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Abstract
Introduction Peroral esophageal myotomy (POEM) is a novel endoscopic treatment for achalasia. It has gained popularity 
worldwide among surgeons and endoscopists, but no studies have compared peroral endoscopic short with long myotomy 
for achalasia. We aimed to compare the clinical efficacy and safety between peroral endoscopic shorter and longer myotomy.
Methods The retrospective study enrolled 129 achalasia patients who underwent POEM from July 2011 to September 2017. 
Based on the myotomy length (ML), patients were divided into shorter myotomy (SM) group (ML ≤ 7 cm, n = 36) and longer 
myotomy (LM) group (ML > 7 cm, n = 74). Procedure-related parameters, symptom scores, adverse events and manometric 
data were compared between two groups.
Results The mean ML was 6.0 ± 0.6 cm in SM group, and 11.5 ± 3.1 cm in LM group (p < 0.001). The mean operation time 
was significantly less in SM group than LM group (46.6 ± 18.5 min vs 62.1 ± 25.2 min, p = 0.001). During a mean follow-up 
period of 28.7 months, treatment success (Eckardt score ≤ 3) was achieved in 94.4% (34/36) of patients in SM group and 
91.9% (68/74) in LM group (p = 0.926). There was no statistical difference in the incidence of intraoperative complications 
(8.4% vs 8.2%, p = 0.823) and reflux rate (8.3% vs. 14.9%, p = 0.510) between two groups.
Conclusions Peroral endoscopic shorter myotomy is comparable with longer myotomy for treating achalasia with regard to 
clinical efficacy and has the advantage of shorter procedure time.
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Introduction

Achalasia is an esophageal motility disorder involving 
failure of the lower esophageal sphincter (LES) to relax, 
presenting with dysphagia, regurgitation, chest pain, and 

weight loss [1, 2]. Current treatments include muscle relax-
ants, endoscopic injection of botulinum toxin, pneumatic 
balloon dilation, and surgical myotomy [3]. However, these 
therapies were limited for only short-term efficacy or more 
invasiveness [4–6].

Presently, peroral endoscopic myotomy (POEM) has 
been developed to treat achalasia as a less invasive therapy. 
Firstly described by Inoue et al. in 2010, this technique 
allows for cutting the esophageal circular muscle bundle 
by creation a submucosal tunnel [7]. So far, a number of 
studies have demonstrated that POEM could achieve an 
82–100% success rate of eliminating dysphagia [8]. A 
major advantage of POEM is the ability to tailor myot-
omy length. The mean myotomy length has been reported 
to range from 8.2 to 14.4  cm [8], and long myotomy 
(> 10 cm) was applied in most studies [9–15]. The key of 
conventional treatments was to disrupt the smooth muscle 
of LES, thus we hypothesized that shorter myotomy could 
achieve a similar satisfactory outcome in comparison with 
longer myotomy. Currently, there are no available studies 
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comparing treatment outcomes between shorter and longer 
myotomy. In this study, we compared this two myotomy 
methods in terms of clinical outcomes and safety.

Patients and methods

Patients

In this retrospective study, the prospectively enrolled 
patients (n = 129) who underwent POEM for achalasia 
from July 2011 to September 2017, at Shenzhen Hospital, 
Southern Medical University and Affiliated Hospital of 
Southwest Medical University were reviewed. The flow-
chart of this study is shown in Fig. 1. Achalasia was diag-
nosed with contrast fluoroscopy, esophagoduodenoscopy 
(EGD) and high-resolution manometry (HRM). The first 
15 cases were excluded to eliminate the effect of learning 
curve. Four patients were lost in follow-up. Information 
on patients’ age, gender, symptoms duration, American 
Society of Anesthesiologists Class (ASA), Eckardt score, 
Chicago classification [16], LES resting pressure were 
collected. Data regarding to intraoperative, postoperative 
and follow-up outcomes between the two groups were 
compared and analyzed. Written informed consent was 
obtained from all patients before POEM procedure. This 
retrospective review was approved by the Institutional 
Review Board (NFEC-2016-186). All subjects gave writ-
ten consent and all research was performed in accordance 
with the Declaration of Helsinki (BMJ 1991; 302: 1994).

