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Prevalence of acid gastroesophageal reflux disease in infants
with esophageal atresia/tracheoesophageal fistula
Charlotte Flatrès1, Madeleine Aumar2, Delphine Ley2, Rony Sfeir2, Audrey Nicolas2, Michel Bonnevalle2, Alain Duhamel3 and
Frédéric Gottrand2

BACKGROUND: Given the high prevalence and complication risks of acid gastroesophageal reflux (GERD) in the first months of life
in infants with esophageal atresia, the ESPGHAN/NASPGHAN consensus statement recommends systematic treatment with proton
pump inhibitors (PPIs) until the age of 1 year and checking for acid GERD thereafter. However, these recommendations have not
been evaluated.
METHODS: This prospective study was conducted from 2007 to 2016. We evaluated the prevalence of acid GERD in 100
consecutive infants presenting with esophageal atresia/tracheoesophageal fistula after the age of 18 months when PPI treatment
was stopped. The diagnosis of acid GERD was based on positive pH-metry and/or evidence of complications (e.g., peptic
esophagitis, need for jejunal nutrition, or antireflux surgery). Those with acid GERD at a median age of 18 months received a control
examination every year or adapted to their clinical situation.
RESULTS: The prevalence rates of acid GERD were 64.3% at 18 months and 22.8% at the last follow-up (median age 65 months).
There is no risk factor for acid GERD identified.
CONCLUSIONS: This study shows a high prevalence of acid GERD in late infancy and supports the recommendation of systematic
checking for acid GERD when treatment with PPI is stopped.
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IMPACT:

● Acid gastroesophageal reflux disease (GERD) is a frequent complication of esophageal atresia in infants. The ESPGHAN/
NASPGHAN consensus, which is based on expert opinion, recommends systematic treatment of children with PPI until the age
of 1 year.

● The prevalence rates of acid GERD were 64.3% at 18 months and 22.8% at the last follow-up. This study shows a high
prevalence of acid GERD in late infancy and supports the recommendation of systematic checking for acid GERD when
treatment with PPI is stopped.

INTRODUCTION
Esophageal atresia (EA) is a congenital malformation of the upper
intestinal tract that has a prevalence of 1.97 per 10,000 births in
France1 and between 1.77 and 3.68 per 10,000 births in 18 birth
defect surveillance programs in the world.2 Although most
children survive after initial reconstructive surgery, complications
are common.3 Short-term complications seem to be related to
prematurity, low birth weight, and associated malformations,
especially cardiac malformations. The medium- and long-term
morbidity is dominated by two types of complications: respiratory,
mainly during the first years of life, and digestive in the short and
long term, in particular when related to acid gastroesophageal
reflux disease (GERD).4,5

In the general population, the prevalence of regurgitations
peaks in infancy and become rare after the age of 2 years (24.4%
of regurgitations in infants, 7.2% in children aged 2–11 years in

the French cohort of 2012).6 By contrast, patients operated at birth
for EA seem to have long-term persistent acid GERD.5

Acid GERD is considered to be a risk factor for complications,
including anastomotic stricture,7 eating difficulties or under-
nutrition,5 esophagitis,8,9 and Barrett esophagus.10,11 System-
atically treating children at birth is hypothesized to reduce the
risk of these complications.12

As early as in 2008, a national protocol for the diagnosis and
care of EA in France was initiated. This protocol recommended
routine treatment with proton pump inhibitors (PPIs) for all infants
receiving surgery for EA until the age of 1.5 years and followed by
a pH-metry monitoring after the cessation of PPI treatment during
the second year of life to assess the persistence of acid GERD.13

More recently, an European and North American Societies for
Paediatric Gastroenterology, Hepatology and Nutrition consensus
has been reported that is similar to the recommended systematic
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treatment for 1 year and endoscopy or pH-impedancemetry
monitoring after cessation of treatment.14

These recommendations are based on the presence of long-
term persistent acid GERD with a greater risk of complications.
These recommendations, the persistence of acid GERD after 1

year of age, and the factors associated with persistence have not
been evaluated. Therefore, we aimed to describe the prevalence
and outcome of acid GERD in a cohort of infants with EA who
were treated systematically with PPI and prospectively followed a
maximum of 10 years. The primary objective of this study was to
evaluate the prevalence of acid GERD at age 1.5 years. The
secondary objectives were to identify predictive factors and those
associated with acid GERD in late infancy and to assess the
outcome of acid GERD and its associated factors at the follow-up.

