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Abstract

Background Achalasia is characterized by esophageal
aperistalsis and impaired relaxation of the lower esophageal
sphincter (LES). This contrasts with an insufficient LES,
predisposing to gastro-esophageal reflux and Barrett’s
esophagus. The co-incidence of achalasia and BE is rare.
Pneumatic dilatation (PD) may lead to gastro-esophageal
reflux, Barrett’s esophagus development, and esophageal
adenocarcinoma.

To determine the incidence of Barrett’s esophagus
and esophageal adenocarcinoma in achalasia patients
treated with PD.

Methods We performed a single-center cohort follow-up
study of 331 achalasia patients treated with PD. Mean
follow-up was 8.9 years, consisting of regular esophageal
manometry, timed barium esophagram, and endoscopy.
Results Twenty-eight (8.4 %) patients were diagnosed
with Barrett’s esophagus, one at baseline endoscopy. This
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corresponds with an annual incidence of Barrett’s esoph-
agus of 1.00 % (95 % CI 0.62—1.37). Hiatal herniation was
present in 74 patients and 21 developed Barrett’s esopha-
gus compared to seven of 257 patients without a hiatal
hernia. Statistical analysis revealed a hazard ratio of 8.04 to
develop Barrett’s esophagus if a hiatal hernia was present.
Post-treatment LES pressures were lower in patients with
Barrett’s esophagus than in those without (13.9 wvs.
17.4 mmHg; p = 0.03). Two (0.6 %) patients developed
esophageal adenocarcinoma during follow-up.
Conclusions Barrett’s esophagus is incidentally diag-
nosed in untreated achalasia patients despite high LES
pressures, but is more common after successful treatment,
especially in the presence of hiatal herniation. Patients
treated for achalasia should be considered for GERD
treatment and surveillance of development of Barrett’s
esophagus, in particular, when they have low LES pres-
sures and a hiatal herniation.

Keywords Achalasia - Barrett’s esophagus - Esophageal
adenocarcinoma - Hiatus hernia - Surveillance

Introduction

Achalasia and Barrett’s esophagus are generally thought to
be the opposing ends of the spectrum of esophageal dis-
ease, although both relate to malfunctioning of the lower
esophageal sphincter (LES). Achalasia is a rare neuro-
degenerative disorder with an annual incidence of 1 per
100,000 inhabitants [1]. It is characterized by aperistalsis
of the esophageal body and high basal LES pressure
without a swallow-induced relaxation of the LES. Pre-
dominant symptoms of achalasia are dysphagia and
regurgitation, often accompanied by weight loss.
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In contrast, Barrett’s esophagus is a more common
condition with increasing prevalence up to 1.6 % [2-5].
Barrett’s esophagus is characterized by the replacement of
normal squamous cell epithelium by specialized intestinal
columnar epithelium. Patients with Barrett’s esophagus
have an increased risk of developing esophageal adeno-
carcinoma [6]. Although the exact etiology of Barrett’s
metaplasia is incompletely understood, there is a clear
relationship with gastro-esophageal reflux disease (GERD)
[7]. In contrast to achalasia, GERD is associated with hiatal
hernia, low resting pressure of the LES, and an increased
frequency of transient LES relaxations, both facilitating the
reflux of acid gastric contents [8].

Treatment of achalasia aims at reducing LES pressure.
This is generally achieved by surgical myotomy or pneu-
matic dilatation (PD) [9]. The effect of PD treatment
depends on age, LES pressure 3 months after dilatation,
obliteration of the balloon waist during dilatation, and
symptoms of classic achalasia [10]. Effective therapy
resulting in a low LES pressure may, however, lead to
GERD, which in theory may predispose to Barrett’s
esophagus. Few data exist on the incidence of GERD after
treatment of achalasia, both because of the lack of per-
formance of specific diagnostic procedures such as 24-h pH
monitoring after achalasia treatment and limited cohort
follow-up data in achalasia patients. However, GERD has
been reported in 11-25 % of achalasia patients following
myotomy and in 2 % following PD [11]. Even fewer data
exist on the development of Barrett’s esophagus in patients
who underwent treatment for achalasia.

We hypothesized that adequate PD treatment for acha-
lasia may be complicated by the development of Barrett’s
esophagus and possibly esophageal adenocarcinoma. We
therefore studied the incidence of and risk factors for
Barrett’s esophagus and the development of esophageal
adenocarcinoma in a large cohort of achalasia patients
treated with PD.

