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Abstractl: Background: It is still not clear whether the laparoscopic Heller myotomy (LHM), botulinum toxin (BTX) or
the pneumatic dilation (PD) is the most appropriate treatment approach to achalasia. Therefore, this meta-analysis
study was conducted to assess the safety and effectiveness of these methods in the management of achalasia.
Methods: Meta-analysis of randomized controlled trials was performed through searching a comprehensive list of
electronic databases to compare the safety and effectiveness between these approaches in the treatment of acha-
lasia. Calculations were made of effect sizes of efficacy and safety outcomes: response rate, recurrence rate, and
complication rate, the effect sizes were then pooled through randomized- or fixed-effects model. Results: Sixteen
RCTs involving 1,196 participants were included. There was no significant difference between BTX and PD treatment
in short-term response rate [risk ratio (RR)=0.90, 95% credible interval (Cl): 0.82-1.00, P=0.05], while the short-
term response rate was higher in the LHM group than that in the PD group (RR=1.21, 95% CI: 1.05-1.38, P=0.008).
The long-term response rate was significantly higher in the LHM group than that in the PD group (RR=1.27, 95%
Cl: 1.06-1.52, P=0.009), the long-term response rate of the PD group was superior to BTX in treating achalasia
(RR=0.52, 95% CI: 0.29-0.90, P=0.02). The complication rate of achalasia in the BTX group was significantly lower
than that in the PD group (RR=0.20, 95% Cl: 0.07-0.58, P=0.003), but the recurrence rate was significantly higher
in the BTX group than that in the PD group (RR=2.15, 95% Cl: 1.19-3.88, P=0.01). Conclusion: The current meta-

analysis demonstrates that LHM is the more effectiveness method for the treatment of achalasia.
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Introduction

Achalasia of cardia is an esophageal dyskine-
sia disease that may be caused by genetic fac-
tors, viral infection or autoimmunity, resulting in
an imbalance of immune inflammation, de-
crease or absent inhibitory ganglionic cells in
the myenteric plexus of the lower esophageal
sphincter (LES). This results in impaired laxity
of the LES after swallowing, resulting in esoph-
ageal sphincter dysfunction [1-4]. The most
common symptoms of achalasia include recur-
rent regurgitation, dysphagia, chest pain, and
aspiration. The degenerated myenteric plexus
neurons cannot restore their function; there-
fore, aims to eliminate the outflow resistance
caused by the non-relaxing LES. These possible
therapeutic methods include surgical myotomy,
drug therapy, and endoscopic treatment (botu-
linum toxin injection or pneumatic dilation)
[5-7].

Peroral endoscopic myotomy (POEM) is a new
method for the management of achalasia that
combines the surgical element of controlled
myotomy with the reduction of physiological
damage from endoscopic technique demon-
strated promising results, but only a few pro-
spective studies support their conclusion
[8-12]. Current standard for the treatment of
achalasia cardia includes forceful PD and LHM
with (or without) an anti-reflux procedure [13,
14]. However, several randomized controlled tri-
als of the three most commonly accepted app-
roaches (pneumatic dilatation, laparoscopic
Heller's myotomy, and botulinum toxin inject-
ion) demonstrated conflicting results. Previous
studies comparing the response rate of these
therapeutic methods in the treatment of acha-
lasia, and there were at most five RCTs be
included [15-17]. Thus, the present meta-analy-
sis was implemented to evaluate efficacy and
safety outcomes (response rate, recurrence


http://www.ijcem.com

Efficacy and safety of LHM for people with achalasia

Table 1. Main Characteristics of 16 studies included in the meta-analysis

Case Mean Age (y) Sex (% male) . Follow-up  Jadad
Author Year Country QOutcomes
BTX PD LHM BTX PD LHM BTX PD LHM (M) Score
Bansal 2003 USA 16 18 49.8 518 43.8 66.7 1,2,3,4 12 4
Boeckxstaens 2011 European 95 106 46.4 455 63.2 53.8 2,4 24 3
Borges 2014  Borges 48 44 52.8 458 52 36.4 1,2,4 24 3
Cai 2003  China 62 56 NA NA NA NA 1,4 6 4
Csendes 1981 Chile 18 20 38 42 333 45 2,4 48 3
Csendes 1989 Chile 39 42 40.2 427 41 47.6 2,4 48 3
Ghoshal 2001 India 7 10 42.4 343 71.4 50 1,3 6 3
Hamdy 2015  Egypt 25 25 30.8 32 25 47 1,2,3,4 24 3
Mikaeli 2001 USA 20 20 59.8 50.1 45 52.6 1,2,3 12 5
Moonen 2015 European 96 105 46.4 457 64 53 2 60 4
Muehldorfer 1999 Germany 12 12 49 47 58.3 583 1,4 3
Novais 2010  Brazil 47 47 52.3 465 53 38 1,4 3
Persson 2015 Sweden 28 25 46 43 43 44 2,4 48 5
Vaezi 1999 USA 24 24 57 56 583 70.8 1,2,3,4 12 4
Liu 2005  China 24 24 35.2 36.2 417 458 1,2 12 5
Zhu 2009  China 29 28 36.7 382 448 429 1,2,3 24 4