PATIENTS AND METHODS
This prospective study was conducted from January 1, 2007 to
December 31, 2016 in the French Reference Center for Congenital
Abnormalities of the Esophagus, where all children born with EA/
trachea–esophageal fistula (type III or IV EA according to Ladd
classification15) were included in this study. We excluded pure EA
patients since they are often long gap with delay in anastomosis
and more complicated outcome.16 Data were collected from a
population-based registry of EA, which began collecting data
prospectively on all infants born with EA in France from January 1,
2007. The registry was approved by the National Informatics and
Privacy Committee and was qualified by the National Committee
of Register. All data were used anonymously, and the parents were
informed of the aims of the registry.
Patients who were lost to follow-up before 18 months of age

were excluded (Fig. 1). Following the national protocol, all patients

were systematically treated orally with a PPI (esomeprazole 1 mg/
kg/day) until a median age of 18 months (quartile 1 [Q1], 18; Q3,
20 months). The persistence of GERD was evaluated by 24-h pH-
metry at least 5 days after cessation of PPI treatment. PPI
treatment was gradually reduced, by 50% for 2 weeks then
stopped 5 days before pH-metry.
The data were collected prospectively and included the

following:
Neonatal characteristics included sex, prematurity, birth weight,

type of atresia, associated malformations (cardiac, renal, anorectal,
laryngeal cleft, limb, vertebral), and vertebral defects, anal atresia,
cardiac defects, tracheoesophageal fistula, renal anomalies, and
limb abnormalities disorder, which was defined as the presence of
at least three of the following malformations: vertebral, anorectal,
cardiac, esophageal, renal, or limb.
Surgical variables included anastomotic tension (subjectively

assessed by the surgeon at the time of anastomosis), delayed
surgery (>15 days after birth),17 and early complications (i.e.,
mediastinitis, anastomotic leakage). There is indeed no consensual
definition of delayed surgery in literature. Delayed anastomosis
was defined, following our previous papers, by an inability to
perform end-to-end anastomosis within the first 15 days of life for
anatomical reasons (excluding reasons such as extreme prema-
turity or severe cardiac malformation).
Outcomes included esophageal stenosis, esophageal dilata-

tion, respiratory complications, signs of acid GERD, nutritional
status, feeding mode (oral or enteral nutrition), and gastro-
stomy. Undernutrition was defined as a weight-for-height
z score <2 standard deviations (SDs) below average. Small for
gestational age was defined by birth weight <5th percentile for
gestational age and sex (on anthropometric population curve),
using the Audipog database. Pneumonitis was defined on a

Patients with EA III/IV
N = 100

Lost to follow-up
N = 5

Antireflux surgery before 18 months
N = 5

Antireflux surgery
N = 13

No GER evaluation
N = 20

No GER
N = 25

No GER
N = 19

Total GER
N = 13

Positive pH-metry
N = 34

Total GER
N = 45

Maximum follow-up
N = 32

Positive pH-metry
N = 11

Complicated GER
N = 11

Complicated GER
N = 2

Analyzed population
N = 95

Evaluation at 18–36 months
N = 70

Fig. 1 Flow chart of the study.
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combination of clinical and radiological signs by a pediatric
pulmonologist.
Acid GERD was assessed using a 24-h pH-metry recording.

Positive pH-metry was defined as a reflux index > 7% (the time
spent with pH < 4 over the total recording time).18 Meal period
were not excluded during calculation of acid reflux index. Few
patients had pH-impedancemetry, but we did not collect this
information given the low number of cases and difficulties for
analyzing impedance, which is low in EA patients. Acid GERD was
defined as a positive pH-metry and/or evidence of complicated
acid GERD, as defined as peptic esophagitis (macroscopic
esophagitis with rupture of the esophageal mucosa) at endoscopy
or the need for fundoplication or jejunal feeding. To define peptic
esophagitis at endoscopy, eosinophilic esophagitis was eliminated
in all patients (4–6 esophageal biopsies at 2–3 different levels) and
histological esophagitis was not considered because its signifi-
cance remains controversial.18 When persistent acid GERD was
found, PPIs were restarted at a dose of 1 mg/kg/day. We analyzed
only those children whose acid GERD evaluation was performed
using pH-metry and/or endoscopy (Fig. 1).
In patients whose acid GERD was documented at age

