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Abstract

OBJECTIVES: Achalasia is an oesophageal disorder characterized by abnormalities of peristalsis and impaired swallowing-induced relaxation.
The therapeutic approach at present remains palliative. Peroral endoscopic myotomy (POEM) is thought to be less invasive and to maintain the
function of the lower oesophageal sphincter postoperatively. However, the effects of POEM still need to be evaluated and understood.

METHODS: We analysed the outcome for 45 achalasia patients who underwent POEM in our centre, described the details of surgery and
evaluated the effects by 4 s integrated relaxation pressure (4s-IRP). All patients were followed up for at least 2 years and were assessed by the
dysphagia score, the Eckardt score, oesophageal manometry and the gastro-oesophageal reflux disease (GERD) Q-questionnaire. According to
the new Chicago classification of oesophageal motility using high-resolution manometry, the patients were diagnosed and classified into types
I, 11and III.

RESULTS: The average age of the patients was 46.32 + 19.04 years (range 26-72 years), and the ratio of women to men was 1.81. All patients
were suffering from dysphagia; more than half of them experienced regurgitation. The data revealed that POEM considerably reduced the 4s-
IRP, dysphagia score and Eckardt score postoperatively (all P < 0.05). The patients with type Il achalasia had higher values of 4s-IRP than the
others (type |, P = 0.025; type II, P = 0.022) before treatment and at 3 months after treatment (type I, P = 0.028; type II, P = 0.047). In type | patients,
GERD symptoms were more likely to appear at 24 months after POEM than in type Il and IIl patients (P = 0.007 and P < 0.001, respectively).

CONCLUSIONS: Peroral endoscopic myotomy provides definite relief of symptoms in these patients with achalasia and offers them long-term
therapeutic benefit. Considering the risks of surgery, we believe that POEM is a better choice than surgery for achalasia patients and carries lower
risk. However, our study is a preliminary exploration; therefore, larger-scale studies are needed for further research on POEM.
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INTRODUCTION

Achalasia is an oesophageal disorder of unknown aetiology, character-
ized by abnormalities of peristalsis and impaired swallowing-induced
relaxation. Its incidence is about 0.5-1 per 100 000 per year, without
any difference in symptoms depending on age or gender. Clinical
signs include dysphagia, retrosternal pain, regurgitation of food and
weight loss [1, 2]. High-resolution manometry (HRM) with analysis of
the oesophageal pressure topography has great sensitivity for achala-
sia, enabling the details to be measured and reducing the movement
artifact created by oesophageal shortening. Based on the presence
of contractile activity and pressurization, achalasia is divided into
three subtypes [3]; type | is characterized by absence of contractile
activity and absence of pressurization, type Il by swallowing-induced
pan-oesophageal pressurization and type Ill by spastic contractile ac-
tivity. Conventional treatments include drugs, pneumatic dilatation,

endoscopic botulinum toxin injection or surgical therapy. All these
therapeutic approaches provide palliative care, and there is little
improvement in motor abnormalities of the oesophageal body.
Peroral endoscopic myotomy (POEM) was first applied to treat
achalasia by Inoue et al. [4] in 2010. Since that time, it has been
thought to provide some advantages, in that it is less invasive than
the other available options and better at maintaining the function of
the lower oesophageal sphincter [5]. However, the effects of POEM
on patients with achalasia still need to be evaluated and understood.
In this study, we carried out a respective review of 45 achalasia
patients who underwent POEM in our centre. We analysed their
clinical features and followed up every patient for at least 2 years
in order to assess the changes after POEM. Our aim was to evalu-
ate the early outcomes of POEM and long-term effects on patients
with achalasia and to judge whether this technique is acceptable
as a less invasive and effective alternative to traditional treatments.

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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PATIENTS AND METHODS
Patients

Between December 2010 and February 2014, 45 patients with
achalasia who underwent POEM in our centre were selected for
our study. Based on the new Chicago classification on HRM, the
patients were diagnosed and classified into types I, Il and Ill. All
patients provided written consent. The protocols were approved
by the Second Affiliated Hospital of Nanjing Medical University
Institutional Ethics Committee.

