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LIS ABSTRACT

Esophageal atresia,
Pulmonary morbidity,
GERD

Background: Respiratory morbidity can influence a patient's quality of life after successful
EA/TEF (Esophageal Atresia with and without Tracheo-Esophageal Fistula) repair.
Multidisciplinary clinics have made it easier to manage comorbidities in patients with
complex congenital malformations. The aim of this study was to evaluate the impact of
respiratory issues after EA/TEF repair. Secondarily we sought to evaluate the contribution
of respiratory symptoms by Broncho-Pulmonary Dysplasia (BPD) and Gastro-Esophageal-
Reflux-Disease (GERD) in patients with EA/TEF.

Methods: Retrospective review of the medical record of SO patients, who underwent EA/TEF
repair, needing hospital readmission for pulmonary morbidity, and subsequently followed up
in a surgical clinic was performed. The data collected included patient demographics,
presence and nature of significant respiratory comorbidity, findings on imaging studies and
bronchoscopy, and results of pulmonary function tests (PFT).

Results: Respiratory issues were identified in 75% of the patients. Congenital malformations
and tracheomalacia were found in n=7 (14%) of cases. Prematurity associated BPD and
Gastro-Esophageal Reflux were not the major cause of respiratory symptoms. Respiratory
morbidity in this population included recurrent pneumonia n=18 (36%), reactive airway
disease n=16 (32%), bronchiolitis n=4 (8%), bronchiectasis n=2 (4%), laryngitis n=2 (4%) and
empyema n=1 (2%).

Conclusions: Pulmonary complications significantly impact the quality of life in terms of
respiratory events, after successful EA/TEF repair. While GERD is common in surgically
repaired EA/TEF patients, its exact role in precipitating pulmonary morbidity needs further
study. Tracheomalacia can be managed conservatively without resorting to aortopexy.

INTRODUCTION

Long term follow-up of neonates with complex con-
genital malformations is increasingly being recognized
as an important aspect of pediatric surgical care.[1,2]
This has led to the accumulation of a wealth of clini-
cal data and has identified significant comorbidities
affecting several body systems in these patients with
complex malformations. This body of knowledge has
helped develop protocols for follow-up of the asymp-
tomatic individual and formulate screening methods
and prophylactic intervention strategies for specific
identified problems.[1-4]| Respiratory infections, aspi-
ration, and reactive airway disease are commonly
seen in neonates undergoing surgical correction of
EA/TEF. In this article, we aim to evaluate the bur-
den of respiratory pathology and the incidence of res-

piratory complications after EA/TEF repair. The pri-
mary objective was to determine the role of Broncho
Pulmonary Dysplasia (BPD) and Gastro Esophageal
Reflux Disease (GERD) in causing Respiratory Tract
Infection (RTI). The secondary objective was to evalu-
ate the burden of respiratory complications in this
group and determine its impact on physician and
hospital services

METHODS

After Institutional Review Board (IRB) approval, the
medical records of all patients who had EA/TEF re-
pair in the last 10 years with hospital readmission
and subsequently followed up at a surgical clinic were
retrospectively reviewed. Follow up after the initial
discharge visit was at three monthly intervals for the
first few years. Endoscopy and pH probe evaluation
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for reflux was performed if the child had symptomatic
reflux. The frequency of visits to the clinic was subse-
quently tailored to the patients’ need for evaluation. A
standard respiratory health questionnaire was offered
to all patients (or their caregivers) at each visit. This
questionnaire evaluated the patient’s respiratory
symptoms; visit emergency rooms or to the primary
care physician offices for respiratory problems, medi-
cation usage and frequency, and hospital admissions
for respiratory decompensation in the interval be-
tween visits. All patients had a detailed physical ex-
amination performed and investigations were ordered
based on examination findings. Radiological tests that
were ordered included chest X-rays to evaluate pul-
monary parenchymal abnormalities; cine-swallow
studies to evaluate the deglutition defects and possi-
ble aspiration of upper digestive tract secretions and
contents; upper gastrointestinal contrast studies to
evaluate upper pouch anatomy and the anastomosis
when compression from a dilated upper pouch was
suspected to be exacerbating tracheomalacia, and
rarely more advanced cross-sectional imaging studies
(CT or MRI) were requested. Sputum analysis for evi-
dence of invasive infection and identification of the
organism and its antibiotic susceptibility was ordered
when the patient could offer an adequate sample.
Pulmonary Function Tests (PFT) were obtained after
the age of seven years when the patients were capable
of comprehending physician orders, cooperating with
testing personnel, and coordinating their breathing
patterns effectively. Forced vital capacity (FVC) and
forced expiratory volume in one second (FEV1), as
well as their reference values, were recorded. Results
of PFT were classified as obstructive if FEV1<80%
(corresponding to a z-score-2.0) or restrictive if
FEV1/FVC was <85% (corresponding to a z-score-
2.0). Invasive tests such as bronchoscopy, Bronchio-
Alveolar Lavage (BAL), and analysis for lipid-laden
macrophages in the lavage fluid (indicative of aspira-
tion) were performed if non-invasive tests suggested
aspiration to be the cause for symptoms or if patients
continued to have recurrent pneumonia despite ade-
quate prophylaxis. An experienced
pathologist calculated LLMI (Lipid Laden Macrophage
Index) after Oil Red-O fat staining of the BAL speci-
men. An LLMI greater than 200 was considered to
represent a positive diagnostic test for aspiration.
Evaluation and testing were coordinated with other
specialists such as pediatric pulmonologists, occupa-
tional and physical therapists, gastroenterologists,
and dietitians as needed.

