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Investigation of Short and Long-Term
Complications of Respiratory System After
Esophageal Atresia and/or Tracheoesophageal
Fistular Surgery

Ozofagus Atrezisi ve/veya Trakeoézofageal Fistiil
Cerrahisi Sonrasi Solunum Sistemi Erken ve Geg¢
Dénem Komplikasyonlarinin incelenmesi
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ABSTRACT

Objective: Esophageal atresia (EA) and/or tracheoesophageal fistula (TEF) is one of the common develop-
mental anomalies of the foregut. Despite advances in surgical techniques and postoperative care, respira-
tory system complications affect the quality of life of patients. We planned to evaluate our patients in
terms of the general features, the risk factors for respiratory morbidity and short- and long-term respira-
tory complications after corrective surgical treatment.

Method: Thirty-six patients with the diagnosis of EA and/or TEF and followed after surgical treatment
between 2002 and 2019 were retrospectively enrolled in the study.

Results: The most common symptom was chronic cough (77.7%) and wheezing (41.6%). Recurrent pulmo-
nary infections were present in the great majority of the patients. The frequency of pulmonary infections
was higher in patients who had undergone dilatation due to stricture (N=14) and in patients with recurrent
TEF (N=6) and malacia (N=10). Bronchiectasis was present in eight patients and hospital admission due to
infections was highly frequent. Aeroallergen sensitivity was detected in four and food allergy in five pati-
ents. Scoliosis was present in 33.3% of the patients all of whom had recurrent pulmonary infections.
Pulmonary function tests were performed in 10 patients. Five patients had impaired pulmonary function.
Medical treatment for reflux was given to the majority of patients (N=30), while fundoplication was per-
formed in 10 patients. Most of the patients had a significant decrease in the frequency of pulmonary
infections after the procedure.

Conclusion: The etiology of pulmonary complications is multifactorial and many factors affect each other.
Evaluation and management of the patients for each complication will improve the quality of life and
comfort of the patients.
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Amag: Ozofagus atrezisi (OA) ve/veya trakeobzofageal fistiil (TOF) énbadirsadin en sik gelisim anomalile-
rinden biridir. Cerrahi teknikler ve operasyon sonrasi bakimdaki ilerlemelere ragmen, solunum sistemi
komplikasyonlari hastalarin yasam kalitesini etkilemektedir. Bu nedenle ¢alismamizda, hastalarin genel
ozelliklerini, respiratuvar morbidite risk faktérlerini ve diizeltme operasyonu sonrasi solunum sistemi erken
ve ge¢ dénem komplikasyonlarini degerlendirmeyi amagladik.

Yéntem: Calismaya 2002-2019 yillari arasinda OA ve/veya TOF tanisi ile diizeltme operasyonu sonrasi
takip edilen 36 hasta dahil edildi.

Bulgular: En sik semptom kronik kstiriik (%77,7) ve hisilti (%41,6) idi. Hastalarin biyiik ¢ogunlugunda
yineleyen akciger enfeksiyonu vardi. Akciger enfeksiyonu sikligi striktiir nedeniyle dilatasyon uygulanan
(N=14), rekiirren TOF (N=6) saptanan ve malazi (N=10) bulunan hastalarda daha fazlaydi. Bronsektazi
sekiz hastada vardi ve bu hastalarda akciger enfeksiyonu nedeniyle hastaneye basvuru sikti. Dért hastada
aeroallerjen duyarliligi ve bes hastada besin alerjisi saptanmisti. Skolyoz hastalarin %33,3’linde vardi ve bu
hastalarin hepsinde yineleyen akciger enfeksiyonu bulunmaktaydi. Solunum fonksiyon testi 10 hastaya
uygulanmisti. Bes hastada solunum fonksiyon testinde disiikliik vardi. Hastalarin biyiik ¢ogunluguna
(N=30) reflii nedeniyle medikal tedavi baslanmisti. On hastaya fundoplikasyon islemi uygulanmisti. islem
sonrasi bir¢ok hastada akciger enfeksiyonu sikliginda belirgin azalma gézlenmisti.

Sonug: Hastalarda pulmoner komplikasyonlarin etiyolojisi multifaktériyeldir ve birgok faktér birbirini etki-
lemektedir. Hastalarin komplikasyonlar agisindan degerlendirilmesi ve y6netimi, yasam kalitesi ve konfo-
runu arttiracaktir.