Oesophageal manometry

The patients underwent HRM (Given Imaging, Los Angeles, CA,
USA) before procedures and at 3, 6, 12, 18 and 24 months post-
operatively. The study was carried out using 36 circumferential
sensors spaced at 1 cm intervals. The measurements included basal
lower oesophageal sphincter pressure and 10 swallows of 5 ml of
water. All manometric analyses were carried out using MMS soft-
ware (Mano View software; Sierra Scientific Instruments Inc., Los
Angeles, CA, USA) as previously described [6]. The 4 s integrated re-
laxation pressure (4s-IRP) was adopted as one of the observation
indexes to evaluate the effects of treatment. The type of achalasia
was classified according to the Chicago classification based on the
analysis of distal oesophageal pressurization using the pressurization
front velocity in the distal oesophageal segment [7].

Peroral endoscopic myotomy operation

Based on the procedure described in previous studies [4] and our
own animal studies (unpublished data), we performed POEM follow-
ing the steps (Fig. 1):

(i) Incision of the oesophageal mucosa. Submucosal injection (a
mixture of methylene blue and saline) was performed 10-12
cm above the gastro-oesophageal junction in the right pos-
terior wall of the oesophagus. Using a hook knife, a vertical in-
cision approximately 2 cm in length was made in the mucosal
layer to expose the submucosa.

(i) Tunnelling by endoscopic submucosal dissection. Dissection
was performed from top to bottom along the submucosa of
the oesophagus and extended to approximately 3 cm below
the gastro-oesophageal junction into the gastric fundus using
a hook knife to create a submucosal tunnel.

(iif) Endoscopic myotomy of the circular muscle. A vertical incision
of the circular muscle was made under a gastroscopy-based
view from the top down, from 8-10 cm above the gastro-
oesophageal junction to 2 cm below the gastro-oesophageal
junction using an Insulated-tip diathermic knife. During the
myotomy, all shallow and deep circular muscle bundles were
cut off, as described the longitudinal muscle bundle was pre-
served as far as possible, and the transparent cap breaking the
longitudinal muscle was avoided. Any bleeding was immediate-
ly controlled with electrocoagulation.

(iv) Closure of mucosal incision with metal clips. After the wound
had been washed and bleeding well controlled, metal clips
were used to suture the mucosal incision.

(v) A gastrointestinal decompression tube was placed under
gastroscopy.

The patients were fasted after POEM. The tube was removed 2-4
days later, and a liquid diet was administered for 2-4 days, respective-
ly. Any complications were controlled with standardized processes.

Follow-up

The duration of follow-up for every patient was at least 2 years
after POEM. Symptoms were assessed in all patients using the dys-
phagia score, the Eckardt score and the gastro-oesophageal reflux
disease (GERD) Q-questionnaire, as described in previously pub-
lished articles [5, 8, 9] (Table 1). The assessment of GERD Q-score
was carried out when the patients had not taken a proton pump
inhibitor for at least 3 days.

Statistical analysis

Statistical analysis was performed using SPSS 13.0. The results
are expressed as means * standard deviation; one-way ANOVA
and general linear model repeated-measures analysis were
used as needed, and a P value of <0.05 was considered to be
significant.

RESULTS
Patient characteristics

Between January 2010 and December 2013, 45 patients with
achalasia (16 men and 29 women) were admitted for POEM in the
Second Affiliated Hospital of Nanjing Medical University. Patients
mainly resided in Jiangsu province, Anhui province, Zhejiang prov-
ince or Shandong province.

The average age of the patients was 46.32 + 19.04 years (range
26-72 years); 29 were women, and the ratio of women to men
was 1.81 (n =16). All patients were suffering from dysphagia, more
than half of them experienced regurgitation (n =23, 51.11%), and
16 (25.56%) experienced chest pain and 6 (13.33%) weight loss.
Only 9 patients (20.00%) had respiratory complications, mainly
presenting as a nocturnal cough and aspiration. Among the 45
patients, 14 were classified as type |, 24 as type Il and 7 as type IlI
(Table 2).

