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Evaluation of the response to treatment in patients with idiopathic achalasia by
the timed barium esophagogram: results from a randomized clinical trial
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SUMMARY. To choose which treatment would be most effective for the individual patient with newly diagnosed
achalasia is difficult for the tending physician. A diagnostic tool that would allow prediction of the symptomatic and
functional response after treatment for achalasia is therefore needed. The timed barium esophagogram (TBE) is a
method that allows objective assessment of esophageal emptying, but the value of TBE in the clinical management
of achalasia remains to be clarified. The aim of this study was first, to assess the ability of TBE to predict symptoms
and treatment failure during post-treatment follow-up. Second, to determine whether esophageal emptying as
assessed by TBE differs after treatment with pneumatic dilatation or laparoscopic myotomy. Fifty-one patients
with newly diagnosed achalasia were prospectively randomized to pneumatic dilatation (n = 26) or laparoscopic
myotomy (n = 25). Evaluation with TBE was performed before (n = 46) and after treatment (n = 43). The median
interval between treatment and post-treatment TBE was 6 months, and the median follow-up time after the
post-treatment TBE was 18 months. Following therapeutic intervention, TBE parameters did not differ signifi-
cantly between treatment groups. However, significant correlations were found between the height of the barium
column at 1 min and the symptom scores at the end of follow up for ‘dysphagia for liquids’ (P < 0.05, rho = 0.47),
‘chest pain’ (P < 0.05, rho = 0.42), and the ‘Watson dysphagia score’ (P < 0.05, rho = 0.46). Patients with less than
50% improvement in this TBE-parameter (height at 1 min) post-treatment had a 40% risk of treatment failure
during follow-up. In summary, pneumatic balloon dilatation and laparoscopic myotomy similarly affected esoph-
ageal function as assessed by TBE-emptying. Lack of improvement in barium-column height post-treatment was
associated with an increased risk of treatment failure which should motivate close surveillance in order to detect
symptomatic recurrence at an early stage.
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INTRODUCTION

Achalasia is a chronic esophageal motility disorder;
the etiology of which is unknown.1 Degenerative
loss of inhibitory ganglionic neurons results in
absence of peristalsis in the esophageal body and

failure of the lower esophageal sphincter (LES) to
relax on swallowing.2 The primary goal of therapy
in achalasia is palliation of symptoms (primarily
dysphagia) by reducing the functional obstruction at
the level of the LES. The most effective treatments
for achalasia are pneumatic dilatation and surgical
myotomy. However, controversy remains regarding
the optimal therapeutic strategy in patients with
newly diagnosed idiopathic achalasia.3 Randomized
comparative studies are scarce, and most reports on
the outcomes of treatment describe the effectiveness
of only one treatment method. In recent years,
laparoscopic surgical myotomy has replaced the
open procedure as it leads to comparable results in
terms of efficacy while decreasing postoperative
morbidity and recovery time.4 We recently reported
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the short-term results of the first randomized con-
trolled clinical trial comparing pneumatic dilatation
with laparoscopic myotomy in newly diagnosed
achalasia, suggesting a superiority of the latter
therapeutic approach.5

A divergence between symptomatic response and
objective improvement after treatment has been
reported by several investigators.2,6,7 Studies that have
used objective methods, such as manometry, scintig-
raphy, or radiology, have documented the limitations
of using symptomatic improvement as the only end-
point in assessing treatment response.8–10 The timed
barium esophagogram (TBE) has been launched as a
standardized technique for evaluating esophageal-
emptying in patients with achalasia. TBE includes the
ingestion of 250 mL of barium contrast material with
radiographs taken after 1 min, 2 min, and 5 min.11

Vaezi et al. found that patients with poor emptying
on TBE had a high frequency of recurrent symptoms
and repeat treatments within 1 year even if they
reported complete symptom relief after pneumatic
dilatation.12

The aim of our study was therefore to validate
the clinical utility of TBE within the framework
of a randomized study, comparing laparoscopic
myotomy with partial posterior fundoplication and
pneumatic dilatation, in patients with newly diag-
nosed achalasia. The primary objective is to elucidate
whether TBE parameters predicted the subsequent
symptomatic response to respective therapy, includ-
ing therapeutic failure.

