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ackground & Aims: Studies comparing long-term suc-
ess after pneumatic dilatation (PD) and laparoscopic
eller myotomy (HM) are lacking. This study compares

ong-term outcome of PD (single dilatation and graded
pproach) and laparoscopic HM and identifies risk fac-
ors for treatment failure. Methods: A cross-sectional
ollow-up evaluation of an achalasia cohort treated be-
ween 1994 and 2002 was followed-up for a mean of
.1 years. There was a total of 106 patients treated by
raded PD (1–3 dilatations with progressively larger
alloons) and 73 patients treated by HM (20 had failed
raded PD and crossed over to HM). A symptom assess-
ent (structured telephone interview or clinic visit) was

erformed and patients were given freedom from alter-
ative therapies to determine treatment outcome. En-
oscopy, manometry, and timed barium esophagram
ere performed to determine the cause of treatment

ailure. Results: The success of single PD was defined as
reedom from additional PDs: 62% at 6 months and
8% at 6 years (risk factors for failure: younger age,
ale sex, wider esophagus, and poor emptying on post-

reatment timed barium esophagram). Freedom from
ubsequent PDs increased with each dilatation (graded
D). The success of graded PD and HM, defined as
ysphagia/regurgitation less than 3 times/wk or free-
om from alternative treatment, was similar: 90% vs
9% at 6 months and 44% vs 57% at 6 years (no risk
actors for failure were identified). Causes of symptom
ecurrence were incompletely treated achalasia (96%
fter PD vs 64% after HM) and gastroesophageal reflux
isease (4% after PD vs 36% after HM). Conclusions: No
reatment cures achalasia. Short- and long-term success
s similar for graded PD and laparoscopic HM. Therapeu-
ic success decreases steadily over time. Achalasia pa-
ients need careful long-term follow-up evaluation.

chalasia is characterized by destruction of the esoph-
ageal myenteric plexus.1 The resulting esophageal
peristalsis and abnormal lower esophageal sphincter
LES) relaxation cannot be restored. Treatment is pallia-
ive and requires disrupting the LES to facilitate esoph-
geal emptying.2 As a result, chronic gastroesophageal
eflux and its complications may occur.

The most effective treatments for achalasia are pneu-
atic dilatation (PD) and Heller myotomy (HM).3 Both

ave evolved over time. Newer noncompliant Rigiflex
Boston Scientific, Boston, MA) balloon dilators, which
nflate to a designated diameter (30, 35, or 40 mm), have
eplaced older compliant, single-size balloons.4 Open
yotomy via thoracotomy has been substituted by the

aparoscopic approach, leading to shorter hospital stay,
arlier recovery, and lower costs.5

Long-term follow-up evaluation with Rigiflex PD and
aparoscopic HM usually is limited to less than 2 years,
nd there are no randomized trials. Although reviews of
ublished series indicate similar success for both ap-
roaches,3,6 direct comparisons are not possible because
he available clinical studies usually describe only a
ingle technique.

Our purpose was to compare the outcomes of these 2
chalasia treatments. Specifically, we aimed (1) to eval-
ate the outcome of PD (both single dilatation and
raded progression) and laparoscopic HM, (2) to identify
isk factors for treatment failure, (3) to compare causes of
ailure, and (4) to describe adverse effects. Our ultimate
oal was to refine the existing treatment algorithm for
chalasia.1

Patients and Methods
Study Population

Records of achalasia patients seen at the Cleveland
linic Foundation between 1994 and 2002 by the senior

Abbreviations used in this paper: GERD, gastroesophageal reflux
isease; HM, Heller myotomy; LES, lower esophageal sphincter; PD,
neumatic dilatation; PPI, proton pump inhibitor; TBE, timed barium
sophagram.
© 2006 by the American Gastroenterological Association Institute
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May 2006 PD AND HM FOR TREATMENT OF ACHALASIA 581
astroenterologist (J.E.R.) were identified through an ICD-9
ode search. Two investigators (M.F.V. and J.E.R.) reviewed
harts to determine eligibility and to extract information. The
nclusion criteria were patient age 18 years or older with
chalasia confirmed by manometry and timed barium esopha-
ram (TBE), treated with Rigiflex PD and/or HM. The exclu-
ion criteria were a prior esophageal surgery or insufficient
hart data. The Institutional Review Board approved the study
rotocol on September 26, 2002.