Outcomes of peroral endoscopic myotomy

Some patients had previously undergone pneumatic dilatation
and experienced recurrent dysphagia. We excluded the patients
who had experienced endoscopic botulinum toxin injection and
stenting for safety reasons. All of the POEMs were successfully per-
formed without any deaths. The mean duration of the procedure
was 73.78 + 24.22 min. The mean length of the submucosal tunnel
created was 13.00 £ 1.37 cm and the average length of myotomy
9.56 £1.53 cm. The mean visual analog scale pain score was
7.18+1.11 on postoperative day 1, which decreased significantly
to 2.24 + 0.68 at discharge (P < 0.001; Table 3).
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Figure 1: (A) Appearance of the dilated and distorted oesophagus. (B) A submucosal injection (a mixture of methylene blue and saline) was made 10-12 cm above
the gastro-oesophageal junction in the right posterior wall of the oesophagus. (C) A vertical incision approximately 2 cm in length was made in the mucosal layer
using a hook knife to expose the submucosa. (D) Dissection was carried out using a hook knife from top to bottom along the submucosa of the oesophagus and
extended to approximately 3 cm below the gastro-oesophageal junction into the gastric fundus. (E) Creation of a submucosal tunnel. (F) Endoscopic myotomy of the
circular muscle. (G) During the myotomy, all shallow and deep circular muscle bundles were cut off, as described the longitudinal muscle bundle was preserved as far
as possible, and the transparent cap breaking the longitudinal muscle was avoided. Any bleeding was immediately controlled by electrocoagulation. (H) Closure of the

mucosal incision with metal clips.

Table 1: Severity of dysphagia as assessed by the dysphagia score and the Eckardt score

Dysphagia score

Grade

0 Able to eat normal diet/no dysphagia

1 Able to swallow some solid foods

2 Able to swallow only semi-solid food

3 Able to swallow liquids only

4 Unable to swallow anything/total dysphagia

Eckardt score Weight loss (kg) Dysphagia Retrosternal pain Regurgitation

0 None None None None

1 <5 Occasional Occasional Occasional

2 5-10 Daily Daily Daily

3 >10 Each meal Each meal Each meal
Complications Prior to POEM, the dysphagia scores were 3.50 + 0.52, 3.79 + 0.41

In the early stage of this study (at 6 months), there were 5 cases
(13.33%) with complications presenting during the operations:
2 cases with junctional flap perforation, 2 with emphysema and
1 with bleeding. All these complications were controlled via
endoscopy, without surgical intervention. There were no further
complications during the remainder of the study.

Follow-up

We followed up these 45 patients for 2 years; the rates of follow-
up for POEM were therefore 100%. Postoperatively, we measured
dysphagia scores, Eckardt scores, the values of 4s-IRP and GERD
Q-scores.

and 3.43 + 0.53 in the groups of type |, [l and Il patients, respective-
ly. They were 0.64 + 0.50, 0.67 + 0.48 and 0.71 + 0.49, respectively, at
3 months after POEM. The scores were respectively 0.86 +0.36,
0.83 +£0.38 and 0.86 +0.38 at 6 months, 0.93 +0.47, 1.00 + 0.66 and
0.85+0.38 at 12 months, 1.0 £0.63, 1.08 +0.50 and 1.29 + 0.49 at
18 months and 1.2 +0.43, 1.13 £ 0.54 and 1.29 + 0.49 at 24 months
after POEM. No differences between the three groups (P=0.778)
were found. All patients who underwent POEM experienced less
pronounced symptoms of dysphagia after treatment than before (all
P <0.05). We did not observe any difference between 6 and 12
months (P=0.424), between 12 and 18 months (P=0.106) or
between 18 and 24 months (P = 0.079) after POEM (Fig. 2).

The Eckardt scores were 6.64 +1.08, 6.23 + 1.06 and 6.14 £ 0.90
before POEM in the type I, Il and Ill groups, respectively; the
scores were, respectively, 1.21 +0.70,0.79 £ 0.69 and 0.71 + 0.65 at
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3 months, 1.07+0.62, 0.88+0.74 and 0.71 +0.69 at 6 months,
1.49+0.76, 1.00 £ 0.88 and 0.86 + 0.69 at 12 months, 1.57 +0.76,
1.25+0.79 and 0.86+0.69 at 18 months and 2.00+0.68,
2.08 £0.83, 2.00+0.82 at 24 months after POEM. No difference
were found in the three groups (P=0.061). The patients had
higher scores before treatment than after treatment (all P < 0.05).
We also did not observe any difference between 3 and 6 months
(P=0.688), 3 and 12 months (P=0.106) or 12 and 18 months
(P=0.123) after POEM (Fig. 3).

