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Peroral endoscopic myotomy versus pneumatic dilation in
treatment-naive patients with achalasia: 5-year follow-up of
a randomised controlled trial

Thijs Kuipers, Fraukje A Ponds, Paul Fockens, Barbara A | Bastiaansen, Aaltje Lei, Renske A B Oude Nijhuis, Horst Neuhaus, Torsten Beyna,
Jennis Kandler, Thomas Frieling, Philip W'Y Chiu, Justin CY Wu, Vivien WY Wong, Guido Costamagna, Pietro Familiari, Peter | Kahrilas,
John E Pandolfino, André ] P M Smout, Albert | Bredenoord

Summary

Background 2-year follow-up data from our randomised controlled trial showed that peroral endoscopic myotomy is
associated with a significantly higher efficacy than pneumatic dilation as initial treatment of therapy-naive patients
with achalasia. Here we report therapeutic success rates in patients treated with peroral endoscopic myotomy
compared with pneumatic dilation at the 5-year follow-up.

Methods We did a multicentre, randomised controlled trial in six hospitals in the Netherlands, Germany, Italy, Hong Kong,
and the USA. Adults aged 18-80 years with newly diagnosed symptomatic achalasia (based on an Eckardt score >3) were
eligible for inclusion. Patients were randomly assigned (1:1) to peroral endoscopic myotomy or pneumatic dilation using
web-based randomisation with a random block size of 8 and stratification according to site. Randomisation concealment
for treatment type was double blind until official study enrolment. Treatment was unmasked because of the different
technical approach of each procedure. Patients in the pneumatic dilation group were dilated with a single series of
30-35 mm balloons. The need for subsequent dilations in the pneumatic dilation group, and the need for dilation after
initial treatment in the peroral endoscopic myotomy group, was considered treatment failure. The primary outcome was
therapeutic success (Eckardt score =<3 in the absence of severe treatment-related complications and no need for
retreatment). Analysis of the primary outcome was by modified intention to treat, including all patients randomly
assigned to a group, excluding those patients who did not receive treatment or were lost to follow-up. Safety was assessed
in all included patients. This study is registered at the Dutch Trial Registry, NTR3593, and is completed.

Findings Between Sept 21, 2012, and July 20, 2015, 182 patients were assessed for eligibility, 133 of whom were
included in the study and randomly assigned to peroral endoscopic myotomy (n=67) or pneumatic dilation (n=66).
5-year follow-up data were available for 62 patients in the peroral endoscopic myotomy group and 63 patients in the
pneumatic dilation group. 50 (81%) patients in the peroral endoscopic myotomy group had treatment success at
5 years, compared with 25 (40%) in the pneumatic dilation group, an adjusted absolute difference of 41% (95% CI
25-57; p<0-0001). Reasons for failure were no initial effect of treatment (one patient in the peroral endoscopic
myotomy group vs 12 patients in the pneumatic dilation group) and recurrent symptoms causing treatment failure
(11 patients in the peroral endoscopic myotomy group [seven patients between 2 and 5 years] vs 25 patients in the
pneumatic dilation group [nine patients between 2 and 5 years]); one patient in the pneumatic dilation group had
treatment failure due to an adverse event. Proton-pump inhibitor use (mostly daily) was significantly higher after
peroral endoscopic myotomy than after pneumatic dilation among patients still in clinical remission (23 [46%] of
50 patients vs three [13%] of 24 patients; p=0-008). 5-year follow-up endoscopy of patients still in clinical remission
showed reflux oesophagitis in 14 (33%) of 42 patients in the peroral endoscopic myotomy group (12 [29%)] grade A
or B, two [5%] grade C or D) and two (13%) of 16 patients in the pneumatic dilation group (two [13%] grade A or B,
none grade C or D; p=0-19). No intervention-related serious adverse events occurred between 2 and 5 years after
treatment. The following non-intervention-related serious adverse events occurred between 2 and 5 years: a stroke
(one [2%]) in the peroral endoscopic myotomy group; and death due to a melanoma (one [2%]) and dementia (one
[2%]) in the pneumatic dilation group.

Interpretation Based on this study, peroral endoscopic myotomy should be proposed as an initial treatment option for
patients with achalasia. Although our study has shown that peroral endoscopic myotomy has greater long-term
efficacy with a low risk of major treatment-related complications, this should not lead to abandonment of pneumatic
dilation from clinical practice. Ideally, all treatment options should be discussed with treatment-naive patients with
achalasia and a shared decision should be made.
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Research in context

