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Per-Oral Endoscopic Myotomy: A Series of 500
Patients
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Chiaki Sato, MD, PhD, Hitomi Minami, MD, PhD, Hiroshi Yokomichi, BMath, MD, MPH, DPH, PhD,
Yasutoshi Kobayashi, MD, MPH, Kevin L Grimes, MD, Shin-ei Kudo, MD, PhD
BACKGROUND: After the first case of per-oral endoscopic myotomy (POEM) at our institution in 2008, the
procedure was quickly accepted as an alternative to surgical myotomy and is now established
as an excellent treatment option for achalasia. This study aimed to examine the safety and
outcomes of POEM at our institution.

STUDY DESIGN: Per-oral endoscopic myotomy was performed on 500 consecutive achalasia patients at our
institution between September 2008 and November 2013. A review of prospectively collected
data was conducted, including procedure time, myotomy location and length, adverse events,
and patient data with short- (2 months) and long-term (1 and 3 years) follow-up.

RESULTS: Per-oral endoscopic myotomy was successfully completed in all patients, with adverse events
observed in 3.2%. Two months post-POEM, significant reductions in symptom scores
(Eckardt score 6.0 � 3.0 vs 1.0 � 2.0, p < 0.0001) and lower esophageal sphincter (LES)
pressures (25.4 � 17.1 vs 13.4 � 5.9 mmHg, p < 0.0001) were achieved, and this persisted
at 3 years post-POEM. Gastroesophageal reflux was seen in 16.8% of patients at 2 months
and 21.3% at 3-year follow-up.

CONCLUSIONS: Per-oral endoscopic myotomy was successfully completed in all cases, even when extended in-
dications (extremes of age, previous interventions, or sigmoid esophagus) were used. Adverse
events were rare (3.2%), and there were no mortalities. Significant improvements in Eckardt
scores and LES pressures were seen at 2 months, 1 year, and 3 years post-POEM. Based on
our large series, POEM is a safe and effective treatment for achalasia; there are relatively few
contraindications, and the procedure may be used as either first- or second-line therapy. (J Am
Coll Surg 2015;221:256e264. � 2015 by the American College of Surgeons)
Achalasia is an esophageal motility disorder of unknown
etiology. The histopathology of the disease is characterized
by degeneration of the esophageal myenteric plexus; clini-
cally, there is lack of peristalsis of the esophageal body
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and absent or incomplete relaxation of the lower esopha-
geal sphincter (LES).1-3 As a result, patients with achalasia
have various related symptoms such as dysphagia, regurgi-
tation, and chest pain. The incidence of achalasia is
thought to be approximately 1 per 100,000 people,4 with
equal frequency in men and women, and a bimodal age
distribution with 1 peak in the third to fourth decades of
life and the other after 60 years of age.5,6

Until recently, balloon dilatation, botulinum toxin injec-
tion, and surgical intervention such asHeller myotomy have
been used to relieve symptoms.However, the effectiveness of
balloon dilatation and botulinum toxin injection is consid-
ered temporary, and repeated treatment is often needed.7-10

The appropriate timing to repeat therapy or change treat-
ment modalities is still uncertain. Surgical myotomy has
long been considered themost definitive treatment for acha-
lasia,11,12 although Weber and colleagues13 reported mean
5- and 10-year remission rates after laparoscopic Heller
myotomy of only 76.1% and 79.6%, respectively.
http://dx.doi.org/10.1016/j.jamcollsurg.2015.03.057
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Abbreviations and Acronyms

GEJ ¼ gastro-esophageal junction
IQR ¼ interquartile range
LES ¼ lower esophageal sphincter
POEM ¼ per-oral endoscopic myotomy
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Per-oral endoscopic myotomy (POEM) is a novel pro-
cedure that was developed and first performed in our cen-
ter; it has been established as one of the best treatment
options for achalasia14 because it is safe, less invasive
than surgery, and expected to offer long-lasting symptom
control. Moreover, it can be used as a second-line treat-
ment in patients with recurrent or persistent symptoms af-
ter other treatments have been performed.15-17 However,
there are no detailed reports concerning long-term out-
comes in a large case series. Therefore, the aim of this
study was to present the data we have accumulated at
our institution, where POEM was first introduced, and
where the largest number of patients have been treated.
METHODS

