Received: 15 August 2018 Revised: 29 November 2018 Accepted: 18 December 2018

DOI: 10.1111/nmo.13548

REVIEW ARTICLE WILEY

Efficacy and safety of pneumatic dilation in achalasia: A
systematic review and meta-analysis

Froukje B. van Hoeij | Leahl.Prins | AndréJ.P.M.Smout | Arjan J. Bredenoord

Department of Gastroenterology and
Hepatology, Academic Medical Center, AbStraCt

Amsterdam, The Netherlands Background and Aims: One of the most used treatments for achalasia is pneumatic
Correspondence dilation of the lower esophageal sphincter to improve esophageal emptying. Multiple
Froukje B. van Hoeij, Academic Medical treatment protocols have been described with a varying balloon size, number of dila-
Center, Amsterdam, The Netherlands.
Email: £b.vanhoelj@ame.uva.nl tions, inflation pressure, and duration. We aimed to identify the most efficient and
safe treatment protocol.

Methods: We performed a systematic review and meta-analysis of studies on pneu-
matic dilation in patients with primary achalasia. Clinical remission was defined as an
Eckardt score <3 or adequate symptom reduction measured with a similar validated
questionnaire. We compared the clinical remission rates and occurrence of complica-
tions between different treatment protocols.

Results: We included 10 studies with 643 patients. After 6 months, dilation with a
30-mm or 35-mm balloon gave comparable mean success rates (81% and 79%, re-
spectively), whereas a series of dilations up to 40 mm had a higher success rate of
90%. Elective additional dilation in patients with insufficient symptom resolution was
somewhat more effective than performing a predefined series of dilations: 86% ver-
sus 75% after 12 months. Perforations occurred most often during initial dilations,
and significantly more often using a 35-mm balloon than a 30-mm balloon (3.2 vs
1.0%); P = 0.027. A subsequent 35-mm dilation was safer than an initial dilation with
35 mm (0.97% vs 9.3% perforations), P = 0.0017.

Conclusions: The most efficient and safe method of dilating achalasia patients is a
graded approach starting with a 30-mm dilation, followed by an elective 35-mm dila-
tion and 40 mm when there is insufficient symptom relief.

KEYWORDS
achalasia, balloon dilation, efficacy, safety

1 | INTRODUCTION esophageal sphincter (LES).! The classic presentation is progres-
sive dysphagia to both solids and liquids, often accompanied by re-
Achalasia is a primary motor disease of the esophagus, manometri- gurgitation of undigested food and chest pain.?® On radiography,

cally characterized by loss of peristalsis and a non-relaxing lower poor esophageal emptying and a very narrow LES are seen, and

Abbreviations: LES, lower esophageal sphincter; POEM, per-oral endoscopic myotomy;

psi, pound-force per square inch.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2019 The Authors. Neurogastroenterology & Motility Published by John Wiley & Sons Ltd.

Neurogastroenterology & Motility. 2019;31:€13548. wileyonlinelibrary.com/journal/nmo | 1of 11
https://doi.org/10.1111/nmo.13548


www.wileyonlinelibrary.com/journal/nmo
mailto:﻿￼
https://orcid.org/0000-0001-6377-3869
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:f.b.vanhoeij@amc.uva.nl

vAN HOELJ ET AL.

20f11
CLE NV L E Y G

histopathology shows loss of neural cells in the myenteric plexus of
the esophagus.*