Chart Review

The following were recorded in the chart: (1) baseline
haracteristics: frequency of dysphagia for solids and liquids
nd regurgitation on a 5-point scale (0 � never, 1 � �1
ime/mo, 2 � �1 time/wk, 3 � �3 times/wk, 4 � �3 times
er week to daily, 5 � every meal), presence of chest pain,
eight loss, heartburn (including proton pump inhibitor

PPI] use), diagnostic test results (TBE, manometry, and en-
oscopy), and prior PD or botulinum toxin (Botox; Allergen
nc., Irving, CA) injection outside the Cleveland Clinic Foun-
ation, and (2) details of therapeutic procedures (Rigiflex PD,
aparoscopic HM), including complications.

Diagnosis and Assessment of Achalasia

Timed barium esophagram. Fasting patients drank
he maximum amount of low-density barium sulfate (E-Z-
AQUE, E-Z-EM, Westbury, NY) tolerated over 30–45 sec-
nds without regurgitation or aspiration. Upright radiographs
ere taken 1 and 5 minutes after the last swallow. Distance

cm) from the esophagogastric junction to the top of a distinct
arium column (height) and maximal esophageal width were
easured.7 The radiographic diagnosis of achalasia was based

n esophageal dilatation, impaired esophageal emptying, and
sophagogastric junction tapering. Follow-up TBEs used the
ame volume as the original study.

Esophageal manometry. Pressure recordings of the
sophageal body and LES were obtained with a water-perfused
atheter. Achalasia was defined as abnormal LES relaxation and
sophageal body aperistalsis on 10 wet swallows.2

Endoscopy. To exclude malignancy, upper endoscopy
as performed in all patients at PD or before HM.

Treatment of Achalasia

The options of PD and HM were offered to all patients
ho were candidates for these therapies, and the decision on

ype of treatment was arrived at through a patient–physician
iscussion of risks and benefits. All procedures were performed
y the senior gastroenterologist (J.E.R.) or the senior esopha-
eal surgeon (T.W.R.).

Graded Rigiflex pneumatic dilatation. Upper en-
oscopy was performed under conscious sedation. A Rigiflex
alloon passed over a guidewire that was centered across the
astroesophageal junction under fluoroscopy and distended to
–12 psi (to obliterate the waist) for 60 seconds.4 The smallest
alloon (30 mm) was used first. For failures, a 35-mm balloon

as used after at least 4 weeks, followed by a 40-mm balloon d
f necessary. In patients with prior dilatation, initial PD at the
leveland Clinic Foundation was with a 35-mm balloon.

Laparoscopic Heller myotomy. A laparoscopic
odified anterior HM extending 3 cm onto the stomach was

he surgical procedure performed.8 The HM was laparoscopic
n 88% of patients and open in 12% (before 1998). An
ntireflux procedure was performed in 33% of patients: 63%
oupet, 22% Dor, and 15% Belsey.

Cross-Sectional Follow-Up Evaluation

In summer/fall 2003, cross-sectional evaluations were
erformed by using a structured telephone interview to deter-
ine symptoms. Dysphagia and regurgitation frequencies
ere recorded using the 5-point scale, and heartburn requiring
PIs was noted. Patients were encouraged to return to the
leveland Clinic Foundation for an interview and TBE, with
dditional testing and treatment based on symptoms and tests.
or patients interviewed by both methods, the clinic visit was
sed for the initial evaluation data.

Analysis

End points. The success of single PD was defined as
reedom from subsequent PDs. The success of graded PD and
M was defined as freedom from cross-over to alternative

reatment, or dysphagia/regurgitation less than 3 times per
eek at last follow-up evaluation. This definition of symptom-

tic success was chosen as a reasonable clinical end point
ecause these numbers represent the median of measures used
n different studies.9

Additional end points were the number of PD perforations
nd heartburn requiring PPIs at the last follow-up evaluation.

For treatment failures seen at The Cleveland Clinic, addi-
ional testing determined the cause. Upper gastrointestinal
ndoscopy and pH monitoring diagnosed esophagitis, peptic
tricture, and abnormal acid exposure. Manometry (lower
sophageal sphincter pressure, �15 mm Hg) and TBE (25%
ncrease from prior test) diagnosed incompletely treated acha-
asia.

Statistics. A multiphase nonproportional hazard
odel was used to analyze time to failure,10 allowing charac-

erization of complex failure rates by simple additive
omponents.