MATERIAL AND METHODS

Patients

The diagnosis of achalasia was based on (i) a typical
history without endoscopic evidence of other specific
causes, combined with (ii) manometric findings of
aperistalsis in the esophageal body and incomplete
swallow-induced relaxation of the LES. None of the
patients had been treated with pneumatic dilatation
or other specific therapeutic interventions. The enrol-
ment criteria and patient characteristics have previ-
ously been described in detail.5

Randomization and treatment

A computer-based randomization software was used
to assign patients to the treatment groups. Stratifica-
tion for age, gender, and previous medical treatment
was performed.Twenty-six patients were allocated to
pneumatic dilatation, and 25 patients to laparoscopic
myotomy. The methodology of the treatments per-
formed has been reported in detail previously.5 Pneu-
matic dilatation was performed as an outpatient
procedure using intravenous sedation or a short
intubational anesthesia (n = 5). A predefined, graded

dilatation protocol was followed, starting with a
30 mm balloon in women and a 35 mm balloon in
men (Rigiflex ABD, Boston Scientific, Boston, MA,
USA). The clinical response was evaluated after 7–10
days, and in patients with persistent symptoms
(n = 8), the procedure was repeated with a 35 mm
balloon in women and a 40 mm balloon in men.
In patients allocated to surgical myotomy, a laparo-
scopic complete anterior cardiomyotomy was carried
out. The myotomy extended well above what was
considered to be the upper margin of the LES, and
distally, the sling fibers of the gastric portion of the
sphincter were divided. To prevent postoperative
reflux, a partial posterior fundoplication according
to Toupet was added.

TBE

The TBE examinations were performed and inter-
preted with the examiner blinded to the specific indi-
vidual clinical findings and allocated treatment
groups.13 The patients were given 250 mL of low-
density barium sulfate suspension (45% weight in
volume) and instructed to drink the amount of
barium they could tolerate without regurgitation or
aspiration. Three anteroposterior radiographs of the
esophagus were exposed at 1 min, 2 min, and 5 min,
respectively, after the start of barium ingestion. Sub-
sequent radiological assessments included measure-
ments of the barium column, both the height (the
distance from the distal esophagus to the top of the
barium column), and the maximum and mean width
of the esophagus. Esophageal emptying was assessed
by the height of the barium column at the 1-minute
and 5-minute time-points, respectively.10 The esti-
mated volume of the barium column was also
included as a measure of esophageal emptying as it
has been shown that this variable correlates with the
manometric tone of the LES in patients with idio-
pathic achalasia.14 The volume of barium in the
esophagus was calculated according to the formula:
(mean radius)2 ¥ 3.14 ¥ height (after correction for
magnification by dividing the measurements with a
factor of 1.35).

The percentage change of the barium-column
height and the retained volume of barium between
the pre- and post-treatment TBE examinations was
also calculated and utilized as an independent vari-
able in the statistical analysis.

Follow-up

The primary end-point of the comparative trial was
the cumulative number of treatment failures during
follow-up. The exact definition of a treatment failure
has been described previously.5 In short, persistent
or recurring dysphagia symptoms requiring addi-
tional treatment or the occurrence of a serious
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complication or side-effect constituted a treatment
failure. Esophageal emptying was, according to the
present protocol, scheduled to be assessed by TBE at
6 months post-treatment. Symptomatic follow-up
was scheduled at 1, 3, 6, 12, 24, and 36 months after
treatment. At each time-point, a self-assessment
questionnaire was mailed to the patients which
evaluated symptoms by a previously described
scoring system.15 Symptoms assessed were dysphagia
for solids, dysphagia for liquids, heartburn, chest
pain, and acid regurgitation. The frequency of each
symptom was graded on a scale from 0 to 5
(0 = none, 1 = once per month or less; 2 = once a
week, up to three to four times a month; 3 = two to
four times a week; 4 = once a day; 5 = several times a
day). In addition, the more specific Watson dysph-
agia score was applied. This score combines infor-
mation about difficulty in swallowing nine types of
liquids and solids (0 = no dysphagia, 45 = severe dys-
phagia).16 The symptom scores reported at the last
follow-up contact were compared with the results of
the post-treatment TBE examination.