*Qutcomes: 1, short-term response rate; 2, long-term response rate; 3, recurrence rate; 4, complication rate. Abbreviations: PD=pneumatic dilation, LHM=laparoscopic

Heller myotomy, BTX=botulinum toxin, NA=not available.

rate, and complication rate) of these methods
in the management of achalasia.

Methods
Literature search

A search of PubMed, EMBASE, Cochrane Li-
brary, and WanFang databases up to July 15,
2018 was conducted using a mix of the follow-
ing keywords: achalasia, pneumatic/balloon
dilation, laparoscopic Heller myotomy, botuli-
num toxin. All the relevant studies were re-
viewed respectively by two investigators. Eli-
gible studies were selected based on the inclu-
sion criteria as bellow and eligible trials were
then selected on the basis of inclusion criteria
as below.

Inclusion and exclusion criteria

Published randomized controlled trials resear-
ches are going to be involved in the current
studies on reaching the criteria as follows: i)
only RCTs were included; ii) a comparison of PD
and BTX (or LHM) in the management of acha-
lasia cardia; iii) the study reported at least one
of the desirable outcomes mentioned below.
Conference abstract, reviews, editorials, exper-
imental research in animal models, and com-
ments were excluded. When replicated rese-
arch was published, merely the research having
huge specimen size was involved.
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Data extraction and quality assessment

Data extraction independently by two authors
from all eligible studies: first author, publication
year, country, sex ratio of subjects, age and
type in the management of achalasia (BTX, PD,
or LHM) (Table 1). The overall quality of the
studies was used to assess by the Jadad scale
[18]. High-quality studies have a score of > 3
and low-quality studies < 2 based on Kjaergard
et al.'s recommendation [19]. Differences were
resolved through discussion and consulting a
senior reviewer, if necessary.

Statistical analysis

The strength of association was calculated by
risk ratios (RRs) with 95% confidence interval
(Cl), comparing these therapeutic methods in
the treatment of achalasia. Use of the Q-test
and I? statistics was made for quantifying sta-
tistical heterogeneity. The use of random-effect
framework was made once the heterogeneity
was significant (P<0.05) [20]; or else, the fixed
effects framework was utilized [21]. The sensi-
tivity analysis performed by sequentially exclud-
ing any individual data one by one, with an
objective of examining the impact of each indi-
vidual data set or summarized findings. The
funnel plot was made for estimating the possi-
bility of publication bias by assessing the asym-
metry. All analyses were conducted by using
Review Manager Software (Rev Man 5.3).
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Finally, 16 articles were included in the present study:

BTX versus PD (n=8), PD versus LHM (n= 8)

Results
Selection of eligible studies

The selection mechanism of entitled research
works is displayed in Figure 1. A total of 598
considerably significant research works were
primarily attained from PubMed, EBMASE, Co-
chrane Library, and WanFang databases. After
removing duplicate articles, we assessed the
titles and abstracts of these articles based on
the inclusion and exclusion criteria, with a total
of 67 studies remaining. Then the full-text was
read and the ineligible studies were excluded,
16 randomized controlled trials involving 1,187
participants were included [6, 7, 22-35]. The
characteristics of each study are shown in the
Table 1.

Meta-analysis of BTX and PD in the treatment
of achalasia

Short-term response rate: A total of 386 partici-
pants included in the eight studies were as-
sessed for the outcome of the short-term re-
sponse rate, with 145 response cases identi-
fied in the BTX group (74.4%) and 158 in the
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PD group (82.3%). Therefore, the short-term re-
sponse rate was slightly lower in BTX than that
in PD, but there was no significant difference
between BTX and PD in the treatment of acha-
lasia (RR=0.90, 95% CI: 0.82-1.00, P=0.05).
The fixed-effect model was used, as there was
moderate significant heterogeneity was detect-
ed in the two studies (1>=38%, P=0.12) (Figure
2).

Long-term response rate: The long-term re-
sponse rate analysis included 5 relevant stud-
ies with a total of 220 patients. Comparing BTX
and PD, 28 (25.2%) and 54 (49.5%) cases of
response were observed in the two groups,
respectively, and the two groups was detected
statistically significant (RR=0.52, 95% Cl: 0.29-
0.90, P=0.02). The random-effect model was
selected, as there was moderate heterogene-
ity was detected in the two studies (1?=51%,
P=0.09) (Figure 3).