antibiotic

Aspiration symptoms were addressed by long-term
antibiotic treatment or by anti-reflux treatment in
cases where GERD was thought to be the causative
factor. Non-complicated RTI was treated with antibiot-
ics, humidifiers, and bronchodilators. Established
lower RTI were treated with intravenous antibiotics,
inhalers, postural drainage, and physiotherapy on an

inpatient basis. Flutter valves were used as modified
positive expiratory pressure devices to vibrate the
airways and facilitate the movement of mucus; to in-
crease endobronchial pressure to avoid air trapping
and to accelerate expiratory airflow to facilitate the
upward movement of mucus. Bronchospasm and re-
active airway disease were treated using beta-
agonists, steroid inhalers, leukotriene antagonists, or
combinations of [ 2agonists and steroid inhalers.
Parents were advised to administer prophylactic in-
halers if they suspected a developing RTI, to minimize
its consequences.

Tracheomalacia was treated conservatively in the ma-
jority. If symptoms failed to improve on conservative
treatment and significant compression on the trachea
was demonstrated on bronchoscopy, aortopexy was
performed.

Data collection included demographics, gestational
age, type of EA/TEF (Waterston classification), diag-
nosis of BPD, respiratory symptoms (wheeze, cough,
sputum, shortness of breath), presence of GERD, res-
piratory medication use, the incidence of RTI, and
Brief Resolved Unexplained Event (BRUE), and need
for hospital admissions. BRUE was defined as the
occurrence of one or more of the following: an episode
of cyanosis or pallor; abnormal breathing pattern;
change in tone; or altered responsiveness. Statistical
analysis was performed using the Fisher test for cate-
gorical data and the student t-test for continuous var-
iables. A p-value of <0.05 was considered significant.

RESULTS

Respiratory symptoms were identified in 39 of 50
(78%) of the patients followed for a period of at least
three years, while 11 never had a single respiratory
event. While the mean gestational age of the entire
study population was 37 weeks (range: 31-41 weeks),
the mean gestational age of those with respiratory
problems was 36 weeks and of those without was 37
weeks (p=0.59). Wheezing and dry cough were seen in
one-third of the patients after EA/TEF repair (Table I).
There was no difference in the incidence of respiratory
events in those with Type C (35/44) and those with
Type A (3/5) fistulas (p=0.31). GERD was diagnosed
in 36 (72%) of patients who had undergone EA/TEF
repair after endoscopy and pH probe testing. Respira-
tory symptoms were seen in 30 of 36 patients (83%)
with proven reflux and 9 of 14 patients (64%) without
reflux (p=0.2). There was no statistical difference in
the prevalence of respiratory symptoms in the group
that underwent surgical correction of reflux (13 of 17)
as compared to the group that was treated medically
(17 of 19) (p=0.2). Congenital malformations causing
respiratory morbidity were seen in 7 (14%) and in-
cluded 1 pulmonary venous malformation, 1 pulmo-
nary agenesis, 4 tracheomalacia, and 1 unilateral di-
aphragmatic paralysis.
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Table I: lllustrates the frequency of common respiratory symp-
toms in patients with EA/TEF

Symptom N (%)
Cough 14 (28%)
Wheezing 16 (32%)
Sputum 4 (8%)
Stridor 2 (4%)
Significant Respiratory Infections 15 (30%)
Shortness of Breath 5 (10%)
Laryngitis 2 (4%)
Aspiration Pneumonia 3 (6%)
Nasal congestion 2 (4%)
BRUE 1 (2%)

Eight patients were able to produce reproducible PFT
of which 6/8 showed evidence of obstructive airway
disease. The mean FEV in the tested patient subset
was 71% (range: 38-87%). The other two had normal
PFT. Fifteen (30%) patients developed respiratory in-

fections needing a hospital admission in the study
period. The lipid-laden macrophage index (LLMI) was
elevated in three of eight patients with recurrent
pneumonia revealing aspiration to be a cause in
them. [5,6] Reactive airway disease was seen in 10
patients (20%). Nine patients were diagnosed with
asthma (18%). Seventeen patients (33%) were actively
using bronchodilators and/or inhaled steroids. Leu-
kotriene inhibitor was being used in three patients. In
our experience, eight of the 39 patients (20%) with a
median age of 7 years (range 3.4-18.6 years) had
complete resolution of symptoms. Brief Resolved Un-
explained Event (BRUE) was identified in one patient
only. All patients with tracheo-bronchomalacia were
managed conservatively without an aortopexy. In this
study, prematurity and its associated bronchopulmo-
nary dysplasia were not significant factors in causing
pulmonary morbidity. Table 2 summarizes findings in
the study population.