Manometry was scheduled at the 12-month time-
point. Manometry was carried out according to a
predefined standardized protocol using routine tech-
nologies which have been described in detail previ-
ously.14 Briefly, the catheter assembly incorporated a
6 cm long sleeve sensor attached to the distal end,
straddling the LES. The resting LES pressure was
recorded at end expiration and referenced to the
intragastric pressure. Swallowing-induced LES relax-
ation was assessed by the nadir pressure, defined as
the minimum pressure level reached following 5 mL
water swallows.

Statistics and ethics

Continuous variables were presented as the median
and interquartile ranges. Spearman’s correlation
coefficient (rho) was used to measure bivariate corre-
lations between TBE variables (height and volume of
the barium column, and percentage change of these
values postoperatively) and symptom scores. Pear-
son’s correlation analysis was used to estimate the
relationship between the same TBE variables and
manometric findings, and to compare the patients’
age and TBE characteristics pre-treatment with the
degree of improvement in TBE-emptying post-
treatment. Intergroup comparison between patients
allocated to surgery or dilatation, respectively, was
performed by the use of the non-parametric Mann–
Whitney test. Wilcoxon signed rank test was used to
compare variables pre-therapy with the same vari-
ables obtained post-therapy. Data analysis was per-
formed using SPSS software version 15.0 (SPSS Inc.,
Chicago, IL, USA). P-values � 0.05 were considered
statistically significant.

The respective local ethics committee had
approved the study protocol, and each patient gave
informed consent before enrolment into the study.

RESULTS

All in all, seven treatment failures were recorded
within the first year after randomization, six in the
group treated with dilatation (23%), and one in the
group treated with surgery (4%). The difference in
the number of treatment failures between the respec-
tive treatment strategies was statistically significant
(P = 0.04). Of the 51 patients that were included in
the randomized trial, 46 patients agreed to undergo a
TBE examination before treatment, and 43 agreed to
post-treatment TBE (four patients in each treatment
group declined post-treatment TBE). Thirty-five of
the patients were examined at the Department of
Radiology, Sahlgrenska University Hospital, Göte-
borg, and 11 were examined at the Department of
Radiology, Karolinska University Hospital, Hud-
dinge, Sweden. Two post-treatment TBE examina-
tions had to be excluded for technical reasons as the
technique used deviated from the prescribed protocol
(Fig. 1). In two patients (one in each treatment
group), treatment failed early, and they crossed over
to the alternate treatment before the post-treatment
TBE. Complete pre- and post-treatment TBE data
were available in 35 of the 51 patients (69%) origi-
nally randomized in the treatment study, and these
data were subsequently used for comparison of
esophageal emptying by TBE after respective treat-
ment. The demographic, manometric, and TBE char-
acteristics of the patients are detailed in Table 1.
These characteristics were well balanced in the two
study groups. However, the delay from the pre-
operative TBE examination to surgery was signifi-
cantly longer (median = 75 days) than the delay from
the pre-treatment TBE to dilatation (median = 12
days).

Pooling the results from both treatment groups,
we found a significant improvement in all TBE
parameters in response to treatment (Fig. 2). The
median height of the barium column at 1 min
decreased from 16.5 cm to 7.0 cm (P < 0.001), and the
volume of retained barium at 1 min decreased from
median 81.0 mL to 16.0 mL (P < 0.001). There was,
however, no significant intergroup difference between
the post-treatment TBE parameters (Table 2). Addi-
tionally, the improvement in TBE-emptying in the
respective treatment groups was not affected by the
patients’ gender or age. However, in patients treated
with pneumatic dilatation, those with a wider esopha-
gus at baseline showed inferior improvement in the
height of the barium column in response to therapy
(P < 0.05, Pearson’s r = -0.53 at 1 min) (Fig. 3). No
such correlation between a wider esophagus and an
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inferior improvement in emptying could be found
among patients treated with surgery.

Concerning post-therapy TBE variables and
symptom outcomes during postoperative follow-up,
complete datasets were obtained from 32 patients,
with a median time interval between treatment and
the TBE of 6 months (interquartile range 3–16
months) and a median follow-up time after the TBE
of 18 months (interquartile range 9–27 months). Five
of the 41 technically adequate TBE examinations had
to be excluded because of a considerable delay

between treatment and the radiological investigation
(range 26–48 months). In four patients, complete
clinical data were not captured.