Methods
Patients

Since 1975, all patients with achalasia referred to our
hospital have been treated and followed according to a
fixed protocol as described before [10]. The diagnosis and
treatment protocol did not change over time and was per-
formed by a limited number of physicians. The diagnostic
process included the medical history and physical exami-
nation, esophageal manometry, a timed barium esopha-
gram, and an upper GI-endoscopy. During manometry, a
mean resting LES pressure was recorded as a mean of four
(end-expiratory) measurements. LES relaxations and

peristalsis of the esophageal body were studied. A timed
barium esophagram was performed after swallowing
200 ml barium contrast with standardized records after 0,
1, and 10 min. An upper GI endoscopy was done to rule out
other causes of dysphagia. Signs of gastro-esophageal
reflux disease were noted. A hiatal hernia was diagnosed
during insertion and only when the distance between the
gastro-esophageal junction and the aperture of the dia-
phragm was more then 2 cm.

Therapy

Once a diagnosis of primary achalasia had been established
or confirmed, all patients were offered treatment with PD on
three consecutive days with an increasing balloon diameter
of respectively 30, 35, and 40 mm. The balloons were in the
very early days homemade, with a balloon inside a linen
cuff with a length of 12 cm and fixed diameters of 30, 35,
and 40 mm. In later years, Rigiflex pneumatic dilatation
balloons (Boston Scientific, Natick, MA, USA) were used.
Dilatation was performed under conscious sedation and
fluoroscopic control up to a pressure of 300 mmHg. All
pneumatic dilatations were over the years performed by a
total of three endoscopists experienced in pneumatic
dilatation.

Follow-Up

Every patient was followed according to a fixed protocol.
Three months after PD, patients were interviewed for
esophageal complaints, the patient’s weight was recorded,
and esophageal manometry and barium swallow were
repeated. This evaluation, including upper gastrointestinal
(GD) endoscopy, was repeated after 1, 2, 4, and 7 years.

Upper GI endoscopy included random biopsy (3—4
biopsies) sampling from the distal esophagus just above the
gastro-esophageal junction and targeted biopsy sampling
from any specific lesion, such as suspected Barrett’s epi-
thelium, dysplasia, or malignancy. For histological exam-
ination, 4 pm hematoxylin and eosin (H&E)-stained
routine histological sections were used. In case of sus-
pected Barrett’s esophagus, four biopsies were obtained
(one from each quadrant) of every 2 cm of columnar epi-
thelium to assess the presence of intestinal type columnar
epithelium. Esophagitis was diagnosed both endoscopi-
cally, graded according the Los Angeles classification
(grade A-D), and histologically. Barrett’s esophagus was
endoscopically classified as short-segment (<3 cm) or
long-segment Barrett’s esophagus. Hiatal hernia was
assessed during introduction of the endoscope with limited
inflation, and diagnosed when the distance between the
gastro-esophageal junction (GEJ) and the aperture of the
diaphragm was more than 2 cm.
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Further follow-up after 7 years consisted of an interview
and upper GI endoscopy with biopsy sampling at least
every 3 years. Some patients refused these interval
endoscopies or other long-term follow-up. These patients
were contacted by telephone every year to check on
symptoms and weight loss. In case of symptom recurrence
or persistence, patients were either retreated with PD or
underwent surgical myotomy, depending on the time of
relapse, success of initial treatment, and patient’s prefer-
ences [10]. If a patient had died, the cause of death was
checked with the general practitioner or the civil
registration.

Statistics

The development of Barrett’s esophagus and hiatal hernia
were expressed as Barrett’s-free and hiatal hernia-free
survival curves, calculated by means of the Kaplan—Meier
method. The univariate effect of patient characteristics is
given as hazard ratios estimated by Cox proportional haz-
ards analyses together with the log-likelihood p values.
Statistically significant variables, as well as other clinically
relevant variables (age, gender) were included in a multi-
variate Cox’s proportional hazards analysis. By means of
step-wise backward elimination, a final model was con-
structed comprising variables that were significantly and
independently (i.e., controlled for other variables) related
to the endpoints Barrett’s esophagus or hiatal hernia,
respectively. As a hiatal hernia event during follow-up
often was followed by development of Barrett’s epithe-
lium, the effect of hiatal hernia on Barrett-free survival was
included in the Cox’s proportional hazard model as a time-
dependent covariate. For all Cox models, the assumption of
proportional hazards was investigated for each variable by
studying the In(—In)plot. All analyses were carried out in
SPSS for Windows, version 11.0.1 (SPSS, Chicago, IL).
The level of statistical significance was set at a two-sided
p < 0.05. LES pressures were measured during esophageal
manometry before and after treatment, the Wilcoxon
signed-rank test was applied to compare these.