Patients

In this study, POEM was performed in 500 consecutive
achalasia patients at Showa University Northern Yokohama
Hospital, a tertiary referral center in Japan, from September
2008 through November 2013. Patients diagnosed with
achalasia by established methods (upper gastrointestinal
endoscopy, timed-barium swallow, and esophagealmanom-
etry) were prospectively included. In our first series of 17 pa-
tients (which are also included in this study),14 the
indications for POEM were limited to patients more than
18 years old without S2-sigmoid type achalasia; however, af-
ter the success of this series, the indications were extended to
include patients with all types of achalasia who were more
than 3 years of age and weighed more than 15 kg.18 Patients
were excluded only if their general condition was not favor-
able for general anesthesia or if they could not stop antico-
agulant therapy for the procedure.
Informed consent for POEM was obtained from all pa-

tients, and the study was conducted according to the
Declaration of Helsinki. This study was conducted as
part of a clinical study registered with the University Hos-
pital Medical Information Network (UMIN) (trial ID:
UMIN000001901).

Per-oral endoscopic myotomy procedure and
in-hospital schedule

According to our standard schedule, patients were
admitted the day before POEM. On admission, patients
were placed on a liquid diet; if significant retention of
esophagus contents was suspected, the esophagus was
cleared by endoscopic suction using a 3.7-mm channel
endoscope (GIF-1T240, Olympus) under intravenous
anesthesia, and no more food was allowed before POEM.
On the day of POEM, patients were placed on NPO

status. To reduce the risk of aspiration, endoscopic suc-
tion was performed in all patients before induction of
general anesthesia. The POEM procedure was performed
as previously described, with some minor modifications
outlined in Figure 1.14 Spindle veins at the gastric cardia
and narrowing followed by widening of the submucosal
tunnel at the gastro-esophageal junction (GEJ) were
used as markers of entry into the gastric side.
On the day after POEM, a barium esophagram was

performed to confirm smooth passage through the GEJ
without leakage, and upper gastrointestinal endoscopy
was performed to verify there was no mucosal necrosis
and that the retroflexed endoscopic view had appropri-
ately transitioned from a tight GEJ before POEM to a
loose GEJ with a visible gap between the endoscope and
esophagus after POEM. After confirming these results,
water intake was allowed. On postoperative day 2, a liquid
diet was started, and on postoperative day 4, patients were
typically discharged on a regular diet.

Surveillance schedule

The initial follow-up visit was 2 months postoperatively.
Achalasia-related symptoms were postoperatively assessed
using the Eckardt score19,20 and compared with preoperative
data. The Eckardt score is the sum of the achalasia-related
symptom scores for dysphagia, regurgitation, chest pain,
and weight loss, which is used to assess achalasia symptom
severity and treatment effectiveness (Table 1). A higher Eck-
ardt score reflects more severe symptoms of achalasia; a
lower score indicates improvement. Postoperative testing
also included upper gastrointestinal endoscopy, timed-
barium swallow, and esophageal manometry. Endoscopic
findings of reflux esophagitis were defined using the Los
Angeles classification system.21 Subsequent follow-up was
then performed annually and included a detailed interview,
with Eckardt score determination, upper gastrointestinal
endoscopy, esophageal manometry, and timed-barium
swallow.

Outcomes measures

Our primary endpoints were changes in Eckardt score and
LES pressure at 2 months (500 patients). Overall success
rate was defined as a post-POEM Eckardt score of less
than 2 or a reduction of more than 4 points from baseline.
The secondary endpoints were changes in Eckardt score
and LES pressure in long-term follow-up (1 year and 3



Figure 1. Steps in per-oral endoscopic myotomy. (A) Entry to the submucosal space is made after submucosal
injection with saline. (B) The submucosa is progressively dissected distally along the muscular layer, using spray
coagulation at 50 W (ERBE VIO300D), creating a submucosal tunnel extending beyond the gastroesophageal
junction. (C) Myotomy of the circular esophageal and gastric muscle bundles is performed under direct vision. (D)
After myotomy has been successfully completed, the mucosal entry site is closed with hemostatic clips from the
distal to the proximal end of the mucosal fenestration.
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years after POEM). Follow-up visits that occurred more
than 1 year but less than 2 years after POEM were
counted as 1 year data; follow-up visits 3 years or more
after POEM were counted as 3-year data. Very few pa-
tients had follow-up visits in the 2 to 3 year range, and
these data are not included.
Statistical analysis