We found significant correlations between the
height of the barium column at 1 min after barium
ingestion and the symptom scores for ‘dysphagia for
liquids’ (P < 0.05, rho = 0.47), ‘chest pain’ (P < 0.05,
rho = 0.42), and ‘Watson score’ (P < 0.05, rho = 0.46)
(Table 3). Moreover, the estimated emptied volume
of barium from 1 min to 5 min related to the scores
for ‘dysphagia for solids’ (P < 0.05, rho = 0.39),

Fig. 1 Study flow diagram of patients with newly diagnosed achalasia randomized to the respective treatment groups and number of
patients subsequently evaluated by timed barium esophagogram (TBE) and manometry.

Table 1 Demographic, manometric, and TBE characteristics (median and interquartile range) of patients with newly diagnosed achalasia
subsequently randomized to dilatation or surgery. The difference in the variables between treatment groups was analyzed using the
Mann–Whitney test for unpaired, non-parametric data

Dilatation (n = 18) Surgery (n = 17) P value

Age (years) 40.5 (28.0–60.0) 44.0 (31.5–55.5) 0.86
Gender (M/F) 8/10 11/6
Resting LES pressure (mm Hg) 21.2 (12.3–36.3) (n = 16) 18.6 (12.0–27.1) (n = 14) 0.45
Nadir pressure LES (mm Hg) 9.8 (5.1–25.0) (n = 11) 6.4 (4.4–7.8) (n = 11) 0.06
Time from preoperative TBE to treatment (days) 12.0 (5.0–27.5) 75.0 (25.0–116.0) 0.003
Height of barium column at 1 min pre-treatment TBE (cm) 16.1 (13.5–22.1) 17.4 (11.2–20.7) 0.99
Maximum width of barium column at 1 min pre-treatment TBE (cm) 4.3 (4.0–5.1) 4.7 (3.6–5.9) 0.53
Emptying at 1 min pre-treatment TBE (mL) 139.0 (57.8–172.8) 139.0 (30.5–174.0) 0.93
Time from treatment to post-treatment TBE (months) 6.5 (3.0–17.0) 6.0 (3.0–25.5) 0.77

M, males; F, females; LES, lower esophageal sphincter; TBE, timed barium esophagogram.
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‘dysphagia for liquids’ (P < 0.05, rho = 0.40), ‘chest
pain’ (P < 0.05, rho = 0.41), and ‘Watson score’
(P < 0.05, rho = 0.40).

In four of the seven patients with treatment fail-
ures, the failure occurred early post-treatment and
additional treatment was performed without prior
examination with TBE. Thus, post-treatment TBE
data were available in three of the patients with treat-
ment failures within the first year. An additional
patient failed treatment 32 months after the primary
dilatation and subsequently had a laparoscopic
myotomy (Fig. 4). All four of these patients displayed
poor improvement of esophageal emptying as
recorded at the post-treatment TBE (mean increase
of 14% in barium-column height at 1 min, range 26%
decrease to 92% increase) (Fig. 5). We could estimate

(a)

(b)

Fig. 2 Change in barium-column height (a) and retained
volume of barium (b) at 1 min from pre- to postoperative timed
barium esophagogram examinations (patients treated with
surgery and dilatation pooled). The median height of the barium
column at 1 min decreased from 16.5 cm to 7.0 cm, and the
volume of retained barium at 1 min decreased from median of
81.0 mL to 16.0 mL. The difference between the values obtained
before and after treatment was statistically significant
(P < 0.001).

Table 2 Post-treatment timed barium esophagogram characteristics (median and interquartile range) of patients with newly diagnosed
achalasia treated with dilatation and surgery, respectively. The difference in the variables between the treatment groups was analyzed using
the Mann–Whitney test for unpaired, non-parametric data