Results
Therapy

Over the period of 1975-2003, 394 patients were referred
to our hospital with a clinical suspicion of achalasia.
Fourteen patients were diagnosed with secondary achalasia
caused by malignancy, 16 patients had a non-specific
motility disorder, five patients had diffuse esophageal
spasms, and in ten patients, no specific diagnosis was
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made. The remaining 349 patients were diagnosed with
primary achalasia. Six (2 %) of these 349 patients refused
treatment for various reasons, another six were treated
elsewhere, one preferred surgery, and in five patients,
severe co-morbidity prohibited any treatment.

The remaining cohort consisted of 331 patients (male/
female 160/171, mean age at diagnosis 51 years, range
4-90 years). They were followed for a median period of
8.9 years (range 3 months to 25 years). Sixty (18 %)
patients had received previous treatment [pneumatic dila-
tation or myotomy (n = 19) before referral but they nev-
ertheless presented with persistent symptoms and were
offered dilatation again.

All 331 patients were initially treated with PD. After this
initial treatment, 241 (73 %) patients had a persistent
remission of symptoms, whereas 88 (27 %) patients were
re-dilatated and three (1 %) patients were treated with
myotomy because of symptom persistence or recurrence.
Eventually during long follow-up, another 13 (4 %)
patients underwent surgical myotomy after repeated dila-
tation. Of these 16 operated patients, six again had symp-
tom recurrence for which treatment with pneumatic
dilatation was applied. The majority of patients were
treated immediately after the establishment of the diagnosis
of achalasia.

Most patients underwent post-treatment endoscopy, 18
(5 %) patients refused routine follow-up endoscopy
according to the protocol. During follow-up, 86 (26 %)
patients died. In total, 14 (4 %) patients developed
esophageal cancer, these included 12 patients with squa-
mous cancers and two patients with adenocarcinoma. One
of these patients was treated by esophagectomy and has
since then a long disease-free survival. The other patient
first was diagnosed with high-grade dysplasia for which she
was treated with endoscopic mucosal resection followed by
ablative therapy (photodynamic therapy). In the resection
specimen, intramucosal carcinoma was present. This
patient developed a relapse adenocarcinoma with hepatic
metastases 6 years afterwards. Sixty-four (19 %) patients
were lost to follow-up after a mean follow-up of 6 years
(range 0-19 years) after PD.

Development of Erosive Esophagitis

Data on esophageal histology and endoscopy have been
published earlier [12]. In brief, 66 % of patients did not
develop any endoscopic signs of esophagitis during follow-
up. Grade A esophagitis occurred in 22 % of the patients
and 11 % was diagnosed with grade B-D esophagitis
according to the Los Angeles Classification system at any
time during the follow-up. Histological examination,
however, showed a higher prevalence of esophagitis.
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Development of Barrett’s Esophagus

Twenty-eight (8.4 %) of the 331 patients were diagnosed
with Barrett’s esophagus (Fig. 1). This group consisted of
12 males and 16 females, all Caucasian. Their mean age
when diagnosed with a Barrett’s esophagus was 55.9 years
(range 35-84 years). One patient was diagnosed with
Barrett’s esophagus at baseline endoscopy, whereas new
development of Barrett’s metaplasia was observed in the
other 27 Barrett’s patients. The remaining 27 (8.2 %)
patients developed a Barrett’s esophagus during follow-up
at a mean interval of 67 months (range 6-224 months)
after initial treatment with PD. This corresponds with an
annual incidence of Barrett’s esophagus in this population
of 1.00 % (95 % CI 0.62-1.37) (Fig. 2). Nineteen patients
had a Barrett’s esophagus less than 3 cm in length; the
other nine had a long segment varying in length from 3 to
7 cm. The characteristics of patients with and without
Barrett’s esophagus are listed in Table 1. Both groups did
not differ with respect to age or sex. Barrett’s esophagus
tended to be more common after myotomy, but this dif-
ference was not significant (RR = 2.5 95 % C.I [1.00;
6.19] (p = 0.07).