Recurrence rate: A total of 189 participants
included in 5 studies were evaluated. Following
comparison, 60 (65.2%) and 31 (32.0%) cases
of recurrence were observed in the two groups,
respectively, and the recurrence rate was sig-
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BTX PD Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bansal 2003 12 16 17 18  10.0% 0.79 [0.59, 1.08]
Cai 2003 53 62 56 56 37.2% 0.86 [0.77, 0.95]
Ghoshal 2001 6 7 8 10 41% 1.07 [0.69, 1.65] T
Mikaeli 2001 13 20 18 20 11.3% 0.72 [0.51, 1.03] ™
Muehldorfer 1999 8 12 10 12 6.3% 0.80 [0.50, 1.28] T
Vaezi 1999 11 24 15 24 9.4% 0.73[0.43, 1.25] T
Yang 2005 16 24 8 24 50% 2.00[1.06, 3.76) -
Zhu 2009 26 29 26 28 16.6% 0.97 [0.82, 1.13] T
Total (95% CI) 194 192 100.0%  0.90 [0.82, 1.00] [
Total events 145 158
Heterogeneity: Chiz = 11.37, df = 7 (P = 0.12); I = 38% I'o o1 0’ p : 1=0 p 00"
Test for overall effect: Z = 1.99 (P = 0.05) ’ ’ BTX PD

Figure 2. Meta-analysis of short-term response rate to BTX versus PD in the treatment of achalasia. BTX=botulinum

toxin, PD=pneumatic dilation, Cl=confidence interval.

BTX PD Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bansal 2003 6 16 16 18 26.0% 0.42[0.22, 0.81] —
Mikaeli 2001 3 20 10 19 15.3% 0.28 [0.09, 0.88) -
Vaezi 1999 7 22 14 20 25.4% 0.45 [0.23, 0.89] -
Yang 2005 8 24 4 24 16.5% 2.00 [0.69, 5.76] T -
Zhu 2009 4 29 10 28 16.9% 0.39[0.14, 1.09] |
Total (95% CI) 111 109 100.0% 0.52 [0.29, 0.90] >
Total events 28 54 ) ) ) )
Heterogeneity: Tau? = 0.20; Chi® = 8.15, df =4 (P = 0.09); P = 51% ! ' ! \
Test for overall effect: Z = 2.33 (P = 0.02) 0.01 01 BTX1 PD 10 100

Figure 3. Meta-analysis of long-term response rate to BTX versus PD in the treatment of achalasia. BTX=botulinum

toxin, PD=pneumatic dilation, Cl=confidence interval.

BTX PD Risk Ratio Risk Ratio
Bansal 2003 6 12 1 17 7.3% 8.50[1.17, 61.80]
Ghoshal 2001 5 7 2 8 141% 2.86 [0.79, 10.36] T -
Mikaeli 2001 17 20 9 20 326% 1.89 [1.12, 3.17] .
Vaezi 1999 7 24 1 24 TA% 7.00[0.93, 52.63] T
Zhu 2009 25 29 18 28 38.8% 1.34 [0.98, 1.83) -
Total (95% CI) 92 97 100.0% 2.15[1.19, 3.88] -
Total events 60 31 ) ) ) )
Heterogeneity: Tau? = 0.21; Chi* = 9.72, df = 4 (P = 0.05); I* = 59% ! ! g !
Test for overall effect: Z = 2.54 (P = 0.01) 0.1 04 BTX1 PD 10 100

Figure 4. Meta-analysis of recurrence rate to BTX versus PD in the treatment of achalasia. BTX=botulinum toxin,

PD=pneumatic dilation, Cl=confidence interval.

nificantly higher in the BTX group than that in
the PD group (RR=2.15, 95% CI: 1.19-3.88,
P=0.01). Significant heterogeneity was observ-
ed in the two groups, so the random-effect
model was selected (1°=59%, P=0.05) (Figure
4).

Complication rate: This result included four-
studies and 224 patients. The total numbers of
events were 2 in the BTX group (1.8%) and 16
in the PD group (14.6%). The complication rate
of achalasia in the BTX group was significantly
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lower than that in the PD group (RR=0.20, 95%
Cl: 0.07-0.58, P=0.003). The fixed-effect model
was used, as there was no significant heteroge-
neity was detected in the two studies (1°=0%,
P=0.003) (Figure 5).