Evidence before this study

We searched PubMed for papers published in English between
Jan1,1997, and July 31, 2012, using the search terms
“achalasia”, “pneumodilation”, “peroral endoscopic myotomy”,
and “laparoscopic Heller myotomy”. We restricted the search to
reviews, clinical trials, large prospective studies, large
retrospective studies, and case series. Treatment of achalasia is
focused on disruption of the lower oesophageal sphincter by
endoscopic pneumatic dilation or laparoscopic Heller myotomy.
At the time this study was designed, pneumatic dilation was the
most frequently used treatment, and is minimally invasive but
with a variable long-term success rate of 50-85% depending on
dilation strategy, patient selection, and balloon size. Studies on
laparoscopic Heller myotomy showed good success rates of
70-90% after long-term follow-up; however, this technique is
more invasive, has higher costs, and can be associated with
severe complications. The 2011 European Achalasia trial,
comparing pneumatic dilation with laparoscopic Heller
myotomy in idiopathic achalasia showed a similar efficacy of
both treatments (93% vs 90%) and became a landmark paper
for achalasia management. However, one of the concerns in
this trial was the multiple redilations that were allowed in the
pneumatic dilation group, whereas only one laparoscopic
intervention was permitted. Case series and prospective studies
showed excellent safety and short-term efficacy rates (80-97%)
of peroral endoscopic myotomy. However, data comparing

Introduction

Achalasia is an oesophageal motor disorder characterised
by dysphagia, regurgitation, chest pain, and weight loss.
These symptoms are the result of a combination of
absent peristalsis and impaired relaxation of the lower
oesophageal sphincter.!

Currently there is no cure for achalasia. Treatment
options focus on decreasing the resting pressure of the
lower oesophageal sphincter, with the aim to improve
emptying of the oesophagus and relief of symptoms.
Available treatment options include pneumatic dilation,
laparoscopic Heller myotomy, and peroral endoscopic
myotomy.” Pneumatic dilation is a commonly used and
widely accepted treatment technique for achalasia. It is
a safe and minimally invasive procedure and is effective
in the treatment of achalasia symptoms.* However, the
need for redilation (in 15-50% of patients) to achieve a
long-term effect is high.** By comparison, laparoscopic
Heller myotomy is seen as a more permanent solution
in achalasia treatment. A large trial comparing
pneumatic dilation with laparoscopic Heller myotomy
showed similar efficacy rates of both treatments
(93% vs 90%), although it should be noted that multiple
redilations were allowed in the group receiving
pneumatic dilation, compared with a single laparoscopic
intervention for the myotomy.® On the other hand,
laparoscopic Heller myotomy is more invasive and is

peroral endoscopic myotomy with the current treatment
options with longer follow-up to determine its true value are
absent.

Added value of this study

To our knowledge, this is the first randomised controlled trial
comparing the efficacy of peroral endoscopic myotomy with
the standard treatment at the time for patients with achalasia,
pneumatic dilation. After 5 years of follow-up, our data showed
significantly more patients had treatment success after peroral
endoscopic myotomy than after a single series of pneumatic
dilation. The data confirmed that peroral endoscopic myotomy
is a safe technique as no intervention-related serious adverse
events were observed. The incidence of reflux symptoms and
the use of proton-pump inhibitors was higher after peroral
endoscopic myotomy than after pneumatic dilation. It seems
appropriate to inform patients of this before treatment.

Implications of all the available evidence

This study supports the use of peroral endoscopic myotomy as
first-line treatment for patients with achalasia and makes it an
option for routine clinical practice as well as pneumatic dilation
and laparoscopic Heller myotomy. The incidence of reflux
symptoms and reflux oesophagitis is a concern, and after
treatment, patients might require lifelong use of proton-pump
inhibitors.

associated with more major complications, a longer
hospital stay, and longer recovery time compared with
pneumatic dilation.*”*

Peroral endoscopic myotomy was first performed
in 2008 and was presented as a promising alternative
treatment option for patients with achalasia. With this
technique it is possible to perform a myotomy of the
lower oesophageal sphincter and oesophageal body
muscle endoscopically’ The absence of abdominal
incision and a shorter recovery time are advantages of
peroral endoscopic myotomy compared with laparoscopic
Heller myotomy. The efficacy rate of laparoscopic Heller
myotomy is 80-90% at 2 years.*” The 2-year follow-up
data of our randomised controlled trial in treatment-naive
patients with achalasia showed a significantly higher
treatment success of 92% (58 of 63 patients) with peroral
endoscopic myotomy compared with 54% (34 of
63 patients) with pneumatic dilation (p<0-001), while
safety data was similar in the two groups. However, reflux
oesophagitis occurred significantly more often in the
patients treated with peroral endoscopic myotomy than in
the patients treated with pneumatic dilation (22 [41%] of
54 patients vs two [7%] of 29 patients; p=0-002).*

A single series of pneumatic dilation was considered as
first-line treatment at the time this trial was designed.
Since then, pneumatic dilation, peroral endoscopic
myotomy, and laparoscopic Heller myotomy have all
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become accepted as first-line treatment.?" In the current
Article, we aimed to evaluate the long-term efficacy and
safety of peroral endoscopic myotomy compared with a
single series of pneumatic dilation in treatment-naive
patients.