Prior to POEM, the values of 4s-IRP were 23.81+5.03,
2410+5.26 and 29.82+4.57 in the of type |, Il and Ill patients,
respectively; the scores were 1054+1.27, 11.07+1.53 and
13.70£7.10 at 3 months, 11.24 +1.83,11.13+1.17 and 11.77 £ 1.58
at 6 months, 10.61+1.89, 11.21+1.68 and 11.33+148 at 12
months, 11.37+1.53, 11.30+1.54 and 11.74+1.07 at 18 months

Table 2: Clinical and epidemiological features

and 11.09 £ 1.51, 11.08 £ 1.38 and 10.94 £ 1.19 at 24 months after (P=0.257) or 12 and 18 months (P = 0.179), the scores were all dif- C:>
POEM. Type Ill patients had a higher value than type | and Il ferent at other times (all P < 0.05; Fig. 5). 2
(P=0.025, P=0.022) before treatment; we also found the differ- 2
ences at 3 months after treatment (type |, P=0.028; type II, g
P=0.047). The significant differences were observed in the three Asr I o
type groups at various times (P = 0.001). Different types of achalasia o 4 PE: :I 3
had different responses to POEM; however, all patients had lower 8 O -ry:[pe n -ug
scores after treatment than before (all P < 0.05). We did not find any $ 3 =
g
c 2 aQ
[=% )
"I L &7

3months 6 months 12 months 18 months 24 months
Characteristic n (%) Bs,
.| A
Male 16 (35.56) g | y
~ake T I
Female 29 (64.44) o | % 2 ype g
Age (years; mean = SD) 46321904 g % <
(range 26-72) s, % o
Clinical manifestation > kY =
Duration of symptoms (years; mean + SD) 12.68+9 a 1k N py SRR gy SO
Dysphagia 45 \@_.‘ R avilal
Regurgitation 23(51.11%) 0 . . . . . )
Chest pain 16 (25.56%) Before 3 months 6 months 12 months 18 months 24 months
Weight loss 6(13.33%) . )
Respiratory complications 9(20.00%) Figure 2: (A) Results of dysphagia scores analysed by one-way ANOVA. There was

(nocturnal cough and aspiration)
Classification

differences between the values at 3, 6, 12, 18 and 24 months after
the procedure (Fig. 4).

During the follow-up period, three (6.67%) patients needed a
standard-dose of proton pump inhibitor to control symptoms of
GERD. Before POEM, the GERD Q-scores of the groups of type |, Il
and Il patients were, respectively, 1.93+0.73, 1.75+0.79 and
2.00 +0.58; after POEM the scores were, respectively, 2.14 + 0.53,
217+0.48 and 2.14+0.38 at 3 months, 2.86+1.03, 2.83 +0.96
and 3.14+1.21 at 6 months, 2.93+1.07, 2.67 +1.37 and 3.00 +
1.15 at 12 months, 3.57+1.28, 3.33+1.17 and 2.71+1.25 at 18
months and 5.14 + 1.79, 3.71 £ 0.91 and 2.71 £+ 0.76 at 24 months.
Type | patients were more prone to the appearance of GERD
symptoms at 24 months after POEM than type Il and Il patients
(P=0.001 and P<0.001, respectively). Apart from the lack of
change between 6 and 12 months (P=0.768), 6 and 18 months

no difference between the three groups at any time point (all P>0.05).
(B) Results of dysphagia scores with general linear model repeated-measures
analysis. There was no difference between the three groups (P = 0.778). All scores

Type | 14 (31.11%) /
Type Il 24(53.33%) were lower after treatment than before (all P<0.05), but no difference was
Type Ill 7 (15.56%) observed between 6 and 12 months (P=0.424), between 12 and 18 months

Table 3: Operative outcomes of peroral endoscopic myotomy

(P=0.106) or between 18 and 24 months after peroral endoscopic myotomy
(POEM; P=0.079).