Unfortunately, there is no curative treatment that can tar-
get the neurodegenerative process. Therefore, all treatments
are symptomatic, aiming to improve esophageal emptying by
means of LES tone reduction.! Currently, the most common
and effective interventions are surgical Heller myotomy, per-
oral endoscopic myotomy (POEM), and pneumatic dilation.>3
Many different techniques and treatment protocols have been
described for pneumatic dilation.® In general, a non-compliant
polyethylene balloon (Rigiflex, Boston Scientific, Natick, MA,
USA) is positioned across the LES under fluoroscopic guidance,
aided by radiopaque markers on the balloon catheter, and the
balloon is inflated with a handheld manometer.! Various balloon
sizes, number of dilation sessions, inflation pressures, and in-
flation durations can be used.® Consequently, the reported se-
ries are heterogeneous with respect to the treatment protocol.
Reported treatment success rates vary from 52% to 99%.%” The
current American College of Gastroenterology (ACG) guide-
line for pneumatic dilation in achalasia patients recommends a
graded approach using a 30-mm balloon, followed by a 35-mm
balloon, and thereafter a 40-mm balloon in non-responding
patients.®

Due to the chronic and progressive character of the disease,
many achalasia patients have to undergo several treatments during
their life.® Therefore, it is important to identify the most efficient
and safe way of performing pneumatic dilations. In this systematic

review, we compare the clinical remission rates and occurrence of

Key Points

e Multiple treatment protocols for pneumatic dilation in
achalasia have been described with a varying balloon
size, number of dilations, inflation pressure, and dura-
tion. It is unknown which treatment protocol is most ef-
ficient and safe.

e Dilation with a 40-mm balloon gave higher success rates
than dilation with a 30-mm or 35-mm balloon. The risk
of perforation increases when using a 35-mm balloon in
the first dilation session. However, when preceded by a
30-mm dilation, a dilation to 35 and 40 mm is relatively
safe.

e Aninitial 30-mm balloon dilation followed by an elective
35-mm and 40-mm balloon dilation in patients with per-
sisting or recurrent symptoms results in the optimal

therapeutic efficacy with acceptable perforation risks.

complications associated with different dilation protocols in un-
treated patients with primary achalasia. We describe the effect of
different balloon diameters and the effect of a predefined series
of dilations versus elective additional dilation sessions based on
insufficient symptom resolution. Additionally, we examine which
treatment protocol has the lowest risk of complications, specifically

perforation, postprocedural retrosternal pain, and reflux symptoms.

PubMed (n = 884) Embase (n=790)

Cochrane (n=103)

v
Total identified studies (n= 1777) >| Duplicates removed (n = 557)
A 4 Studies excluded because of:
L _ | - Children or no primary achalasia (n = 376)
Screening title/abstract (n = 1220) >| - No pneumatic dilatation (n = 746)
- Article type (n = 41)
v Studies excluded because of:
- Previous treatment (n = 2)
Screening fulltext (n = 57) 3| - No Rigiﬂe_x or no full description (n = 20)
- No (description of) symptom score (n = 1)
- No full text available (n = 18)
A 4
Critical appraisal (n = 16) > Non-eligible studies (n=4)
Y
Heterogeneity assessment (n = 12) > QOutliers excluded (n = 2)
A 4
Included studies (n = 10) FIGURE 1 Flowchart of literature
search, screening, and selection
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TABLE 1 Critical appraisal

Study characteristics Relevance Validity

Nr of Study Level of Inclusion
Author (year) A B C|1 2 3 4 5 6

patients  design evidence!"”! period
Ghoshal (2001)!"% 10 RCT 1b 1997-2000 |¢ o o |o o o o o
Moonen (2016)%?4 96 RC 2b 2003-2008 |¢ o o |o o o o .
Maris (2010)% 82 RC 2b 1997-2007 |@¢ o o |o o @ o
Smeets (2015)%?% 26 RCT 1b - e o o |o o o .
Allescher (2001)® 13 RCT 1b 1994-1996 | o o e o o o o o
Mikaeli (2004)® 262 RCT 1b 1993-2003 | o o e o o o o o
Khan (2005)"] 300 RC 2b 1987-2003 | o o e o o o o o
Tanaka (2010)"®! 55 PC 2b 2002-2007 | o o e o o o o o
Chuah (2008)""! 33 RC 2b 1998-2004 | o o e o o o o
Vaezi (1999)%" 24 RCT 1b 1995-1997 | e o o o o o
Khan (1998)!"®! 81 RCT 1b 1989-1994 | e o e o o 0 o o
Dobrucali (2004)?? 42 RC 3 - o o e o o o O o
Ding (1995)'? 15 RC 2b 1989 - 1995 e o |e o o o
Muehldorfer (1996)"® 25 RCT 1b - o e o o - o
Ahmed (2008)!"4 32 RC 2b 2000-2005 | ¢ o o |e e o o
Yamashita (2013)"1 25 RC 4 2005-2011 | o o . e o o