Meta-analysis of PD and LHM in the treatment
of achalasia

Short-term response rate: A total of 236 par-

ticipants included in the three studies were
assessed for the outcome of the short-term

Int J Clin Exp Med 2019;12(5):4496-4504
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BTX PD Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95%Cl
Bansal 2003 0 16 2 18 13.5% 0.22[0.01, 4.34] "
Cai 2003 0 62 1 56 9.0% 0.30 [0.01, 7.26]
Muehldorfer 1999 2 12 9 12 51.6% 0.22 [0.06, 0.82] —
Vaezi 1999 0 24 4 24 25.8% 0.11[0.01, 1.96] -
Total (95% CI) 114 110 100.0% 0.20 [0.07, 0.58] -~
Total events 2 16 ) ) ) )
Heterogeneity: Chi? = 0.25, df = 3 (P = 0.97); I = 0% t t y t
Test for overall effect: Z = 2.99 (P = 0.003) 0.01 e 100

Figure 5. Meta-analysis of complication rate to BTX versus PD in the treatment of achalasia. BTX=botulinum toxin,

PD=pneumatic dilation, Cl=confidence interval.

Risk Ratio

M-H, Fixed, 95% CI

Risk Ratio

M-H. Fixed, 95% Cl

LHM PD
Study or Subgroup  Events Total Events Total Weight
Borges 2014 37 44 35 48 40.1%
Hamdy 2015 24 25 19 25 22.8%
Novais 2010 38 47 31 47 371%
Total (95% CI) 116 120 100.0%

Total events 99 85
Heterogeneity: Chi? = 0.33, df = 2 (P = 0.85); I = 0%
Test for overall effect: Z = 2.67 (P = 0.008)

1.15 [0.93, 1.43]
1.26 [1.00, 1.60]
1.23 [0.96, 1.57]

1.21 [1.05, 1.38]

LHM PD

100

Figure 6. Meta-analysis of short-term response rate to PD versus LHM in the treatment of achalasia. PD=pneumatic
dilation, LHM=laparoscopic Heller myotomy, Cl=confidence interval.

gy 9 ADAroup g a g d eign
Boeckxstaens 2011 87 106 73 95 21.4%
Borges 2014 21 44 21 48  9.8%
Csendes 1981 12 20 8 18  6.2%
Csendes 1989 40 42 20 39 14.1%
Hamdy 2015 22 25 14 25 11.9%
Moonen 2015 88 105 79 96 22.0%
Persson 2015 23 25 18 28 14.7%
Total (95% Cl) 367 349 100.0%
Total events 293 233

Heterogeneity: Tau? = 0.03; Chi* = 19.62, df = 6 (P = 0.003); I* = 69%

Test for overall effect: Z = 2.60 (P = 0.009)

Risk Ratio Risk Ratio
M-H. Random, 95% jom.95%¢Cl
1.07 [0.93, 1.23] o
1.09[0.70, 1.70] T
1.35[0.72, 2.53] 1T
1.86 [1.36, 2.54] -
1.57 [1.08, 2.29] —
1.02[0.90, 1.15] *
1.43[1.06, 1.93] ™
1.27 [1.06, 1.52] ¢
0.01 0.1 1 10 100
LHM PD

Figure 7. Meta-analysis of long-term response rate to PD versus LHM in the treatment of achalasia. PD=pneumatic
dilation, LHM=laparoscopic Heller myotomy, Cl=confidence interval.

response rate, with 85 response cases identi-
fied in the PD group (70.8%) and 99 in the LHM
group (85.3%). Therefore, the short-term re-
sponse rate was significantly higher in LHM
than that in PD (RR=1.21, 95% Cl: 1.05-1.38,
P=0.008). The fixed-effect model was used, as
there was no significant heterogeneity was
observed in the two studies (1?>=0%, P=0.85)
(Figure 6).

Long-term response rate: A total of 716 pati-
ents included in 7 relevant studies were evalu-
ated the long-term response rate. Comparing
LHM and PD, 293 (79.8%) and 233 (66.8%)
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cases of response were observed in the two
groups, respectively, and the two groups was
detected statistically significant (RR=1.27,
95% Cl: 1.06-1.52, P=0.009). Significant het-
erogeneity was observed in the two studies,
so the random-effect model was selected
(>=69%, P=0.003) (Figure 7).

Complication rate: Seven studies and 609 par-
ticipants were included regarding the postop-
erative complication rate. The total events were
16 in the LHM group (5.2%) and 15 in the
PD group (5.0%). There was no significant di-
fference between the two groups (RR=1.02,

Int J Clin Exp Med 2019;12(5):4496-4504
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LHM PD Risk Ratio Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed, 95%Cl

Boeckxstaens 2011 1 106 4 95 24.7% 0.22[0.03, 1.97] - &

Borges 2014 0 44 2 48 14.0% 0.22[0.01, 4.41) -

Csendes 1981 2 20 0 18  3.1%  4.52[0.23, 88.38]

Csendes 1989 12 42 3 39 18.2% 3.71[1.13,12.18] -

Hamdy 2015 1 25 2 25 11.7% 0.50 [0.05, 5.17]

