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BACKGROUND: Late complications of esophageal atresia (EA),
particularly esophagitis and Barrett’s esophagus, are increasingly being
recognized. With the exception of patients with dysphagia associated
with esophageal stricture, it is unknown whether patient symptoma-
tology can predict endoscopic findings.

METHODS: Data regarding the digestive symptoms of patients who
were referred to the EA multidisciplinary clinic from October 2005 to
October 2008 and underwent upper gastrointestinal endoscopic evalu-
ation, were systematically collected. Macroscopic and histological find-
ings were analyzed. Endoscopy was considered normal if no esophagitis,
intestinal metaplasia or gastric metaplasia (GM) was discerned.
RESULTS: Sixty-three patients underwent endoscopy. Eighteen had
dysphagia related to an esophageal stricture needing dilation and were
subsequently excluded from the analysis. Forty-five patients (26 girls)
with a median age of 7.3 years (range 0.4 to 17.9 years) were evaluated.
Twenty-six patients (58%) were normal at endoscopy, 14 patients
(31%) had esophagitis and 16 patients (36%) had GM. No intestinal
metaplasia or adenocarcinoma was detected. Six patients with abnor-
mal endoscopy results were asymptomatic. No correlation between
digestive symptoms and endoscopy results was found.
CONCLUSION: The present cross-sectional study showed that symp-
tomatology was not predictive of abnormal endoscopy in EA patients.
Esophagitis or GM may be discovered, even in the absence of symp-
toms, suggesting that physicians cannot rely solely on symptomatology
to accurately evaluate the extent of these esophageal complications in
this population.
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Since the first successful surgery in 1941 (1), the survival of
patients with esophageal atresia (EA) has greatly improved
(2-6). Consequently, the follow-up of these patients has revealed
gastrointestinal (GI) complications such as gastroesophageal
reflux (GER), esophagitis and their related consequences
(7-10), where were unrecognized 60 years previously.

Among these complications, one of the major concerns in
the long-term GI follow-up is the increased incidence of gastric

metaplasia (GM) of the esophagus (11-13), intestinal meta-
plasia (8,14) and esophageal adenocarcinoma (15-17), which
have all been reported in young adults with EA (14-16).
However, the exact incidence and natural history of these
complications are unknown in EA patients.

It has not been established whether systematic upper GI
endoscopic screening in the follow-up of young patients with
EA is recommended. Finding clinical symptoms predictive of
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Figure 1) Barrett’s esophagus, with its velvety-red tongue extending
up in the esophagus from the proximal gastric folds at the
gastroesophageal junction

endoscopic appearance would be very helpful in the clinical
management of these patients.

Thus, the aims of the present cross-sectional study were to
describe esophagitis, Barrett’s esophagus (BE) and metaplasic
features (macroscopic and microscopic) of the esophagus in a
cohort of children with EA who were proposed a systematic
endoscopic examination, and to verify whether a correla-
tion between endoscopic observations and patient symptoms
exists.

METHODS

Patients

In October 2005, a specialized EA clinic was created at the
Centre Hospitalier Universitaire Sainte-Justine (Montreal,
Quebec). Patients of all ages were invited to be followed by the
clinic’s multidisciplinary team. At their first visit, all patients
were routinely proposed upper GI endoscopy if they were older
than two years of age. If they were younger than two years of
age, indication for endoscopy was based on symptoms (dys-
phagia, food impaction and/or hematemesis). The study period
extended from October 2005 to October 2008.

Patients were excluded from the study if they had previously
undergone gastric tube reconstruction, colonic interposition or
esophagogastric dissociation. Patients with dysphagia associated
with esophageal stricture needing dilation at endoscopy were
not included in the analysis because they did not have esopha-
geal biopsies taken when endoscopic dilation was performed.

Clinical data collection

Digestive symptoms were systematically recorded by asking
specific predetermined questions. A data sheet was available at
each visit. Questions were appropriate for all ages: patients (or
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Figure 2) Proximal gastric folds in a patient with long-gap atresia
(gastric pull-up) . In this patient, the biopsies were taken at least 1 cm
away from the {gastroesophageal?} junction.

parents) were asked whether they (or their child) experienced
regurgitation or ‘food coming up’ (clinical GER), heartburn
(pyrosis), trouble swallowing (dysphagia), pain with swal-
lowing (odynophagia), food blockage (food impaction) and
coughing at meals.