Grey color represents studies excluded based on critical appraisal
RCT : randomized controlled trial -: not specified
[10]

RC : retrospective cohort Level of evidence : according to Oxford Centre

PC : prospective cohort
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A: Domain
®; untreated achalasia patients
; previous bougie dilation
O; previous treatment other than bougie dilation
B: Intervention
®; pneumodilation with Rigiflex balloon
C: Outcome (remission)
®; Eckardt score < 3 or symptom free
; <60% of baseline symptoms
0; any decline on symptom score

1: Comparability

e; all patients included at a comparable disease point

; not all patients included at a comparable point
2: Intervention description
o; full description of each procedure

; no full procedure description

2 | METHODS

2.1 | Literature search and screening

To identify studies describing the efficacy of pneumatic dilation in
achalasia patients, we searched PubMed, Embase, and Cochrane.
We performed our search on December 8, 2016, using the following

»

terms (including synonyms): “esophageal achalasia,” “pneumatic dila-
tion” and “size” or “effect.” The exact search is displayed in Appendix
S1, and Figure 1 shows a summary of our literature search, screen-
ing, and selection. During title and abstract screening, we used the
following inclusion criteria: adult patients with primary achalasia;
treatment with pneumatic dilation and article type: no reviews, com-
mentaries, meta-analyses, or case reports. Next, two authors (FH
and LP) separately screened the full text of the remaining articles
more accurately using stricter inclusion criteria: no previous treat-

ments; use of Rigiflex balloon and full description of the procedure;

3: Analysis
e; patients analyzed in classified group
; no separate analysis per patient group
4: Total follow-up
®; > 2 years of follow up
; 1 -2 years of follow up
0; <1 year of follow up
5: Lost to follow up
e:<10%
;10-20%
0; > 20%
6: Equality
e; same dilation technique in all patients
; variable initial balloon sizewas used

o; different inflation protocol in a subgroup

use of Eckardt score or a similar validated questionnaire and full-text
availability. Publications that did not meet the abovementioned cri-

teria were excluded from further analysis.

2.2 | Critical appraisal and article selection

Of the remaining articles, two authors (FH and LP) independently
determined the relevance and validity during critical appraisal
(Table 1), using the Newcastle Ottawa Quality assessment scale
as a guideline.9 We noted the number of included patients, the
study design, the level of evidence,’® and the inclusion period of
the patients. The relevance of the articles was assessed by criti-
cally appraising the patient group, intervention, and outcome. The
validity of the articles was assessed using the following criteria: (a)
comparability: All patients were included at a comparable point
in the course of their disease; (b) intervention description: A full
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Remission rate and 95% CI

Chuah ®® 30 mm 0.91

Ghoshal °' 30 mm  0.80

Maris "° 30 mm  0.83 -
Tanaka '® 30 mm 0.75 — .
30mm 0.81 Pod
Dobrucali ® 35 mm 0.88 — =
Smeets '° 35mm 073 —_—.

Vaezi ® 35mm 075

35mm 0.79 O
Allescher °' 40 mm  0.69
Mikaeli  (A) 40 mm  0.92 —
Mikaeli  (B) 40 mm  0.95 -
Moonen '® 40 mm  0.90 —u—
40mm 0.90 o
Overall 0.83 o
0.0 0.5 1.0

Remission rate and 95% CI

Chuah ®® 30mm 0.81 R
Ghoshal ' 30mm  0.80 N —
Maris "° 30 mm 0.78 -
Tanaka ' 30 mm 0.73 —

30mm 0.77 o
Dobrucali ® 35 mm 0.67 4 =
Smeets ® 35 mm  0.73 —

Vaezi®® 35mm  0.70 .