Medians (first quartile, third quartile) and percentages
for categorical variables were used to describe patient
baseline characteristics and procedure-related parame-
ters. Eckardt scores and LES pressures before and after
POEM were compared, and changes in Eckardt score
and LES pressure at 2 months, 1 year, and 3 years after
Table 1. Eckardt Symptom Score

Score Dysphagia Regurgitation Chest pain Weight loss, kg

0 None None None None

1 Occasional Occasional Occasional <5

2 Daily Daily Daily 5e10

3 Every meal Every meal Every meal >10
the POEM procedure were assessed with Wilcoxon’s
signed rank sum test.

Sensitivity analysis

Pre-procedure Eckardt scores and LES pressures were
complete for 41.6% (208 of 500) of patients, partially
recorded for 54.6% (273 of 500) of patients, and
completely missing for 3.8% (19 of 500) of patients.
For long-term assessment of POEM treatment efficacy,
data were complete for 30.5% (32 of 105), partial for
61.9% (65 of 105), and completely missing for 7.6% (8
of 105) of patients. Numerous studies have demonstrated
substantial bias that results from analyzing only complete
data.22,23 To avoid this shortcoming and to make the best
use of the present data in estimating the treatment effect,
we conducted sensitivity analyses in which the missing
Eckardt scores or missing LES pressures were statistically
imputed; the sensitivity analyses were based on an
assumption that Eckardt score and LES pressure before
and after POEM should fit into a multivariate normal dis-
tribution24; these analyses were considered to provide less
biased estimates for our endpoints when the data were
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missing at random.25 A multiple imputation procedure in
Eckardt scores and LES pressures was executed 100 times,
based on the recommendation of Graham and col-
leagues.26 The sensitivity analyses included assessment of
the changes in the 2 endpointsdEckardt score and LES
pressure. Statistical analyses were performed using SAS
statistical software (version 9.3, SAS Institute). All re-
ported p values are 2-sided; p values < 0.05 were consid-
ered statistically significant.

RESULTS

Clinical features of 500 achalasia cases

A total of 500 consecutive patients (median age years, 43
[range 32 to 58 years], 43.2% male) were analyzed in this
study. Median body mass index was 20.6 kg/m2 (range
18.8 to 22.7 kg/m2). Median duration of symptoms was
5.3 years (range 2.7 to 11.4 years). Clinical data are shown
Table 2. Patient Characteristics (n ¼ 500)

Patient characteristics Data

Age, y, median (IQR); [range] 43 (32e58); [3e89]

Sex ratio, n, male:female 216:284

BMI, kg/m2, median (IQR);
[range]

20.6 (18.8e22.7);
[13.6e40.8]

Duration of symptoms, y, median
(IQR); [range]

5.3 (2.7e11.4);
[0.2e62.4]

Chicago classification, n

Type I 59

Type II 62

Type III 27

No data 352

Degree of dilatation*

Grade I 125

Grade II 354

Grade III 21

Type of achalasia, n

Non-sigmoid 423

Sigmoidy

Type 1 48

Type 2 29

Previous treatment, n (%)

Pneumatic dilation 179 (35.8)

Botox injection 6 (1.2)

Heller myotomy 10 (2.0)

No previous treatment 305 (61.0)

*The degree of esophageal dilatation was classified according to the diameter
of the esophageal lumen: grade I (<3.5 cm), grade II (3.5e6 cm), and grade
III (>6 cm).
ySigmoid type 1 (S1), the esophagus is significantly dilated and tortuous,
but only a single lumen is seen on any CT slice. Sigmoid type 2 (S2), the
esophagus is very dilated and tortuous, and some CT slices show a double
esophageal lumen.
IQR, interquartile range.
in Table 2. Esophageal manometry findings were classified
as type I (59 patients, 39.9%), type II (62 patients,
41.9%), and type III (27 patients, 18.2%) according to the
Chicago classification system.27 Our institution began using
high-resolution manometry (Star Medical) in 2012; there-
fore, manometry data were not available for earlier cases.
The degree of esophageal dilatation was classified as