¥20z 1udy g| uo 1senb Aq $0159t2/(

n Type History of Duration of Length of Length of Complications  Visual analog scale Visual analog
(high-resolution endoscopic procedure submucosal myotomy (n) pain score, 1 day scale pain
manometry) therapy (min) tunnel (cm) (cm) postoperative score at

(pneumatic discharge
dilatation)

14 | 3 76.07 +29.23 1293+1.38 9.64 +1.45 1 7.36+1.01 2.14+0.66

24 Il 6 75.63+22.76  12.96+1.43 9.50+£1.64 2 7.08+1.14 221+0.72

7 1 1 6286+17.29  1328+1.25 957151 2 7.14+£135 2.57+0.53

Total

45 10 (22.22%) 73.78 +24.22 13.00+1.37 9.56 +1.53 5(11.11%) 7.18+1.11 2.24+£0.68

P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

P <0.001
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Figure 3: (A) Results of Eckardt scores analysed by one-way ANOVA. There was
no difference between the three groups at any time point (all P>0.05). (B)
Results of Eckardt scores with general linear model repeated-measures analysis.
No differences were found between the three groups (P =0.061). The patients
had higher scores before than after treatment (all P < 0.05). We did not observe
any difference between 3 and 6 months (P=0.688), 3 and 12 months
(P=0.106) or 12 and 18 months after POEM (P = 0.123).

DISCUSSION

Achalasia is described as a primary oesophageal motor disorder
of unknown aetiology, whose current treatment is palliative and
intended to reduce oesophageal sphincter pressure. Drugs have
limited usefulness in clinical practice and are not considered as a
therapeutic measure. Endoscopic injection of botulinum toxin,
pneumatic dilatation and stent placement in the oesophagus may
initially produce excellent or good results in patients, but their
effects are not positive in long-term follow-up studies [10]. In
some articles [11, 12] these endoscopic interventions have been
compared with surgery, but the findings are difficult to interpret
due to patient heterogeneity and the use of different surgical
techniques. Gastroenterologists [13-15] insist that surgery is an im-
portant option in patients refractory to treatment and in younger
patients, but endoscopy is often cited as the primary therapeutic
approach. There is still argument about the most appropriate
treatment for patients with achalasia.

Peroral endoscopic myotomy is a novel approach to performing
oesophageal myotomy through a long submucosal tunnel. As re-
ported by some researchers [4, 16], POEM is an effective method
to settle the impaired swallowing-induced relaxation with less in-
vasion than surgery. However, the new technique is not well
known. Until now, studies have focused on the details of the oper-
ation, rarely on its effects and especially its long-term effects. We
followed up 45 patients who underwent POEM in our centre over
a 2-year period. To determine the effects of POEM, we looked for
differences between the initial effects and the long-term out-
come, assessed by the dysphagia score, Eckardt score and GERD
Q-questionnaire.

For all 45 patients included in our study, the dysphagia scores
and Eckardt scores (which are the standards by which the clinical
severity of dysphagia is judged in patients with achalasia) decreased,

and the IRP of the lower oesophageal sphincter was lower than
before endoscopic interventions in these patients. The aim of all
treatments for achalasia is to reduce the pressure of the lower
oesophageal sphincter, in order to improve oesophageal emptying
and prevent the development of megaoesophagus [17]. According
to published studies [18, 19], surgery that combines oesophagogas-
tric extra-mucosal myotomy with fundoplication seems to be the
best choice for achalasia, because it is more effective than pneu-
matic dilatation, endoscopic injection of botulinum toxin or oe-
sophageal stent placement in the long term. Considering that the
oesophageal sphincter is disrupted in a similar manner by POEM,
this treatment should have the same applicability as surgery.

The IRP is a more complex measurement of deglutitive oeso-
phagogastric junction relaxation than the end-expiratory nadir
pressure. Unlike conventional manometric methods, IRP exhibits
98% sensitivity and 96% specificity for distinguishing achalasia
patients from control subjects and patients with other diagnoses
[20]. In fact, IRP has proved to be an exact metric to differentiate
intact from impaired oesophagogastric junction relaxation [21].
We chose 4s-IRP as the measure in the study because 4s-IRP is
much better in terms of sensitivity and specificity than other
indexes for diagnosing and following up achalasia patients.

