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ABBREVIATIONS 

CT, Computed tomography. 
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ABSTRACT 

Aim: Oesophageal atresia is frequently associated with other malformations and our study aim 

was to use computed tomography (CT) to describe intrathoracic malformations in patients with 

this condition. 

Method: This was retrospective study of children with oesophageal atresia who were born in 

1996-2013 and followed up at the French reference centre for rare oesophageal diseases at 

the University of Lille. CT scans were available for 48 of the 234 patients during follow-up visits 

and these were reviewed by a thoracic radiologist.   

Results: More than two third of  the scans were performed to explore persistent respiratory 

symptoms. Thirteen percent of patients had a pulmonary malformation: four lobar agenesis, 

one right pulmonary aplasia, and one congenital cystic adenomatoid malformation. CT permit-

ted diagnosis of an unexpected thoracic malformation among 27%: four lobar agenesis, six 

arteria lusoria, five persistent left superior vena cava, one partial anomalous pulmonary venous 

return, and confirmed diagnosis of suspected malformations among 10%: one congenital cystic 

adenomatoid malformation, one pulmonary hypoplasia, two right-sided aortic arch, and one 

communicating bronchopulmonary foregut malformation.  

Conclusion: Intrathoracic anomalies were frequently associated with oesophageal atresia, 

and contrast-enhanced chest CT scans should be performed on patients with persistent 

respiratory symptoms.  

 

KEYWORDS: congenital malformations, diagnostic imaging, oesophageal atresia, thoracic 

malformations, contrast-enhanced CT scan. 
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KEY NOTES 

• Oesophageal atresia is frequently associated with other malformations and we 

analysed the contribution of chest computed tomography (CT) scans to explore 

intrathoracic malformations. 

• In 48 children, we diagnosed an unexpected thoracic malformations in 13% and 

confirmed a suspected malformation in 10%, including one congenital cystic 

adenomatoid malformation and one pulmonary hypoplasia.  

• Contrast-enhanced chest CT scans should be performed in oesophageal atresia 

patients to explain persistent respiratory symptoms. 
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INTRODUCTION 

Oesophageal atresia is a rare congenital anomaly, with an incidence of one in 2,500 to 

3,500 births. It is associated with a tracheoesophageal fistula in about 90% of cases, namely  

Ladd classification types II, III, IV, and V (1,2). Various associated anomalies have been 

reported, with one or more associated malformation in 50-62% of cases (1-3). These 

associated anomalies mostly involve the respiratory tract, cardiovascular system, skeleton, 

gastrointestinal tract and, or, urogenital tract. In many cases there are more than one anomaly, 

as seen by patients’ vertebral defects, anal atresia, cardiac defects, tracheo-oesophageal 

fistula, renal anomalies, and limb abnormalities (VACTERL) associations (1,3). Specific 

associations between oesophageal atresia and respiratory tract malformations have been 

described (4-6). Furthermore, rare bronchopulmonary malformations, including 

communicating bronchopulmonary foregut malformations, which seem to be associated with 

oesophageal atresia, occur on a relatively frequent basis (7,8).    

Chest computed tomography (CT) scans of patients with oesophageal atresia are performed 

in numerous contexts: preoperative evaluations, including assessment before aortopexy, when 

there are persistent respiratory symptoms and in cases with postoperative complications (9-

11). Contrast-enhanced chest CTs provide precise anatomical descriptions of the airways, lung 

parenchyma and mediastinal vascularisation and can lead to diagnoses of thoracic 

abnormalities, including tracheobronchial and pulmonary malformations. 

The aim of our study was to analyse the contribution of chest CT to the diagnosis of 

bronchopulmonary and mediastinal vascular anatomical malformations in children with 

oesophageal atresia  treated at our centre. This paper describes the associated malformations, 

and compares our findings with the existing literature. 
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PATIENTS AND METHODS  

Our observational, retrospective, descriptive study included all 234 patients with 

oesophageal atresia  born between 1996 and 2013, who were followed at our reference centre 

for rare oesophageal diseases at the University of Lille, France. We focused on the 48 patients 

who underwent at least one chest CT during follow up available for interpretation.  