Anahtar kelimeler: Ozofagus atrezisi, trakeobzofageal fistiil, solunum sistemi komplikasyonlar
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INTRODUCTION

Esophageal atresia (EA) with or without tracheo-
esophageal fistula (TEF) is one of the common deve-
lopmental anomalies of the foregut. The frequency
of EA is one in 2500-4500 live births and it is more
common in males. While EA may be a component of
a syndrome, another anomalies might also accom-
pany in approximately 50% of the cases 2. Although
antenatal diagnosis can be made, the clinical featu-
res vary according to the type of the anomaly.
However, it is often diagnosed with symptoms such
as increased salivation, failure of the nasogastric
tube to reach the stomach, and feeding problems,
and then surgical treatments are performed as soon
as possible.

The problems related to the respiratory system
are common at every stage of the disease. Inability
to clear respiratory secretions due to tracheomalacia
and swallowing disorders, esophageal dysmotility,
stricture and gastroesophageal reflux (GER) and
recurrent TEF have been implicated in the etiology of
respiratory system problems ¢#. Complications such
as wheezing, recurrent bronchitis, and pneumonia
are common in the early years, their frequency dec-
reases over time. Impaired pulmonary function is
one of the common long-term complications. Despite
advances in surgical techniques and postoperative
care; respiratory system complications affect the
quality of life of patients in childhood and adultho-
od. Management of short- and long-term postopera-
tive complications is important.

Our unit is a reference center for pediatric pulmo-
nary diseases. EA and/or TEF patients have been
followed for pulmonary complications after surgical
repair and management of these complications for a
long time. Therefore, we planned to evaluate our
patients in terms of general features, the risk factors
for respiratory morbidity and short- and long-term
respiratory complications developing after surgical
treatment.

MATERIAL and METHODS

Patients with EA and/or TEF and followed after

surgical treatment in our department between 2002
and 2019 were retrospectively enrolled in the study.
The study was approved by the Clinical Research
Ethics Committee of our university (19-10T/33).

Demographic characteristics (1) of the patients,
(2) type of anomaly, (3) additional anomalies
(VACTERL, CHARGE syndrome, Feingold syndrome,
cardiovascular anomalies, neuromuscular, respira-
tory and gastrointestinal system anomalies, etc.), (4)
respiratory system characteristics (symptoms, his-
tory of pulmonary infections and bronchiolitis in the
first year of life, recurrent pulmonary infection,
atopy, bronchial hyperreactivity, scoliosis, etc.), (5)
gastrointestinal system characteristics (symptoms,
reflux treatment, etc.), (6) radiographic results for a
barium swallow, (7) chest computed tomography
(CT), (8) bronchoscopy, (9) pulmonary function tests
(PFT) (forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV1), FEV1 / FVC ratio, forced
mid expiratory flow rate (FEF25-75)) were evalua-
ted.

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences Statistics Package
V.20.0. Shapiro-Wilk test was used to test the norma-
lity of data distribution. Continuous variables are
presented as mean+SD and median (25" and 75%
percentile). Categorical variables are presented as
percentages. Mann-Whitney test was used to com-
pare continuous variables between groups. Statistical
significance was accepted as p<0.05.

RESULTS

Thirty-six patients were included in the study. The
mean age of the study population was 102.6+54.9
months. The male to female ratio was equal. Twenty-
eight patients (77.8%) had EA with distal TEF. The
median age at diagnosis was 11.5 days (maximum
180 days). Most patients (N=30) underwent surgical
treatment within the first week of life. Demographic
characteristics of the patients are shown in Table 1.

History of premature birth was present in 13
(36.1%) patients. Mean birth weight was 2440+620
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grams. Low birth weight was present in 41.9% of the
patients. Of the patients, 59.5% had additional ano-
malies, including anomalies related to cardiovascular
system (13.5%), genetic (11%), respiratory (5%), and
neuromuscular system (5%), and extremities (5%).

One patient underwent bone marrow transplan-
tation due to Fanconi aplastic anemia.

Table 1. Demographic characteristics of patients with repaired
congenital esophageal atresia and/or tracheoesophageal fistula.

