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Background and aims: In this prospective study, we determined the long term clinical course of patients
with achalasia who were treated by pneumatic dilation using the Browne-McHardy dilator, and
determined whether previously described predictors of outcome remain significant after prolonged follow
up.
Methods: Between 1981 and 1991, 54 consecutive patients were treated by pneumatic dilation and
followed up at regular intervals for a median of 13.8 years. Remission was determined with the use of a
structured interview and a previously described symptom score. Duration of remission was evaluated by
Kaplan-Meier estimates of time to recurrence. Predictors of outcome were determined using the log rank
test.
Results: Complete follow up until 2002 was obtained in 98% of all patients. Seven patients had died and
were censored. A single pneumatic dilation resulted in a five year remission rate of 40% and a 10 year
remission rate of 36%. Repeated dilations only mildly improved the clinical response. Patients who were
older than 40 years had a significantly better outcome than younger patients (log rank test, p = 0.0014).
However, the most significant predictive factor for a favourable long term outcome was a post-dilation
lower oesophageal sphincter pressure of less than 10 mm Hg (log rank test, p = 0.0001).
Conclusions: Long term results of pneumatic dilation are less favourable than previously thought. Young
patients and those not responding to a single pneumatic dilation should be offered alternative therapy.
Patients who remain in remission for five years are likely to benefit from the longlasting treatment effect of
pneumatic dilation.

P
atients with achalasia may be effectively treated by
either surgical myotomy or pneumatic dilation.1 2 While
it remains unknown which of these treatment modalities

leads to the most optimal long term response, most
gastroenterologists prefer pneumatic dilation as firstline
therapy. However, the effectiveness of the latter therapy
has been investigated mainly in retrospective studies and
there is little information with regard to the patient’s long
term clinical course following a single pneumatic dilation or
after repeated therapies.

In 1992, we reported a prospective observation of 54
patients who had been treated with pneumatic dilation and
were followed for a median of 3.8 years.3. Since then, the
same patient cohort were regularly reassessed at two year
intervals until the summer of 2002, thereby prolonging the
observation period to a maximum of 19 years and obtaining a
median follow up time of 13.8 years. The aim of this
reassessment was twofold: (1) to determine whether patients
who had reached clinical remission after a single or multiple
dilations remained ‘‘asymptomatic’’ for a prolonged period of
time; and (2) to re-evaluate whether factors suggesting a
favourable response (age over 40 years and post-dilation
lower oesophageal sphincter pressure of less than
10 mm Hg) retained their predictive value over a prolonged
observation period.

MATERIALS AND METHODS
Patients
From 1981 to 1991, 54 consecutive and newly diagnosed
patients with achalasia underwent pneumatic dilation by the
senior investigator (VFE). In each instance, the diagnosis of
achalasia was based on the results of radiographic, endo-
scopic, and manometric studies. Patients comprised 33 males
and 21 females, and ranged in age from 13 to 86 years (mean

age 42.7 (SD 17.7) years). With the exception of a single
patient who was lost to follow up after five years of
observation, all patients (98%) were followed until the final
interview in 2002 or until death.

Evaluation of symptoms
At the initial investigation, four weeks later, and every two
years thereafter, structured interviews were performed using
a previously described symptom score.4 Depending on
whether dysphagia, regurgitation, and chest pain occurred
occasionally, daily, or several times during the day, a
symptom score between 0 and 3 was determined. In addition,
a symptom score of 0–3 was assigned to the degree of weight
loss. Thus a completely asymptomatic patient would have a
symptom score of 0 whereas a severely affected patient could
have a symptom score of up to 12. Patients were considered
to have reached clinical remission if symptoms had totally
disappeared or if they had improved by at least two points
and did not exceed a score of 3. Patients who requested
further therapy despite having a symptom score of less than 4
were also considered treatment failures.

Pneumatic dilation
Pneumatic dilation was carried out with the use of a Browne-
McHardy dilator under fluoroscopic control. Only the young-
est patient (13 years old) received premedication with
diazepam; the remaining patients received topical anaesthe-
sia of the pharynx only. The balloon of the dilator was placed
fluoroscopically at the gastro-oesophageal junction and
inflated until a minimum pressure of 6 pSI was reached
and the waist remained in a stable position. Depending on
the patient’s tolerance, pressures ranged from 6 to 12 pSI

Abbreviations: LOS, lower oesophageal sphincter
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with the aim of maintaining this pressure for approximately
two minutes and to obliterate the waist of the balloon. Nine
patients developed significant pain and the procedure had to
be terminated prematurely (after 30–60 seconds). Whenever
possible, a radiograph of the oesophagogastric junction was
obtained when the waist of the balloon (that is, its
midportion) had reached its maximum diameter.