The patients’ past clinical history was collected and oesophageal atresia was based on 

the Ladd classification (2). The existence of an associated chromosomopathy was noted. As 

recommended, all children diagnosed with oesophageal atresia underwent the following 

exams: chest radiography, echocardiography, abdominal ultrasound and spinal radiography 

(1). We noted cases of associated congenital anomalies and whether they were part of a 

VACTERL association. The patients’ past surgical history was also collected when it was 

available, namely: oesophageal atresia repair, cardiac surgery, aortopexy, fundoplication and 

laryngotracheal endoscopy results. Finally, we noted cases of tracheomalacia diagnosed with 

laryngotracheal endoscopy and any history of tracheoesophageal fistula recurrences.  

All chest CT scans were collected and re-analysed by a certified thoracic radiologist 

with 26 years of experience. If multiple CT scans were available for a child, the exam that 

provided the best quality was retained and analysed. The exam indications were classified into 

six categories: persistent respiratory symptoms, lung evaluation in tracheoesophageal fistula 

recurrence, preoperative assessment before aortopexy, evaluation of tracheal stenosis, 

complications following oesophageal atresia  repair, cardiovascular indications and other 

indications. With the exception of tracheal bronchus, anatomic variants of the tracheobronchial 

tree were not retained for analysis. We reported cases of tracheal stenosis with regard to 

tracheal anomalies,. We also reported suspicion of tracheomalacia on CT scans, assessed by 

indirect signs in free-breathing children. This involved visualisation of a tracheal compression 

by the aorto innominate complex (11).  

Aortic anomalies were searched for in all cases and were described according to the 

position of the aortic arch. In patients with contrast-enhanced CTs, we reported cases of arteria 

lusoria: left arch aberrant right subclavian artery. We also reported other vascular anomalies 
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of the pulmonary veins: anomalous venous return and systemic veins, namely the persistent 

left superior vena cava (12). 

The study was approved by the French Data Protection Commission (CNIL: National 

Commission on Informatics and Liberties; number DEC16-230). All the data were used 

anonymously and informed consent was not required. 
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RESULTS  

Sample characteristics  

There were 234 patients with oesophageal atresia who were born between 1996 and 

2013 and followed at our specialist centre. Of these 49 (21%) had undergone at least one 

chest CT during their follow-up visits (Fig. 1). One CT scan was unavailable for interpretation 

and this meant that the analyses were based on 48 patients (56% boys). There was one 

missing value for five of the six associated malformations because the child was not born in 

our centre and was followed up in the later years. 

Table 1 lists the main sample characteristics and shows that 39/48 (81%) had Ladd 

classification type III oesophageal atresia. A blood karyotype was performed in 24 patients and 

two were diagnosed with a chromosomal anomaly: one with 22q11.2 deletion and one with 

chromosome 15q duplication. We found that 13/48 (27%) patients had a VACTERL 

association. In addition, 15/47 (32%) patients had congenital heart disease diagnosed with 

echocardiography. These included three patients with complex congenital heart disease, 

seven with ventricular septal defects, three with atrial septal defects, one case of associated 

ventricular septal defect with atrial septal defect, two cases of coarctations of the aorta and 

one with pulmonary valvular stenosis. Those with complex congenital heart disease included 

one tetralogy of Fallot, one double outlet right ventricle with a right aorta with a diagnosis of 

22q11.2 deletion and one case of associated atrial septal defect and right pulmonary artery 

hypoplasia. There were 14/48 (29%) patients with a congenital disorder of the urogenital 

system, including nine high-grade vesicoureteral reflux, two multicystic dysplastic kidneys, one 

unilateral renal agenesis and two other malformations. Just under a third, 14/47 (30%), of the 

patients had an associated costovertebral anomaly: six anomalies of the ribs, seven vertebral 

malformations and one case of associated vertebral and costal malformations. We found that 

6/47 (13%) patients had another malformation of the gastrointestinal tract: three imperforate 

anuses, one duodenal atresia, one intestinal malrotation and one small bowel atresia. Then 

there were 4/47 (8%) patients with a laryngeal supraglottic anomaly: one posterior 

laryngotracheal cleft, one left vocal cord paralysis, one laryngeal hypoplasia and one 
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laryngocele. Tracheomalacia was noted in 22/30 (73%) of the  patients with an available 

laryngotracheal endoscopy. We also noted that 20/47 (43%) patients had a history of 

fundoplication, six (13%) of cardiac surgery, and five (10%) of aortopexy. 