Endoscopic data collection

Macroscopic data were collected prospectively. Reports of
macroscopic esophagitis were noted according to the Savary-
Miller classification or the presence of endoscopically visible
breaks in the esophageal mucosa at or immediately above the
gastroesophageal junction (18). The BE macroscopic aspect
was defined as velvety-red tongue extending up in the esopha-
gus from the proximal gastric folds at the gastroesophageal
junction (Figure 1). BE endoscopic aspect was differentiated
from hiatal hernia or gastric pull-up by carefully delimiting the
gastroesophageal junction, identified as the proximal margin of
the gastric folds (Figure 2). Each patient systematically under-
went at least one esophageal biopsy. When a BE macroscopic
aspect was seen, at least one supplementary biopsy was system-
atically taken from the segment in question. Care was taken to
accurately biopsy the esophageal mucosa and not the gastric
mucosa. Biopsies were taken above the proximal gastric folds,
at least 1 cm away from the gastroesophageal junction. Such
caution was needed mostly in patients with long-gap atresia,
where gastric pull-up was often noticed.

A total of eight different pediatric endoscopists evaluated
the patients. A specialized endoscopic nurse was present for
each endoscopy.

Both macroscopic esophagitis and BE had to be confirmed
by histology to be considered for analysis in the present study.

Pathology data

Esophagitis was defined as the elongation of papillae and basal
hyperplasia. Biopsies from endoscopically suspected esophageal
metaplasia that showed a columnar epithelium were ‘flagged’ as
BE. As proposed by the Montreal definition and classification
of GER (18), endoscopically suspected esophageal metaplasia,
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Endoscopy in patients with esophageal atresia

Figure 3) Biopsy showing esophageal metaplasia with gastric meta-
plasia (Barrett’s esophagus/gastric metaplasia positive) . Hematoxylin
phloxine saffron stain, original magnification x100

both cardiac- and intestinal-type metaplasia should be included
in the definition of BE (18,19). Metaplasia type was defined as
BE, gastric GM+ (Figure 3) or BE, specialized intestinal meta-
plasia positive (19-22). In biopsies for which metaplasia was
suspected, Alcian blue dye was used to highlight goblet cells
and readily distinguish intestinal metaplasia. One pathologist
(DBDS) systematically reviewed all the biopsies that were
previously analyzed by another pathologist who was a member
of the department of pathology. Discrepancies in analyses were
resolved by discussion, with final diagnosis established by con-
sensus between the two participating pathologists.

pH monitoring

When a pH study was performed, the reflux index (23) was
used as the criterion for acid reflux: for children younger than
one year of age, the percentage of time at pH<4 for more than
10%, and for older than one year of age, the percentage of time
for more than 5% were considered abnormal.

Statistical analysis

Endoscopy was considered normal if there was no evidence of
macroscopic and microscopic esophagitis, no BE/GM+, and no
BE/specialized intestinal metaplasia positive. Symptoms were
analyzed according to endoscopic findings; differences between
groups were analyzed by the 3?2 test, with P<0.05 considered to
be statistically significant.

The study was approved by the local institutional board.

RESULTS
Sixty-three patients underwent endoscopy. No patient refused
the evaluation. Eighteen patients needed dilation for esophageal
stricture and were subsequently excluded from the analysis
(Figure 4). The study group consisted of 45 patients (26 girls)
with a median age of 7.3 years at the time of endoscopy (range
five months to 17 years, 11 months). Thirty-seven patients
(82%) had type C atresia (24), 10 (22%) had long-gap atresia,
and 11 patients (24%) had VACTERL (vertebral, anal, esopha-
geal, renal, limb defects) association (Online Mendelian
Inheritance in Man 192350). Twenty patients (44%) underwent
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n=76 EA patients
followed in our EA clinic
<2 years: n=9
Health status not stable: n=2
Esophagostomy: n=1
Bianchi deconnection n=1
y
n=63
underwent endoscopy

v
n=18
stricture needing dilatation

Figure 4) Patients included in the analysis. EA Esophageal atresia

n=45
eligible for analysis

a fundoplication procedure before the endoscopy and 10 (22%)
had a history of esophageal stricture needing dilation.