Methods
Study design and participants
We did a multicentre, randomised controlled trial in
treatment-naive patients with achalasia. Patients were
enrolled in six hospitals with expertise in achalasia in the
Netherlands, Germany, Italy, Hong Kong, and the USA.
Adults aged 18-80 years with newly diagnosed
symptomatic achalasia (Eckardt score >3) were eligible
for inclusion. Diagnosis was based on high-resolution
manometry findings as absent or abnormal oesophageal
peristalsis with an integrated relaxation pressure of the
lower oesophageal sphincter of at least 15 mm Hg.”
Patients who were previously endoscopically or surgically
treated or patients with an American Society of
Anesthesiologists classification of III or higher were
excluded. Detailed inclusion and exclusion criteria have
been published previously* and are in the study protocol
(appendix pp 11-27). Written informed consent was
obtained before enrolment.

2-year results have been previously published in
detail.* The last 5-year follow-up data were obtained by
Jan 27, 2022. This study received institutional review
board approval in each participating hospital
(NL40053.018.12 v3.0).

Randomisation and masking

Patients meeting eligibility criteria were randomly
assigned (1:1) to peroral endoscopic myotomy or
pneumatic dilation using web-based randomisation with
a random block size of 8 and stratification according to
site. Enrolment of patients was done by study staff.
Randomisation concealment for treatment type was
double-blind until official study enrolment. Treatment
was unmasked because the different technical approach
of the two procedures meant that masking was not
possible.

Procedures

Pneumatic dilation was done using a Rigiflex balloon
(Boston Scientific, Natick, MA, USA). Under fluoroscopic
guidance, the balloon was positioned at the
oesophagogastric junction and dilated at a pressure of
5 pounds per square inch (PSI) for 1 min and 8 PSI for
another 1 min. Patients in the pneumatic dilation group
were initially dilated using a 30 mm balloon. Symptoms
were evaluated 3 weeks after initial treatment. If the
Eckardt score was greater than 3, a second pneumatic
dilation with a 35 mm balloon was performed, and if the
Eckardt score was less than or equal to 3, a high-
resolution manometry was performed. If the integrated
relaxation pressure was 10 mm Hg or higher, patients
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were also treated with a second pneumatic dilation using
a 35 mm balloon.

Peroral endoscopic myotomy was performed while
patients received general anaesthesia with endotracheal
intubation in a supine position. The procedure itself was
done as described by Inoue and colleagues.’ An
endoscopic knife was used to access the submucosa,
create the submucosal tunnel, and divide the circular
muscle layer in the distal oesophagus over a minimum
length of 6 cm and 2-3 cm onto the cardia, including
cutting the lower oesophageal sphincter according to the
standards of surgical myotomy. Standard endoscopic
clips were used for closure of the mucosal entry site.
Patients were admitted to the hospital the day before or
the day of the procedure and discharged the day after if
the fluoroscopy showed no leakage or perforation. Full
peroral endoscopic myotomy procedure details are in the
appendix (p 9).

Patients in whom initial pneumatic dilation was
unsuccessful were re-treated with a 40 mm balloon, and,
if symptoms persisted, were offered peroral endoscopic
myotomy. Retreatment for patients in whom initial
peroral endoscopic myotomy was unsuccessful consisted
of pneumatic dilation, starting with a 30 mm balloon,
followed by a 35 mm balloon and 40 mm balloon if
necessary. Follow-up after retreatment was continued
according to protocol following initial treatment.

Visits were scheduled at 3 months, and at 1, 2, and
5 years after initial treatment. The following
measurements were performed at all visits: Eckardt score
and questionnaires (achalasia-specific quality of life
[achalasia-DSQoL], Medical Outcomes Study 36-item
Short Form Health Survey [SF-36], and Gastroesophageal
Reflux Disease Questionnaire [GERDQ]); high-resolution
manometry parameters; timed barium oesophagogram;
and upper endoscopy. At the 1-year follow-up, 24 h pH
impedance monitoring was performed in addition to the
other measurements.

Outcomes

The primary outcome was treatment success (defined as
an Eckardt score <3 in the absence of severe treatment-
related complications or the need for retreatment). Time
to treatment success was measured from the date of
initial treatment, or the first treatment session for
patients in the pneumatic dilation group, until the last
follow-up visit or the end of the study.

Secondary outcomes were high-resolution manometry
parameters (integrated relaxation pressure of the lower
oesophageal sphincter), oesophageal stasis (barium
column height) and diameter on timed barium
oesophagogram, presence of reflux oesophagitis during
endoscopy, proton-pump inhibitor use, presence of
reflux symptoms, achalasia-related quality of life and
general quality of life. The complete treatment and study
follow-up algorithm can be found in the study protocol
(appendix pp 11-27).* Primary and secondary outcomes

See Online for appendix
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were assessed at 3 months, and at 1, 2, and 5 years after
initial treatment; here we report the results of the 5-year
follow-up.