Novais 2010 0 47 2 47  14.6% 0.20 [0.01, 4.086] ¢ "

Persson 2015 0 25 2 28 13.8% 0.22[0.01, 4.44] -

Total (95% CI) 309 300 100.0% 1.02 [0.53, 1.95]

Total events 16 15

Heterogeneity: Chi2 = 10.87, df = 6 (P = 0.09); I2 = 45%
Test for overall effect: Z = 0.05 (P = 0.96)

i

10 100
LHM PD

Figure 8. Meta-analysis of complication rate to PD versus LHM in the treatment of achalasia. PD=pneumatic dila-
tion, LHM=laparoscopic Heller myotomy, Cl=confidence interval.
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Discussion

Although the etiology of esoph-
ageal achalasia is scarcely
understood, there is common
consensus on its treatment,
directed to reducing lower
esophageal sphincter (LES)
pressure in order to obtain
symptoms relief, improve the
esophageal emptying and pre-
vent the development of mega-
esophagus [2, 4, 36]. Although
PD, LHM, and BTX are the main
RR approaches of treatment, the

0.5 t +
0.01 0.1 1

Figure 9. Inverted funnel plots analysis for PD versus LHM in the treatment
of achalasia. PD=pneumatic dilation, LHM=Ilaparoscopic Heller myotomy

95% Cl: 0.53-1.95, P=0.96). Moderate-hete-
rogeneity was detected in the two studies;
therefore, the random-effect model was used.
(>=45%, P=0.09) (Figure 8).

Sensitivity analysis and publication bias

Sensitivity analysis was performed by sequen-
tially excluding any individual researches indi-
vidually, with an objective of examining the
impact of every single research work on sum-
marized findings. Consequently, as revealed by
the findings of the sensitivity analysis, our find-
ings exhibited statistical robustness and credi-
bility (data not shown). The shape of the funnel
plot appeared symmetrical, suggesting that
there was no obvious publication bias (Figure
9).
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100 best treatment approaches is
still controversial. These treat-
ments have a variable risk of
symptomatic recurrence, per-
foration, and other complica-
tion (urinary retention, subcutaneous emphy-
sema, vagal nerve injury, and atrial fibrillation)
[37]. Therefore, the best treatment method for
short- and long-term symptom relief must be
determined with sufficient consideration of
complications.

A previous meta-analysis by Leyden et al. com-
pared six months remission rate with twelve
months remission rate, and the result demon-
strated that PD is superior to BTX in treating
patients with achalasia [15]. This study did not
include long-term follow-up and recurrence
rates. The other systematic review by Wang et
al. compared several treatment approaches for
patients with achalasia of cardia and included
a small meta-analysis of LHM vs. PD [38].
Another meta-analysis by Baniya et al. com-

Int J Clin Exp Med 2019;12(5):4496-4504
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pared the results of PD and LHM in the treat-
ment of cardiac achalasia, and the result
showed that PD was as effective as LHM in the
long-term relief of cardiac achalasia symptoms
[16]. However, the results of these studies must
be interpreted with caution, as these studies
typically use variable of success rate and sub-
jective definitions. To the best of our knowl-
edge, this is the first attempt to perform a high-
quality meta-analysis to assess the effective-
ness and safety of these methods in the man-
agement of achalasia.

Botulinum toxin injection (BTX) treatment is
less expensive, almost risk-free, and easy to
administer. BTX in treating patients with acha-
lasia has a very high safety profile, and even
minor adverse-event with heartburn (or chest
pain) have been observed in less than 10% of
treated patients [39]. In a RCT comparing Heller
myotomy to BTX, the results in both groups
were comparable at six months, but the surgi-
cal patients improved more in the symptom
scores. Only 87.5% of LHM versus 34% of BTX
participants were asymptomatic during a two
year follow-up [40]. Similarly, several random-
ized trials and a meta-analysis comparing BTX
with PD consistently demonstrated that a high-
er cumulative response rate at one year after
treatment [7, 15, 23, 26]. Our study suggests
that the response rate was greater at both
short-term (lower than six months) and long-
term (greater than six months) for PD compared
to those for BTX. Further analysis demonstrat-
ed that there was significant difference be-
tween the PD group and the BTX group in com-
plication rate and recurrence rate.