35mm 0.70 Lol
Allescher °' 40mm  0.62 |
Mikaeli ® (A) 40 mm 0.88 e
Mikaeli ® (B) 40mm  0.90 -
Moonen "® 40 mm 0.0 R
40 mm 0.87 Lol
Overall 0.79 o
0.0 0.5 1.0

FIGURE 2 Remission rates per article after 6 mo (left) and 12 mo (right) of follow-up, comparing dilation up to 30, 35, and 40 mm

description of each procedure is included; (c) analysis: All patients
were analyzed in the group to which they were classified; (d) total
follow-up duration; (e) percentage of patients lost to follow-up;
and (f) equality: All patients were treated with the same dilation

technique.

TABLE 3 Perforation rates per study

Perforation
Author (y) Treatment protocol® n (%)

Perforation

Chuah (2008)" 30 1/33 (3%)
Dobrucali (2004)%? 30-35-35 1/42 (2.3%)
Vaezi (1999)%* 30-35 1/24 (4.2%)
Moonen (2016)%*° 30+35-40 3/96 (3.1%)
2/96 (2%)
Moonen (2016)%4° 35 4/13 (32%)
Mikaeli (2004)°° 35-40- 40 3/62 (5%)
No perforation
Tanaka (2010)'® 30 0/55
Ghoshal (2001)*? 30-30 0/10
Maris (2010)%° 30-30-30 0/82
Smeets (2015)? 30+35 0/26
Mikaeli (2004)°° 30-35-40 0/200
Not specified
Allescher (2001)° 35-40 -

Bold numbers represent the dilation where a perforation occurred.
-, Not specified; n, number; psi, pound-force per square inch; s, seconds.

2.3 | Data extraction

The primary outcome was the percentage of patients in clinical
remission, as defined by an Eckardt score <3. The only other re-

mission criterion that was considered valid was being completely

Inflation pressure

Initial/subsequent Inflation time (s) (psi)
Initial 60 + 30 12+ 12
Initial 60 15
Initial 60 9-15
Initial subsequent 60 + 60 5+8
Initial 60 + 60 5+8
Initial 10 10

- 60 + 60 + 60 3-4+4-5+5-7
- 60 10-15
- 60 - 180 9

- 180 5

- 10 10

- 120 8-10

2+ = predefined scheme of two dilations; - = a next dilation only in case of symptom recurrence.

Two different dilation protocols are used, which are presented separately.
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symptom-free or having>50% symptom reduction on a similar vali-
dated questionnaire comparable to the Eckardt score. For each
study, we noted the number of patients, the description of the
symptom score, the definition of clinical remission, and the clini-
cal remission rates after 6 and 12 months. Furthermore, we noted
the treatment characteristics: balloon size, number of dilation ses-
sions, inflation pressure, inflation duration, and usage of prede-
fined series of dilations versus elective additional dilations only in
patients with recurrent symptoms. Secondary outcomes were the
number and type of complications: perforation, postprocedural
pain, and reflux symptoms.

2.4 | Statistical analyses

After extracting all data from all articles, the total number of treated
patients, the number of patients in remission after 6 and 12 months,
and the 95% confidence interval were imported in Comprehensive
Meta-Analysis software (version 3, Biostat, Englewood, NJ). The in-
consistency between studies was assessed and quantified by calcu-
lating the heterogeneity (12) and the between-study variance (z%).*!
Studies yielding extreme effects that appeared to be outlying were
tested and excluded when significantly influencing the heteroge-
neity. Next, a random-effects analysis was performed creating a
Forest plot to compare the remission rates between dilation up to
30, 35, and 40 mm. The same analysis was performed to compare
the remission rate between articles using a predefined treatment
protocol versus additional dilation only in patients with recurrent
symptoms. The number of perforations was compared between
different groups using a two-tailed Fisher’s exact test in GraphPad

Remission rate and 95% CI

Chuah % Scheme 0.91 — =

Tanaka '° Scheme 0.75 — .