Dilatation (n = 18) Surgery (n = 17) P value

Height of barium column 1 min (cm) 8.4 (3.9–10.2) 6.7 (0.0–9.0) 0.08
Improvement in height pre-, post-treatment (%) 60.5 (21.8–75.0) 70.0 (50.5–100.0) 0.14
Maximum width of barium column at 1 min (cm) 2.6 (2.2–3.9) 2.8 (2.1–4.2) 0.70
Improvement in maximum width pre-, post-treatment (%) 62.5 (50.5–77.5) 60.0 (52.5–100.0) 0.82
Volume of barium column 1 min (mL) 14.5 (2.0–54.3) 24.0 (0.0–37.5) 0.77
Improvement in retained volume of barium at 1 min pre-, post-treatment (%) 78.5 (48.5–95.5) 77.0 (48.0–100.0) 0.68
Height of barium column 5 min (cm) 2.3 (0.0–8.2) 2.6 (0.0–8.6) 0.80
Improvement in height at 5 min pre-, post-treatment (%) 66.5 (29.4–100.0) 72.0 (48.0–100.0) 1.00
Volume of barium column 5 min (mL) 1.5 (0.0–28.8) 12.0 (0.0–27.0) 0.60
Improvement in retained volume of barium at 5 min pre-, post-treatment (%) 94.5 (28.3–100.0) 46.0 (-9.0–100.0) 0.40

Fig. 3 Scatterplot showing inverse relationship between the
maximum width of the esophageal body measured at baseline
and the degree of improvement in the height of the barium
column at 1 min at timed barium esophagogram performed
median 6 months after pneumatic dilatation (n = 18). The
regression line is shown. The correlation was statistically
significant (P < 0.05, Pearson’s r = -0.53).
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that if less than 50% improvement in the barium-
column height was recorded at 1 min, then this was
associated with a positive predictive value of 40% in
the prediction of treatment failure during follow-up
(mean = 29 months). In addition, if more than 50%
improvement in this parameter was noted, then such
an observation exerted a negative predictive value of
100% for treatment failure (Fig. 6).

The Watson dysphagia score in patients examined
with TBE decreased from median of 28.5 (22.1–42.0)
pre-treatment to median of 18 (4.3–30.0) post-
treatment with no significant difference between the
treatment groups. The median Watson score did not
differ significantly between patients with complete
emptying (n = 13) and patients with signs of barium
retention at 5 min (n = 16) (Watson score 10.5 vs.
21.8). One of the patients with complete emptying
showed treatment failure during follow-up.

Only 17 patients agreed to undergo manometry
during follow-up. Thus, it was not meaningful to sta-
tistically compare the results of manometry between
the treatment groups. In patients treated with surgery
and examined with TBE (n = 10), the median resting
LES pressure was 5.2 (2.5–13.4) mm Hg post-
treatment, and the median relaxing LES nadir pres-
sure was 1.5 (0.7–4.1) mm Hg. In patients treated
with pneumatic dilatation and also examined with
TBE (n = 6), the corresponding values were 3.7 (2.0–
6.5) mm Hg and 2.9 (0.6–5.5) mm Hg, respectively.
In all patients treated, the resting LES pressure
decreased from median 20.8 (14.4–27.0) mm Hg pre-
treatment to median 5.0 (2.4–7.5) mm Hg post-
treatment (P < 0.01). The median LES nadir pressure
decreased from 6.4 (4.8–10.5) mm Hg to 1.9 (0.7–
4.1) mm Hg (P < 0.05). No significant correlations
were found between the post-treatment manometric
recordings and TBE parameters.

DISCUSSION

The principal aim of all current therapies in achalasia
is to relieve the functional obstruction in the distal
esophagus while minimizing side-effects, such as
post-therapy gastroesophageal reflux. The evaluation
of treatment success has been based usually on
symptom improvement, but comparisons across
studies are complicated by the lack of standardized
criteria for treatment success. TBE is a method that
allows objective assessment of esophageal emptying
after treatment.10,11 We used TBE in a randomized,
prospective treatment study comparing laparoscopic
myotomy combined with a partial posterior fundopli-
cation and pneumatic dilatation, thus avoiding selec-
tion bias in the treatment groups. By using TBE in
this setting, we were unable to document obvious
differences in esophageal emptying between the two
treatments. In a retrospective study of previouslyT
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untreated patients with achalasia, Vela et al.17 like-
wise found no difference in TBE emptying between
patients treated with Heller myotomy (n = 72) or
pneumatic dilatation (n = 111).