Post-dilation investigations
Prior to pneumatic dilation and four weeks thereafter,
patients underwent manometric studies with the use of a
low compliance capillary perfusion method and a catheter
assembly, with three side holes which were situated 5 cm
apart and were radially oriented at 120˚angles.3 During this
procedure, the lower oesophageal sphincter (LOS) pressure
was determined by a station pull through method. The mean
of two complete pull throughs, representing six individual
pressure measurements, was determined as the LOS resting
pressure. In eight patients, during the initial examination,
the tube assembly could not be passed into the stomach.
However, oesophageal body motility occurring in response to
10 wet swallows was recorded in all patients and always
revealed the absence of peristalsis. In seven of these eight
patients, LOS pressure determinations became possible
following pneumatic dilation and always revealed incomplete
sphincter relaxation.

Following pneumatic dilation, all patients or their relatives
and physicians were contacted and interviewed at two yearly
intervals. In case of death, further information was obtained
from physician records and hospital charts. Follow up was
continued until the summer of 2002, 11 years after the last
patient had been enrolled.

Statistical analysis
Patient characteristics, symptoms, as well as the results of
manometric measurements are described using summary
statistics. Quantitative variables are summarised using
counts (n), means, standard deviations (SD), medians, and

ranges (that is, minimum and maximum values). Qualitative
or categorical variables are described using frequencies (n)
and percentages (%).

Statistical analysis focused on determining the recurrence
free survival for the entire patient group, as well as
subgroups, using Kaplan-Meier estimates.5 The probability
of staying at least five years in remission is presented as a five
year remission rate with 95% confidence interval (95% CI)
(lower limit 95% CI, upper limit 95% CI).6

The associations between baseline and post-baseline
factors and recurrence free survival were investigated using
the Kaplan-Meier estimate of time to event and were
compared using log rank test statistics. Baseline factors
considered in this analysis were age and post-dilation LOS
pressure, both of which were previously shown to have a
significant impact on patient outcome following pneumatic
dilation.3 The predictive value of age at diagnosis and post-
dilation LOS pressures was estimated with the use of a Cox
proportional hazards model. The assumed linear regression
effects of age and post-dilation LOS pressures were checked
using Martingale residuals and were found to be satisfactory.
The probability of remaining in remission and 95% CI were
calculated for two and 10 years in relation to these
parameters.

RESULTS
Overall outcome
During a mean follow up of 13.6 (3.4) years (range 1.6–18.6),
35 of 54 patients experienced clinical relapse. Five years
following a single pneumatic dilation, 60% of all patients had
again become symptomatic (fig 1). Thereafter, only a few
recurrences were observed. Of the 21 patients who were still
in remission at five years, only three (14%) experienced a
relapse within the following 10 years.

As shown in table 1, during the observation period, seven
patients died and were censored. In one, death was due to
oesophageal squamous cell cancer, indicating an oesophageal
cancer incidence of 1 in 734 patient years. This patient had
symptoms of achalasia since 1978 and was successfully
treated with a single pneumatic dilation in 1987. She had
remained asymptomatic until 1998 when she was diagnosed
as having squamous cell cancer of the mid-oesophagus. Two
years later she died of disseminated cancer. The patient who
died of pneumonia was treated with pneumatic dilation in
1988 and did not report oesophageal symptoms until her
death in 2001. Since 1999 she had been treated in a nursing
home for Alzheimer’s disease. There was no history of
aspiration prior to her final illness.

Immediate and late complications of pneumatic
dilation
A single patient experienced a perforation which was
recognised five hours following dilation therapy. She was
treated conservatively and had an uneventful hospital course.
Two further patients developed intramural haematomas that
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Figure 1 Kaplan-Meier curve. Time to become symptomatic after the
first dilatation.