POEM procedure

All the POEM procedures were performed by a single 
endoscopist (Dr. Wei Gong). Patients were fast for 24 h 
before POEM. POEM was performed under general anes-
thesia with endotracheal intubation. CO2 insufflation was 
used during the procedure. The steps of the procedure were 
described as Inoue et al. (Fig. 2) [7]. Since there is no con-
sensus about optimal myotomy length suggested for acha-
lasia up to date, our endoscopist not only performed rou-
tine longer myotomy (esophageal myotomy length > 4 cm, 
gastric myotomy length 2–3 cm) in most patients but also 
tried shorter myotomy (esophageal myotomy length < 4 cm, 
gastric myotomy length 2–3 cm) in the remaining patients. 
The patients were not randomized in our selection.

Postprocedural management

Two days after the procedure, the patients undergo a contrast 
esophagram to check whether there was no leak. Patients 
were kept fast for 48 h and started a clear liquid diet, which 
would be switched to solid diet gradually. Proton pump 
inhibitors (PPI) were prescribed for 2 weeks.

Definitions and follow‑up

The reviewed patients were divided into two groups accord-
ing to myotomy length: short myotomy group (total myot-
omy length ≤ 7 cm, n = 36) and long myotomy group (total 
myotomy length > 7 cm, n = 74). All patients were scheduled 
to take follow-up visits at 3, 6 months after POEM with 
EGD, manometry, and Eckardt score, then yearly. Treatment 

Fig. 1  Flowchart of patients 
enrolled in this study. POEM, 
peroral endoscopic myotomy
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success was defined as symptom relief, based on an Eckardt 
score lower than 3. Complications included mucosal perfo-
ration, pneumothorax, bleeding and gastroesophageal reflux 
disease (GERD) were recorded.

Statistical analysis

Continuous variables with normal distribution were pre-
sented as mean ± standard deviation (SD), and their statisti-
cal differences were analyzed with Student t test. Uncontinu-
ous data were presented as median (range), their statistical 
differences were analyzed with Chi-square test or Fisher’s 
exact. Kaplan–Meier curves were generated and the log-rank 
test were used to compare symptom relief between the two 
groups. A two-sided p value < 0.05 was considered to be 
statistically significant. Data were analyzed using commer-
cially available statistical software packages SPSS version 
18.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient baseline characteristics

The characteristics and clinical data of the two groups are 
shown in Table 1. There were no significant differences in 

age, sex, ASA classification or previous interventions. The 
severity of symptoms, as measured by Eckardt score, was 
similar for the two groups (7.1 ± 1.6 vs 7.5 ± 1.9, p = 0.195).

Clinical outcome of POEM

POEM was successfully completed in all included patients 
and no case was converted to surgery. Mean operative 
time in longer myotomy group was longer than shorter 
myotomy group (62.1 ± 25.2  min vs 46.6 ± 18.5  min, 
p  = 0.001). Mean submucosal tunnel length was 
shorter than in longer myotomy group (8.6 ± 1.3 cm vs 
15.1 ± 2.9 cm, p < 0.001). There was a significant dif-
ference of myotomy length between shorter myotomy 
group and longer myotomy group [mean total myotomy 
length: 6.0 ± 0.6 cm (esophageal, 4.0 ± 0.7 cm; gastric, 
2.1 ± 0.3 cm) vs 11.5 ± 3.1 cm (esophageal, 8.2 ± 2.7 cm; 
gastric, 3.2 ± 1.2 cm), p < 0.001] (Table 2). To note, there 
was one sigmoid-type achalasia patients in each group. 
For the case in short myotomy group, we made a shorter 
submucosal tunnel at the distal straight part of esopha-
gus, approximately 5 cm above the GEJ, then extended 
2 cm to the cardia with a total length of 7 cm. After that, 
myotomy was performed successfully with a total length 
of 5 cm. The whole procedure time was 56 min, which 
is much shorter than the case treated using conventional 

Fig. 2  Schema of peroral endoscopic shorter myotomy procedure. a, 
a 2-cm longitudinal incision was made into the mucosa after injec-
tion of saline and indigo carmine. b, c, A submucosal tunnel from the 
esophagus to the gastric cardia was created using a Hybrid knife. c 

Endoscopic myotomy starts 4 cm below the initial mucosal incision. 
d Circular muscle bundles were dissected and the shorter myotomy 
was completed. e After completion of myotomy, the mucosal entry 
site was closed using hemostatic clips
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longer myotomy (total submucosal tunnel length 16 cm, 
total myotomy length 14 cm, procedure time 100 min).