Variables used for multivariable analysis are listed in Table
. Variable selection was in 2 steps: (1) bootstrap aggregation
bagging11) using 500 replications to determine the frequency
f candidate variables (including transformations of continuous
ariables to best comply with model assumptions), with non-
nformative imputation of missing data, and (2) forward step-
ise selection to fit a multivariable model to the dataset.
omparison of the latter results with those of bagging assessed

he consistency of variable selection.
To compare treatments, a separate hazard model was esti-
ated for all 179 observations, and a treatment variable was

ested in each hazard phase. Because this was a nonrandomized
omparison patient to selection bias, we accounted for known

ifferences between groups by developing a propensity score
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ased on nonparsimonious logistic regression analysis of pa-
ient characteristics and findings. From this model, the pro-
ensity for being treated by HM vs PD was calculated for each
atient, and the resulting propensity score was used to adjust
stimates of group differences.12,13 In this comparison, 20
atients appeared in both groups (cross-over). Therefore, so
hat follow-up time was not duplicated, patients undergoing
D and subsequent HM were censored at HM and then
e-entered at a new time zero, the time of HM. This is a
ustomary cross-over analysis strategy, sometimes known as a
odulated renewal process.14 At the time of cross-over to HM,
atients were classified as a PD failure.
To determine the value of follow-up TBE, the percentage

hange from baseline to first follow-up evaluation (within 2
onths of treatment) was evaluated as a predictor of success

sing linear regression.
Results were computed with SAS 8.2 software (SAS Insti-

ute, Cary, NC), using a significance level of .05.

Results
Patient Population

A total of 169 achalasia patients without prior

able 1. Factors Associated With Increased Risk for Failure o

Early phase

Single
PD

Graded
PD

ge ●

ex ●

ymptom duration
aseline dysphagia
aseline regurgitation
aseline chest pain
aseline heartburn
aseline weight loss
rior pneumatic
dilatation

rior botulinum toxin
injection

aseline esophageal
width at 1 minute

●

aseline esophageal
width at 5 minutes

aseline esophageal
height at 1 minute

aseline esophageal
height at 5 minutes

aseline LES
pressure

aseline esophageal
igorous achalasiaa

hange in
posttreatment TBE

●

OTE. Checked boxes indicate an increased risk for failure. Empty bo
isk for failure.
Vigorous achalasia defined as esophageal body contractions �37 m
sophageal surgery were identified; 10 patients had in- a
ufficient chart data. Nineteen of 159 patients had un-
ergone unsuccessful nonsurgical therapy before treat-
ent at the Cleveland Clinic Foundation. Seven patients

ad PD (all single balloon), 9 received Botox, and 3 had
oth.
Initial treatment of the 159 patients was PD in 106

nd HM in 53. Twenty patients failing PD crossed over
o surgery and were included initially in the PD group
nd subsequently in the HM group (cross-over analysis),
ringing the total number of HM patients to 73.
Both groups were similar, except for older age in the

D group (mean, 52 vs 47 y, P � .02). The average
ollow-up period for the 159 patients was 3.1 years
range, .1–8.4 y), with a median of 2.6 years (25th and
5th percentiles, .8 and 4.9 y). During cross-sectional
ollow-up evaluation, more than 70% of the cohort was
ollowed-up (Table 2).

Effectiveness of Single Pneumatic
Dilatation

Freedom from a second PD was 62% at 6 months

e Hazard Model

Late phase

HM
Single

PD
Graded

PD HM

●

●

● ●

ndicate a factor that was not found to be associated with increased

g.
n th

xes i
nd 50%, 38%, and 28% at 2, 4, and 6 years, respec-



t
P
a
(
l
c
a
T
u
b

b
s
T
h
3
w
f
l
m
a
s

r
d
u

T

N

M
%
M

%

M

M

M

M

N
a

w
l
�

F
a
m
p

T

E

L

N

F
o
e

May 2006 PD AND HM FOR TREATMENT OF ACHALASIA 583
ively (Figure 1). Two hazard phases for risk for second
D were identified, an early phase (29 patients required
dditional dilatation within 6 months) and a late phase
another 20 patients required additional PD during pro-
onged follow-up evaluation). Four variables were asso-
iated with increased early risk for second PD: younger
ge, male sex, wider esophagus at 1 minute on baseline
BE, and no improvement in barium height at 5 min-
tes 1 month after treatment (Table 3). Women had
etter outcome with single dilatation. For both sexes,

able 2. Patient Characteristics

PD HM P

umber of
patients

106 73 NS

ean age, y 52 47 .02
men 52 52 NS
ean follow-up
evaluation,
mo (range)

38
(1–105)

32
(1–102)