Our results revealed that POEM was effective and that the
patients who underwent this intervention were all in good condi-
tion, with a low dysphagia score, Eckardt score and 4s-IRP
throughout the 2 years of follow-up. Considering the risks of con-
ventional surgery for achalasia patients, we believe that POEM,
which appears to provide a similar effect with lower cost and less
risk, is a better choice.

Moreover, laparoscopic Heller's myotomy as first-intention
therapy is reserved for young patients less than 40 years old [22].
These disadvantages of surgical treatments are probably redressed
by POEM, which minimizes the operative risk and has no age limi-
tation. Given that the POEM intervention takes place only in the
inner circular muscle fibres, avoiding any dissection of the gastro-
oesophageal junction, the function of the lower oesophageal
sphincter should be preserved.

On the assumption that one advantage would be to protect
patients from symptoms of GERD, which are usually encountered
as one of the surgical complications because of damage to the
physical structures of the lower oesophageal sphincter and gastro-
oesophageal junction, we investigated the GERD Q-score through-
out follow-up. We found that only 3 patients needed take medica-
tion to control GERD symptoms after POEM. We deduced that this
situation is probably due mainly to the fact that POEM only affects
the inner circular muscle fibres; thus the physiological function of
the gastro-oesophageal junction is well retained.

According to the new Chicago classification, achalasia is classi-
fied into type I, Il and IIl on the basis of oesophageal body motil-
ity. It has been shown that type Il patients have a better response
than type | or Il patients to pneumatic dilatation, endoscopic
botulinum toxin injection or surgical myotomy [3, 23, 24]. We ana-
lysed the effects of POEM according to the different types of acha-
lasia and found that there was no difference in the three types
in terms of symptom relief, however, type Ill patients seemed to
have a sharp decrease in 4s-IRP and type | patients were prone to
the appearance of GERD symptoms. However, considering the
size of our study, the differences between the three types of acha-
lasia need more data for confirmation.

In conclusion, by combining the advantages of endoscopy and
surgery, POEM offers therapeutic benefit for as long as 2 years.
With less risk and fewer limitations than surgery, POEM may be a
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Figure 4: (A) Graph of oesophageal high-resolution manometry (HRM) before POEM; the 4 s integrated relaxation pressure (4s-IRP) was 17.6 mmHg. (B) Graph of oesopha-
geal HRM after POEM in the same patient; the 4s-IRP was 9.6 mmHg. (C) Results of 4s-IRP scores analysed by one-way ANOVA. Type IlI patients had higher values than
those of type | and Il patients before treatment (P =0.025 and P = 0.022, respectively) and at 3 months after treatment (P =0.028 and P = 0.047, respectively). (D) Results of
4s-IRP scores with general linear model repeated-measures analysis. Significant differences were observed in the three type groups at various times (P = 0.001). All
groups had lower scores after treatment than before (all P < 0.05), but we did not find any differences at 3, 6, 12, 18 and 24 months after the procedure.
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Figure 5: (A) Gastro-oesophageal reflux disease questionnaire (GERD Q)-scores
analysed by one-way ANOVA. Type | group had a higher score at 24 months
after POEM than type Il and Ill patients (P=0.001 and P < 0.001, respectively).
(B) The GERD Q-scores with general linear model repeated-measures analysis.
Except for no changes between 6 and 12 months (P=0.768), 6 and 18 months
(P=0.257) or 12 and 18 months (P=0.179), the scores were all different at
other times (all P < 0.05).

better alternative treatment for achalasia. However, we could not
include many patients with different types of achalasia in our study
because oesophageal manometry by HRM has become available in
our centre only since January 2010. It is a pity that our study was
carried out on small scale, because this may have caused bias or dis-
tortion of the data in some way. Even so, given that there has been
little investigation of the short- and long-term effects of POEM in
detail, our study may be of value as a preliminary exploration.
Larger-scale studies are needed for further research on POEM.
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