Follow-up with Eckardt score was available for all 
included patients. Treatment success was achieved in 
92.7% of all cases (94.4% in shorter myotomy group vs 
91.9% in longer myotomy group, p = 0.926) after a mean 
follow-up period of 28.7 months (range 6–58.8 months) 
(Table 2, Fig. 3). The mean Eckardt score was improved 
from 7.1 to 1.3 after POEM treatment in shorter myotomy 
group (p < 0.001), and from 7.5 to 1.6 in longer myotomy 
group (p < 0.001).

Follow-up manometry was available in 68/110 cases, 
16 cases in shorter myotomy group and 51 cases in longer 
myotomy group. The reasons for patients who refused 
follow-up manometry was discomfort related to the pro-
cedure or long-distance travel. Mean LES pressure was 
decreased from 41.8 to 15.9 mmHg after POEM in shorter 
myotomy group (p < 0.001), and 39.7–13.3  mmHg in 
longer myotomy group (p < 0.001). The difference in the 
pressure reduction between the two groups were not sta-
tistically significant (reduced pressure: 27.3 ± 13.0 mmHg 
vs 26.8 ± 15.9 mmHg; p = 0.915).

Complications

There was no difference in procedure-related complications 
between the two groups such as bleeding and pneumotho-
rax (8.4 vs 8.2%, p = 0.823) (Table 2). The rate of GERD 
was also similar (8.3% vs. 14.9%, p = 0.510). By EGD, 1 
patient in shorter myotomy group was diagnosed with reflux 
esophagitis classified as grade A according to Los Angeles 
classification. In longer myotomy group, four patients was 
diagnosed as grade A reflux esophagitis and two patients 
was diagnosed as grade B reflux esophagitis.

Discussion

Achalasia is an esophageal motility disorder presented 
with dysphagia, regurgitation and chest pain with an esti-
mated annual incidence of 1 in 100,000 [1, 17]. In spite 
of an increasing understanding of its pathophysiology, the 
etiology of achalasia still remains unknown [18]. All cur-
rent treatments focus on disruption of LES, with differ-
ent advantages and drawbacks [19, 20]. Endoscopic botox 

Table 1  Patient baseline characteristics and preoperative data

POEM peroral endoscopic myotomy, ASA American Society of Anesthesiologists Class, BMI body mass index, LES lower esophageal sphincter
*Chi-square test
† Student t-test
**Fisher’s exact test

Variable Shorter myotomy group (n = 36) Longer myotomy group (n = 74) p value

Sex, female, n (%) 17 (47.2) 34 (45.9) 0.900*
Age, mean (range), years 40.8 ± 11.1 (16–68) 37.7 ± 13.0 (8–74) 0.211†

BMI, mean (range) 20.3 ± 2.6 (15.4–27.6) 19.4 ± 3.1 (13.1–27.3) 0.162†

Symptoms duration, mean (range), months 8.8 ± 5.5 (2–25) 8.9 ± 5.8 (3–30) 0.931†

ASA classification, n (%)
 I 33 (91.7) 58 (78.4)
 II 2 (5.6) 15 (20.3)
 III 1 (2.8) 1 (1.3) 0.090*

Esophagogram findings
 Esophageal width at 5 min, mean ± SD (range), mm 79.1 ± 26.4 (34–126) 81.6 ± 43.7 (24–241) 0.775†

 Mean pre-POEM Eckardt scores (range) 7.1 ± 1.6 (4–10) 7.5 ± 1.9 (4–12) 0.195†

Chicago classification, n (%)
 Type I 12 (33.3) 26 (35.1)
 Type II 24 (66.7) 48 (64.9) 0.852*

LES pressure, mean (range), mmHg 41.8 ± 14.3 (18.4–76.3) 39.8 ± 13.7 (16.4–70.5) 0.563†