Table 1 Characteristics of the deceased patients

Sex
Age at diagnosis of
achalasia (y)

Age at death
(y) Cause of death

Male 63 75 Cancer of urinary bladder
Male 21 24 Leukaemia
Male 80 91 Cardiovascular disease
Female 74 87 Pneumonia
Female 75 85 Adhesion ileus
Female 86 88 Stroke
Female 43 56 Oesophageal squamous cell cancer
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resolved spontaneously within 48 hours. Six patients devel-
oped reflux oesophagitis during further follow up, all of
whom became asymptomatic with medical therapy.

Effect of repeated dilation on outcome
Patients undergoing more than one dilation had a mildly
better outcome following the second dilation. For these
patients, the five year remission rate was 6% (95% CI 0%,
15%) after the first and 28% (13%, 44%) after the second
dilation. Patients requiring three dilations did not have a
better long term response after the second compared with the
first dilation (fig 2). At five years, only 12% (0%, 27%) and 6%
(0%, 17%) remained in clinical remission following the first
and second dilation. A third dilation improved the clinical
remission rate to 35% (13%, 58%) at five years but to only
19% (0%, 40%) at 10 years.

Effect of age on long term outcome
As shown in fig 3, young patients ((40 years) responded
poorly to a single pneumatic dilation. Their calculated five
year remission rate was only 16% (95% CI 1%, 32%). In
contrast, 58% (40%, 76%) of patients who were older than
40 years remained in clinical remission at five years and 52%
(33%, 69%) were still free of symptoms at 10 years. The
difference between the two groups was confirmed using the
log rank test statistics (p = 0.0014, df = 1). Patients who were
younger than 20 years (n = 6) had the poorest response. Only
one remained in remission for more than two years. Based on
these data, the probability of remission at two and 10 years
was estimated for different ages at first diagnosis using a Cox
proportional hazards model. As illustrated in fig 4, a patient
who first presents with achalasia at the age of 30 years has a
28% (16%, 48%) probability of remaining in remission for
10 years, while a 70 year old patient has a probability of 53%
(34%, 82%).

Post-dilation LOS pressure as a predictor of outcome
Patients who achieved a post-dilation LOS pressure of less
than 10 mm Hg had an excellent long term clinical response
(fig 5). Seventy five per cent (95% CI 60%, 90%) were still in
remission after 10 years. In contrast, the 10 year remission
rate decreased to 53% (32%, 75%) for those with a post-
dilation LOS pressure of 10–20 mm Hg and to 13% (0%, 29%)
for patients with even higher pressures. The two patients
with post-dilation sphincter pressures of ,10 mm Hg who
experienced a late relapse had redeveloped sphincter hyper-
tension (18.3 and 23.3 mm Hg) when symptoms recurred.

Post-dilation LOS pressure highly predicted clinical out-
come after pneumatic dilation, the difference between the
three groups was again confirmed by the log rank test
statistics (p = 0.0001, df = 2). On the basis of these values,
the probability of remission was calculated for different post-
dilation sphincter pressures with the use of a Cox propor-
tional hazards model. Such calculations shows (fig 6) for
example that a patient with a post-dilation LOS pressure of
10 mm Hg will have a 66% (95% CI 52%, 85%) chance of
remaining in remission for 10 years while this probability
drops to 31% (19%, 50%) if post-dilation LOS pressure is
20 mm Hg.