Development of Esophageal Adenocarcinoma

During follow-up, 2/28 (7 %) of patients with a Barrett’s
esophagus developed esophageal adenocarcinoma. This
occurred 25 and 27 years after the initial diagnosis of
achalasia, at an age of 70 and 84 years, respectively. Both
patients had started with endoscopic surveillance from the
time of first balloon dilation onwards for a period of 18 and

Fig. 1 Endoscopic picture of a dilated and elongated esophagus with
some food retention and histologically proven Barrett’s esophagus
with high-grade dysplasia
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Fig. 2 Development of Barrett’s esophagus after the diagnosis of
achalasia, shown as Barrett-free survival in years of follow-up

14 years, respectively. In these patients, the development
of esophageal carcinoma was not preceded by the finding
of dysplasia in the random surveillance biopsies, the last of
which had been obtained 1 and 2 years, respectively, prior
to cancer diagnosis.

Hiatal Hernia

A hiatal hernia was present in 74 (22 %) of the 331
patients. Sixteen patients were diagnosed with a hiatal
hernia prior to PD treatment and the remaining 58 patients
after PD treatment.

Twenty-one (28 %) patients with a hiatal hernia devel-
oped a Barrett’s esophagus compared to seven (2 %) of the
257 patients without a hiatal hernia. Three of the 21 patients
with hiatal hernia and Barrett’s esophagus had a hiatal
hernia at the time of diagnosis of achalasia. The remaining
18 patients developed a hiatal hernia at a mean of 6 years
(range 1-15 years) after PD treatment. Statistical analysis
using a time-dependent Cox regression analysis revealed a
hazard ratio of 8.04 (95 % CI 3.5-18.1), p < 0.001 to
develop a Barrett’s esophagus if a hiatal hernia is present
(Fig. 3). In a univariate Cox regression analysis, older age
appeared as a significant factor in the development of hiatal
hernia, in contrast with sex, myotomy, and LES pressure.
Statistical analysis of the correlation between Barrett’s
esophagus and the later development of hiatal hernia also
showed significance (HR 8.8, 95 % CI 4.32-17.9,
p < 0.001). The results are listed in Table 2.

LES Pressures

LES pressures were measured before and after treatment.
As expected for the total group of achalasia patients,
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Table 1 Characteristics of patients with and without Barrett’s esophagus and the corresponding relative risks

Total Barrett + Barrett — HR* (95 % CI) p value
Number 331 28 303
Female 161 16 145 1.09 (0.51; 2.32) 0.83
Age (years) mean (SD) 51.1 (21.4) 55.9 (15.2) 50.7 (21.8) 1.02 (1.00; 1.04) 0.06
Myotomy 35 7 28 2.5 (1.00; 6.19) 0.07
Pre LES-pressure (mmHg) 30.0 (5-207) 30.0 (10-100) 30.0 (5-207) HR <30 =1 0.90
Median (range) HR > 30 = 1.06 (0.56; 2.44)
Post LES-pressure (mmHg) 15.0 (2-125) 13.5 (5-35) 15.0 (2-125) HR <15=1 0.07
Median (range) HR > 15 = 0.46 (0.18; 1.14)
Hiatal hernia present 14 13 1 8.04 (3.58; 18.1)# <0.001

* Hazard ratio (HR) estimated by univariate Cox regression analysis of the 27 cases with Barrett during follow-up. The log-likelihood p value is

reported

# HR of hiatal hernia entered as a time-dependent covariate in the Cox regression analysis
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Fig. 3 Barrett-free survival if no development of hiatal hernia (solid
line time is years since diagnosis of achalasia) and after hiatal hernia
(broken line, time is years since development of hiatal hernia)

post-treatment LES pressures were lower than pre-treat-
ment LES pressures (median 15.0 vs. 30.0 mmHg;
p < 0.001, Wilcoxon signed-rank test) indicating effective
dilatation treatment. The LES pressures before or after
treatment were not significantly related to development of a
hiatal hernia.

Patients with a post-treatment basal LES pressure lower
or equal to 15 tended to be at higher risk to develop
Barrett’s esophagus: HR = 2.17 95 % CI [0.88; 5.56],
p = 0.07 (Table 1).