Previous interventions, n (%)
 Botox injection 2 (5.6) 3 (6.3)
 Balloon dilation 7 (19.4) 9 (18.8) 0.975**
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Table 2  Clinical outcomes of POEM procedure

POEM peroral endoscopic myotomy, LES lower esophageal sphincter
*Chi-square test
† Student t test
**Fisher’s exact test

Variable Shorter myotomy group (n = 36) Longer myotomy group (n = 74) p value

Operative time (min), mean (rang) 46.6 ± 18.5 (20.0–100.0) 62.1 ± 25.2 (30.0–180) 0.001†

Submucosal tunnel length, mean (range), cm 8.6 ± 1.3 (7.0–12.0) 15.1 ± 2.9 (10.0–30.0)  < 0.001†

Myotomy length of POEM, mean (range), cm
 Esophageal 4.0 ± 0.7 (3.0–6.0) 8.2 ± 2.7 (6.0–20.0)  < 0.001†

 Stomach 2.1 ± 0.3 (1.0–3.0) 3.2 ± 1.2 (2.0–5.0)  < 0.001†

 Total 6.0 ± 0.6 (5.0–7.0) 11.5 ± 3.1 (8.0–25.0)  < 0.001†

Eckardt score, mean (range)
 Before POEM 7.1 ± 1.6 (4–10) 7.5 ± 1.9 (4–12)
 After POEM 1.3 ± 1.2 (0–4) 1.6 ± 1.3 (0–5) 0.185†

 Before/after POEM D-value 5.8 ± 2.1 (2–10.0) 5.9 ± 2.0 (2–11) 0.738†

Treatment success (Eckardt score ≤ 3), n (%) 34 (94.4) 68 (91.9) 0.926*
LES pressure, mean (range), mm Hg
 Before POEM 41.8 ± 14.3 (18.4–76.3) 39.7 ± 13.9 (16.4–70.5)
 After POEM 15.9 ± 3.2 (9.3–21.1) 13.3 ± 5.7 (2.5–23.6) 0.133†

 Before/after POEM D-value 27.3 ± 13.0 (14.7–55.2) 26.8 ± 15.9 (5.9–63.2) 0.915†

Complications, n (%)
 Major bleeding 2 (5.6) 3 (4.1)
 Pneumothorax 1 (2.8) 2 (2.7)
 Mucosal perforation 0 (0) 1 (1.4) 0.823*

Hospital stay, mean (range), days 9.9 ± 2.4 (5.0–14.0) 9.3 ± 2.9 (5.0–15.0) 0.263†

Follow-up period, mean (range), months 26.8 (8–54.3) 29.5 (6–58.8) 0.356†

Gastroesophageal reflux, n (%) 3 (8.3) 11 (14.9) 0.510**

Fig. 3  Kaplan–Meier graph of 
the symptom relief survival rate 
in shorter and longer myotomy 
groups. The symptom recur-
rence rate was not significantly 
different between the groups 
(Log-rank test: p = 0.197)
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injection is safe and effective for most patients in short term 
but symptom relief is observed in only 29% on intermediate 
follow-up [21]. Endoscopic pneumatic dilation can achieve 
the efficacy of more than 90% but usually requires serial 
dilations and the risk of perforation is between 2 and 5% 
[22–25]. Laparoscopic Heller myotomy (LHM) allows for 
a complete disruption of LES and provides the best solu-
tion for achalasia, but it usually results in gastroesophageal 
reflux symptoms and requires antireflux procedure [26]. The 
recent novel technique of POEM can enable endoscopists to 
complete a myotomy of esophageal circular muscle fibers 
across the GEJ and into the stomach through a submucosal 
tunnel. Pasricha et al. initially described the feasibility of 
this technique in pig model in 2007 [27], and then Inoue 
et al. firstly reported the clinical trial of this treatment in 
human beings [7]. Since then, more than 3000 POEM pro-
cedures have been performed worldwide with promising 
clinical outcomes [28].