The Eckardt symptom score assesses the severity of
achalasia symptoms by combining the sum of symptom
frequency scores for dysphagia, regurgitation, and chest
pain (range for each symptom, 0-3: 0 indicates absent;
1, occasionally; 2, daily; 3,ateach meal) and a weight loss
score (range 0-3: Oindicatesno weight loss; 1,<5 kg of
weight loss; 2, 5-10 kg of weight loss; 3, >10 kg of weight
loss), resulting in a range of 0 (the lowest severity of
symptoms) to 12 (the highest severity of symptoms).”

| 182 patients assessed for eligibility |

49 not eligible
3 diagnosed as distal oesophageal spasm
4 dilated oesophagus (>6 cm)
4 comorbidity
2 oesophageal malignancy
36 no informed consent

| 133 patients randomly assigned |

v

v

67 assigned to peroral endoscopic myotomy | |

66 assigned to pneumatic dilation

>

3 notreatment

1 emigration

1 no health insurance
coverage

1 physical impairment

y

A 4

64 had peroral endoscopic myotomy

66 had pneumatic dilation
16 had only 30 mm pneumatic dilation

A 4

1 lost to follow-up

‘I

A

64 included in 3-month primary analysis

65 included in 3-month primary analysis
5 declined additional high-resolution
manometry or pneumatic dilation

A 4

1 lost to follow-up

‘I

A

64 included in 1-year primary analysis

64 included in 1-year primary analysis ‘

>

v

‘I

1 lost to follow-up

1 lost to follow-up

A

’ 63 included in 2-year primary analysis ‘

63 included in 2-year primary analysis ‘

>

A 4

1 lost to follow-up

v

62 included in 5-year primary modified
intention-to-treat analysis

63 included in 5-year primary modified
intention-to-treat analysis

Figure 1: Trial profile
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Reflux symptoms were analysed by the GERDQ. A score
of 8 or higher is highly suggestive for gastro-oesophageal
reflux disease. Achalasia-related quality of life was
measured using the achalasia-DSQoL questionnaire and
the SF-36 was used to analyse general quality of life."*"
Scores on the achalasia-DSQoL ranged from 10 to 33,
with a lower score indicating a better quality of life.”
Scores on the SF-36 ranged from 0 to 100, with a higher
score indicating a better quality of life.*

Adverse events were defined as any unwanted event
that occurred following the study treatment, secondary to
the study treatment or unrelated to study treatment
during follow-up in all patients included in the study.
Classification of adverse events is shown in the appendix

(P9).

Statistical analysis
To calculate the sample size, a difference in success rates
between peroral endoscopic myotomy and pneumatic
dilation of 20% was hypothesised: 90% for peroral
endoscopic myotomy>” and 70% for pneumatic
dilation®** after 2 years. The sample size required to
achieve 80% power, with a predefined significance level
of 0-05, was estimated at 62 participants per treatment
group. Considering a maximum dropout rate of 5%,
130 patients needed to be randomly assigned. Analysis
of the primary outcome was by modified intention to
treat, including all patients randomly assigned except
those who did not undergo treatment after random
assignment or were lost to follow-up. A strict intention-
to-treat analysis was also done. Safety was assessed in all
patients included in the study.
A post-hoc sensitivity analysis of the primary outcome
was done using the last observation carried forward. A
post-hoc analysis was done evaluating the effect of the
40 mm dilation on treatment success. A post-hoc
subgroup analysis excluding patients with type III
achalasia was done evaluating primary and secondary
outcomes. Another post-hoc analysis was done
evaluating the Eckardt score and individual questions of
the Eckardt score during the course of the trial.
Friedman test for trends in repeated secondary
outcome measurements was used. Secondary outcomes
were also analysed using all treated patients (treatment
success and treatment failure). Descriptive statistics were
presented as mean (SD) or median (IQR) for continuous
variables according to distribution and as number and
percentage for categorical data. Analysis was performed
using the unpaired t or Mann-Whitney tests and
categorical data were analysed using y2 or Fisher exact
tests. p values less than 0-05 were considered statistically
significant. Logistic regression was used to determine
prognostic factors in post-hoc analysis, significant
variables were used to perform a multiple logistic
regression analysis. SPSS statistics (version 26) was used
for statistical analysis. This study is registered at the
Dutch Trial Registry, NTR3593, and is completed.

www.thelancet.com/gastrohep Vol 7 December 2022
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Role of the funding source

The funders of this study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between Sept 21, 2012, and July 20, 2015, 182 patients
were assessed for eligibility, 133 of whom were included
in the study and randomly assigned to peroral endoscopic
myotomy (n=67) or pneumatic dilation (n=66; figure 1).
Three patients in the peroral endoscopic myotomy group
did not receive treatment; 50 patients in the pneumatic
dilation group had two dilations and 16 patients had
pneumatic dilation with only a 30 mm balloon (figure 1).
Five patients in the pneumatic dilation group refused to
undergo an additional high-resolution manometry
because of complete symptom relief. Ten patients had a
single pneumatic dilation according to the protocol.
Baseline characteristics of the 130 patients who received
treatment were similar in both groups (table 1). At 5 years,
follow-up data were available in 125 patients (figure 1).