Twenty-six patients (58%) were normal at endoscopy.
Fourteen patients (31%) had histologically proven esophagitis,
and 16 (36%) had GM (BE/GM+) (Figure 3). In the latter patient
group, the mean age was 9.8 years (range 3.4 to 13.2 years), and
six patients had long-gap atresia. No intestinal metaplasia, dys-
plasia or adenocarcinoma was found. As reported in Figure 5,
esophagitis and GM were encountered in patients four years of
age and older.

pH monitoring was performed in 24 of the 63 patients. Of the
14 patients with esophagitis, six underwent pH monitoring, which
revealed abnormal results in all patients who were not on antacid
medication (ie, proton-pump inhibitors). Of the 16 patients with
GM, seven underwent pH monitoring, with abnormal results
in only three of these seven.

Twenty-eight patients (62%) were symptomatic. The symp-
toms reported were dysphagia in 40%, food impaction in 36%,
coughing during meals in 27%, regurgitation in 20%, pyrosis in
13% and odynophagia in 2%.

Of 17 completely asymptomatic patients, six had abnormal
endoscopy results. Of these six patients, four had both
esophagitis and GM. In contrast, of the 28 symptomatic
patients, 15 had normal endoscopic findings.

No association was found between the symptoms and endo-
scopic findings analyzed either as a whole (abnormal endoscopy)
(Table 1) or separately (esophagitis or GM).

DISCUSSION

The present study was one of the largest pediatric endoscopic
series of patients with EA (11-14,25). Our study was based on
systematic endoscopic evaluation of all EA patients, with the
intention of specifically screening for BE and esophagitis.
Mucosal abnormalities at endoscopy were observed in 19 of 45
patients (42%) in our cross-sectional study. Symptoms were
reported by 62% of patients, but none could be identified as
being statistically associated with an abnormal endoscopic
finding. Furthermore, six asymptomatic patients had abnormal
endoscopy results, reflecting the difficulty in adequately decid-
ing which patients need to be investigated.
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Figure 5) Distribution of esophagitis and gastric metaplasia accord-
ing to age. y Years

Patients with strictures needing dilation were excluded from
the analysis because the majority of them did not have biop-
sies at endoscopy — most gastroenterologists at our institution
prefer not to perform an esophageal biopsy when performing
a dilation. Furthermore, these patients had obvious symptoms
requiring immediate attention. If patients with strictures had
been included in the analysis, dysphagia would have been
statistically associated with abnormal endoscopic findings but
only due to cases of significant strictures requiring dilation.

In patients followed for EA in recent years, our attention
has been focused on significant complications of GER, such as
BE and esophageal adenocarcinoma. BE with intestinal meta-
plasia is a premalignant condition highly associated with an
increased risk of esophageal adenocarcinoma (26,27). The
prevalence of BE with intestinal metaplasia is closely related to
GER duration (28,29). Moreover, a recent population-based
study (30) has demonstrated the strong association between
GER and the risk of esophageal carcinoma (OR=7.7). Taken
together, these studies suggest that EA patients affected by
severe, protracted GER are particularly exposed to the risk of
developing severe complications from chronic esophageal acid
exposure. Adenocarcinomas have previously been reported in
20-year-old (15) and 22-year-old (16) EA patients. The endo-
scopic screening of such complications or of lesions preceding
these complications is, thus, warranted.