Smeets ° Scheme 0.73 ——
Scheme 0.78 Led

Ghoshal °' Redilation  0.80 —

Dobrucali ® Redilation 0.88 — .
Maris '° Redilation 0.83 - m
Vaezi ®® Redilation 0.75 -

Allescher °' Redilaton  0.69 RN

Mikaeli * (A) Redilation 0.92 — -

Mikaeli °* (B) Redilation 0.95 -

Moonen '° Redilation  0.90 —a
Redilation 0.88 Lol
Overall 0.83 22
0.0 0.5 1.0
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Prism software (version 7, San Diego, CA). A P-value <0.05 was re-

garded significant.

3 | RESULTS

3.1 | Literature search, screening, and selection

The search yielded 1777 records: PubMed 884, Embase 790, and
Cochrane 103. After removing 557 duplicates, 1220 unique stud-
ies were identified. Of these, 1163 studies were excluded during
title and abstract screening and another 41 articles during full-text
screening (Figure 1). The remaining 16 articles were critically ap-
praised. Four studies were excluded during critical appraisal, and
two other studies were excluded because the reported success rates
were outliers that caused significant heterogeneity. Finally, 10 arti-

cles were found eligible and included in our systematic review.

3.2 | Critical appraisal and
heterogeneity assessment

The four excluded studies during critical appraisal are visible in
Table 1. Two of the four excluded studies were excluded because
of an inconsistent treatment protocol: Both Dinf,y12 and Yamashita

etal®®

dilated some of their patients initially with a 30 mm and oth-
ers with a 35-mm balloon without distinguishing between these pa-
tients in the results. Furthermore, Ding et al did not describe their
final success rate after follow-up or their outcome measurement. A
third study, by Ahmed et al,'* was excluded because no definition

of clinical remission was specified. The fourth study to be discarded

Remission rate and 95% CI

Chuah ® Scheme  0.81 —
Tanaka "% Scheme 0.73
Smeets "°Scheme  0.73
Scheme 0.75 <
Ghoshal *! Redilation  0.80 -

Dobrucali ® Redilation  0.67 —
Maris 1° Redilation  0.78 —
Vaezi *°Redilation  0.70 -

Allescher °' Redilation 0.62 _—
Mikaeli * (A) Redilation 0.88 e
Mikaeli ® (B) Redilation 0.90 -
Moonen '° Redilation  0.90 —
Redilation 0.86 Lol
Overall 0.79 o
0.0 0.5 1.0

FIGURE 3 Remission rates per article after 6 mo (left) and 12 mo (right) of follow-up, comparing studies that used a predefined dilation
protocol (“Scheme”) with studies in which additional dilations were performed when symptom recurrence occurred (“Redilation”)
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was that of Muehldorfer et al'® because it included a heterogeneous
group of treated and untreated patients without stating the previ-
ous treatment or making a distinction in treatment results between
these patients.

The two excluded outlier studies during heterogeneity assess-
ment were Khan et al.”!® These studies yielded extreme results
that appeared to be outlying. The percentage of total inconsistency
across studies due to true heterogeneity (1% was 79% including these
studies and dropped to 64% without these studies. Moreover, the
between-study variance (?) dropped from 0.64 to 0.25 when ex-
cluding these studies. Based on this, both studies were considered
outliers significantly influencing the true heterogeneity between

studies and therefore excluded from further analyses.

3.3 | Comparing efficacy between different
balloon sizes

A total of 10 studies with 643 patients were included and subdivided
into three groups: dilation up to 30, 35, and 40 mm. Dilation with
30 mm and 35 mm showed comparable mean remission rates after
6 months (81% and 79%) whereas dilation up to 40 mm had a higher
remission rate of 90%. After 12 months, the success rates decreased
in all groups to 77%, 70%, and 87%, respectively. The results are
shown in Table 2 and Figure 2.