N=36 N (%) Mean £
Standard
Deviation
Age/Month 102.6+54.9
Gender (F/M) 18/18
Maturity
Premature 13 (36.1)
Mature 23 (63.9)
Birth weight, grams 2440620
Age at diagnosis, days 11.5 (0-180)*

Anomaly type

Type A, isolated EA 3
Type B, EA with proximal TEF 2
Type C, EA with distal TEF 28 (77.8)
Type D, EA with proximal and distal TEF 2
Type E, isolated TEF (H Type fistula) 1
Type F, congenital esophageal stenosis 0
Surgery treatment, days
0-7 days 30(83.3)
>7 days 6
Additional anomaly
No 15 (40.5)
VACTERL spectrum 2
CHARGE syndrome 1
Feingold syndrome 1
Cardiovascular anomalies 5(13.5)
Respiratory system anomalies 2
Neuromuscular anomalies 2
Extremity anomalies 2
Others 6 (16.6)

F: female, M: male. *Median (minimum-maximum).

Respiratory system

The most common respiratory symptoms are
chronic cough (77.7%), wheezing (41.6%), and stri-
dor (27.7%). Recurrent pulmonary infections and
wheezing were present in the majority of patients

(N=34).

Bronchoscopy was performed in 14 patients.
Malacia (tracheomalacia and bronchomalacia) were
detected in 10 patients. Four patients underwent
tracheostomy for severe malacia and tracheal steno-
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sis. Recurrent TEF was observed in six patients
(16.6%). Chest computed tomography was perfor-
med in 29 patients due to current respiratory
symptoms. Atelectasis (N=17) and mosaic oligemia
(N=11) were the most common results. Five patients
had aspiration pneumonia. Bronchiectasis was pre-
sent in eight patients.

Eleven patients (30.5%) were evaluated for atopy
because of recurrent episodes of wheezing and ato-
pic dermatitis. Aeroallergen sensitivity (house dust
mites, grass, and pollen) was detected in four and
food allergy (milk and egg white) in five patients.

Pulmonary function tests were performed in 10
patients. The mean values for FEV1 (70.3%%21.4%),
FVC (63.5%+17.6%), FEV1/FVC (107.1%+8.5%) and
FEF25-75 (68.1%+24.8%) were estimated as indica-
ted. Scoliosis was present in 33.3% of the patients.
The respiratory system evaluation of the patients is
given in Table 2.

Table 2. Evaluation of the respiratory system in patients with
repaired congenital esophageal atresia and/or tracheoesopha-
geal fistula.

N (%) Mean £

Standard
Deviation
Clinical characteristics 36
Wheezing 15
Chronic cough 28
Stridor 10
Recurrent pulmonary infections 34
Pulmonary function test, % 10 (27.7)
FEV1 70.3+21.4
FVC 63.5+17.6
FEV1/FVC 107.1+8.5
FEF25-75 68.1+24.8
Bronchoscopy 14 (38.8)
Tracheomalacia 8
Bronchomalacia 2
Recurrent TEF 6
Tracheal stenosis 2
Computed tomography of the chest 29 (80.5)
Normal 3
Tracheomalacia and/or bronchomalacia 9
Bronchitis 5
Atelectasis 17
Aspiration pneumonia 5
Mosaic oligemia 11
Bronchiectasis 8

FEV1: forced expiratory volume in 1 second, FEF25-75: flow rate
in the middle of forced expiration, FVC: forced vital capacity.
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Gastrointestinal system

When gastrointestinal system-related problems
were evaluated, vomiting (50%) and dysphagia
(30.5%) were found to be the most common
symptoms. Twenty-five of the patients underwent
barium swallow. The most common findings were
reflux (n=9, 36%) and reflux with stricture (n=11,
44%). Medical treatment for reflux was given to the
majority of patients (n=30), while fundoplication was
performed in 10 patients. Dilatations were perfor-
med in 14 patients due to esophageal stricture.

Related factors

The number of pulmonary infections in the first
year of life was found to be significantly higher in low
birth weight infants (p<0.05). No statistically signifi-
cant difference was found between the frequency of
pulmonary infection when patients with premature
and mature births were compared (p<0.05). The
number of pulmonary infections was similar in the
group with and without comorbidities (p>0.05). In
patients with malacia, the incidence of pneumonia
in the first year of life was significantly higher than
those without (p<0.05). The incidence of pulmonary
infection was statistically higher in patients who
underwent dilatation (p<0.05). Short- and long-term
complications are presented in Table 3.
Table 3. Short-term and long-term complications in patients

with repaired congenital esophageal atresia and/or tracheoe-
sophageal fistula.