Chest CT analyses  

The median age at the time of the CT was four years and five months (range one day 

to 16 years and two months). Just under two third, 30/48 (63%), of the exams were performed 

with contrast administration. The indications for these exams were: exploration of persistent 

respiratory symptoms for 33/48 (69%), lung evaluation in case of suspicion of 

tracheoesophageal fistula recurrence for six (13%), preoperative assessment before aortopexy 

for three (6%) and before congenital tracheal stenosis surgery for three (6%) and complications 

after oesophageal atresia repair for five (10%). In  7 cases there were multiple reasons. The 

five cases of complication after oesophageal atresia related to: severe dysphagia for two (4%), 

mediastinitis after oesophageal atresia repair for three (6%), including one case with severe 

dysphagia, and preoperative assessment before cardiac surgery for one (2%). One CT scan 

was performed to investigate an antenatal suspicion of congenital cystic adenomatoid 

malformation. 

Lung anomalies 

We found 6/48 (13%) congenital pulmonary malformations including four (8%) lobar 

agenesis, with two middle lobe agenesis and two middle and upper right lobes agenesis (Fig. 

2a). There was also one (2%) right pulmonary aplasia and one (2%) congenital cystic 

adenomatoid malformation affecting the right middle and lower lobes (Fig. 2b). Both the 

congenital cystic adenomatoid malformation and the pulmonary hypoplasia were suspected 

during antenatal follow-up visits. Conversely, the four cases of lobar agenesis were only 

diagnosed from a CT scan. 

Mediastinal vascular anomalies 

There were 3/48 (6%) patients who were diagnosed with a right-sided aortic arch (Fig. 

2c). Of the 30 patients who underwent a contrast-enhanced CT scan, 14 (29%) had at least 

one vascular anomaly. There were two (7%) patients with coarctations of the aorta that were 
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previously diagnosed with echocardiography, which were associated with one partial 

anomalous pulmonary venous return and one persistent left superior vena cava. In addition,  

six (20%) had arteria lusoria (Fig. 2d) and five (17%) had persistent left superior vena cava, 

including two (7%) associated with arteria lusoria.  

When we combined the echocardiography and CT results, 7/47 (15%) patients had an 

isolated vascular anomaly, eight (17%) had isolated congenital heart disease and seven (15%) 

had an association, including the two cases of coarctation of the aorta.  

Tracheobronchial tree anomalies 

We found a tracheobronchial anatomical anomaly in 9/48 (19%) patients, including two 

(4%) right tracheal bronchus and one (2%) communicating bronchopulmonary foregut 

malformation, which was a combination of oesophageal atresia with the right main stem 

bronchus originating from the oesophagus (Fig. 2e). There were seven (15%) patients with a 

tracheal stenosis, which was confirmed with laryngotracheal endoscopy. Of these, five (10%) 

were post-intubation focal circumferential strictures. A further two (4%) were congenital 

stenoses: one laryngeal and upper tracheal hypoplasia without complete rings associated with 

a right tracheal bronchus and one extended tracheal stenosis with complete rings associated 

with a right bronchus stenosis. No tracheoesophageal fistula recurrence was seen on the CT 

scans of the six patients who underwent examinations for lung evaluation before surgery for 

tracheoesophageal fistula recurrence.   

Of note, 32/44 (73%) patients with a history of tracheoesophageal fistula associated 

with oesophageal atresia , had a residual tracheal diverticulum on CT scans. In addition 15/22 

(68%) patients with a confirmed diagnosis of tracheomalacia, were suspected by using indirect 

signs on CT scans.    

Associations between pulmonary anomalies and other malformations 

The associated pulmonary, vascular, and cardiac malformations are shown in Fig. 3. 