NS

cross-
sectional
follow-up
evaluation in
2003

74 71 NS

edian
dysphagia
scorea

5 5 NS

edian
regurgitation
scorea

4 5 NS

ean LESP,
mm Hg

41 36 .05

ean barium
height 5
min, cm

16 15 NS

S, not significant; LESP, lower esophageal sphincter pressure.
Frequency of dysphagia for both solids and liquids and regurgitation
as scored using a 5-point scale: 0 � never, 1 � once per month or

ess, 2 � once per week or less, 3 � 3 times per week or less, 4 �
3 times per week to daily, 5 � every meal.

igure 1. Two hazard phases for risk for second PD were identified,
n early phase (patients requiring additional dilatation within 6
onths) and a late phase (patients requiring additional PD during

rolonged follow-up evaluation). h
ut particularly for men, there was an age-related re-
ponse, with greater success as age increased (Figure 2).
he effect of age and posttreatment change in barium
eight on the outcome of single PD is shown in Figure
; a greater decrease in barium height after single PD
as associated with a more successful outcome. Three

actors were associated with late risk for second PD:
ower baseline regurgitation score, wider esophagus at 1
inute on baseline TBE, and shorter column of barium

t 1 minute on baseline TBE (Table 3). Perforation after
ingle PD occurred in 2 of 106 patients (1.9%).

Effectiveness of Graded Pneumatic
Dilatation

Of the 106 patients treated with single PD, 49
equired a second dilatation and 6 required a third
ilatation. Outcome improved when a larger balloon was
sed (Figure 4). The success of graded PD (good symp-

able 3. Factors Associated With Risk for Failure

Treatment Factors P

arly phase
Single PD Younger .02

Younger man .03
Wider baseline esophagus .02
Less change in 5-min barium

height after treatment
.02

Graded PD No predictors
HM No predictors

ate phase
Single PD Less baseline regurgitation �.01

Wider baseline esophagus �.01
Shorter barium column at baseline �.01

Graded PD No predictors
HM Taller barium column at baseline �.01

OTE. Factors that were not predictive of failure are listed in Table 1.

igure 2. Effect of age and sex on the early phase (within 6 months)
utcome of single PD. The 95% confidence intervals are shown for
ach curve. Younger patients, especially men, have a higher likeli-

ood of early failure after single (30 mm) PD. - -, women; —, men.
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om control or freedom from treatment cross-over) was
0% at 6 months and 82%, 64%, and 44%, at 2, 4, and
years, respectively (Figure 5A). For graded PD, there
as an early hazard phase (9 patients failing within 6
onths) and a late phase (24 failures on prolonged

ollow-up evaluation). Risk factors for early or late
raded PD failure were not identified. Perforation oc-
urred after 1 of these 55 additional dilatations (1.8%).
he overall occurrence of perforation after graded PD was
of 106 patients (2.8%) or 3 of 161 dilatations (1.9%).

Effectiveness of Laparoscopic Heller
Myotomy

Of 73 patients treated with HM, good symptom
ontrol or freedom from treatment cross-over was 89% at
months and 86%, 78%, and 57% at 2, 4, and 6 years,

espectively (Figure 5A). There was an early hazard phase
8 patients failing within 6 months) and a late phase (9

igure 3. Predictive value of change in barium height after treatment
n early phase outcome of single PD. A lack of improvement in
osttherapeutic barium height at 5 minutes was associated with early
isk for needing a second PD. - -, women; —, men.

igure 4. Survival curves for successful outcome after performing 1,
, and 3 PD. Hash marks show censoring of patients. PD1, single PD.
reedom from subsequent PD (success) was better with 2 PDs (PD2),
nnd best with 3 PDs (PD3).
ailures on prolonged follow-up evaluation). The risk
actors for early failure of HM were not identified. A
igher column of barium at 1 minute on baseline TBE
as associated with an increased risk for late HM failure.

Pneumatic Dilatation Versus Laparoscopic
Heller Myotomy

There was no difference in outcomes of PD
ompared with HM for both early (P � .83) and late
P � .13) hazard phases (Figure 5A). The success of
oth treatments showed ongoing decreases over time.
M patients showed a plateau in hazard for approxi-
ately 3 years before symptoms relapsed. In contrast,
D patients relapsed at a fairly constant rate over time

Figure 5B). Heartburn requiring PPIs was more com-
on after HM than PD (56% vs 26%, P � .01).
lthough fundoplication reduced heartburn requiring
PIs, it still was frequent (39% vs 65% without

undoplication, P � .04).