18 months, a control examination was performed at least 1 year
later and was repeated every year until the child exhibited
negative pH-metry. The last follow-up was defined according to
the characteristics of the patients at the last follow-up consulta-
tion and the results of the last pH-metry. The median age at the
last follow-up was 65 months (Q1, 40; Q3, 85 months).
The secondary objectives were to evaluate the following factors.

● Predictive factors of acid GERD at 18 months: factors
appearing since birth and surgical characteristics that
predicted acid GERD at 18 months.

● Factors associated with acid GERD at age 18 months: other
factors or complications occurring after the surgery during the
follow-up.

● The prevalence of persistent acid GERD at the last follow-up.
Persistent acid GERD was defined as positive pH-metry or acid
GERD complications at the last follow-up in a child who
exhibited acid GERD at the first evaluation. Patients with an
acid GERD at the first evaluation who had received antireflux
surgery after 36 months were excluded from this analysis.

● Factors that predicted and were associated with persistent
acid GERD at the last follow-up.

Statistical analysis
Quantitative variables are expressed as median and interquartile
range and categorical variables as numbers (percentages). The time
of acid GERD disappearance after the monitoring process was
described as a censored variable taking into account the use of a
Nissen procedure as competing event; cumulative incidence of acid
GERD disappearance was estimated using the Kalbfleisch
and Prentice method.19 Bivariate analyses of factors associated
with acid GERD at 18–36 months and at the last follow-up
were performed using chi-square test (or Fisher’s test when
expected cell frequency <5) for categorical variables and using
Mann–Whitney U test for quantitative variables. No statistical
comparisons were done for categorical variables with frequency <5.
Statistical testing was conducted at the two-tailed α level of 0.05.
Data were analyzed using the SAS software package, release 9.4
(SAS Institute, Cary, NC).

RESULTS
One hundred children with EA/trachea–esophageal fistula were
born between January 2007 and December 2016 and were
operated on in our center. Five patients were lost to follow-up.
Children who underwent antireflux surgery before 18 months of

age (n= 5) or who did not have an acid GERD evaluation (n= 20)
were excluded from the analysis (Fig. 1).
The main characteristics, including age, prematurity, birth

weight, and surgical variables, did not differ significantly between
the 25 patients not included in the study and the 70 who were
included (Supplemental digital content, Table 1).

Table 1. Characteristics of the population analyzed.

Characteristics N (%)

Male 52 (74.3)

Prematuritya 26 (37.7)

Small for gestational ageb 13 (19.4)

Type of esophageal atresia

Type III 68 (97.1)

Type IV 2 (2.9)

Associated malformations 34 (48.6)

Tracheal malformation 2 (2.9)

Anorectal malformation 4 (5.7)

Vertebral malformation 21 (30)

Cardiac malformation 25 (35.7)

Renal malformation 14 (20.3)

Limb malformation 3 (4.3)

VACTERL syndrome 17 (24.3)

Delayed surgery 5 (7.2)

Anastomotic tension 13 (20)

Mediastinitis 2 (2.9)

Anastomotic leakage 5 (7.1)

aPrematurity: term of birth <37 weeks of pregnancy.
bSmall for gestational age: birth weight was <5th percentile for gestational
age and sex (on anthropometric population curve) using the Audipog
database.

Table 2. Clinical characteristics of patients at the time of evaluation
and maximal follow-up.