In 2013, Borges et al. conducted a prospective
randomized clinical study to assess the clinical
response and the variables related to good
results in ninety-two participants with achala-
sia in both treatments (PD or LHM with partial
fundoplication). After 3 months of treatment,
84% of patients in the LHM group and 73% of
patients with PD had a favorable result (P=
0.19). After 2 years of follow-up, 60% of patients
in the LHM group and 54% of patients with PD
group were symptom free, and there was no
significant difference between LHM and PD in
treating with achalasia, and they concluded
that LHM was as equally effective as PD in the
treatment of achalasia up to 2 years of follow-
up [22]. However, several randomized clinical
trials comparing LHM and PD showed better
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results of symptom control, dysphagia, and
(gastroesophageal reflux disease) GERD re-
spectively, after LHM in the treatment of acha-
lasia [24, 25, 41]. For symptom remission, LHM
was not superior to PD in the treatment of car-
diac achalasia in one meta-analysis [42]. The
present study suggests that response rate was
greater at both short-term and long-term for
LHM compared to those for PD. Further analy-
sis did not reveal any significant difference
between PD group and LHM group in complica-
tion rate. The present meta-analysis demon-
strated that good clinical efficacy combined
with low morbidity has established endoscopic
myotomy as a safe, definitive, and effective
alternative in the treatment of cardiac acha-
lasia.

The present study has some limitations. First,
there were variations in treatment protocols
amongst the studies; therefore, a certain de-
gree of heterogeneity may exit. Second, not all
the studies were double-blinded; thus, subjec-
tive variables may have been be significantly
affected by the enthusiasm surrounding any
new treatment in the absence of double-blind-
ing. Third, the study is that both the number of
studies and the number of participants ran-
domized to either treatment were small.

Conclusion

The present meta-analysis demonstrated that
LHM may be more effectiveness method in the
both short- and long-term for the treatment of
patients with achalasia. Future large, blinded
RCTs should evaluate whether laparoscopic
myotomy combined with different fundoplica-
tion therapies comparable treatment protocols
and outcome assessment criteria are needed.

Disclosure of conflict of interest
None.
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PD, pneumatic dilation; LHM, laparoscopic He-
ller myotomy; BTX, botulinum toxin; RCT, ran-
domized controlled trial; RR, risk ratio; Cl, cred-
ible interval; POEM, Peroral endoscopic myoto-
my; LES, lower esophageal sphincter; GERD,
gastroesophageal reflux disease.

Address correspondence to: Bin Jiang, Department
of Thoracic Surgery, Daping Hospital, Third Military

Int J Clin Exp Med 2019;12(5):4496-4504



Medical

Efficacy and safety of LHM for people with achalasia

University, Chongging 400042, China.

E-mail: dapinbinbinjiang@sina.com

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(11]

Zaninotto G, Bennett C, Boeckxstaens G,
Costantini M, Ferguson MK, Pandolfino JE,
Patti MG, Ribeiro U Jr, Richter J, Swanstrom L,
Tack J, Triadafilopoulos G, Markar SR, Salvador
R, Faccio L, Andreollo NA, Cecconello |, Costa-
magna G, da Rocha JRM, Hungness ES, Fisi-
chella PM, Fuchs KH, Gockel |, Gurski R,
Gyawali CP, Herbella FAM, Holloway RH, Hongo
M, Jobe BA, Kahrilas PJ, Katzka DA, Dua KS,
Liu D, Moonen A, Nasi A, Pasricha PJ, Penagini
R, Perretta S, Sallum RAA, Sarnelli G, Savarino
E, Schlottmann F, Sifrim D, Soper N, Tatum RP,
Vaezi MF, van Herwaarden-Lindeboom M,
Vanuytsel T, Vela MF, Watson DI, Zerbib F, Git-
tens S, Pontillo C, Vermigli S, Inama D, Low DE.
The 2018 ISDE achalasia guidelines. Dis
Esophagus 2018; 31.

Patel DA, Kim HP, Zifodya JS, Vaezi MF. Idio-
pathic (primary) achalasia: a review. Orphanet
J Rare Dis 2015; 10: 89.

Boeckxstaens GE, Zaninotto G, Richter JE.
Achalasia. Lancet 2014; 383: 83-93.

Chuah SK, Hsu PI, Wu KL, Wu DC, Tai WC,
Changchien CS. 2011 update on esophageal
achalasia. World J Gastroenterol 2012 18:
1573-8.

Ates F, Vaezi MF. The pathogenesis and man-
agement of achalasia: current status and fu-
ture directions. Gut Liver 2015; 9: 449-63.
Mikaeli J, Fazel A, Montazeri G, Yaghoobi M,
Malekzadeh R. Randomized controlled trial
comparing botulinum toxin injection to pneu-
matic dilatation for the treatment of achalasia.
Aliment Pharmacol Ther 2001; 15: 1389-96.
Bansal R, Nostrant TT, Scheiman JM, Koshy S,
Barnett JL, Elta GH, Chey WD. Intrasphincteric
botulinum toxin versus pneumatic balloon dila-
tion for treatment of primary achalasia. J Clin
Gastroenterol 2003; 36: 209-14.

Arora Z, Thota PN, Sanaka MR. Achalasia: cur-
rent therapeutic options. Ther Adv Chronic Dis
2017; 8: 101-08.