Although limited data have been published
regarding achalasia-associated symptoms after treat-
ment, careful questioning has disclosed that the

prevalence of symptoms after treatment for achalasia
is substantial.18 When analyzing our own TBE vari-
ables, we found intermediate rates of esophageal
emptying (neither absent nor complete emptying) in
the majority of patients, irrespective of the treatment
given. This finding corresponds well with the symp-
tomatic outcome as most patients reported some
degree of dysphagia, although considerable improve-
ments, compared with the baseline recordings, were
noted. For instance, the ‘Watson dysphagia score’
decreased from a median of 28.5 (interquartile range
22.1–42.0) before therapy to 18 (interquartile range
4.3–30.0) after, with no significant difference between
the treatment groups. Moreover, we observed that
the degree of esophageal emptying (‘barium-column
height at 1 min’) was associated with the reported
symptom score for ‘dysphagia for liquids’ and the
‘Watson score’ obtained after median of 18 months
follow-up. The substantial scattering of both the
objective- (TBE) and the subjective outcome vari-
ables illustrates the difficulties associated with the
definition of a cut-off value that can discriminate
between a successful and unsuccessful response to
treatment in a meaningful way. However, when using
a stricter end-point, that is, the need for additional
treatment as a result of persistent or recurring dysph-
agia (‘treatment failure’), we found that TBE vari-
ables had a predictive value. Patients who after
therapy showed a less than 50% improvement in the
barium-column height at 1 min had a 40% risk of

Fig. 4 Pre- and post-therapy timed barium esophagogram (TBE) examinations in a 63-year-old male patient with idiopathic achalasia.
The post-therapy TBE (b) performed 7 months after pneumatic dilatation shows deterioration of esophageal emptying compared with
the situation on the pre-therapy examination (a). The barium column at 1 min showed an increase in height of 92% on the post-therapy
examination. The patient was symptomatic and was offered additional treatment, but he hesitated and a laparoscopic myotomy was
not performed until 25 months later.

Fig. 5 Bar chart showing the frequency of treatment failures in
groups of patients with different degrees of change in the
barium-column height at the 1 min time-point from the pre- to
the post-therapy timed barium esophagogram examination. The
height of the bars indicates the number of patients in each
group, the black portions indicate patients with subsequent
treatment failures, and the gray portions indicate the number of
patients without treatment failure at the end of follow-up.
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experiencing treatment failure. None of the patients
with more than 50% improvement developed a treat-
ment failure. Using corresponding criteria for lack of
improvement (at 5 min), Vaezi et al. found that, on
the one hand, treatment failure within 1 year of a
dilatation could be predicted in nine out of 10
patients. On the other hand, only two of 22 patients
with successful (>50%) improvement in barium-
column height failed therapy within 1 year.12 The
choice of the 5-min time-point in that study was
based on the observation that most healthy individu-
als have emptied their esophagus by 1 min, and all by
5 min. Complete emptying at 5 min at TBE has been
used thus as a criterion for an adequate treatment
result in achalasia.2,19 We were unable to confirm the
absolute reliability of that criterion in our study as
one of 13 patients with normalized emptying at 5 min
failed treatment during follow-up.

Another finding, which may have an impact on the
subsequent course, was our observation that patients
with a wide esophagus prior to treatment with pneu-
matic dilatation tended to show less improvement
in barium-column height after treatment. A wide
esophagus pre-treatment has been shown to increase
the risk of failure after pneumatic dilatation,2,12,20 and
our finding may support the notion that laparoscopic

myotomy should be the primary treatment for acha-
lasia patients with such a radiological status of the
esophagus.21

Calculating the difference in barium retention
between 1 and 5 min at TBE has been proposed as a
measure of esophageal emptying.11 In this context it
was somewhat unexpected to find that emptying cal-
culated in this way correlated positively with the dys-
phagia scores (i.e. the larger the emptying the more
dysphagia symptoms). However, this association is
likely explained by the strong correlation between
this measure and the height of the barium column at
1 min (P < 0.001, r = 0.80). A plausible explanation is
that a larger initial barium column will result in
greater subsequent emptying because of the increased
hydrostatic pressure exerted on the LES compared
with a smaller column.