Reason for Failure of Therapy

Diagnostic tests (endoscopy, pH testing, and ma-

igure 5. (A) Long-term success of graded PD and laparoscopic HM.
he 95% confidence intervals are shown for each curve. The out-
omes of PD and HM were similar in both the early and late phases.
B) Hazard curves for failure of graded PD and laparoscopic HM. The
5% confidence intervals are shown for each curve.
ometry) were available to identify the reason for symp-
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om recurrence in 23 of 33 (70%) patients failing graded
D and 14 of 17 (82%) patients failing HM. The re-
aining symptomatic patients did not return to The
leveland Clinic for follow-up evaluation. PD failure was
aused by incompletely treated achalasia in 22 of 23
96%) patients and gastroesophageal reflux disease
GERD) in 1 (4%). In contrast, HM failure was caused
y achalasia in 9 of 14 (64%) patients and GERD in 5
36%).

Discussion
This study comprised a large series of achalasia

atients treated with Rigiflex PD and laparoscopic HM
nd compared the long-term outcome of these therapies.
ur results allow refinement of the algorithm for acha-

asia treatment and emphasize the need for long-term
ollow-up evaluation because any treatment of achalasia
s palliative.

Analyzing the effect of a single PD allows tailoring of
he graded PD strategy. Sex and age are important
actors (Figure 2). Success appears to be more likely in
omen than men across all ages. Younger patients, es-
ecially men, have a higher likelihood of early failure
ith a 30-mm PD balloon. Therefore, it may be reason-

ble to perform the initial PD with a 35-mm balloon for
en less than age 50. However, this recommendation

eeds to be tested formally with an appropriately de-
igned randomized trial.

The effects of age and sex on outcome of PD are
onsistent with available literature. Several studies with
revious-generation balloons suggested that younger pa-
ients had less success.15–17 For example, Eckardt et al15

ollowed-up 54 patients for a mean of 13.6 years and
ound that young patients (�40 y) responded poorly to
single PD with the Browne-McHardy (Westlake, OH)
alloon (35 mm). Sex was not a predictor, possibly
ecause of the larger balloon used, in contrast to our
raded dilatation approach. Goshal et al18 recently re-
orted that men had a higher propensity to fail PD. In
nother study describing predictors of Rigiflex PD out-
ome, Farhoomand et al19 reported that young men
�45 y) had less improvement with a 30-mm balloon
han older men or women in general. They did not detect
high failure rate among young women (�35 y), pos-

ibly because of a smaller sample size (26 women com-
ared with 51 in our series). Reasons for failure among
en and young people are not known, although differ-

nces in LES muscle characteristics have been postulat-
d.19,20

TBE, a simple, reproducible, and easy-to-obtain

sophageal emptying measure, has predictive value be- i
ore and after PD21 or HM.22 In our study, a wider
sophagus (implying advanced disease) and lack of im-
rovement in posttherapeutic barium height at 5 min-
tes (indicative of unsuccessful LES disruption) were
ssociated with early risk for needing a second PD. A
eduction in barium height after treatment may be a
articularly important predictor in men (Figure 3). Late-
hase risk for second PD was associated with a wider,
horter column on baseline esophagram and less regur-
itation, both markers of more advanced disease.22

Although factors guiding balloon size choice for initial
D were found, our model could not predict successful
utcome for graded PD. Therefore, age and sex influences
an be overcome if the LES is disrupted adequately by
raded PD. This is confirmed further by our therapeutic
uccess, which was better with 2 PDs and best with 3
Figure 4). Only 6 patients underwent a third PD. As
aparoscopic HM became more popular in the late 1990s,
e encouraged surgery (especially in men) after early

ailure of 2 PDs. In contrast, Eckardt et al15 found no
ong-term benefit of a second PD, leading them to
dvocate surgery after a single PD failed. However, their
trategy was one of repeated dilatation with the same
5-mm balloon, rather than graded PD. The most sta-
istically significant factor associated with a favorable
ong-term outcome in the series by Eckardt et al15 was
osttreatment LES pressure less than 10 mm Hg.
There is limited information on long-term outcome of

aparoscopic HM. The pooled successful symptom re-
ponse was 88% in 924 patients undergoing laparoscopic
M in 21 uncontrolled trials (mean follow-up period, 19
o).3 More recently, Frantzides et al23 reported favorable

ong-term outcome in 92% of 53 patients followed-up
or a median of 3 years after laparoscopic HM with floppy
issen. However, their high success may have been

wing to considering dysphagia several times per week or
eflux requiring medication as a good outcome. Unfor-
unately, there is no standardized definition of therapeu-
ic success in achalasia, making comparisons difficult.
efinitions of success vary from strict (symptoms once
er week or less)24 to liberal (50% decrease in symptoms
r freedom from repeat treatment).25