Yuan XL, Liu W, Ye LS, Yan P, Wang Y, Khan N
Hu B. Peroral endoscopic dual myotomy (dual
POEM) for achalasia with severe esophageal
dilatation. Endoscopy 2018; 50: E179-E180.
Inoue H, Shiwaku H, lwakiri K, Onimaru M, Ko-
bayashi Y, Minami H, Sato H, Kitano S, lwakiri
R, Omura N, Murakami K, Fukami N, Fujimoto
K, Tajiri H. Clinical practice guidelines for per-
oral endoscopic myotomy. Dig Endosc 2018;
30: 563-79.

von Renteln D, Inoue H, Minami H, Werner YB,
Pace A, Kersten JF, Much CC, Schachschal G,

4503

[12]

(13]

[14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

Mann O, Keller J, Fuchs KH, Résch T. Peroral
endoscopic myotomy for the treatment of
achalasia: a prospective single center study.
Am J Gastroenterol 2012; 107: 411-7.

Bhayani NH, Kurian AA, Dunst CM, Sharata
AM, Rieder E, Swanstrom LL. A comparative
study on comprehensive, objective outcomes
of laparoscopic Heller myotomy with per-oral
endoscopic myotomy (POEM) for achalasia.
Ann Surg 2014; 259: 1098-103.

Krill JT, Naik RD, Vaezi MF. Clinical manage-
ment of achalasia: current state of the art. Clin
Exp Gastroenterol 2016; 9: 71-82.
Schlottmann F, Allaix ME, Patti MG. Laparo-
scopic Heller myotomy for achalasia technical
aspects. Am Surg 2018; 84: 477-80.

Leyden JE, Moss AC, MacMathuna P. Endo-
scopic pneumatic dilation versus botulinum
toxin injection in the management of primary
achalasia. Cochrane Database Syst Rev 2014;
Cd005046.

Baniya R, Upadhaya S, Khan J, Subedi SK,
Shaik Mohammed T, Ganatra BK Bachuwa G.
Laparoscopic esophageal myotomy versus
pneumatic dilation in the treatment of idio-
pathic achalasia: a meta-analysis of random-
ized controlled trials. Clin Exp Gastroenterol
2017; 10: 241-48.

Yaghoobi M, Mayrand S, Martel M, Roshan-Af-
shar |, Bijarchi R, Barkun A. Laparoscopic Hell-
er's myotomy versus pneumatic dilation in the
treatment of idiopathic achalasia: a meta-anal-
ysis of randomized, controlled trials. Gastroin-
test Endosc 2013; 78: 468-75.

Jadad AR, Moore RA, Carroll D, Jenkinson C,
Reynolds DJ, Gavaghan DJ, McQuay HJ. As-
sessing the quality of reports of randomized
clinical trials: is blinding necessary?Control
Clin Trials 1996; 17: 1-12.

Kjaergard LL, Villumsen J, Gluud C. Reported
methodologic quality and discrepancies be-
tween large and small randomized trials in
meta-analyses. Ann Intern Med 2001; 135:
982-9.

DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials 1986; 7: 177-88.
Mantel N, Haenszel W. Statistical aspects of
the analysis of data from retrospective studies
of disease. J Natl Cancer Inst 1959; 22: 719-
48.

Borges AA, Lemme EM, Abrahao UJ Jr, Madu-
reira D, Andrade MS, Soldan M, Helman L.
Pneumatic dilation versus laparoscopic Heller
myotomy for the treatment of achalasia: vari-
ables related to a good response. Dis Esopha-
gus 2014; 27: 18-23.

Ghoshal UC, Chaudhuri S, Pal BB, Dhar K, Ray
G, Banerjee PK. Randomized controlled trial of
intrasphincteric botulinum toxin a injection

Int J Clin Exp Med 2019;12(5):4496-4504


mailto:dapinbinbinjiang@sina.com

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Efficacy and safety of LHM for people with achalasia

versus balloon dilatation in treatment of acha-
lasia cardia. Dis Esophagus 2001; 14: 227-31.
Novais PA, Lemme EM. 24-h pH monitoring
patterns and clinical response after achalasia
treatment with pneumatic dilation or laparo-
scopic Heller myotomy. Aliment Pharmacol
Ther 2010; 32: 1257-65.

Persson J, Johnsson E, Kostic S, Lundell L,
Smedh U. Treatment of achalasia with laparo-
scopic myotomy or pneumatic dilatation: long-
term results of a prospective, randomized
study. World J Surg 2015; 39: 713-20.

Vaezi MF, Richter JE, Wilcox CM, Schroeder PL,
Birgisson S, Slaughter RL, Koehler RE, Baker
ME. Botulinum toxin versus pneumatic dilata-
tion in the treatment of achalasia: a ran-
domised trial. Gut 1999; 44: 231-9.