grade I (<3.5 cm), grade II (3.5 to 6 cm), or grade III
(>6 cm) according to the diameter of the esophageal
lumen on barium esophagram.28 One hundred twenty-
five cases (25%) were classified as grade I, 354 cases
(70.8%) as grade II, and 21 cases (4.2%) as grade III
(Fig. 2). The type of esophageal lumen, also determined
according to the findings on barium esophagram, was
classified as sigmoid or non-sigmoid. Sigmoid-type acha-
lasia was defined as a significantly dilated and tortuous
esophagus on barium esophagram, and is more technically
challenging during the POEM procedure. Sigmoid-type
achalasia was subclassified into sigmoid type 1 (S1) or sig-
moid type 2 (S2) based on CT findings; the presence of a
double lumen on some CT slices was defined as S2, while
only a single lumen is present in S1 (Fig. 3). Four hun-
dred twenty-three cases (84.6%) were classified as non-
sigmoid, 48 cases (9.6%) as S1, and 29 cases (5.8%) as
S2. Pneumatic balloon dilation had been performed
before POEM in 179 cases (35.8%), Botox injection in
6 cases (1.2%), and surgical myotomy in 18 cases (3.6%).

Procedure-related outcomes in 500 cases

The median total length of the endoscopic myotomy was
14.0 cm (range 12 to 16 cm) (median 11.0 cm [range 9 to
13 cm] in the esophagus and 3.0 cm [range 2 to 3 cm] in
the stomach). In most cases, the 2 o’clock location was
chosen and an anterior myotomy was performed; howev-
er, a greater-curvature myotomy (7 o’clock position) was
performed in cases with a history of Heller myotomy (n¼
10) or in patients suspected of having severe submucosal
fibrosis and tissue adhesions on the side of the lesser curve.
The median operation time was 90.0 minutes (range 70.8
to 119 minutes).
Adverse events related to POEM were observed in 16

patients (3.2%): 1 pneumothorax with mediastinal
emphysema, 1 case of severe bleeding, 8 mucosal injuries
(including 2 mucosal perforations), 3 postoperative hema-
tomas from submucosal bleeding, 1 case of inflammation
in the lesser omentum, and 2 cases of pleural effusion.
The pneumothorax resulted from an inadvertent air infu-
sion during the procedure, and a drainage tube was
inserted into the thoracic cavity. The case of severe
bleeding occurred during the myotomy and was due to
a perforating artery on the gastric side. Fortunately, the
site of bleeding was identified and controlled



Figure 2. A 56-year-old woman with a 30-year history of achalasia. Timed barium swallow (A) before
per-oral endoscopic myotomy, and (B) at 2-month follow-up, showing a markedly improved esoph-
ageal emptying and reduction in esophageal diameter.
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endoscopically with coagulating forceps; however, the pa-
tient did require blood transfusion. Two mucosal perfora-
tions were encountered and successfully closed by
endoscopic clipping. The other events (postoperative he-
matoma, lesser omentum inflammation, and pleural effu-
sion) were successfully managed conservatively. The
POEM procedures were accomplished successfully in all
cases including those with adverse events.
Length of hospital stay was a median of 4 days (range 4

to 5 days) after POEM. There were no perioperative
deaths in our series (Table 3).

Treatment outcomes (Eckardt score, lower esoph-
ageal sphincter pressure, and reflux esophagitis)

Short-term outcomes

Esophageal manometry, upper endoscopy, and interview
(Eckardt score, GERD symptoms) data at 2-month
Figure 3. A case of sigmoid type 2 achalasia in a
achalasia. (A and B, before per-oral endoscopic
esophagus and double lumen visible on CT slices
post-POEM were available in 302 (60.4%), 414
(82.8%), and 423 patients (84.6%), respectively. A signif-
icant reduction in symptoms was achieved (median [inter-
quartile range, IQR], preoperative Eckardt score 6 [5 to 8]
vs postoperative 1 [0 to 2], p< 0.0001), with a significant
reduction in LES pressure (median [IQR], preoperative,
25.4 mmHg (18.2 to 35.3 mmHg) vs postoperative,
13.4 mmHg (10.5 to 16.4 mmHg), p < 0.0001). Overall
success rate (Eckardt score less than 2, or reduced more
than 4 points) was 91.3% (386 of 423). Eight patients
(of the remaining 37) received a second POEM (data
related to the second POEM are not shown in this
article). Two hundred sixty-eight of 414 patients
(64.7%) had endoscopic findings of reflux esophagitis.
Seventy-one of 423 patients (16.8%) complained of
GERD symptoms such as heartburn or regurgitation
(Table 4).
66-year-old woman with a 30-year history of
myotomy) A significantly dilated and tortuous
. (C) A 17-cm myotomy was performed.