Clinical characteristics First evaluation 70
patients

Last follow-up
70 patients

Age (years (interquartile
range))

1.5 (1.5–1.7) 5.4 (3.3–7)

Digestive symptoms, (N (%))

Regurgitation 4 (5.8) 1 (1.4)

Vomiting 9 (13) 4 (5.7)

Dysphagia for solids 38 (55.9) 18 (25.7)

Mixed dysphagiaa 5 (7.4) 1 (1.4)

Food impaction 12 (17.6) 8 (11.4)

Esophageal stenosis 31 (44.3) 38 (54.3)

Recurrent stenosis 11 (36.7) 18 (47.4)

Recalcitrant stenosis 3 (10) 6 (15.8)

Peptic esophagitis 6 (8.6) 5 (7.1)

Fistula repermeabilization 5 (7.1) 6 (8.6)

Undernourished 5 (7.8) 1 (1.4)

Respiratory symptoms, N (%)

Chronic cough 17 (25) 10 (14.3)

Pneumonitis 18 (26.5) 18 (25.7)

aMixed dysphagia: dysphagia with mixed food.
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Table 3. pH-metry results.

18–36 months pH-metry Last follow-up pH-metry

GER GER

Yes No Yes No

Reflux index 17.6 (10.4–23.2) 2.05 (1.0–3.4) 9.4 (1.7–13.2) 2 (0.6–3.5)

Number of reflux per hour 3.5 (1.7–6.7) 1.3 (0.7–2.2) 2.4 (1.8–3.2) 0.8 (0.4–1.1)

Number of reflux >5min per hour 0.2 (0.1–0.4) 0.05 (0.0–0.1) 0.14 (0.1–0.2) 0 (0–0.05)

Longest reflux time (min) 17.1 (8.2–40.4) 8.45 (3.3–17.8) 21.5 (17.1–28.3) 1.2 (2.5–6.9)

Values are median (interquartile range).

Table 4. Predictive factors of GER between 18 and 36 months of age and at the last follow-up.

Characteristics GER at 18–36 months N (%) p value Persistent GER at the last follow-up
N (%)

p value

Yes (n= 45) No (n= 25) Yes (n= 13) No (n= 44)

Male 34 (75.6) 18 (72.0) 0.74 10 (76.9) 31 (70.5) 0.74

Birth weight (g) 2680 (2278–3075) 2860 (2530–3200) 0.12 2694 ± 705.3 2810 ± 628.4 0.42

Prematuritya 20 (45.5) 6 (24.0) 0.077 5 (38.5) 14 (32.6) 0.74

Small for gestational ageb 9 (20.9) 4 (16.7) 0.76 4 (30.8) 6 (14.6) 0.23

Associated malformation 24 (53.3) 10 (40) 0.28 7 (53.8) 18 (40.9) 0.41

Tracheal malformation 1 (2.2) 1 (4.0) — 0 (0) 1 (2.3) —

Anorectal malformation 3 (6.7) 1 (4.0) — 0 (0) 2 (4.5) —

Vertebral malformation 15 (33.3) 6 (24.0) 0.41 3 (23.1) 13 (29.5) 0.74

Cardiac malformation 18 (40.0) 7 (28.0) 0.32 5 (38.5) 15 (34.1) 0.75

Renal malformation 12 (27.3) 2 (8.0) 0.056 3 (23.1) 6 (13.6) 0.41

Limb malformation 2 (4.4) 1 (4.0) — 2 (15.4) 1 (2.3) —

VACTERL 13 (28.9) 4 (16.0) 0.23 3 (23.1) 10 (22.7) 1.00

Delayed surgery 4 (9.1) 1 (4.0) — 2 (15.4) 1 (2.3) —

Anastomotic tension 10 (22.7) 3 (14.3) 0.52 4 (30.8) 3 (7.7) 0.056

Mediastinitis 2 (4.4) 0 (0.0) — 1 (7.7) 0 (0.0) —

Anastomotic leakage 4 (8.9) 1 (4.0) — 3 (23.1) 1 (2.3) —

Values are n (%) or median (interquartile range).
aPrematurity: term of birth <37 weeks of pregnancy.
bSmall for gestational age: birth weight was <5th percentile for gestational age and sex (on anthropometric population curve) using the Audipog database.

Table 5. Factors associated with GER at age 18–36 months and at the last follow-up.

