoperative and postoperative values of LESP, IRP, and 
Eckardt scores were similar in patients who had non-reflux symp-
toms before POEM and reflux symptoms after POEM (reflux−

reflux+), while the values before and after POEM were signifi-

cantly different in the other 3 groups (Fig. 4 and 5). 
There were 19 patients who had reflux symptoms after 

POEM (reflux+reflux+) and 44 patients without reflux symptoms 
(reflux+reflux–), while they all had reflux symptoms before POEM. 
The general information, POEM information, LESP, IRP before 
POEM, and POEM information were similar between 2 groups 
(Table 4). Among them, 8 patients with postoperative reflux symp-
toms underwent HRM after POEM, and 14 patients without 
postoperative reflux symptoms underwent HRM after POEM. 
The postoperative LESP, IRP, and UESP were similar between 

Table 3. The Reflux/Non-reflux Group After Peroral Esophageal Myotomy

Variables Reflux group (n = 25) Non-reflux group (n = 59) P-value

Gender (male/female) 12/13 30/29 0.811
Age (yr) 44.61 ± 15.77 41.40 ± 11.57 0.303
BMI (kg/m2) 22.20 (19.50-24.50) 21.50 (18.70-23.90) 0.594
Before POEM
  Regurgitation
    Absent 6 (24.0) 15 (25.4)
    Present 19 (76.0) 44 (74.6) 0.890
  Total Eckardt scores 5 (4-6) 5 (3-5) 0.825
HRM 
  Length of esophageal (cm) 27.20 ± 2.35 27.37 ± 2.60 0.802
  LESP (mmHg) 34.50 (27.40-48.10) 35.20 (28.15-44.25) 0.745
  UESP (mmHg) 71.30 (60.00-97.75) 64.40 (39.45-83.05) 0.083
  IRP (mmHg) 31.20 ± 11.50 29.10 ± 10.60 0.457
Subtypes
  Type I 4 (16.0) 5 (8.5)
  Type II 21 (84.0) 53 (89.8)
  Type III 0 (0.0) 1 (1.7) 0.595
POEM
  Tunnel length (cm) 14.00 (12.25-15.00) 13.00 (12.00-14.00) 0.153
  Myotomy length (cm) 11.55 ± 1.90 10.70 ± 2.30 0.158
After POEM
  Total Eckardt scores (range) 3 (2-4) 1 (0-1) < 0.01
  GERDQ 7 (7-8) 6 (6-6) < 0.01

HRM variables Reflux group (n = 13) Non-reflux group (n = 19) P-value

Length of esophageal (cm) 26.90 ± 2.20 27.10 ± 2.70 0.851
LESP (mmHg) 21.03 ± 7.35 17.10 ± 7.20 0.137
UESP (mmHg) 71.40 ± 19.10 53.96 ± 23.68 0.042a

IRP (mmHg) 14.90 ± 3.50 12.70 ± 5.20 0.201
△Eckardt scores 2 (–0.5-3) 4 (2-5) < 0.01
△LESP (mmHg) 12.30 (2.45-16.75) 17.15 (12.88-35.15) 0.030a

△IRP (mmHg) 13.10 ± 9.15 17.60 ± 6.57 0.139
aP < 0.05.
BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper 
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt 
score - postoperative Eckardt score; △LESP = preoperative LESP - postoperative LESP; △IRP = preoperative IRP - postoperative IRP.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).
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2 groups. The postoperative Eckardt scores and GERDQ in 
reflux+reflux+ group were significantly higher than the other group 
and △Eckardt scores in reflux+reflux− group was higher (Table 4). 

There were 21 patients without reflux symptoms before 
POEM and among them, 6 patients had postoperative reflux 
symptoms (reflux−reflux+) and 15 patients without postoperative 
reflux symptoms (reflux−reflux−). Three of 6 patients underwent 
HRM and 5 of 15 patients underwent HRM after POEM. The 
general information, POEM information, and HRM values were 

similar between 2 groups (Table 5). The patients in reflux−reflux+ 
group had higher postoperative Eckardt scores (P = 0.010) and 
GERDQ (P < 0.01).

Discussion 	

Reflux is a common symptom of achalasia. Many people have 
reflux symptoms after POEM. The pathogenesis of these 2 re-
fluxes is not necessarily the same. So we should not confuse between 
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these 2 types. In our study, we addressed symptoms that could not 
be mistaken for pathological gastroesophageal reflux. We focused 
on the reflux symptoms. Our aim is to investigate the factors related 
to the reflux symptoms before and after POEM, we also wanted to 
figure out the relationship between preoperative reflux symptoms 
and postoperative reflux symptoms.