Table 3. Procedure-Related Parameters

Parameters Data

Operation time, min, median (IQR); [range] 90.0 (70.8e119);
[35e245]

Myotomy length, cm

Total, median (IQR); [range] 14.0 (12e16);
[3e25]

Esophageal side, median (IQR) 11.0 (9e13)

Gastric side, median (IQR) 3.0 (2e3)

Direction of myotomy, n (%)

Lesser curvature 482 (96.4)

Greater curvature 18 (3.6)

Complications, n (%) 16 (3.2)

Pneumothorax with mediastinal
emphysema 1

Severe bleeding 1

Mucosal perforation 8

Postoperative hematoma 3

Inflammation in gastric lesser omentum 1

Pleural effusion 2

Postoperative hospital stay, d, median
(IQR); [range] 4.0 (4e5); [3e22]

IQR, interquartile range.
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Long-term outcomes

At 1 to 2 years after POEM (370 patients), esophageal
manometry, upper endoscopy, and interview (Eckardt
score, GERD symptoms) data were available in 102
(27.6%), 191 (51.6%), and 286 patients (77.3%), respec-
tively. Significant symptom and LES pressure reduction
were continued (median [IQR], postoperative Eckardt
score 1 [1 to 2], p < 0.0001, postoperative LES 11.9
mmHg [7.0 to 15.9 mmHg], p < 0.0001). Overall suc-
cess rate was 91.0% (260 of 286). Fifty-six of 289 patients
(19.4%) complained of heartburn or regurgitation; endo-
scopic evidence of esophagitis was noted in 9 of 16
Table 4. Treatment Outcomes: Eckardt score, Lower Esophag

Variable Before POEM 2 mo after POEM

Eckardt score, median
(range) 6 (5e8) 1 (0e2)

LES pressure, mmHg,
median (range) 25.4 (18.2e35.3) 13.4 (10.5e16.4)

Endoscopic reflex
esophagitis findings, n

LA-A, 140; LA-B, 107
LA-C, 20; LA-D, 1
(follow-up data from
414 patients, 64.7%

GERD symptoms 71 (follow-up data
from 423, 16.8%)

Prescription of proton
pump inhibitor, n (%) 17 (4.0)

LA, Los Angeles classification; LES, lower esophageal sphincter; POEM, per-or
patients (59.2%) (Los Angeles classification A, 68; B,
25; C, 15).
Three-year (or longer) follow-up data were available in

the form of interviews in 61 of 105 patients (58.1%), and
manometry and endoscopy data were available for 16
(15.2%). Significant symptom and LES pressure reduc-
tion were continued (median [IQR], postoperative Eck-
ardt score 1 [1 to 2], p < 0.0001, postoperative LES
11.7 mmHg [9.6 to 14.9] mmHg, p < 0.0001) and are
shown in Figure 4. Overall success rate was 88.5% (54
of 61). Thirteen of 61 patients (21.3%) complained of
heartburn or regurgitation; endoscopic evidence of esoph-
agitis was noted in 9 of 16 patients (56.3%) (Los Angeles
classification A, 7; B, 1; C, 1). In all cases, reflux symptoms
were easily controlled by intermittent medication with
proton pump inhibitors.

Sensitivity analysis

Table 5 shows the results of sensitivity analyses for longi-
tudinal outcomes in Eckardt scores and LES pressures;
Table 6 represents the between, within, and total variance
in 100-time imputation. The sensitivity analyses using
multiple imputation revealed a �4.6 (standard error
[SE] 2.4), �4.6 (SE 2.5), and �4.3 (SE 2.7) changes in
Eckardt score 2 months, 1 to 2 years, and 3 years after
POEM procedures, respectively; the changes in LES pres-
sure were �14.8 mmHg (SE 14.8 mmHg), �16.5
mmHg (SE 16.4 mmHg), and �14.8 mmHg (SE 14.8
mmHg) at 2 months, 1 to 2 years, and 3 years after the
POEM procedures, respectively; neither of the changes
in the 2 scores was statistically significant.
DISCUSSION
Our experience with 500 consecutive cases indicates that
POEM could be performed safely and effectively.
eal Sphincter Pressure, and Reflux Esophagitis

1e2 y after POEM 3 y after POEM
p Value for

change at 3 y

1 (1e2) 1 (1e2) <0.0001

11.9 (7.0e15.9) 11.7 (9.6e14.9) <0.0001

;

)

LA-A, 68; LA-B, 25;
LA-C, 15; LA-D, 5
(follow-up data from
191 patients, 59.2%)

LA-A, 7; LA-B, 1;
LA-C, 1 (follow-up

data from
16 patients, 56.3%)

56 (follow-up data
from 289, 19.4%)

13 (follow-up data
from 61, 21.3%)

al endoscopic myotomy.