Characteristics GER N (%) p value GER at the last follow-up N (%) p value

Yes (n= 45) No (n= 25) Yes (n= 13) No (n= 45)

Undernutrition 28 (68.3) 12 (52.2) 0.2 8 (61.5) 12 (27.3) 0.044

Enteral feeding 9 (20.5) 2 (8.0) 0.31 1 (7.7) 2 (4.5)

Regurgitation 2 (4.5) 2 (8.0) 1 (7.7) 0 (0)

Dysphagia to solids 23 (53.5) 15 (60.0) 0.6 2 (15.4) 11 (25) 0.71

Mixed dysphagia 4 (9.3) 1 (4.0) 1 (7.7) 0 (0)

Food impaction 7 (16.3) 5 (20.0) 0.75 3 (23.1) 3 (6.8)

Chronic cough 4 (16.0) 13 (30.2) 0.19 2 (15.4) 4 (9.1)

Pneumonitis 7 (28.0) 11 (25.6) 0.83 3 (23.1) 9 (20.5) 1

Anastomotic stenosis 22 (48.9) 9 (36.0) 0.3 6 (46.2) 24 (54.5) 0.59

Recurrent stenosis 9 (42.9) 2 (22.2) 0.42 3 (50) 10 (41.7)

Recalcitrant stenosis 3 (14.3) 0 (0) 1 (16.7) 2 (8.3)

Esophagitis 6 (19.4) 0 (0) 3 (33.3) 2 (9.1)

Fistula repermeabilization 1 (2.2) 4 (16.0) 3 (7) 3 (23.1)

Bold values indicate statistical significance p < 0.05.
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Seventy patients were included in the final analysis; 52 (74.3%)
were boys, and the median birth weight was 2830 g (interquartile
range 2380–3150 g). Twenty-six (37.7%) children were born
prematurely. Sixty-eight patients (97.1%) had type III EA and 2
(2.9%) had type IV EA. The characteristics of the population
included in the final analysis are shown in Table 1.
At first evaluation, among the 70 patients included in the

analysis, 60 (86%, 95% confidence interval [CI] 78–94) had
endoscopy, 63 (90%, CI 83–97) had a pH-metry, and 37 (53%, CI
41–65) had both evaluations. The prevalence of acid GERD at
18 months was 64.3% (CI 53–75.5); 48.6% (CI 36.4–60.8) had
positive pH-metry and 22.9% (CI 13.7–34.4) had complicated acid
GERD, including 6 patients with peptic esophagitis. None of these
infants had eosinophilic esophagitis.
At the first evaluation, the patients’ median weight was 10.3 kg

(interquartile range 9.2–11 kg) and median age was 18 months
(interquartile range 18–20 months). The first pH-metry was
performed at a median age of 25 months (interquartile range
20–30 months). Thirty-eight (55.9%) patients presented with
dysphagia for solids. Thirty-one (44.3%) children presented with
esophageal anastomotic stenosis, 11 patients (36.7% of esopha-
geal stenosis) with recurrent stenosis (>3 esophageal dilatations),
and 3 (10% of esophageal stenosis) with recalcitrant stenosis (>5
esophageal dilatations). Dysphagia was defined as difficulty of
swallowing solids or mixed food as reported by parents. Most
often, these children had an endoscopy (41/50, 82%). The clinical
characteristics of the children at the time of the evaluation are
shown in Table 2.
Seven children who had positive pH-metry also had peptic

esophagitis identified by endoscopy. Of the 37 patients who had
pH-metry and endoscopy, 19 (51%, CI 35–67) had positive pH-metry
without esophagitis, and no patient had negative pH-metry with
esophagitis. Median reflux index was 17.6 (Q1 10.4; Q3 23.2) (Table 3).
Twenty (28.6%) children who did not have any digestive symptoms
(dysphagia, regurgitation, vomiting) presented with acid GERD.
There was no factor that significantly predicted the presentation

of acid GERD at 18 months of age. The surgical characteristics did
not differ between groups (Table 4).
The prevalence of persistent acid GERD at the last follow-up in

those who had acid GERD at 18 months was 22.8% (CI 12.7–35.8).
Their median weight was 17.8 kg (interquartile range: 16–21.7 kg)
and median age was 5.4 years (interquartile range: 3.3–7 years) at
the last consultation. The last pH-metry was performed at a
median age of 32 months (interquartile range: 25–43 months).
Complicated acid GERD was observed in 7% (CI 0.2–17.0%) of
patients and acid GERD was observed at the time of pH-metry in
19.3% (CI 10.0–31.9%) of patients.