Finally, a multivariate Cox’s proportional hazards
analysis on the development of Barrett’s esophagus and
hiatal hernia was performed with all clinically relevant
variables as age, gender, therapy, LES pressures, and hiatal
hernia included (Table 3). Age was a significant factor
involved in the development of hiatal hernia, but not in
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Barrett’s esophagus. In contrast, myotomy and a post-PD
LESP <15 mmHg were significantly related to the devel-
opment of Barrett’s esophagus, but not related to hiatal
hernia.

Use of Acid-Suppressive Medication

Over time, patients in our cohort used a range of different
acid-suppressive therapies, usually for short periods of time
such as after diagnosing esophagitis at endoscopy. In the
total cohort, 27 % used any kind of suppressive therapy at
any time during follow-up, and 9.5 % ever used a PPI
during follow-up. Of the 28 patients with Barrett’s esoph-
agus, nine (32 %) patients took no acid-lowering medica-
tion at any time during the follow-up, six (19 %) patients
only used antacids, four (14 %) used H2-receptor antago-
nists, and nine (32 %) patients were treated with different
kinds of acid-lowering therapies among which were pro-
ton-pump inhibitors. Of the patients who developed an
adenocarcinoma, one was on PPI-treatment and the other
on H2 antagonist treatment.

Discussion

To our knowledge, only a limited number of patients have
been described with the combination of achalasia and a
Barrett’s esophagus [13—15]. This includes a few patients
who developed Barrett’s esophagus after PD [14], seven
patients who were diagnosed with Barrett’s esophagus
without being treated for their achalasia [14, 16], and 31
patients who had undergone surgical myotomy many years
prior to the detection of Barrett’s esophagus [14, 15]. Six
(16 %) of these 39 patients were simultaneously or later
diagnosed with esophageal adenocarcinoma.
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Table 2 Characteristics of patients with and without hiatal hernia and the corresponding hazard ratios (HR)

Total Hiatal hernia Hiatal hernia HR* (95 % CI) p value

Yes No

Number 331 74 257
Male 160 39 121 1
Female 171 35 136 0.76 (0.47; 1.21) 0.24
Age (years) mean (SD) 51.1 (21.4) 59.9 (17.2) 48.6 (21.8) 1.03 (1.02; 1.04) <0.001
No myotomy 296 63 233 1
Myotomy 35 11 24 1.6 (0.84; 3.03) 0.18
Pre LES-pressure (mmHg) 30.0 (5-207) 30.0 (5-100) 30.0 (7-207) HR <30=1 0.74
Median (range) HR > 30 = 1.09 (0.66; 1.78)
Post LES-pressure (mmHg) 15.0 (2-125) 13.0 (5-70) 15.0 (2-125) HR<15=1 0.53
Median (range) HR > 15 = 0.85 (0.50; 1.43)
Barrett absent at time of HH 315 65 250 1
Barrett present 16 9 7 8.80 (4.32; 17.9)# <0.001

* HR estimated by univariate Cox regression analysis of the 70 cases with hiatal hernia during follow-up (the information of the date of hiatal
hernia were missing in four cases). The log-likelihood p value is reported

# HR of Barrett entered as a time-dependent covariate in the Cox regression analysis

Table 3 Result of the multiple Cox regression analyses of the endpoints Barrett and hiatal hernia

Barrett Hiatal hernia

HR* (95 % CI) p value HR* (95 % CI) p value
Age (years) mean (SD) Ns 1.03 (1.02; 1.05) <0.001
No myotomy 1
Myotomy 3.49 (1.36; 8.93) 0.009 Ns
Post-LES pressure (mmHg) <15 1
Post-LES pressure (mmHg) >15 0.35 (0.13; 0.96) 0.04 Ns
HH/Barrett absent at time of Barrett/HH 1 1
HH/Barrett present at time of Barrett/HH 7.26 (3.19; 16.6)# <0.001 6.10 (2.87; 13.0)# <0.001

The log-likelihood p value is reported

# HR of covariate entered as a time-dependent covariate in the Cox regression analysis

The incidence of esophageal adenocarcinoma in patients
with Barrett’s esophagus is considered to be approximately
0.5 % per year of follow-up [17, 18] Therefore, the esti-
mated 16 % prevalence of esophageal adenocarcinoma in
patients with achalasia and Barrett’s esophagus as deducted
from this figures above seems high.