To our knowledge, this is the first study comparing clini-
cal outcome between shorter myotomy and longer myotomy 
in POEM procedure. With regard to the myotomy length in 
POEM procedure, Inuoe et al. recommended more than 10 cm 
(average 13 cm) as the standard length [20]. This standard 
longer myotomy has become an international experience, fol-
lowed by many endoscopists. Zhou et al. in China (reported 
mean length of myotomy: 10.2 cm), von Renteln et al. in Ger-
many (reported mean length of myotomy: 12 cm), Costamagna 
et al. in Italy (reported mean length of myotomy: 10 cm), Chiu 
et al. in Hong Kong of China (reported mean length of myot-
omy: 10.8 cm), Minami et al. in Japan (reported mean length 
of myotomy: 14.4 cm), Neuhaus et al. in Germany (reported 
mean length of myotomy: 12 cm) applied the longer myotomy 
to treat achalasia patients with promising clinical outcomes 
[9–14]. However, it has been demonstrated that the length of 
LES was just 3.2 cm (range 2.4–4.0 cm) based on esopha-
geal manometry in health normal volunteers and achalasia 
patients [29, 30]. SAGES guidelines for the surgical treatment 
of esophageal achalasia recommended that surgical myotomy 
should be at least 4 cm on the esophagus and 1–2 cm on the 
stomach [31]. Therefore, we managed to use the modified 
POEM with shorter myotomy (myotomy length ≤ 7 cm) to treat 
achalasia and achieved similar treatment success compared to 
longer myotomy but with less procedure time.

It was interesting to find that shorter myotomy of POEM 
had the same efficacy as standard longer myotomy. Our pre-
vious study analyzed the high-resolution manometry data 
in 36 achalasia patients before and after POEM [32]. It was 
found that myotomy of the distal esophagus could attenuate 
the pressurization or spasm in proximal esophagus without 
myotomy and could assist upper esophageal sphincter relax-
ation. One possible mechanism is that the myotomy of distal 
esophagus might have an inhibition reflex on the motility 
of the proximal esophagus, via the enteral nervous system 

[33]. Another possible mechanism is reduced proximal 
venting resistance following distal myotomy, which could 
facilitate the bolus transit in proximal esophagus. In addi-
tion, Ezra et al. analyzed the efficacy of extended proximal 
esophageal myotomy in POEM, using intraoperational func-
tional lumen imaging probe to assess the distensibility of 
GEJ [34]. The GEJ distensibility was increased significantly 
in creating submucosal tunnel and GEJ-myotomy, but not 
further increased in extended proximal myotomy. It seems 
that shorter myotomy was enough for the improvement of 
esophageal physiology and an extended proximal esophageal 
myotomy was unnecessary.

What is more, shorter myotomy may be more useful and 
appealing for treating sigmoid-form achalasia. According to 
our experience, orientation during procedure is a big chal-
lenge for this type of achalasia, which means that it is hard 
to create a straight submucosal tunnel from esophagus to 
cardia and easy to get lost in the tunnel due to the tortuous 
esophagus. There were two sigmoid-type achalasia patients 
in our studies, one in shorter myotomy group, the other in 
longer myotomy group. We made a shorter submucosal 
tunnel (7 cm) and myotomy (5 cm) for the case in shorter 
myotomy group successfully. The procedure time was much 
shorter than the case in longer myotomy group. To note, 
disorientation in the submucosal tunnel of sigmoid esopha-
gus may have the risk of injury of the adjacent mucosa, even 
perforation. Shorter myotomy with a short submucosal tun-
nel method may have a potential to reduce this risk with 
similar efficacy, but future trial with large volume are needed 
to assess the role of shorter myotomy for achalasia with sig-
moid esophagus.

Our study has several limitations. First, it is a retrospec-
tive study and non-randomized design. Secondly, not all 
the patients underwent follow-up manometry mainly due 
to discomfort related to the procedure. Finally, our mean 
follow-up length was 28.7 months, we cannot comment on 
the 5-year or 10-year efficacy.

In conclusion, shorter myotomy is comparable with 
longer myotomy for treating achalasia with regard to short-
term clinical efficacy and safety and may have the advantage 
of shorter procedure time. Further randomized controlled 
trials are warranted to evaluate the long-term efficacy and 
safety of these two myotomy approaches in POEM.
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