When looking at the difference in acid GERD at 1.5 years and at
follow-up, we did not find any difference between premature and
at term infants: 53 versus 56% (p= 0.94) at 1.5 years, 26 versus
42% (p= 0.49).
There is no factor that significantly predicted persistent acid

GERD at the last follow-up (Table 4), and no factor associated with
persistent acid GERD at the last follow-up (Table 5).
There is no association between respiratory symptoms and

presence of esophagitis or a positive pH-metry at 1.5 year and at
the last follow-up (Table 6).
When looking at the difference in digestive symptoms at 1.5

years and at the last follow-up, there was a significative
difference between the presence and absence of esophagitis
at 1.5 years, 85.7 versus 19.2% (p= 0.001), but not at the last
follow-up. There was no association between digestive symp-
toms and positive pH-metry at 1.5 years and at the last follow-
up. When looking at the difference between positive pH-metry
and at 1.5 years, there was no significative difference between
the presence and absence of esophagitis at 1.5 years, 100 versus
36% (p= 0.056).
The probability that acid GERD disappeared over time in

children with an acid GERD at the age of 18 months increased
regularly to 62% at age 46 months and remained constant at 72%
after 80 months (Fig. 2).

DISCUSSION
In this study, we found a high prevalence of acid GERD; about two-
thirds of infants who had received an operation for EA/tracheoe-
sophageal fistula exhibited acid GERD during late infancy, and this
decreased to about one-fourth at age of 6 years. This confirms data
from previous studies using different definitions of acid GERD. The
prevalence of acid GERD was reported as 43% in Canadian EA
patients with a median age of 5 years and 4 months.20 In that study,
acid GERD was defined as the presence of moderate-to-severe
esophagitis at biopsy, intestinal metaplasia, the need for fundoplica-
tion, or need for jejunal feeding, or some combination. This
definition is similar to our “complicated” acid GERD, except we did
not consider esophagitis at histology as its significance remains
controversial. They did not consider pH-metry in their study. Another
study of 32 patients with EA used pH-metry and reported that >45%
of patients exhibited acid GERD21 at a median age of 15 months. A
recent study in the Netherlands found lower prevalence rates of
10% for abnormal pH/impedance in infants (aged <18 months) and
12.5% in older children. This study included a small population (50
infants and 74 children) and included only 48% of eligible infants
and 5.9% of eligible children.22

Table 6. Association between respiratory or digestive symptoms and esophagitis or pH-metry results.

First evaluation (1.5 years) Last evaluation

Esophagitis % (CI) Absence of esophagitis % (CI) p value Esophagitis % (CI) Absence of esophagitis % (CI) p value

Respiratory symptoms 57.1 (20.1–94.1) 34.6 (21.6–47.6) 0.4 60.0 (17–100) 40.6 (23.6–57.3) 0.63

Digestive symptoms 85.7 (59.7–100) 19.2 (8.2–30.2) 0.001 60.0 (17–100) 28.1 (12.1–44.1) 0.3

Positive pH-metry Negative pH-metry Positive pH-metry Negative pH-metry

Respiratory symptoms 38.7 (21.1–55.7) 31.2 (15.2–47.2) 0.72 37.5 (13.5–61.5) 22.7 (4.7–40.7) 0.52

Digestive symptoms 57.6 (40.6–74.6) 53.1 (36.1–70.1) 0.91 25.0 (4–46) 18.2 (2.2–34.2) 0.69

Esophagitis and
positive pH-metry

Absence of esophagitis and negative
pH-metry

Esophagitis and
positive pH-metry

Absence of esophagitis and negative
pH-metry

Respiratory symptoms 33.3 (0–86.3) 33.3 (13.3–53.3) 1 33.3 (0–86.3) 33.3 (13.3–53.3) 1