Dilation up to 30 mm led to a mean clinical remission rate of
81% after 6 months and 77% after 12 months (Figure 2). Four ar-
ticles were included in this subgroup, with a mean follow-up time
of 28 months and a total of 180 patients at 12 months follow-up.
Chuah et al’” and Tanaka et al'® treated the patients with one 30-
mm dilation. These two studies show very different success rates,
ranging from 75% to 91% after 6 months and from 73% to 81% after

12 months. In the study by Tanaka et al,*®

the lowest efficacy rates
were found and also the lowest inflation pressure was used (Table 3).
Ghoshal et al*® and Maris et al?® both initially dilated with 30 mm
and repeated dilation with 30 mm when symptoms recurred. Their
success rates were 80%-83% after 6 months and 80%-78% after
12 months, respectively. Maris et al?® offered their patients up to
three dilations with a 30-mm balloon, based on symptom recur-
rence. All of these studies used an inflation time of 60 seconds, with
inflation pressures varying between 3 and 15 psi.

Dilation protocols up to 35 mm resulted in a comparable mean
clinical remission rate: 79% after 6 months and 70% after 12 months
(Figure 2). Three studies are included in this group. The total num-
ber of included patients at 12 months is 92 patients, with a mean
follow-up of 28 months. Hence, not all patients were dilated with a
35-mm balloon, depending on the treatment protocol. Overall, 55%

|21

of patients received a 35-mm dilation. Vaezi et al“* and Dobrucali et

al?? used a comparable dilation protocol, namely 30 mm followed by
35 mm within a few weeks in patients with insufficient symptom re-

lief. When necessary, Dobrucali et al??

repeated the 35-mm dilation
one extra time. Vaezi et al had a success rate of 75% after 6 months.
Dobrucali et al had a considerably higher success rate of 88% on

the 6-month interval, although this decreased to only 54% after

5 years of follow-up. In the last study, by Smeets et al,?® a success
rate of 73% after 6 months was attained, comparable to Vaezi et al,
even though all patients underwent two dilations (30 mm followed
by 35 mm within a few weeks) and the duration of balloon inflation
was longer (180 s). However, they used a low inflation pressure of 5
psi, whereas the other studies used a pressure of 10-15 psi (Table 3).

The average success rate of dilation up to 40 mm was consid-
erably higher than dilation to 30 or 35 mm: 90% after 6 months
and 87% after 12 months (Figure 2). The total number of included
patients at 6 and 12 months was 371 and 348, respectively, with
a mean follow-up of 76 months. Three studies are included in this
group. Again, not all patients but only the minority with insufficient
effect of 35-mm dilation (16%) received a 40-mm dilation. Mikaeli
et al® used two different treatment protocols: 35 - 40 - 40 mm
dilation (group A) and 30 - 35 - 40 mm dilation (group B), and will
therefore be described as two different studies. Moonen et al?*
used the same balloon sizes as in group B of Mikaeli. These two
studies showed the highest success rates attained with dilation up
to 40 mm, both after 6 months (95% and 90%) and after 12 months
(both 90%). Allescher et al® described the lowest success rates at
the 6-month (69%) and 12-month interval (62%), using 35-40 mm
as gradation protocol. All studies using dilation up to 40 mm used
inflation pressures of 8-10 psi for 60 seconds (Table 3). Using a
higher inflation pressure does not result in an increased success
rate after 12 months (P = 0.22).