Figure 4. Individual changes in lower esophageal sphincter pres-
sures among achalasia patients 3 years after per-oral endoscopic
myotomy (POEM) procedures.
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Although POEM was first introduced at our institution
with strict exclusion criteria, the indications now include
almost all achalasia patients; even with these extended
criteria, few severe complications were observed (3.2%).
Because most complications were experienced in the
initial stage, the learning curve of the technique is consid-
ered important. Per-oral endoscopic manometry should
be performed by experienced endoscopists to avoid com-
plications or unfavorable outcomes.
Although achalasia is more common in younger to

middle-aged patients (POEM median age 43.0 years
[range 32 to 58 years]; duration of symptoms, 5.3 years
[range 2.7 to 11.4 years] in our series), we have also
encountered many elderly patients (�65 years old) and
children (�18) in our clinical practice. Older patients
with achalasia tend to present with more comorbidities
and use of medications such as antiplatelet and anticoag-
ulant agents, placing them at a higher risk of developing
complications. They may also have a longer disease dura-
tion, giving time for the esophagus to become dilated and
tortuous (sigmoid type). All of these factors contribute to
a more technically challenging procedure. Nevertheless,
treatment outcomes in these patients were excellent, likely
Table 5. Eckardt Scores and Lower Esophageal Sphincter Pre
Endoscopic Myotomy With Multiple Imputation 100 Times

Variable Before POEM 2 mo after P

Eckardt score 6.0 � 2.2 1.4 � 1

Lower esophageal sphincter pressure 28.7 � 15.1 14.0 � 5

Data are presented as estimate � standard error.
POEM, per-oral endoscopic myotomy.
due to the less invasive nature of POEM. Furthermore, to
date, balloon dilation has been a mainstay of treatment for
achalasia, even in older patients. However, advanced age
and balloon diameter were identified as significant risk
factors for perforation (in a group with an overall risk
of 4%).29 Using smaller balloon diameters to mitigate
the risk of perforation can result in the need for repeated
dilatation. Not only would this be considerably more
difficult and have a negative effect on quality of life in
elderly patients, but each episode would carry an inherent
perforation risk. Notably, our cohort included more
elderly patients than the previous study of balloon dila-
tion did, yet our complication rate was lower. For elderly
patients with achalasia, POEM could be a first-line option
because “1-shot” and “less invasive” are considered partic-
ularly important factors in this age group.
On the other hand, for children with achalasia, the size

of the endoscope is an important factor for performing
POEM, and therefore, the adaptive criteria of age greater
than 3 years and weight more than 15 kg have been used
at our institution. Doctors should adopt their own criteria
for POEM based on their skill level. If the POEM proce-
dure is considered difficult due to the small size of the
esophagus, balloon dilatation should be performed as
first-line therapy, and elective POEM could be considered
as the child grows.
In our cohort, 2-month, 1- to 2-year, and 3-year overall

success rates were 91.3%, 91.0%, and 88.5%, respectively
(Fig. 5). The high scores were considered sufficient
compared with historical success rates for Heller myot-
omy (see introduction), although we need to consider
the impact of missing data in our series. Boeckxstaens
and colleagues29 reported a high therapeutic success rate
in pneumatic dilatation (90% after 1 year and 86% after
2 years); however, their trial had severe adaptive criteria
(no previous treatment, between 18 and 75 years of
age), and pneumatic balloon dilatation included multiple
therapy sessions. Therefore, it is difficult to compare
directly with our series. Again, we especially emphasize
that sigmoid esophagus, dilated esophagus, and long
duration of symptoms did not appear to be a barrier to
successful treatment with POEM. A special advantage of
POEM over surgical myotomy is that the length of the
ssure 2 Months, 1 to 2 Years, and 3 Years after Per-Oral