N %
Short-term complications
Stricture 14 38.8
Recurrent TEF 6 16.7

Long-term complications
Malacia (tracheomalacia and/or bronchomalacia) 10 27.7

Vocal cord dysfunction 2 55

Bronchiectasis 8 222
Asthma/allergy 4/9 11/25
Chest wall anomalies (scoliosis) 12 333
Impaired pulmonary function 5 138
Gastroesophageal reflux 30 833
Swallowing and feeding problems 16 444

Mortality

One of the patients who underwent tracheos-
tomy for severe tracheomalacia died due to recur-
rent tracheostomy-related pulmonary infection.

DISCUSSION

In our study, general features of patients, risk
factors for respiratory system morbidity (ies), short-,
and long-term respiratory complications were evalu-
ated in patients who underwent surgical treatment
due to EA and/or TEF.

In infants born with EA and/or TEF, premature
and low birth weight were observed at a rate of
20-40%; however, there were conflicting results bet-
ween pulmonary morbidities and complications in
these patients. Deurloo et al. ©® demonstrated that
low birth weight was associated with complicated
clinical conditions observed in the first year of life,
whereas Legrand et al. “% reported premature birth
and intrauterine growth retardation were not associ-
ated with long-term respiratory complications and
PFT impairment. In a study by Pedersen et al., com-
paring 59 patients aged 5-15 years with EA and/or
TEF with the control group, increased gestational age
and body mass index z-scores were found to be pro-
tective for pulmonary morbidity. The reason for that
observation was reported to be potentially related
to pulmonary complications which can be observed
in premature births ®. In our study, no statistically
significant difference was found between the frequ-
ency of pulmonary infections when patients with
premature and term births were compared (p>0.05).
Low birth weight was present in 41.9% of the pati-
ents. The number of pulmonary infections in the first
year of life was found to be significantly higher in low
birth weight infants (p<0.05).

Additional anomalies may accompany 50% of EA
and/or TEF patients *2. Recent studies have shown
that parenchymal anomalies of the lungs (such as
pulmonary hypoplasia) may be a component of the
VACTERL spectrum. Although concomitant anomali-
es are thought to affect pulmonary morbidity, studi-
es investigating long-term complications reported no
predictive role for anomalies in the deterioration of
PFT 213) There was no statistically significant diffe-
rence between the groups with and without additio-
nal anomalies as for the number of pulmonary infec-
tions (p>0.05).

One of the causes of early recurrent pulmonary
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infections and aspiration pneumonia is the develop-
ment of stricture in the anastomosis line. Recurrent
esophageal dilatations are performed during the
course of the treatment 4, Different rates of anasto-
motic strictures have also been demonstrated by
Celayir %, Bakal *® and Taskinlar ®” in 7.4%, 20%,
55% of their patients, respectively. In our study,
38.8% of the patients had esophageal stricture on
barium swallow and 14 patients had dilatation due
to the presence of a stricture. The number of pulmo-
nary infections were statistically higher in patients
who underwent dilatation (p>0.05).

Recurrent TEF may be seen in 5-10% of patients
in the early postoperative period %, In a study, 43
patients aged between 3 and 20 years who under-
went repair EA and/or TEF were retrospectively eva-
luated. Recurrent TEF was observed in barium swal-
low in 15.4% of the patients, while recurrent TEF was
detected in 20% of the patients by bronchoscopy
and esophagoscopy. Recurrent pulmonary infections
were observed in all patients with recurrent fistulas
(N=6). Therefore, endoscopic evaluation is recom-
mended in patients with esophageal symptoms.
Since pulmonary morbidity is increased in these
patients, it is recommended to evaluate the patients
with PFT annually 9. In our study, 16.7% (N=6) of
the patients had recurrent TEF following esophagos-
copic and bronchoscopic examinations. In our study
all patients with fistula had chronic cough symptoms
and recurrent pulmonary infections. Patients with
recurrent fistulas underwent surgical treatment.