We found no chromosomal anomalies in the six patients with a congenital pulmonary 

malformation. All were associated with at least one malformation of another organ system: 

vascular anomalies in five, congenital heart disease in two, tracheal stenosis in one, vertebral 
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anomalies in two, and urogenital system anomalies in three. Three patients had a VACTERL 

association (Table 2). The patient with communicating bronchopulmonary foregut 

malformations had no other malformations.  

Associated malformations 

We found that 26/48 (54%) patients did not display any anatomical intrathoracic 

malformations on their chest CTs and only nine (19%) presented with isolated oesophageal 

atresia without any other anatomical anomaly. Indeed, six had congenital heart disease without 

a vascular anomaly, five had a congenital disorder of the urogenital system, eight had an 

associated costovertebral anomaly and 12 had at least one anatomical malformation involving 

another organ system.  

Of the 33 patients who presented with recurrent respiratory symptoms, 14 (42%) had 

no malformations on their CT scans and echocardiography. Seven of these also underwent 

laryngotracheal endoscopy and four of these were diagnosed with a tracheomalacia.   

Proposed decision tree 

Computed tomography revealed diagnoses of an unexpected thoracic malformation in 

13/48 (27%) patients. There were four lobar agenesis, six arteria lusoria and five persistent left 

superior vena cava, which were associated with arteria lusoria in two cases. There were 

confirmed diagnoses of suspected associated malformations in five cases (10%): one 

congenital cystic adenomatoid malformation, one pulmonary hypoplasia, two right-sided aortic 

arches and one communicating bronchopulmonary foregut malformation.  

Based on these results, we have put together a decision tree that describes the 

indications for CT scans in children with oesophageal atresia (Fig. 4). An initial chest CT should 

be performed in a patient with oesophageal atresia with contrast administration, if possible, to 

search for associated vascular malformations.   
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DISCUSSION 
 

Our study confirms that oesophageal atresia was frequently associated with other 

malformations in our cohort. Chest CTs confirmed the diagnosis of associated thoracic 

malformations in 37% of patients, including 27% who had not been diagnosed with 

abnormalities following other investigations. CT scans permitted diagnoses of lobar or 

unilateral pulmonary agenesis in five (10%) patients and a diagnosis of congenital cystic 

adenomatoid malformation in one (2%).  

Because both the oesophagus and respiratory tract derive from the primitive foregut, 

the association between digestive and respiratory malformations could be linked to a 

developmental disorder originating with the division of the primitive foregut into the lung bud 

and oesophagus during the embryonic stage, at weeks 3-4 of gestation (4,5,7). Most previous 

descriptions of oesophageal atresia cases associated with respiratory anomalies have 

concerned tracheomalacia (6,11,13).  

In previous studies, the prevalence of pulmonary agenesis and aplasia was estimated 

at one per 15,000 births, with about 300 descriptions of unilateral lung agenesis (5,14-16). 

These rare congenital malformations differed from each other based on the persistence of a 

rudimentary bronchus limited to a blind-end pouch, without lung tissue in cases of pulmonary 

aplasia. Of note, Stark et al combined 28 reported cases of pulmonary hypoplasiaor aplasia 

associated with oesophageal atresia between 1948 and 2005 (5). In previous descriptions of 

children with pulmonary agenesis or aplasia, associated congenital anomalies were found in 

more than one case in two, including oesophageal atresia, structural congenital heart 

diseases, diaphragm defects and limb anomalies (7,8,15,16). Associations between  

oesophageal atresia  and lobar agenesis have previously been described, usually affecting the 

right upper and middle lobes. There were more frequent in cases of VACTERL associations 

(7,15). In our study, we found five cases of pulmonary or lobar agenesis in oesophageal atresia 

patients and four of these were diagnosed based on CT scans. All of these were associated 

with other anomalies, including two with VACTERL associations. Asymptomatic, lobar 

agenesis frequently remains undiagnosed throughout childhood in oesophageal atresia 
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patients and it may also be involved in the development of restrictive ventilatory defects in 

adults (17). 

This paper also describes one case of congenital cystic adenomatoid malformation, 

suspected before birth and confirmed with a postnatal chest CT scan. This was also associated 

with multiple malformations and a VACTERL association. To our knowledge, only three similar 

cases have been reported before and those were all in patients with type III oesophageal 

atresia (18,19).  