Hamdy E, El Nakeeb A, ElI Hanfy E, El Hemaly
M, Salah T, Hamed H, El Hak NG. Comparative
study between laparoscopic heller myotomy
versus pneumatic dilatation for treatment of
early achalasia: a prospective randomized
study. J Laparoendosc Adv Surg Tech A 2015;
25: 460-4.

Csendes A, Velasco N, Braghetto |, Henriquez
A. A prospective randomized study comparing
forceful dilatation and esophagomyotomy in
patients with achalasia of the esophagus.
Gastroenterology 1981; 80: 789-95.
Muehldorfer SM, Schneider TH, Hochberger J,
Martus P, Hahn EG, Ell C. Esophageal achala-
sia: intrasphincteric injection of botulinum tox-
in a versus balloon dilation. Endoscopy 1999;
31:517-21.

Zhu Q, Liu J, Yang C. Clinical study on com-
bined therapy of botulinum toxin injection and
small balloon dilation in patients with esopha-
geal achalasia. Dig Surg 2009; 26: 493-8.

Cai FH, Liu QS, Guo RB, et al. The kinetic
changes in esophageal achalasia treated by
pneumatic dilation or intra-sphincteric injec-
tion of botulinum toxin. Chin J Dig Endosc
2003; 20: 161-163.

Moonen A, Annese V, Belmans A, Bredenoord
AJ, Bruley des Varannes S, Costantini M, Dous-
set B, Elizalde JI, Fumagalli U, Gaudric M, Mer-
la A, Smout AJ, Tack J, Zaninotto G, Busch OR,
Boeckxstaens GE. Long-term results of the Eu-
ropean achalasia trial: a multicentre ran-
domised controlled trial comparing pneumatic
dilation versus laparoscopic Heller myotomy.
Gut 2016; 65: 732-9.

4504

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[42]

Csendes A, Braghetto |, Henriquez A, Cortes C.
Late results of a prospective randomised study
comparing forceful dilatation and oesophago-
myotomy in patients with achalasia. Gut 1989;
30: 299-304.

Boeckxstaens GE, Annese V, des Varannes SB,
Chaussade S, Costantini M, Cuttitta A, Elizalde
JI, Fumagalli U, Gaudric M, Rohof WO, Smout
AJ, Tack J, Zwinderman AH, Zaninotto G, Busch
OR; European Achalasia Trial Investigators.
Pneumatic dilation versus laparoscopic Hell-
er's myotomy for idiopathic achalasia. TN Engl
J Med 2011; 364: 1807-16.

Ji-Yong Liu, Chong-Mei Yang, An-Zhong Zhang,
et al. Clinical study on intrasphincteric injec-
tion of botulinum toxin and/or small balloon
dilation in patients with esophageal achalasia.
Chin J Dig Endosc 2003; 20: 158-160.

Richter JE. Achalasia-an update. J Neurogas-
troenterol Motil 2010; 16: 232-42.

Dindo D, Demartines N, Clavien PA. Classifica-
tion of surgical complications: a new proposal
with evaluation in a cohort of 6336 patients
and results of a survey. Ann Surg 2004; 240:
205-13.

Wang L, Li YM, Li L. Meta-analysis of random-
ized and controlled treatment trials for achala-
sia. Dig Dis Sci 2009; 54: 2303-11.

van Hoeij FB, Tack JF, Pandolfino JE, Sternbach
JM, Roman S, Smout AJ Bredenoord AJ. Com-
plications of botulinum toxin injections for
treatment of esophageal motility disorders-
dagger. Dis Esophagus 2017; 30: 1-5.
Zaninotto G, Annese V, Costantini M, Del Genio
A, Costantino M, Epifani M, Gatto G, D’onofrio
V, Benini L, Contini S, Molena D, Battaglia G,
Tardio B, Andriulli A, Ancona E. Randomized
controlled trial of botulinum toxin versus lapa-
roscopic heller myotomy for esophageal acha-
lasia. Ann Surg 2004; 239: 364-70.

Kostic S, Kjellin A, Ruth M, Lonroth H, Johnsson
E, Andersson M, Lundell L. Pneumatic dilata-
tion or laparoscopic cardiomyotomy in the
management of newly diagnosed idiopathic
achalasia. World J Surg 2007; 31: 470-8.
Cheng JW, Li Y, Xing WQ, Lv HW, Wang HR.
Laparoscopic heller myotomy is not superior to
pneumatic dilation in the management of pri-
mary achalasia: conclusions of a systematic
review and meta-analysis of randomized con-
trolled trials. Medicine (Baltimore) 2017; 96:
eb525.

Int J Clin Exp Med 2019;12(5):4496-4504