OEM 1e2 y after POEM 3 y after POEM
p Value for

change at 3 y

.2 1.4 � 1.0 1.7 � 1.3 0.11

.8 12.2 � 6.0 14.0 � 5.8 0.32



Table 6. Between, Within, and Total Variance in 100-Time
Imputation for Eckardt Scores and Lower Esophageal
Sphincter Pressure Before and After Per-Oral Endoscopic
Myotomy Procedures

Parameters
Between
variance

Within
variance

Total
variance

Eckardt scores

Before POEM 0.0011 5.0 5.0

2 mo after POEM 0.0011 1.4 1.4

1 to 2 y after POEM 0.0010 1.0 1.0

3 y after POEM 0.016 1.6 1.6

Lower esophageal sphincter pressure

Before POEM 0.03 227 227

2 mo after POEM 0.023 33 33

1 to 2 y after POEM 0.21 36 36

3 y after POEM 0.023 33 33

POEM, per-oral endoscopic myotomy.
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myotomy from the esophageal to gastric side can be
adjusted freely to suit the individual case. Although a
long myotomy may not be necessary to linearize a sigmoid
esophagus, a myotomy of sufficient length through the
GEJ to the gastric side is considered essential. Addition-
ally, sigmoid esophagus and long duration of symptoms
(characteristics common in the older age group) have
been reported as predictors of a negative outcome in sur-
gical myotomy.30,31 In such cases, incomplete myotomy
may have been performed due to limited surgical access
on the esophageal side. Therefore, for such patients, an
extended-length myotomy from the esophageal to the
gastric side using POEM could be an important factor
in achieving a successful outcome. Taking these findings
into account, POEM appears to be a more appropriate,
Figure 5. Individual changes in Eckardt score among achalasia
patients 3 years after per-oral endoscopic myotomy (POEM)
procedures.
safe, and effective option for patients with sigmoid esoph-
agus or history of surgical myotomy.
In contrast to Heller myotomy (in which surgical access

limits the extent of esophageal myotomy), incomplete
myotomy during POEM generally results from inade-
quate dissection on the gastric side, which is considered
a predictor for an unsuccessful result. At present, there
are no definitive markers of the gastric side in the submu-
cosal tunnel, although the presence of a spindle vein with
increased vascularity is considered one of the landmarks of
approaching the gastric side. Therefore, we generally
perform an extended myotomy through GEJ well onto
gastric side; a theoretical side-effect of this approach is
gastroesophageal reflux, which may be one reason for
the high rates of esophagitis in our series. At the begin-
ning, myotomy was performed in the lesser curvature (2
o’clock) due to technical ease; however, disruption of
the lesser curvature line may provide the most direct
line for reflux to occur. Performing the myotomy in
another direction, such as the greater curvature (7
o’clock), may result in different angles and different
flow dynamics, perhaps reducing the amount of “back-
wash” during gastric contraction. A relatively small num-
ber of greater curvature POEMs are included in our series,
so it is difficult to draw any solid conclusions about which
direction results in less reflux. In this study, the rate of
proton pump inhibitor use was low (4%) despite 16%
reporting GERD symptoms. This is likely due to very
mild and/or intermittent symptoms being reported, as
well as the very low incidence of Barrett’s esophagus or
reflux-related strictures in the Japanese population.
CONCLUSIONS
This study is the first to report long-term outcomes at 3
years. In our series, the symptom relief rate at 3 years
was excellent, although selection bias might affect the
result. The reason for this low follow-up rate is that acha-
lasia is a benign disease and occurs mainly in young to
middle-aged individuals. Therefore, if symptom relief
continues, patients are liable to stop coming to the hospi-
tal for follow-up after the treatment of achalasia, although
screening for esophageal cancer remains important even
after symptom relief. Additionally, for many years, our
institution had been the only hospital in Japan where
POEM could be performed; however, some other facil-
ities have recently introduced the technique, and patients
may be following up at other centers for their regular sur-
veillance. Further long-term studies would be helpful to
corroborate our results.
Although this study was performed at a single center

and is limited by missing data, it represents the largest



264 Inoue et al Per-Oral Endoscopic Myotomy: 500 Patients J Am Coll Surg
cohort with the longest follow-up of POEM patients re-
ported to date. We conclude that POEM is a safe and reli-
able treatment option for achalasia.
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