This is the first study that systematically investigated the
relationship between achalasia treated with PD, Barrett’s
esophagus, and esophageal adenocarcinoma. We observed
that 8.4 % of 331 patients with achalasia developed a
Barrett’s esophagus, in a single case prior to treatment, but
mostly after PD treatment. Risk factors associated with the
development of Barrett’s esophagus were the presence of a
hiatal hernia, prior myotomy and a lower LES pressure.
During follow-up, 2/28 (7 %) patients with Barrett’s
esophagus developed an esophageal adenocarcinoma.

Myotomy was performed in 35 patients. In 19 patients
this had occurred before referral, yet these 19 patients

received renewed pneumatic dilatation for recurrent
symptoms after surgery. Another 16 patients were treated
with myotomy during FU, six of them received additional
dilatation after surgery. Both treatment modalities have the
same goal, namely disrupting the LES muscle fibers. A
recent study could not show a superiority in success rate of
myotomy [19].

The combination of achalasia and Barrett’s esophagus is
considered to be rare, as only 39 cases of achalasia with
Barrett’s esophagus have been reported in the literature,
mostly after myotomy [14, 15]. Although Barrett’s
esophagus and achalasia seem to be disorders at the
opposing ends of a spectrum, our results show that there is
an association between treatment of achalasia, leading to
an insufficient LES, and the development of a Barrett’s
segment. In our population, the prevalence of Barrett’s
esophagus in achalasia patients after treatment was 7.4 %,
with an annual incidence of newly development of
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Barrett’s esophagus of 1.0 % corresponding with a 1,000
new cases per 100,000 subjects/year.

These findings contrast with data on the prevalence and
incidence of Barrett’s esophagus in the general population.
Endoscopy and autopsy series have suggested a prevalence
of 1 % in Western populations [20]. This prevalence may,
however, be higher in selected populations. One study for
instance reported a 25 % prevalence of Barrett’s esophagus
in a population of male veterans [21]. Estimates for the
number of new cases per year vary between ten and 48 per
100,000 inhabitants [22, 23]. We recently observed an
annual incidence of 24.7 per 100,000/year in a Dutch
population of 386,000 subjects followed for 3.4 years [2].
In conclusion, our data suggest that patients treated for
achalasia have a higher risk of developing Barrett’s
esophagus than the general population. As there is no age-
and sex-comparable control population in our study, of
course there is surveillance bias. In the absence of such a
population, we can only make an indirect comparison with
other data. Klinkenberg-Knol et al. [24] observed that 20
(12 %) of 166 patients with severe reflux disease treated
with omeprazole developed Barrett’s metaplasia during an
average 6.5 years follow-up with annual endoscopy. This
incidence is in the same order of magnitude as our obser-
vation of Barrett’s metaplasia in 7.3 % of our achalasia
patients during an average 8.9 years follow-up.

Several hypotheses may explain the association between
achalasia and Barrett’s esophagus. The most obvious
hypothesis is that efficient treatment leads to insufficiency
of the LES predisposing to GERD and possibly to its
complications [25]. This is supported by the association
between a lower LES pressure and the development of
Barrett’s esophagus in our cohort and also by our findings
that esophagitis is very common during follow-up after
PD [12].

Although all achalasia patients were at each visit asked
for esophageal complaints, it can be difficult to discrimi-
nate symptoms related to the primary motility disorder and
those related to the secondary reflux after treatment. Since
most achalasia patients have persistent esophageal com-
plaints, we were unable to find a clear correlation between
classical reflux symptoms and the development of Barrett’s
esophagus after achalasia treatment.

Twenty-seven percent of all patients in our cohort used
acid-suppressive medication at any time during long-term
follow-up, predominantly for short-term periods. This
proportion was higher among the patients diagnosed with
Barrett’s esophagus. Our cohort study does not allow any
conclusions whether this use of acid-suppressive medica-
tion in any way interfered with the rate of progression to
Barrett’s metaplasia and further [26].