In addition, three (6%) of our patients had bronchial anomalies and two (4%) had a right 

tracheal bronchus. The latter was an anatomic variant that is frequently described in the 

general population. The estimated frequency ranges from 0.2% for superior lobar bronchi 

above the carina to 2% for tracheal bronchus as a whole (7,14). Usui et al performed 

laryngotracheal endoscopy on 32 patients with oesophageal atresia and found a tracheal 

bronchus in 13% and an anomaly of the tracheobronchial tree in 47%, including the absence 

of right upper lobar bronchus in 6% (4). In our study, one patient had a communicating 

bronchopulmonary foregut malformation affecting the whole right lung, also known as 

oesophageal lung. This highly rare malformation has been reported in about 20 cases in the 

literature, half of which were associated with oesophageal atresia, consistent with Srikanth’s 

classification type IA (8,20,21). 

As a complement to echocardiography, contrast-enhanced CT may provide precise 

cartography of both the tracheobronchial tree and mediastinal vessels before surgery (22). We 

found a vascular anomaly in nearly half of  the 30 patients who underwent a contrast-enhanced 

CT: arteria lusoria in 6 cases and a right-sided aortic arch in 3 cases. Most of the descriptions 

of mediastinal vascular anomalies associated with oesophageal atresia that have been 

reported in the literature also involved the aortic arch, including cases of double aortic arches 

(23,24). Arteria lusoria has been previously described in 0.5 to 2% of the general population 

(25,26) and in around 8% of patients with oesophageal atresia, rising to 58% of patients with 

an associated long oesophageal defect and tracheoesophageal fistula (23). In addition, the 

frequency of a right-sided aortic arch in the general population is estimated to be around 0.1 
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to 0.9% and as high as 2.5 to 13% in patients with oesophageal atresia  (1,11,23,24).  

One of our patients presented with partial anomalous pulmonary venous return 

associated with congenital heart disease and lobar pulmonary agenesis and five presented 

with persistent left superior vena cava. The latter has been the most frequently described 

intrathoracic venous anomaly in the general population (0.3-2%), with a rate of 10% in patients 

with congenital heart disease (27) and an even higher frequency in patients with oesophageal 

atresia. This was illustrated by a study of a select population of 90 children with oesophageal 

atresia  who had at least one other malformation consistent with VACTERL syndrome, 

including 5.6% who presented with a persistent left superior vena cava (28).   

Tracheal anomalies are very frequent in cases of oesophageal atresia with 

tracheoesophageal fistulas (6,11,13) and can be diagnosed using CT scans, although 

laryngotracheal endoscopy remains the standard exam (6,13). In our study, some cases of 

confirmed tracheomalacia and tracheal stenosis were discovered on CT scans. However, CT 

scans may be useful in cases of tracheal stenosis, to assess the length of stenosis as well as 

the vascular environment (7,14). The prevalence of tracheomalacia in oesophageal atresia has 

been reported to range from 65 to 89% in studies, with reported differences between neonates, 

young children and teenagers (6,11,13). Although CT scans do not provide dynamic analysis, 

previous studies have shown that tracheomalacia could be suspected in cases with reduced 

tracheal lumen on end-expiratory images. These were in children able to perform inspiratory 

and end-expiratory manoeuvres and in young children under general anaesthesia and during 

passive breath holding (29, 30). Using this dynamic approach, the anatomical changes can be 

arbitrarily described as mild (50 to 75% reduction), moderate (75 to 90% reduction) or severe 

(>90%) (30). During free breathing, as in our study, tracheomalacia could be suspected using 

indirect signs (11). With regard to the recurrences of tracheoesophageal fistula, the standard 

exam for diagnosis remains methylene blue test during endoscopy. In years to come, high 

resolution structural magnetic resonance imaging could become a new tool for diagnosing 

tracheoesophageal fistula, without the associated radiation hazards (30). 

Our study had some limitations. First, our sample comprised children who were 
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severely affected by oesophageal atresia, had a high frequency of associated malformations 

and who underwent CT scans based on their symptoms and, or, associated conditions. 