DISCUSSION
This study shows that the long term clinical response to
pneumatic dilation is less favourable than previously
thought. Young patients and those who do not achieve a
significant decrease in LOS pressure after a single pneumatic
dilation are unlikely to achieve long term clinical remission.
However, patients who remain in clinical remission at five
years have an excellent chance of requiring no further
therapy for prolonged periods of time.
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Figure 2 Kaplan-Meier curve. Time to become symptomatic after the
first, second, and third dilatation for patients receiving three dilatations.
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Figure 3 Kaplan-Meier curve. Time to become symptomatic by patient
age (up to 40 years and older than 40 years).
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Figure 4 Estimated probability of staying in remission (from the Cox
proportional hazards model) after the first dilatation for at least two
years and at least 10 years by age.
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To our knowledge, to date a total of 19 prospective
investigations including more than 10 patients have evalu-
ated the efficacy of pneumatic dilation in patients with
achalasia.3 7–24 In these studies, the overall excellent or good
symptomatic response was reported to range from 61% to
100%. However, interpretation of such data is hampered by
the fact that most authors used vague criteria to define a
clinical response and that the mean duration of follow up
never exceeded five years. The current prospective investiga-
tion overcomes some of these methodological shortcomings
in that stringent criteria for clinical remission were used and
regular follow up extended for a mean period of almost
14 years. During this prolonged observation period, only 40%
of patients treated with a single pneumatic dilation remained
in remission at five years. Thereafter, recurrences became an
exception. The results are almost identical to those reported
recently in a retrospective investigation.25 Only 40% of
patients followed for 15 years or longer were considered to
have an excellent or good clinical response. However, one
caveat to these observations should be applied. In both
studies either compliant or ‘‘home made’’ dilators were used,
none of which is commonly used today. It is therefore
difficult to extrapolate the findings of our study to current
clinical practice. In fact, some have suggested that the newer
dilators, such as the non-compliant Rigiflex dilator, are
slightly more effective than the older type dilators.26 However,
the only randomised comparison of compliant versus non-
compliant dilators did not detect such differences.9 Thus it
remains to be determined whether better long term results of
pneumatic dilation can be obtained with the newer dilators.

The question must be raised whether the results of a single
pneumatic dilation can be improved by repeated therapies. In
our previously reported short term observational study,3 we
concluded that additional treatments not only repeat the
initial success but are followed by a progressively longer
duration of remission. These conclusions must now be
modified. Although there was still a tendency for further
improvement after the second and third dilation, both
therapies resulted in a less than 30% chance of remaining
in remission for more than five years. Thus we believe that
failure to respond to a single pneumatic dilation, performed
under optimal conditions, should lead to consideration of an
alternative therapy such as laparoscopic myotomy.

In the hope of optimising treatment of achalasia and to
tailor such therapy to the individual patient, several authors
have tried to determine factors that predict clinical outcome
following pneumatic dilation. In these studies, advanced age,
a moderately dilated oesophagus, and a long history of
symptoms prior to diagnosis were all found to predict a
favourable treatment result.3 27–33 However, the most

significant factor predicting treatment response appears to
be age at diagnosis. The results of the current study confirm
and strengthen our previous observation that patients who
are younger than 40 years poorly respond to pneumatic
dilation. Following a single treatment session, less than
20% of these younger patients still remained in clinical
remission after five years, while patients older than 40 years
had a five year remission rate of 58%. The reason for these
differences in treatment response remains unknown.
However, it has been speculated that a general difference in
muscle strength across the age groups may account for this
observation.34

Another approach in predicting a patient’s long term
clinical outcome following pneumatic dilation is to perform
objective evaluation of oesophageal function four weeks after
therapy. For this purpose, oesophageal scintigraphy, barium
oesophagogram, and LOS pressure measurements have been
used. With regard to scintigraphy, post-therapy studies have
only shown correlations with short term symptom improve-
ment while they were unable to predict a patient’s long term
response.35 Most recently, it has been shown that the timed
barium swallow36 reliably predicts long term remission rates.
However, to date, these conclusions are based on observa-
tions made in a single centre and on a rather small patient
group. The most extensive experience with objective evalua-
tions of treatment responses after pneumatic dilation relates
to determination of LOS pressures.3 14 15 18 19 37–39 In six of
these eight investigations, symptom improvement correlated
significantly with a decrease in LOS pressure and the most
optimal response was found in patients exhibiting a post-
dilation sphincter pressure of less than 10 mm Hg.3 14 The
current study extends these observations by showing that
post-dilation LOS pressure retains its ability to predict the
long term clinical response even if patients are followed for
more than 10 years. In fact, a post- dilation pressure below
10 mm Hg remains the most favourable and significant
prognostic variable. Of eight patients reaching this goal
following a single pneumatic dilation, only two became
symptomatic after three and six years. Thus the great
majority of patients for whom pneumatic dilation diminishes
LOS pressure to levels below 10 mm Hg will remain
asymptomatic for many years.

In summary, we conclude from the results of this
prospective long term observation that young patients with
achalasia respond poorly to pneumatic dilation. Whether
these patients benefit more from immediate surgery remains
to be shown in a prospective controlled trial. Similarly,
repeated dilations rarely result in long term clinical remis-
sion. The question must therefore be raised whether failure to
respond to a first dilation should lead to consideration of
alternative therapy.
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