At the 5-year follow-up, more patients had treatment
success after peroral endoscopic myotomy (50 [81%)]
of 62) than after pneumatic dilation (25 [40%)] of 63),
representing a significant unadjusted absolute difference
of 41% (95% CI 25-57; p<0-0001; table 2). Reasons for
treatment failure are shown in table 2. Seven patients in
the peroral endoscopic myotomy group and nine in the
pneumatic dilation group had symptom recurrence
between 2 and 5 years. The intention-to-treat analysis
showed a treatment success rate in the peroral endoscopic
myotomy group of 75% (50 of 67 patients) versus 38%
(25 of 66 patients) in the pneumatic dilation group, and
an unadjusted absolute difference of 37% (95% CI 21-52;
p<0-0001).

The median time from initial random assignment to
treatment was 15 days (IQR 9-29) in the peroral endoscopic
myotomy group compared with 22 days (8-40) in the
pneumatic dilation group (p=0-30). After peroral
endoscopic myotomy, the median time to treatment failure
or loss to follow-up was 60 months (IQR 60—60) compared
with 24 months (6-60) after pneumatic dilation (figure 2).

By the 5-year follow-up, eight (13%) of 62 patients in
the peroral endoscopic myotomy group were retreated;
seven (11%) received additional pneumatic dilations and
in one (2%) patient a laparoscopic Heller myotomy
was done. Of all 63 patients in the pneumatic dilation
group, 30 (48%) were retreated after treatment failure;
26 (41%) patients received additional pneumatic dilations,
nine (14%) patients underwent peroral endoscopic
myotomy after additional pneumatic dilations, three (8%)
patients underwent peroral endoscopic myotomy without
additional pneumatic dilations, and in one (2%) patient
laparoscopic Heller myotomy was done.

At 5-year follow-up, patients in the peroral endoscopic
myotomy group who had not undergone retreatment
5 years after initial treatment did not significantly differ

www.thelancet.com/gastrohep Vol 7 December 2022

in median integrated relaxation pressure, barium
column height at 5 min, or Eckardt score compared with
the pneumatic dilation group (table 3).

When considering all patients, including those
receiving unscheduled retreatments due to symptom

Peroral endoscopic  Pneumatic
myotomy (n=64) dilation (n=66)

Centre
Amsterdam University Medical 38 (59%) 36 (55%)
Center, Amsterdam,
Netherlands
Evangelische Krankenhaus, 8 (13%) 10 (15%)
Dusseldorf, Germany
Agostino Gemelli University 8 (13%) 9 (14%)
Hospital, Rome, Italy
Prince of Wales Hospital, 7 (11%) 9 (14%)
Hong Kong Special
Administrative Region, China
Helios Klinikum Krefeld, 2 (3%) 1(2%)
Dusseldorf, Germany
Northwestern Memorial 1(2%) 1(2%)
Hospital, Chicago, IL, USA
Sex
Male 33 (52%) 40 (61%)
Female 31(48%) 26 (39%)
Age, years 47 (37-56) 50 (32-62)
Bodyweight, kg 715 (16-1) 69:6 (13:9)
BMI, kg/m? 232(37) 23-4(41)
Achalasia subtype*
I 10 (16%) 21 (32%)
I 42 (66%) 39 (59%)
Il 12 (19%) 6(9%)
Eckardt scoret 8(6-9) 7 (6-9)

Integrated relaxation pressure,
mm Hg

26-4(202-349)  285(20-4-37-3)

Barium column, cm

Height 72 (45-9-2) 6.7 (3-0-10-1)

Diameter 3.5 (2:7-4-5) 33(2:8-4-3)
Achalasia-DSQoL score 25 (22-27) 24 (22-26)
GERDQ score§ 8 (6-11) 8 (6-10)

SF-36 scoreq

Physical component summary  46-3 (39-9-49-9)
score

456 (38:7-50-9)

Mental component summary
score

457 (356-546)  452(36:8-53:5)

Data are n (%), median (IQR), or mean (SD). Achalasia-DSQoL=achalasia-specific
quality of life. GERDQ=Gastroesophageal Reflux Disease Questionnaire.
SF-36=Medical Outcomes Study 36-item Short Form Health Survey. *Achalasia
subtype I=100% failed peristalsis; subtype I1=100% failed peristalsis and
panoesophageal pressurisation =20% of swallows; subtype Ill=no normal peristalsis
and premature or spastic contractions =20% of swallows. tEckardt score measures
achalasia symptoms, range 0-12, highest score indicates most pronounced
symptoms. $Achalasia-DSQoL measures quality of life related to achalasia,

range 10-33, lower score indicates a better quality of life. SGERDQ measures gastro-
oesophageal reflux disease, range 0-18, score =8 is highly suggestive for presence
of GERD. 9SF-36 measures general quality of life consisting of physical component
scale, range 0-100, and mental component scale, range 0-100, higher score
indicates a better quality of life.