Several studies have investigated the use of
manometry in the early post-therapy period to iden-
tify those with an unfavorable long-term clinical
response. A decrease in resting LES pressure to less
than a certain cut-off level8,22–24 or a decrease in
sphincter tone of more than 50%6,25 have been sug-
gested to be followed by a beneficial long-term
outcome. The picture is, however, far from consis-
tent as others have found manometry to exert no

Fig. 6 Example of timed barium esophagogram (TBE) in a 56-year-old female patient with successful outcome after laparoscopic
myotomy for achalasia. The pre-therapy TBE examination (a) demonstrates poor esophageal emptying. The height of the barium
column at the 1 min time-point was 22.5 cm. The post-therapy TBE (b) shows complete emptying of the esophagus and a decrease of
its diameter. The patient remained in remission during follow up and reported a Watson score of 0 (no dysphagia) 33 months after the
post-therapy TBE.
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predictive value.7,26 An apparent disadvantage with
manometry is the discomfort for the patient, and only
a minority of our patients was willing to undergo a
second manometry investigation. As a consequence,
results from this test could not be used in the evalu-
ation of esophageal function after respective treat-
ments. A significant decrease in both the basal
pressure and the swallowing-induced relaxing pres-
sure of the LES was observed after therapy, but it was
not meaningful to statistically compare manometric
results between treatment groups because of the
insufficient quantity of data.

TBE is a simple, reproducible, and easily per-
formed radiological method to assess esophageal
emptying.11,13 TBE is better tolerated than repeat
esophageal manometry as shown in our study and
by others.27 Only 17 of the patients scheduled for
post-treatment manometry agreed to be examined
compared with the 43 patients that completed post-
treatment TBE. It can easily be performed in small
hospitals, where manometry may not be available.
Suboptimal treatment and follow-up of patients with
achalasia may lead to persistent poor esophageal
emptying, to progressive dilatation, and ultimately,
to end-stage megaesophagus, requiring esophagec-
tomy.4,11,28 It is therefore reasonable that the finding
of poor improvement in esophageal emptying at a
post-treatment TBE examination should motivate
further surveillance. If symptoms increase, or are
severe, during follow-up, TBE also seems to be of
value to obtain objective parameters. If esophageal
emptying is further impaired, then the decision to
embark on re- or cross-over therapy can be facili-
tated. A surveillance protocol consisting of TBE and
clinical evaluation at yearly intervals after treatment
for achalasia has been proposed.4

Our study had several limitations. First, the rela-
tively small number of patients means that the study
lacks in power to detect minor differences in TBE-
emptying after treatment with surgery or dilatation.
However, as achalasia is a rare disease, it is difficult
to identify large populations of subjects with achala-
sia. Second, TBE was scheduled 6 months post-
therapy in our study. For the purpose of detection of
treatment failures, it would have been more appro-
priate to perform TBE about 1 month post-therapy
as relapses occur with a higher frequency in the first
few months after treatment.22 However, a study using
TBE 1 and 6 months after pneumatic dilatation has
demonstrated a gradual decrease of the width of the
esophagus over time, resulting in a smaller diameter
at 6 months compared with the diameter at 1
month.29 For the evaluation of the association
between esophageal emptying and the long-term
symptomatic outcome, as well as for the comparison
of the effect of the treatments on emptying, the
choice of the 6 months time-point may be justified.
Third, we performed multiple correlations between

the TBE and outcome variables, increasing the risk
for a type 1 error. Multiple correlations are charac-
teristic of an exploratory study and emphasize the
need for a confirmatory study. Lastly, 69% of the
patients randomized to surgery or pneumatic dilata-
tion could be evaluated with TBE both pre- and
post-treatment. Although this rate of participation
is good, it is possible that the sample studied does
not represent all the patients included in the study.
However, the demographic and disease-specific
characteristics of the two study groups were well
balanced. A difference between groups in the delay
between the pre-treatment TBE and treatment
(significantly longer in the surgery group) can be
explained by the better availability of dilatation
compared with surgery. As achalasia is a disease that
progresses very slowly, this difference seems to be
without clinical significance.

In conclusion, we were, in this randomized study,
unable to detect any difference in esophageal empty-
ing between patients treated with either a laparo-
scopic myotomy or pneumatic dilatation. TBE
variables, as assessed at 6 months after therapy,
related to symptom scores at a median of 18 months
later. Measurements obtained at the 1 min time-point
were the most valuable. Less than 50% improvement
in these variables after therapy had a positive pre-
dictive value of 40% for development of treatment
failure during follow-up. Examination with TBE
before and after treatment for achalasia may there-
fore be of value for the early detection of suboptimal
disease control and risk of treatment failure.
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