3.4 | Comparing efficacy between different
dilation protocols

We also compared studies that followed a predefined series of
dilations (three studies) with studies that performed elective
additional dilations in patients that had persisting or recurrent
symptoms (seven studies). The second group had a higher remis-
sion rate after 6 months (88%) and 12 months of follow-up (86%),
when compared to the group that underwent dilations according
to a predefined protocol (78% and 75%). The additional dilation
group, however, had a wider range of final success rates (Figure 3).
Regarding the studies performing a predefined series of dilations,
2 out of 3 only dilated up to 30 mm: Chuah et al’” and Tanaka et

al,*® and one study dilated up to 35 mm: Smeets et al.?®

This par-
tially explains the lower remission rates in the predefined treat-
ment group when compared to the elective additional dilation

group.

3.5 | Complications

All studies except one reported the occurrence of complications
such as perforations (Table 3). In 7 of 10 studies, a perforation
occurred in one or more patients. The risk of perforation using
a 30-mm balloon was very low (6/588, 1.0%) and, interestingly,
all of these perforations occurred during the initial dilation. When
only initial dilations were considered, the chance of perforation
with a 35-mm balloon was significantly higher (7/75, 9.3%) than
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with a 30-mm balloon (6/568, 1.1%); P < 0.001. In one study,24 a
high perforation rate during initial balloon dilation of 35 mm was
encountered (4/13 patients, 32%), prompting a change of protocol
into starting with a 30-mm balloon.

When all dilations (initial and subsequent dilations together)
were considered, the chance of perforation using a 35-mm balloon
was significantly higher (9/282 patients, 3.2%) than using a 30-mm
balloon (6/588 patients, 1.0%); P < 0.001. But, when only looking
at 35-mm dilations, a subsequent dilation was evidently safer
than an initial dilation (0.97% vs 9.3% perforations), P = 0.008.
Surprisingly, none of the 62 dilations with 40-mm balloons caused
a perforation.

There are little data available on other side effects. After dilation
up to 30 mm, two studies described chest pain after the procedure
in 2 of 10 (20%) and 7 of 81 (8.6%) patients. This pain occurred di-
rectly after dilation and reduced within 48 hours. Symptoms sugges-
tive of gastroesophageal reflux were reported by 6.9% of patients
that received a dilation up to 35 mm. After 40-mm dilation, no side

effects were specified.

3.6 | Inflation time and inflation pressure

Inflation time and pressure did not seem to influence treatment ef-
ficacy and perforation risk. The inflation time did not correlate with
the success rate after 12 months (r -0.554; P = 0.097), or with the
perforation rate (r —0.512; P = 0.130). Also, there was no correlation
between inflation pressure and treatment efficacy after 12 months
(r0.361; P = 0.305), or between inflation pressure and risk of perfo-
ration (r 0.378; P = 0.281).

4 | DISCUSSION

In this large systematic review and meta-analysis, we compared
different pneumatic dilation treatment protocols in patients with
primary achalasia. Regarding efficacy, we found that elective addi-
tional dilation with 40 mm increases the success rate after an initial
30-mm and 35-mm dilation and that, in general, elective additional
dilation is slightly more successful than following a predefined dila-
tion protocol. Regarding safety, we found that perforations occurred
significantly more often when the first dilation was performed using
a 35-mm balloon than when the first dilation was performed with a
30-mm balloon. A subsequent 35-mm dilation was significantly safer
than initial dilation with a 35-mm balloon. No perforations were de-
scribed in patients undergoing a 40-mm dilation.

We conclude that the safest and most efficient dilation method
for patients with primary achalasia is to start with a 30-mm balloon,
followed by an elective 35-mm and an elective 40-mm balloon dila-
tion in patients with insufficient symptom relief. It is surprising that
we could not find a higher efficacy of 35 mm after 30 mm. Numerous
previous studies did report additional benefit of a 35-mm dilation
after a 30-mm dilation in a subgroup of patients.>?%22 Our relatively

low efficacy of dilation up to 35 mm could be caused by the smaller
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sample size in this group, as compared to the number of patients
dilated with a 30-mm or 40-mm balloon.