Table 1: Baseline characteristics of patients who received treatment
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Peroral Pneumatic Unadjusted  Unadjustedrisk  p value
endoscopic  dilation absolute ratio (95% Cl)
myotomy difference
(95% CI)
Outcome at 5 years
Overall treatment success ~ 50/62 (81%)  25/63(40%)  41% (25-57)  2-03 (1-46-2-82)  <0-0001
Recurrent symptoms 11/62 (18%)  25/63 (40%)
(Eckardt score >3)
Initial treatment failure 1/62 (2%) 12/63 (19%)
Adverse event 0 1/63 (2%)
Outcome at 2 years
Overall treatment success  58/63(92%)  34/63(54%) 38% (24-52)  1.71(1-34-2:17)  <0-0001
Recurrent symptoms 4/63 (6%) 16/63 (25%)
(Eckardt score >3)
Initial treatment failure 1/63 (2%) 12/63 (19%)
Adverse event 0 1/63 (2%)
Outcome at 1year
Overall treatment success ~ 61/64 (95%)  42/64 (66%)  31% (17-45)  1-45(1-21-1.75)  <0-0001
Recurrent symptoms 2/64 (3%) 9/64 (14%)
(Eckardt score >3)
Initial treatment failure 1/64 (2%) 12/64 (19%)
Adverse event 0 1/64 (2%)
Outcome at 3 months
Overall treatment success ~ 63/64 (98%)  52/65(80%)  18% (7-30) 1-23 (1-09-1-40) 0-0008
Initial treatment failure 1/64 (2%) 12/65 (18%)
Adverse event 0 1/65 (2%)

Table 2: Primary outcome of overall treatment success
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Figure 2: Log-rank survival curves for the proportion of patients with
treatment success

recurrence (62 in the peroral endoscopic myotomy group
and 63 in the pneumatic dilation group), no significant
difference at 5-year follow-up between the peroral
endoscopic myotomy group and pneumatic dilation
group was seen in median integrated relaxation pressure
(12-1mm Hg [IQR 9-1-17-0] vs 11-8 mm Hg [9-0-16-7];
p=0-83), Eckardt score (2 [IQR 1-3] vs 2 [1-3]; p=0-24), or
barium column height at 5 min (3-0 cm [IQR 0-0—4-6] vs
2-0 cm [0-0—4-0]; p=0-28). However, at 5-year follow-up
after treatment with peroral endoscopic myotomy, the
oesophagus was significantly wider than after pneumatic
dilation (3-0 cm [IQR 2-3-3-7] vs 2-3 cm [1-5-2-8];
p=0-0041).

Peroral Pneumatic p value
endoscopic dilation (n=24)
myotomy (n=50)
Eckardt score 2(1-3) 1(1-2 0-52
Eckardt subscore 2(1-3) 1(0-1) 0-35
dysphagia
Eckardt subscore pain 0(1-1) 0(0-1 0-81
Eckardt subscore 0(0-1) 0(0-1 0-025
regurgitation
Eckardt subscore weight 0 (0-1) 0 (0-0) 1.00
loss
Integrated relaxation 11-3(8:3-15:5) 140 (113-21:3)  0-085
pressure, mm Hg
Barium column at 5 min, cm
Height 2.8 (0:0-4-2) 0-0 (0-0-4-1) 0-28
Diameter 2:8(23-37) 1.9 (1.5-2'5) 0-0009
Reflux oesophagitis* 0-19
None 28 (67%) 14 (88%)
GradeAorB 12 (29%) 2 (13%)
Grade CorD 2 (5%) 0
Proton-pump inhibitor 23 (46%) 3 (13%) 0-0082
use
GERDQ scoret 7(6-9) 6 (6-7) 0-0081
GERDQ score =8t 24 (49%) 4 (17%) 0-0076
Achalasia-DSQoL score 15 (13-18) 13 (11-17) 0-066
SF-36 score
Physical component 511 (46-3-56-6) 492 (413-54-8) 036
summary score
Mental component 53:6 (47-8-57-9) 524 (46-4-555) 0-25
summary score
Data are median (IQR) or n (%) unless otherwise specified. Achalasia-
DSQol=achalasia-specific quality-of-life. GERDQ=Gastroesophageal Reflux
Disease Questionnaire. SF-36=Medical Outcomes Study 36-item Short-Form
Health Survey. *Denominators are the numbers of patients who had upper
endoscopy at 5 years: peroral endoscopic myotomy group n=42 and pneumatic
dilation group n=16. tOne patient in the peroral endoscopic myotomy group had
amissing GERDQ score; therefore, n=49.
Table 3: Secondary outcomes at 5-year follow-up of patients still in
clinical remission

Upper endoscopy was done in 58 (78%) of 74 patients
who were still in clinical remission 5 years after treatment
(42 in the peroral endoscopic myotomy group and 16 in
the pneumatic dilation group). 5-year follow-up endoscopy
showed high degrees of reflux oesophagitis in patients
treated with peroral endoscopic myotomy and no
retreatment, and less so after treatment with pneumatic
dilation without retreatment, although this difference was
not significant (table 3). The use of proton-pump
inhibitors was significantly higher after peroral endoscopic
myotomy compared with pneumatic dilation at 5-year
follow-up (table 3). Details regarding the use of proton-
pump inhibitors in relation to oesophagitis are in the
appendix (p 5).