Table 2: Table summarizing clinical findings in this population. (PFT: Pulmonary Function Test; LLM: Lipid Laden Macrophages;
BRUE: Brief Resolved Unexplained Event)

Clinical Finding N (%)

Finding/Comment

PFT 8 (16%)

6/8 showed obstructive airway disease. (Mean FEV1 was 71%
(38-87%) predicted)

Respiratory Infections 15 (30%) LLM elevated in 3/8 patients with recurrent pneumonia indicat-
ing aspiration.
RAD 10 (20%) 9 diagnosed with Asthma

Medication use

Bronchodilator/Steroids 17 (34%)

Airway reactivity is seen in a significant number after EA/TEF

Leukotriene Inhibitor 3 (6%) repair
BRUE 1 (2%) Rare
Need for Aortopexy 0 Not necessary in majority

Complete resolution of symptoms | 8/39 (21%)

At median age of 7 (3.4-18.6 years)

DISCUSSION

The prevalence of respiratory morbidity is very high in
this group of patients and is akin to the experience of
other large studies.[7-9] They are further prone to
respiratory tract infections, reactive airway disease,
and aspiration. Congenital malformations also influ-
ence their clinical course causing symptomatic dysp-
nea over the long term. A recent study from Finland
showed a high incidence of restrictive lung disease
and bronchial hyper-reactivity causing morbidity in
adults who had undergone repair of EA/TEF. The re-
sults in this report were more like the results from the
Finnish group reported in the adolescent population
where about 30% had an obstructive spirometry de-
fect. They attributed the restrictive lung disease to
GERD and abnormal rib fusion secondary to the
thoracotomy repair of the EA/TEF. They did not find
airway inflammation to be significant in their studies
with exhaled nitric oxide (FeNO).[7] PFTs done in pa-
tients in this study showed that an obstructive airway
disease was more likely. In the pediatric age patients
that did undergo PFTs in this study, obstructive air-
way disease was more likely as compared to the Finn-
ish study that was carried out in adults. Calcification
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of the costal cartilages and decreasing chest wall
compliance seems to increase the incidence of restric-
tive lung defects in the older population. There was a
very high incidence of GERD after EA/TEF repair and
a significant proportion of these patients had respira-
tory symptoms. GERD is often thought to precipitate
respiratory crises in EA/TEF patients and is an indi-
cation for surgical correction of reflux.[10] However,
the incidence of respiratory complications was no dif-
ferent in those with and without proven GERD. While
not debating that some patients with recurrent aspira-
tion and reactive airway disease do benefit from sur-
gical correction of GERD, the incidence of respiratory
problems was not significantly different in those who
underwent surgical correction of GERD as compared
to those who did not. With the caveat that the num-
bers in this study are small and susceptible to statis-
tical error, further studies are needed to define the
role of GERD in causing respiratory complications.
The spectrum of GERD and the indications for anti-
reflux surgery after EA/TEF repair may be answered
with larger studies in the future.
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In this experience, while some babies were born
premature, there was no significant difference in the
incidence of prematurity between those with and
those without respiratory issues. Other authors have
also reported a similar experience.[11,12] Hence if one
assumes prematurity as a surrogate for BPD the lat-
ter is not a major cause of pulmonary complications
in this subset of patients. Surgical literature focuses
often on the prevalence of tracheomalacia in patients
after EA/TEF correction and its amelioration by aor-
topexy. [13] None of the patients in our series needed
an aortopexy. It is best used sparingly and only in the
most severe cases with expiratory tracheal collapse.
The pathogenesis of BRUE in infants with esophageal
atresia has been ascribed to GERD, tracheal com-
pression between a dilated esophagus and an anoma-
lous vessel [14], and/or weakness of the tracheal wall.
[15] However recent studies seem to indicate that the
etiology is multifactorial and the fundamental factor
is likely a developmental delay of respiratory control.
[16] Regular follow-up and treatment of reflux and
prevention of respiratory infections by prophylactic
intervention in a multi-disciplinary clinic seem to di-
minish the incidence of BRUE. We see these patients
once every year in regular follow up until transition to
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