The factors affecting long-term pulmonary comp-
lications and pulmonary morbidity can be classified
as factors related to upper and lower airways, gast-
rointestinal tract, aspiration and dysphagia ©.
Tracheomalacia is the most common factor affecting
upper airways and can be observed in 37-75% of
patients @9, In our study, 10 patients (27.7%) had
malacia. Malacia was found in 9 patients who under-
went bronchoscopy and 9 patients who underwent
chest CT. Two patients underwent aortopexy and
four patients tracheostomy for severe malacia and
tracheal stenosis. Tracheomalacia can cause recur-
rent pulmonary infections by disrupting clearance of
secretions. In patients with malacia, the incidence of
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pneumonia in the first year of life was significantly
higher than those without (p<0.05). Less frequent
complications of other upper airways are the pre-
sence of laryngeal cleft and vocal cord dysfunction.
In our study, laryngeal cleft was detected in one and
vocal cord dysfunction in two patients.

One of the long-term complications is impaired
pulmonary function tests. More frequently restricti-
ve type, less frequently obstructive type, and both
restrictive and obstructive type disorders can be
seen. The cause of deterioration in pulmonary func-
tion has not been fully explained. Sistonen et al.
performed an adult study in patients who under-
went corrective surgery EA and/or TEF to investigate
respiratory complications and PFTs. Multivariate
logistic regression analysis revealed the presence of
rib fusion due to thoracotomy detected in 1/3 of the
patients and the presence of GER-associated esop-
hageal metaplasia to be the most significant risk
factors for restrictive type ventilation defects. There
was no correlation with age, presence of tracheoma-
lacia, history of pneumonia, airway inflammation
and respiratory symptoms in childhood (p>0.05) 2.
Chest wall anomalies and scoliosis are also common.
These problems may pave the way for the develop-
ment of restrictive type ventilation defects ?¥. In our
study, pulmonary function test was performed in 10
patients. The mean values for FEV1 (70.3%+21.4%),
FVC (63.5%+17.6%) and MEF25-75 (68.1%124.8%)
were also estimated. The patients were not classified
as restrictive, obstructive or mixed type because of
the small number of patients who underwent pul-
monary function tests and isolated spirometry mea-
surements. Five patients had impaired pulmonary
function. Scoliosis was present in 33.3% of the pati-
ents all of whom had recurrent pulmonary infecti-
ons.

The incidence of physician-diagnosed asthma is
higher in patients with EA and/or TEF. The frequ-
ency increases, especially in older children. In a
study, recurrent wheezing episodes were found in
22% of the patients who underwent surgical treat-
ment for EA and/or TEF, and 22% of the patients
were diagnosed with asthma ©. In another study,
when the patients were compared with the control
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group, the frequency of physician-diagnosed ast-
hma was found to be 16% in EA and/or TEF patients,
and 6% in the control group. In the same study,
allergy was detected in 42% of the patients. Multiple
aeroallergen sensitivity has been reported to be
associated with respiratory symptoms, and high
immunoglobulin E levels with bronchial hyperreacti-
vity 2, In our study, aeroallergen sensitivity was
detected in 4 of 11 patients with recurrent whee-
zing and food allergy in 5 patients. All patients with
aeroallergen sensitivity had used inhaled broncho-
dilators and inhaled steroids.

Several patients with gastrointestinal system
problems require medical treatment due to reflux.
Fundoplication is performed in patients with nutriti-
onal problems and recurrent pulmonary infections
unresponsive to medical treatment. The frequency
of fundoplication varies between 25-72% according
to the health centers. There is no conclusive eviden-
ce of the effect of fundoplication on pulmonary
function Y. In our study, fundoplication was perfor-
med in 10 patients (27.7%). Most of the patients had
a significant decrease in the frequency of pulmonary
infections and bronchiolitis/bronchitis after the pro-
cedure.

The limitations of our study included the lack of
evaluation of complications such as surgical proce-
dures, duration of mechanical ventilation, intensive
care unit follow-up time, early postoperative anasto-
motic leakage, pneumothorax, and sepsis. Since our
unit is the reference center for pediatric pulmonary
diseases where patients with increased risk for pul-
monary complications are monitored, the number of
patients with respiratory system problems is high in
our study.

Respiratory morbidity is a common complication
after surgical treatment in patients with EA and/or
TEF. Although its frequency decreases with age, the
quality of life is affected. Since the etiology is multi-
factorial and many factors affect each other, the
management of these patients in multidisciplinary
centers is important. Evaluation and management of
the patients for each complication will improve the
quality of life and comfort of the patients.
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