Although we did not find additional benefit from a 35-mm bal-
loon dilation after initial 30-mm dilation, dilation up to 40 mm gave
higher remission rates than 30 and 35 mm (90% vs 77%-81% after
6 months). It is hard to distinguish whether the additional benefit
of a 40-mm dilation is caused by the larger balloon size or by the
higher number of dilations, because it was always performed in a
series of two or three dilations. It is most likely a combination of the
two. A previous large study calculated that a series of three dilations
was significantly more successful higher than one or two dilations.?*
Furthermore, a cumulatively rising efficacy per larger balloon diam-
eter has been reported, with the highest efficacy of a graded series
dilations up to 40 mm.® This is in line with our findings and also with
the recommendation of the current ACG guideline for achalasia: a
graded series of balloon dilations, starting with 30 mm and using a
larger diameter in patients who continue to be symptomatic, up to
40 mm.2 On the other hand, in patients after previous Heller myot-
omy, it has been described that patients with insufficient symptom
relief after a 35-mm dilation will not experience any improvement
from a 40-mm dilation.?¢

Clearly, the use of a larger balloon can only be justified when
the benefits outweigh the risks. For 35 and 40 mm, there seems
to be a certain benefit. Unfortunately, there also seems to be an
undeniable increase in perforation risk. As expected, perfora-
tions occurred significantly more often during 35-mm dilations
than during 30-mm dilations, even when not only looking at ini-
tial dilations (3.8% vs 0.6%, P < 0.001). The dilation protocol used
by Moonen et al?* starting with a 35-mm balloon and inflating it
twice for 60 seconds resulted in a high perforation rate, despite
the fact that low inflation pressures (5 and 8 psi) were used. This
suggests that the size of the balloon plays a role.?* The majority
of the perforations in our review occurred during the initial dila-
tion, and more often with 35 mm than 30 mm. This again stresses
the importance of a graded approach. Surprisingly, no perforation
occurred with the usage of 40-mm balloon, although the number
of studies using this balloon size was small. It must be considered
that all studies used a graded approach with 40 mm as the final
step, which is also in line with the hypothesis of a graded approach
being safer.

Our data suggest that inflation pressure does not influence the
success rates of pneumatic dilation. Clinical experience tells us
that even low pressures of 5-8 psi are enough to completely open
the balloon and entirely eliminate shouldering. Furthermore, we
have no indication that a high inflation pressure is more likely to
cause perforations. Theoretically, once the balloon is completely
filled with air and the waist of the tight LES has gone, it should not
make a difference whether the pressure in the balloon is high or
low as the diameter will be the same. The recommendation of the
current ACG guideline is 8-15 psi for 15-60 seconds.® The charac-
teristics of the patients, however, need to be taken into account.
For example, one study described perforation in a short Taiwanese

patient with a very low body mass.'” In children, often the same
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balloon sizes are used as in adults and perforations occur more
often with larger balloons.?”

In almost all studies, the remission rates eventually decrease
with time, which suggests that pneumatic dilation is for many
patients a temporary solution for their achalasia symptoms. The
higher efficacy of additional dilation in patients with symptom
recurrence, rather than following a predefined treatment proto-
col, also suggests a temporary effect.” The mechanism of effect
of pneumatic dilation is not completely understood.?® A previ-
ous study showed only stretching of the LES and no muscular
disruption on endoscopic ultrasound after pneumatic dilation.?®
Hypothetically, regeneration of the muscle fiber cells could cause
the temporary effect. Another reason could be the progressive
neurodegenerative character of achalasia that can cause symp-
tom increase. Unfortunately, there are no data to support these
hypotheses.

In conclusion, in untreated achalasia patients, an initial 30-mm
balloon dilation followed by an elective 35-mm and 40-mm balloon
dilation in patients with persisting or recurrent symptoms results in
the optimal therapeutic efficacy with acceptable perforation risks.
Although using a 35-mm balloon in the first dilation session in-
creases the risk of perforation, dilation to 35 and 40 mm is relatively

safe when it is preceded by a 30-mm dilation.
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