Fortunately, no intestinal metaplasia or adenocarcinoma was
found in our population. However, 16 patients had GM. While
long-term acid exposure contributes to carcinogenesis in BE
with intestinal metaplasia (21), its effect on GM is less well
defined. Some authors believe that GM is associated with
adenocarcinoma (11,12), whereas others do not (25,31).
However, in patients with EA, the increased incidence of GER
beginning early in life with a possible lifelong evolution (7,10)
makes them a population at very high risk of GM transforming
into intestinal metaplasia (19). Since the inception of our
multidisciplinary clinic, five patients with GM have undergone
subsequent endoscopy, with no intestinal metaplasia encoun-
tered. Whether prolonged, aggressive, acid suppression is bene-
ficial in these situations remains to be determined. A long-term
follow-up of these patients is warranted and is currently under-
way at the Centre Hospitalier Universitaire Laval Sainte-Justine.

Hiatal hernia or gastric pull-up can complicate landmark
recognition and lead to erroneous diagnosis of GM (19), mostly
in patients with long-gap atresia. In this regard, we specifically
identified the esophageal mucosa by carefully delimiting the
gastroesophageal junction, identified as the proximal margin of
the gastric mucosal folds (Figures 1 and 2), as defined by Prague
C & M criteria (32). Moreover, only six of the 16 subjects with
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TABLE 1
Clinical symptoms according to endoscopic findings

Endoscopy results
Normal (n=26) Abnormal (n=19)

Regurgitation/clinical GER 4 (15) 5 (26)
Pyrosis 2(8) 4(21)
Dysphagia 10 (38) 8 (42)
Odynophagia 1(4) 0(0)

Food impaction 10 (38) 6 (32)
Cough at meals 6 (23) 6 (32)
Asymptomatic 11 (42) 6 (32)

Data are presented as n (%). y* test, no symptom with P<0.05. GER
Gastroesophageal reflux

GM had long-gap atresia. Therefore, we believe that the speci-
mens diagnosed as GM were truly GM and not erroneously
diagnosed gastric mucosa.

Finding specific symptoms associated with abnormal endos-
copy would have been helpful. In their long-term follow-up of
adults with EA, Taylor et al (33) investigated endoscopic
abnormalities only in symptomatic patients and reported a
58% incidence of esophagitis and an 11% incidence of intes-
tinal metaplasia. Based on our study, esophageal mucosal
abnormalities can be observed in EA patients at endoscopy
despite the absence of symptoms (six of 17 patients [35%]),
making the recommendation of endoscopic assessment based
solely on symptomatology inappropriate.

On the other hand, our investigation shows that some
symptomatic patients were completely normal at endoscopy.
Symptoms such as dysphagia, odynophagia or food impaction
can be related to esophageal dysmotility in this population of
patients, as demonstrated by manometric studies (12,34).

A limitation of the present study is the total number of
biopsies taken because it did not strictly follow the guidelines
for BE surveillance (18,20). Therefore, we acknowledge that
some GM or intestinal metaplasia may have been missed and
that our results are most likely an underestimation of the true
number of these conditions.

Another limitation is the sample size; therefore, it is pos-
sible that no association between symptoms and endoscopic
findings could be statistically demonstrated because of an
insufficient number of patients. However, Locke et al (35)
noted that in a non-EA population of 1011 adults, symptoms
were only weakly predictive of findings at endoscopy. In
infants, the presence of esophagitis is difficult to predict on the
basis of symptoms. Chadwick et al (36) reported a poor correla-
tion between symptoms and histological changes. Salvatore et al
(37) demonstrated that questionnaires are poorly predictive of
GER disease severity because they do not correlate with
esophageal acid exposure, measured by pH-metry, and with
esophagitis, evaluated by the histological analysis of esophageal
biopsies.

CONCLUSION
Our study indicates that symptoms are not predictive of abnor-
mal endoscopy in patients with EA. Furthermore, even in the
absence of symptoms, abnormal findings may still be discov-
ered. Many of these patients present with GM for which no
exact modalities exist with regard to its follow-up and surveil-
lance. Considering the high prevalence of GER in
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this population, the systematic endoscopic follow-up and
evaluation of esophageal biopsies in EA patients to accurately
evaluate complications, response to treatment and outcomes
are warranted. Close collaboration among pathologists should
be established, lesions should be described according to stan-
dardized landmarks and biopsy samples should be taken with
special care.
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