Digestive symptoms 100 71.4 (47.4–100) 1 0 37.5 (3.5–71.5) 1

Bold values indicate statistical significance p < 0.05.
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Our study is one of only few longitudinal studies to have
examined the evolution of acid GERD over time.23 Our longitudinal
study with repeated examination at the follow-up shows the
importance of monitoring acid GERD in infants and children with
EA. Moreover, we could not identify any risk factors for the
persistence of acid GERD that could help in targeting the control
examination to a specific high-risk group of children. The
prevalence of acid GERD decreased gradually from age 1.5 to 4
years, but it seemed to plateau and remain high after 4 years; that
is, 40% of children with acid GERD at 18 months exhibited
persistent acid GERD at age 4 years. A longitudinal study of 60
patients with EA performed in the United States found prevalence
rates of acid GERD of 48% at age 5 years, 25% at 5–10 years, and
31% after age 10 years.8 This change with age has also been
reported by another study.24 A recent prospective study of 73 EA
patients during 11 years reported that PPI treatment could be
discontinued in 48% of patients at age 2.4 years.23 Our results are
consistent with these previous studies and highlight the
importance of long-term follow-up and repeated acid GERD
examination in EA patients.
Another important finding of our study is that acid GERD can

persist without any specific digestive symptoms; that is, >25% of
our children with positive pH-metry had no regurgitation,
dysphagia, or vomiting. Several reasons may explain this finding,
including the possibility that children with EA may cope with their
symptoms and not report them or may have lower esophageal
mucosa sensitivity or esophageal dysmotility, which may mask
acid GERD symptoms.5,25,26 The high rate of acid GERD complica-
tions reported in children with EA (mainly esophagitis, gastric
metaplasia, and even Barrett esophagus)11,27 reinforces our belief
that systematic monitoring of acid GERD should be performed in
EA patients after PPI cessation.
The results show an association between digestive signs and

the presence of esophagitis, but not with a positive pH-metry.
Indeed, the digestive signs sought were dysphagia, regurgitation,
and vomiting, which are not specific of acid GERD, but possibly
explained by esophageal stenosis or esophagitis or dysmotility. It
is difficult at this age to assess the presence of heartburn. Despite
this result, it therefore seems important to realize the pH-metry

because the clinical diagnosis of acid GERD may be difficult based
on symptoms in this context.
This study did not find any improvement over time in

pneumonitis (Table 2). Respiratory complications have been
shown to be very frequent during infancy28 and results from
several mechanisms, including acid GERD, tracheomalacia, aspira-
tion, and recurrence of fistula.29 Another interesting finding is the
increase of the number of recalcitrant strictures with age. This is
probably due to the longer follow-up but not to eosinophilic
esophagitis since it was ruled out in all of our patients.
The benefits of systematically treating every EA patient with PPI

from birth to the age of 1 year or even longer are debated.
Although PPI treatment is well tolerated, prolonged treatment is
associated with the risk of gastroenteritis, Clostridium difficile
colitis, and lung infection.27,30–32 The benefits of using PPI to
prevent anastomotic stenosis have been discussed.23,33 Although
we could not answer this question in our study, in which we
systematically treated patients from birth, our data show clearly
that continuing to monitor for acid GERD after 1 year of age
allowed nearly 50% of children to stop PPI treatment by the age of
2.9 years. However, we also found that >20% of children with EA
will still need prolonged PPI treatment until age 4 or 6 years.
It may therefore be important to reassess the need for treatment
and the persistence of acid GERD to limit its use for persistent
acid GERD.
Our study has some limitations. We studied only children with

acid reflux, so we probably underestimated the incidence of acid
GERD. A recent study using pH/impedancemetry showed 52%
nonacid retrograde bolus movement in children with EA.22

Impedance monitoring is a more recently introduced analysis,
and the results are difficult to interpret for children with EA
because of the esophageal dysmotility and low impedance
accompanying this pathology. In our population, few patients
had pH/impedancemetry, we were therefore unable to analyze
this information. Our study also experienced a loss of data
because of the 20 patients who, for various reasons, did not have
acid GERD evaluation (no pH-metry or fibroscopy). Another
limitation is that not all patients had both pH-metry and
endoscopy, which may have underestimated the prevalence of
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acid GERD as there can be poor correlation between the results of
these investigations.
The strengths of our study are its prospective design and the

collection of data in a reference center for EA, which increased the
quality of data and limited the rate of missing data.

CONCLUSION
This study strongly supports the recommendation to check
systematically for acid GERD after the age of 1 year in all infants
born with EA/tracheoesophageal fistula, even if the patient does
not present with any specific digestive symptoms. To prevent
complications, long-term follow-up of these children by specia-
lized multidisciplinary clinics should include pH-metry and/or
endoscopy.
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