Surprisingly, in the literature and also in our study, a few
achalasia patients appeared to have BE already prior to
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baseline treatment. One hypothesis is that the development
of Barrett’s esophagus had already occurred before acha-
lasia started. Secondly, it has recently been shown that
transient LES relaxations (TLESRs) accompanied by acid
reflux may also occur in achalasia patients [27]. The
combination of TLESR-induced acid reflux with impaired
esophageal clearance may therefore be an explanation for
the observed development of Barrett’s esophagus in both
treated and untreated achalasia patients. A last explanation
could be that in (untreated) achalasia patients, chronic food
stasis and fermentation of retained food may cause chronic
esophageal inflammation, predisposing to Barrett’s esoph-
agus [16, 20, 28-31].

Apart from TLESRs as a predisposing mechanism to
reflux, the presence of a hiatal hernia is also an important
etiologic factor in the development of GERD and Barrett’s
esophagus. Various studies have reported a prevalence of
hiatal hernia in 95 % of patients with severe reflux and
Barrett’s esophagus with a length of 3 cm or more and
74 % in shorter Barrett’s esophagus [3, 32, 33]. We found
that 28 % of patients with a hiatal hernia developed BE in
contrast to only 3 % of achalasia patients without a hiatal
hernia and the presence of a hiatal hernia after treatment of
achalasia revealed a hazard ratio of 8.04 to develop
Barrett’s esophagus. We were surprised to find that 74 out
of 331 (23 %) achalasia patients had a hiatal hernia. Pre-
vious cross-sectional studies in achalasia have reported a
prevalence varying between 1.4 and 2.3 % [34-36].
Goldenberg et al. [37] described a higher prevalence, i.e.,
14.1 % hiatal hernias in achalasia probably because
radiographic examinations were reviewed. They found that
eight of ten radiographically demonstrated hiatal hernias
had not been recorded in the clinical records proving
underreporting probably because of the seemingly triviality
of the diagnosis. The assessment of hiatal hernias poses
some difficulties. Both barium swallow and upper GI
endoscopy in particular have limited sensitivity in diag-
nosing small herniation [38, 39]. High-resolution manom-
etry may be the most accurate instrument to diagnose these
small herniations. We assessed the presence of a hernia
during insertion of the scope and also used the retroflection
view to grade the severity of the hernia and only diagnosed
a hiatal hernia if the length was more than 2 cm.

Our results confirm that a hiatal hernia is not uncommon
in achalasia patients and show that it is a significant risk
factor for the development of Barrett’s esophagus after
esophageal dilation (Fig. 3). Barrett’s esophagus is a pre-
malignant condition predisposing to esophageal adenocar-
cinoma. The esophageal cancer risk in patients with a
Barrett’s esophagus differed between 1/52 and 1/297 years
of follow-up in different reports [17]. The incidence of
adenocarcinoma in our achalasia patients with Barrett’s
esophagus was 7.1 % (2/28) during an average 13.4 years
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follow-up, which corresponds to previously mentioned
annual risk of 0.5 % [14]. Reviewing all the cases of
achalasia combined with Barrett’s esophagus, Guo et al.
[14] found that adenocarcinoma had occurred in 19 % of
achalasia cases with Barrett’s esophagus, which developed
a mean of 18 years after treatment for achalasia. The mean
follow-up of the Barrett’s patients in our study was
13.4 years in total after achalasia diagnosis and 7.5 years
after Barrett’s development. With longer follow-up, the
incidence of Barrett’s esophagus and adenocarcinoma in
our cohort may further increase. The presence of Barrett’s
esophagus could have alerted both patients and physicians,
but we found no significant difference (p = 0.4) in drop-
out percentage between Barrett and non-Barrett patients.

In conclusion, patients with achalasia treated with
pneumatic dilatation are at considerable risk for develop-
ment of Barrett’s esophagus. We observed the development
of Barrett’s esophagus in 28 (8.4 %) of 331 achalasia
patients before treatment and during long-term follow-up.
This implicates that achalasia and Barrett’s are not mutu-
ally exclusive disorders. In contrast, achalasia and LES
lowering therapy should be considered a risk factor for the
development of Barrett’s mucosa. Hiatal hernia and lower
esophageal sphincter pressures increase the risk of devel-
oping Barrett’s esophagus. During endoscopic and radio-
graphic follow-up of achalasia patients, careful attention
should be paid to the presence of hiatal hernia, especially in
combination with low LES pressures, since this combina-
tion strongly increases the risk for BE and eventually
adenocarcinoma of the esophagus.
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