At 5-year follow-up, the incidence of reflux symptoms,
defined as a GERDQ score of 8 or more, was also
significantly higher in patients treated with peroral
endoscopic myotomy than in those treated with

www.thelancet.com/gastrohep Vol 7 December 2022



Articles

pneumatic dilation (table 3). Among patients using
proton-pump inhibitors, 12 (24%) of 49 patients treated
with peroral endoscopic myotomy reported a GERDQ
score of 8 or more compared with one (4%) 23 in the
pneumatic dilation group (p=0-16). A Barrett's segment
(<2 cm, intestinal metaplasia) was found in one (2%)
patient treated with peroral endoscopic myotomy during
endoscopy 5 years after initial treatment.

The median achalasia-DSQoL score was similar at
5 years after treatment with peroral endoscopic myotomy
and pneumatic dilation (table 3). There was no significant
difference between the groups in median physical
component summary score or median mental
component summary score general quality of life
subscales using the SF-36 questionnaire (table 3).

Details of adverse events that occurred at the time of the
trial have been published previously.* Between 2 and
5 years after treatment, no patients in either group had
intervention-related serious adverse events.

Between 2 and 5 years after treatment, one (2%) patient
in the peroral endoscopic myotomy group and two (4%)
in the pneumatic dilation group had serious adverse
events that were considered not to be related to the
intervention. One (2%) patient in the pneumatic dilation
group died due to a melanoma. One (2%) patient in the
pneumatic dilation group was diagnosed with dementia
and 5-year follow-up for this patient is missing; however,
this patient’s treatment was already considered to have
failed. One (2%) patient treated with peroral endoscopic
myotomy had a stroke and this patient was able to
continue planned follow-up.

The post-hoc sensitivity analysis of the primary
outcome using last observation carried forward showed a
high treatment success rate after peroral endoscopic
myotomy (52 [81%)] of 64) compared with pneumatic
dilation (28 [42%] of 66; wunadjusted absolute
difference 39% [95% CI 24-54]; p<0-0001). Post-hoc
analysis evaluating the effect of additional pneumatic
dilations up to a 40 mm balloon if they were not marked
as treatment failure showed an improved treatment
success rate (27 [43%)] of 63) in the pneumatic dilation
group; however, this was still significantly lower than in
the peroral endoscopic myotomy group (50 [81%] of 62;
unadjusted absolute difference 38% [95% CI 22-53];
p<0-0001; appendix p 2).

Additional analysis showed a significantly higher rate
of treatment failure in the peroral endoscopic myotomy
group in patients younger than 40 years at the time of
randomisation compared with patients aged 40 years or
older (eight [44%] of 18 vs four [9%)] of 44; p=0-0033). In
the pneumatic dilation group, no significant difference
in treatment success was seen comparing patients
younger and older than 40 years at the time of
randomisation (16 [73%] of 22 vs 22 [54%] of 41; p=0-21).
In addition, achalasia subtype, gender, barium column
height, Eckardt score, and integrated relaxation pressure
at baseline were not found to be prognostic factors of
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treatment success in either treatment group (data not
shown).

We did an additional analysis excluding patients with
achalasia type III. In this analysis, more patients in the
peroral endoscopic myotomy group had treatment success
compared with the pneumatic dilation group (43 [84%]
of 51 vs 22 [40%)] of 55; unadjusted absolute difference 44%
[95% CI 28-62]; p<0-0001). Secondary outcomes in this
subgroup are shown in the appendix (p 3).

Discussion

Our findings suggest that peroral endoscopic myotomy
has a significantly greater long-term therapeutic success
than a single series of pneumatic dilations. Peroral
endoscopic myotomy was associated with significantly
greater use of proton-pump inhibitors and clinically
relevant reflux symptoms compared with pneumatic
dilation at 5-year follow-up. Quality of life was similar in
both groups.

In this study, the success rate of 40% after pneumatic
dilation treatment at 5-year follow-up is low compared
with the success rates found in other trials, which varied
from 50% to 85%."*" One reason to explain this difference
is the pneumatic dilation protocol followed in this study.
Treatment was classified as having failed if symptoms
persisted or recurred after one or two dilations with a
30-35 mm balloon or a 30 mm followed by a 35 mm
balloon. Other studies used more extensive pneumatic
dilation protocols, including dilation with a 40 mm
balloon in cases of clinical recurrence or permitting
repeated dilations during follow-up. Indeed, it could be
argued that repeated pneumatic dilation should be
acceptable as it reflects common clinical practice and, in
guidelines published in 2020, the need for infrequent
redilations is wusually not considered as treatment
failure.>""*" However, repeated pneumatic dilation could
also be considered as a new treatment, representing an
added burden for patients and a repeated risk of
perforation. Therefore, a priori, in this trial we sought to
compare the effect of peroral endoscopic myotomy with a
single pneumatic dilation series.