Second, only 62% of the exams were performed with contrast administration and it was likely 

that this led  to underestimating some vascular anomalies. Finally, the exams were performed 

at different ages, but this did not alter the diagnosis of associated anatomical anomalies.  
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CONCLUSION  

Our study confirms the frequent association of bronchopulmonary and mediastinal 

vascular anomalies in patients with oesophageal atresia. Chest CT scans enabled us to 

diagnose unexpected thoracic malformations in 27% of these patients and confirm major 

associated malformations in 10%. Further studies are needed to assess the prevalence of 

these associations in unselected populations with oesophageal atresia. In clinical practice, we 

recommend performing chest CT scans on patients with oesophageal atresia to check for 

associated multiple malformations, persistent respiratory symptoms or unexplained restrictive 

syndrome. Due to the high frequency of associated vascular anomalies, we propose that 

contrast-enhanced chest CT scans should become the initial exam of choice. 
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Table 1: Sample characteristics of the 48 patients 

Characteristics n (%) 

Demographic and neonatal characteristics 
- Male 
- Preterm birth 
- Single umbilical artery 
- Age (years) at CT scan,  

median (range)  

 
27/48 (56) 
16/48 (33) 
6/48 (13) 

4 years, 5 months  
(1 day-16 years, 2 months) 

Ladd classification of oesophageal atresia * 
- Type I 
- Type II 
- Type III 
- Type IV 

 
4/48 (8) 
2/48 (4) 

39/48 (81) 
3/48 (6) 

Associated syndrome 
- VACTERL association 
- 22q11.2 deletion 
- Chromosome 15q duplication 

 
13/48 (27) 

1/24 (4) 
1/24 (4) 

Associated malformations 
- Congenital heart disease 
- Malformation of the urogenital tract 
- Malformation of the skeleton 
- Malformation of the gastrointestinal tract 
- Laryngeal supraglottic malformation 
- Other malformation 
- Malformations of ≥ 2 organ systems 

 
15/47 (32) 
14/48 (29) 
14/47 (30) 
6/47 (13) 
4/47  (8) 

20/47 (43) 
23/47 (49) 

 

Tracheomalacia 22/30 (73) 

Values reported as frequency (percentage) or median (range). There was one missing value for five of 
the six associated malformations because the child was not born in our centre and was followed up in 
the later years. 
CT, computed tomography.  
*As defined by Ladd et al (1)    
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Table 2: Associated malformations in six patients with congenital pulmonary 
malformations 
 

Patient Type of 
oesophageal 

atresia * 

Pulmonary 
malformation 

Other anomalies 

Patient a III Right pulmonary aplasia Ventricular septal defect – 
arteria lusoria 

Patient b III Agenesis of the right upper 
and middle lobes 

 

VACTERL Association 
Laryngeal diastema 
Coarctation of the aorta - atrial 
septal defect 
Partial right anomalous 
pulmonary venous return 
Vesicoureteral reflux 
Ear malformation 

Patient c III Agenesis of the right upper 
and middle lobes 

Arteria lusoria – persistent left 
superior vena cava 
Intestinal malrotation 

Patient d III Agenesis of the middle lobe 
 

VACTERL Association 
Tracheal stenosis 
Arteria lusoria – persistent left 
superior vena cava 
Hemivertebrae 
Rib anomaly 
Right radial polydactyly 

Patient e III Agenesis of the middle lobe Duodenal atresia 
Multicystic kidney 

Patient f III Congenital cystic 
adenomatoid malformation 

 

VACTERL Association 
Coarctation of the aorta – 
persistent left superior vena 
cava  
Congenital block vertebrae 
Imperforate anus 
Multicystic kidney 

* As defined by Ladd et al (1)    
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Figure 1: Sample flow chart 

 

CT, computed tomography 

 

Figure 2: Examples of malformations seen on contrast-enhanced chest CT 

CT, computed tomography. 
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Ao: aorta; Oe: oesophagus; T: trachea 

 

Figure 3: Associations of pulmonary, vascular, and trachea-bronchial malformations 
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Figure 4: Proposed decision tree on the role of chest CT scans in patients with repaired 

oesophageal atresia 

 

CT, computed tomography. 
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