Preoperative reflux symptoms were independent of gender, age, 
and body mass index. The patients with reflux symptoms had high-
er LESP while the IRP between the 2 groups were similar. This 
may mean that preoperative reflux symptoms were primarily caused 
by food retention. Fisichella et al5 studied 145 untreated achalasia 
patients. In their study, Ambulatory pH monitoring was performed 

in 54 patients. The DeMeester score was normal in 47 patients and 
abnormal in 7. In these 7 patients, the analysis of the pH monitor-
ing tracings showed that the abnormal score was caused by false 
reflux. This conclusion is consistent with our study. In addition, 
in our study, we found that the patients with reflux symptoms had 
the longer esophagus. This may indicate that long-term esophageal 
dysperistalsis and food retention can cause esophageal elongation. It 
is well known that the achalasia patients often have dilatation of the 
esophagus.14 Few study have reported the extension of esophagus in 
achalasia. Whether the expansion of the esophagus is accompanied 
by the extension of the esophagus needs further verification. We 
also compared the presence and absence of reflux symptoms with 

Table 4. The Preoperative Reflux and Postoperative Reflux/Non-reflux Group

Variables
Preoperative reflux and postoperative 

reflux group (n = 19)
Preoperative reflux and postoperative 

non-reflux group (n = 44)
P-value

Gender (male/female) 11/8 24/20 0.806
Age (yr) 41.58 ± 12.60 43.25 ± 15.30 0.677
BMI (kg/m2) 22.70 (18.90-25.60) 20.88 (18.59-23.65) 0.206
Before POEM
  Total Eckardt scores 5 (4-6) 5 (4-7) 0.538
HRM 
  Length of esophageal (cm) 28.00 ± 1.80 27.90 ± 2.50 0.839
  LESP (mmHg) 37.10 ± 14.10 39.20 ± 15.50 0.649
  UESP (mmHg) 77.60 ± 28.98 64.20 ± 28.60 0.120
  IRP (mmHg) 29.40 ± 11.79 32.30 ± 12.20 0.398
Subtypes
  Type I 4 (21.1) 4 (9.1)
  Type II 15 (78.9) 39 (88.6)
  Type III 0 (0.0) 1 (2.3) 0.466
POEM
  Tunnel length (cm) 14.00 (12.00-15.00) 13.00 (12.00-14.00) 0.230
  Myotomy length (cm) 11.00 (10.00-12.00) 11.00 (9.00-12.00) 0.299
After POEM
  Total Eckardt scores 2 (1-5) 1 (0-1) < 0.01
  GERDQ 7 (7-8) 6 (6-6) < 0.01

HRM variables
Preoperative reflux and postoperative 

reflux group (n = 8)
Preoperative reflux and postoperative 

non-reflux group (n = 14)
P-value

Length of esophageal (cm) 27.76 ± 2.05 26.89 ± 2.67 0.432
LESP (mmHg) 17.38 ± 3.33 17.68 ± 5.81 0.894
UESP (mmHg) 65.63 ± 16.20 48.75 ± 26.87 0.152
IRP (mmHg) 13.01 ± 2.70 12.46 ± 4.17 0.74
△Eckardt scores 1.7 ± 2.3 4.3 ± 1.8 < 0.01
△LESP (mmHg) 12.55 (3.35-14.88) 16.55 (7.90-48.00) 0.082
△IRP (mmHg) 16.10 (5.20-22.80) 18.10 (10.35-24.10) 0.330

BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper 
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt 
score - postoperative Eckardt score; △LESP = preoperative LESP - postoperative LESP; △IRP = preoperative IRP - postoperative IRP.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).
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subtypes. In our study, the reflux symptoms were not related to sub-
types. In one study, type I patients had more reflux symptoms than 
type II patients,15 and in another study, the regurgitation score was 
higher in type II than type I in achalasia.10 The relationship between 
reflux symptoms and subtypes may still be controversial and needs 
more research.

Then, we compared the groups of postoperative symptoms. In 
our study, 25 of the 84 patients had postoperative reflux symptoms. 
Postoperative reflux symptoms did not equal the presence of patho-
logical gastroesophageal reflux, the reason may be neurological dys-
function, long-term food retention, and esophageal clearance prob-

lems.16 POEM tunnel length and myotomy length were similar 
between the reflux group and the non-reflux group after POEM. 
The LESP, IRP, and Eckardt scores after POEM were signifi-
cant lower than those before POEM, which meant that POEM 
was successful and effective. In addition, the LESP and IRP after 
POEM were similar between the postoperative reflux group and 
non-reflux group, so the reflux symptoms should not be considered 
as a sign of LES excessive relaxation. The patients without reflux 
symptoms had greater reductions in LESP and Eckardt scores, 
and the patients with reflux symptoms after POEM had higher 
UES pressure. A study found that when food was accumulated 