We found no risk factors for early HM failure. Late
M failure was associated with a higher barium column

n baseline esophagram, a finding that is difficult to
xplain. Few HM series have identified predictors of
uccess. A recent report of 73 patients followed-up for a
ean of 24 months after laparoscopic HM found that a

igher preoperative LES pressure predicted long-term
esolution of dysphagia.26 Chapman et al27 found that

ntraoperative manometry to document residual high
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ES pressure, followed by myotomy revision, improved
utcome.

Prior Botox treatment or PD did not affect PD or HM
utcome. Although prior Botox treatment has been
lamed for increased difficulty and mucosal perforation
uring myotomy,28 a recent study of 73 HMs found that
reoperative PD or Botox treatment did not correlate
ith fibrosis in esophageal muscle biopsy examination or

herapeutic outcome.29

Our data suggest that PD and HM have similar out-
ome in both the early and late phases. Despite enthu-
iasm for one technique over another, we found an on-
oing decrease over time in freedom from failure after
oth. The predicted outcomes virtually were identical in
he early phase (Figure 5A). Failure after PD increased at
fairly constant rate (Figure 5B) and nearly always was

aused by recurrent obstruction at the incompletely dis-
upted LES. Although 26% of patients were on PPIs on
ast follow-up evaluation, complicated GERD was rare
4%). In contrast, failure after HM showed a different
attern of deterioration. From 10 to 30 months, there
as a plateau after which failures increased at a rate
reater than for PD (Figure 5B). Although incomplete
yotomies occurred, many patients developed a new

isease, GERD requiring PPIs in 56% and severe dys-
hagia/regurgitation frequently requiring bougie dilata-
ion in 36% of failures. Although fundoplication reduced
his complication, it still was frequent (39%). The liter-
ture examining the effect of an antireflux procedure is
ontroversial. A study with follow-up evaluation limited
o 6 months showed that fundoplication achieved a sig-
ificant reduction in distal esophageal acid exposure on
H monitoring.30 However, a recent meta-analysis found
o significant difference in postmyotomy pH studies in
atients with or without fundoplication.31 Furthermore,
tudies with longer follow-up periods have shown no
ffect of fundoplication on the amount of heartburn 24
onths after myotomy,32 and no reduction in the use of
PIs 33 months after surgery.26 We have shown, how-
ver, an important effect of fundoplication on establish-
ng a physiologic balance between adequacy of myotomy
nd consequent regurgitation.33

The time delay in HM failure may reflect, in part, the
ime to development of reflux complications. These so-
ering results remind us that achalasia treatments are
alliative and symptoms frequently recur over time.
hus, we suggest follow-up evaluation every 1–2 years to
ssess symptoms, with additional evaluation and treat-
ent when necessary.
We believe the long-term data from our report can be
seful to physicians and patients in the decision-making
rocess when considering PD and HM because they
rovide reasonable expectations for durability of the
reatments and the possibility of needing additional and
ifferent therapies along the way. Although the success
f both therapies decreases with time, we have reported
reviously that the best chance of success may lie, at least
or some patients, in the use of a combination of treat-
ents (including botulinum toxin injection, PD, HM,

nd esophagectomy). In our experience, this approach
eads to a success rate of 93% for symptom improve-
ent,34 but these patients were followed-up for less than
year on average and the results may be different with

rolonged follow-up evaluation.
Limitations of our study should be noted. Follow-up

valuation was prospective, but our cohort of patients
as based on retrospective chart review. Treatments were
ot assigned randomly, but were chosen based on a
atient–physician discussion of risk, benefits, and patient
references. To overcome treatment selection bias, meth-
ds for nonrandomized comparisons were used (propen-
ity score).12,13 However, we acknowledge that unmea-
ured factors may contribute to the observed failure rates.
n addition, the number of patients at risk for treatment
ailure is small beyond 5 years. However, our data show

decrease in success for both treatments over time.
ontinued follow-up evaluation may elucidate this issue

urther.
In summary, short- and long-term outcomes are sim-

lar for graded PD and laparoscopic HM; thus, these
herapies should be considered equivalent. Neither treat-
ent cures the disease, and symptom relapse is common

ecause of either incomplete myotomy or GERD. There-
ore, achalasia patients need careful long-term follow-up
valuation.
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