The greater incidence of reflux oesophagitis after peroral
endoscopic myotomy is generally considered a concern.
At 2-year follow-up, 22 (41%) of 54 patients treated with
peroral endoscopic myotomy had reflux oesophagitis
compared with two (7%) of 29 patients after treatment
with pneumatic dilation. 5 years after treatment, 14 (33%)
of 42 patients in the peroral endoscopic myotomy group
and two (13%) of 16 in the pneumatic dilation group
showed reflux oesophagitis (p=0-19). It should be noted
that the number of successfully treated patients who
underwent endoscopy was small in the pneumatic dilation
group (16 patients); therefore, it is very likely that the lack
of significance reflects the low sample size. Additionally,
proton-pump inhibitors were not stopped during
endoscopy, which might have influenced the incidence of
reflux oesophagitis. The consequence of severe reflux
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after peroral endoscopic myotomy are not yet known and
are a concern. The use of proton-pump inhibitors was
significantly greater after peroral endoscopic myotomy
than after pneumatic dilation at 5 years. In patients using
proton-pump inhibitors, more patients in the peroral
endoscopic myotomy group than in the pneumatic
dilation group reported a GERDQ score of 8 or more,
although the difference was not significant. Indeed, many
patients treated with peroral endoscopic myotomy will
depend on chronic use of a proton-pump inhibitor and it
seems appropriate to inform patients of this before
treatment.

5-year success rates for laparoscopic Heller myotomy
seen in previous studies (80-85%)® are similar to those
we observed for peroral endoscopic myotomy. In line
with this, another trial directly comparing laparoscopic
Heller myotomy and peroral endoscopic myotomy did
not show a significant difference in treatment success at
2-year follow-up.® Of note, this trial did also include
patients who were previously treated endoscopically
(with pneumatic dilation or botulinum toxin injections).
The fact that patients who had previously had dilation
were included might also explain the lower success rate
of peroral endoscopic myotomy at 2 years compared with
our trial (83% vs 92%). In the trial by Werner and
colleagues, the additional analysis excluding patients
who had previously had dilation showed a treatment
success rate of 89% after peroral endoscopic myotomy.”

Although type III achalasia has been associated with a
greater risk of treatment failure for both pneumatic
dilation and peroral endoscopic myotomy, this was not
confirmed by our data.® Most likely, the number of
patients with type I1I achalasia in our trial was too small
to show a difference.

Our study found a significantly higher treatment
failure after peroral endoscopic myotomy in patients
younger than 40 years than in patients aged 40 years and
older. This finding is similar to previous observations
that an older age is associated with greater treatment
success in most but not all studies.”

Although our study has shown that peroral endoscopic
myotomy has greater long-term efficacy than pneumatic
dilation, with a low risk of major treatment-related
complications, this should not lead to abandonment of
pneumatic dilation from clinical practice. Pneumatic
dilation is less time-consuming, easier to learn, and is
less likely to result in reflux oesophagitis or reflux
symptoms compared with peroral endoscopic myotomy.
Other reasons to prefer pneumatic dilation to peroral
endoscopic myotomy are the need for general anaesthesia
with peroral endoscopic myotomy and a potentially
prolonged hospital stay after peroral endoscopic myotomy.
Ideally, all treatment options should be discussed with
treatment-naive patients with achalasia and a shared
decision should be made based on patients’ characteristics,
such as achalasia subtype, age, comorbidity, and the
patient’s preference.

Some limitations to this study must be acknowledged.
First, this trial had an unblinded design. Blinding of the
trial would have required all patients allocated to
pneumatic dilation to undergo general anaesthesia
and admission similar to patients allocated to peroral
endoscopic myotomy. Patients allocated to peroral
endoscopic myotomy would need to undergo a sham
pneumatic dilation 2 weeks after initial treatment. This
was considered unethical and logistically highly complex.
Second, it is difficult to evaluate the secondary outcomes
in this study. If only the successfully treated patients
were considered for evaluation there would be a selection
bias. Alternatively, if all patients included in the study
were used to evaluate the secondary outcomes, there
would be a bias due to the high number of cross-over
treatments. This might explain why no difference was
seen between the groups in parameters of high-
resolution manometry, barium column height, and
quality of life. Finally, no 24 h pH-impedance monitoring
was done 5 years after initial treatment to reduce patient
discomfort.

The strengths of this trial include the large number of
patients included given the low prevalence of the disease,
the use of objective measurements to evaluate treatment
success and manometric features, the long-term
follow-up, and the small proportion of patients (4%) who
were lost to follow-up 5 years after treatment.

Our findings suggest that peroral endoscopic
myotomy results in a significantly greater long-term
treatment success than a single series pneumatic
dilation (30-35 mm) in treatment-naive patients with
achalasia. The incidence of reflux symptoms and
proton-pump inhibitor use remains high 5 years after
peroral endoscopic myotomy. Based on this study,
peroral endoscopic myotomy should be proposed as an
initial treatment option for patients with achalasia.
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