Table 5. The Preoperative Non-reflux and Postoperative Reflux/Non-reflux Group

Variables
Preoperative non-reflux and  

postoperative reflux group (n = 6)
Preoperative non-reflux and  

postoperative non-reflux group (n = 15)
P-value

Gender (male/female) 1/5 6/9 0.608
Age (yr) 40.83 ± 8.33 48.60 ± 17.02 0.259
BMI (kg/m2) 20.90 (19.10-22.90) 23.40 (20.06-26.83) 0.267
Before POEM
  Total Eckardt scores 5 (3-6) 3 (3-4) 0.235
HRM 
  Length of esophageal (cm) 24.28 ± 1.57 25.99 ± 2.32 0.148
  LESP (mmHg) 35.00 ± 15.30 30.60 ± 9.70 0.466
  Mean UESP (mmHg)(SD) 71.46 ± 21.23 61.88 ± 34.85 0.580
  Mean IRP (mmHg)(SD) 28.20 ± 5.50 27.30 ± 8.60 0.833
Subtypes
  Type I 0 (0.0) 1 (6.7)
  Type II 6 (100.0) 14 (93.3)
  Type III 0 (0.0) 0 (0.0) 0.714
POEM
  Tunnel length (cm) 13.80 ± 3.70 13.36 ± 1.99 0.738
  Myotomy length (cm) 12.20 ± 3.11 10.36 ± 2.56 0.208
After POEM
  Total Eckardt scores 3.20 ± 0.75 1.60 ± 1.20 0.010a

  GERDQ 7 (7-12) 6 (5-6) < 0.01

HRM variables
Preoperative non-reflux and  

postoperative reflux group (n = 3)
Preoperative non-reflux and  

postoperative non-reflux group (n = 5)
P-value

Length of esophageal (cm) 24.00 (24.00-24.00) 28.00 (24.25-29.50) 0.250
LESP (mmHg) 34.60 (17.40-34.60) 10.80 (5.60-27.35) 0.143
UESP (mmHg) 87.80 (74.90-87.80) 69.70 (56.30-73.85) 0.071
IRP (mmHg) 19.00 (14.60-19.00) 9.70 (4.25-16.45) 0.143
△Eckardt scores 1.50 (–1.00-3.25) 2.00 (2.00-3.00) 0.470
△LESP (mmHg) 9.60 (–0.10-9.60) 18.50 (10.95-21.30) 0.393
△IRP (mmHg) 12.20 (7.30-12.20) 18.60 (13.15-24.15) 0.250

aP < 0.05.
BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper 
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt 
score - postoperative Eckardt score. △LESP = preoperative LESP - postoperative LESP. △IRP = preoperative IRP - postoperative IRP. 
Values are presented as n, median (interquartile range), mean ± SD, or n (%).
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in esophagus of patients with achalasia, as a result, the UES was 
contracted compensatorily in order to avoiding the food reflux while 
swallowing.17 After POEM, LESP decreased significantly. So the 
UES pressure may decrease. In our study, the patients with post-
operative reflux symptoms had less reductions in LESP, this is why 
they had higher UES pressure. The greater reduction in LESP 
and the action of gravity could improve the food emptying, and the 
UES could relax.

In addition, we divided the patients with preoperative reflux 
symptoms into the group with postoperative reflux symptoms 
and the group without postoperative reflux symptoms. We also 
divided the patients without preoperative reflux symptoms into 2 
groups, and we compared them separately. The general informa-
tion, POEM information, LESP, and IRP were similar, this result 
reconfirmed that the reflux symptom after POEM was not a sign 
of LES excessive relaxation. The preoperative and postoperative 
values of LESP, IRP, and Eckardt scores did not have significant 
decline in patients who had reflux symptoms before POEM and 
with reflux symptoms after POEM, this may be related to the small 
patient population. 

There were some limitations in our study. Our study was a 
retrospective and single center study, and a sufficient data could 
not be collected and hence there is bias. Also, the patient popu-
lation is small, a larger sample study is required. Furthermore, 
pH test was not routinely performed after surgery, thus lacking 
support of objective data. In conclusion, the reflux symptoms 
of achalasia patients without treatment were mainly due to food 
retention. The reflux symptoms after POEM were not related to 
the reflux symptoms before POEM, and were not the signs of 
the excessive relaxation of LES. pH measurements are needed to 
confirm whether there is gastroesophageal reflux. Further research 
is needed.
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