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Abstract 

Purpose: Tracheomalacia (TM) is a frequent complication after esophageal atresia (EA) repair. This study 

aimed to review patients who underwent aortopexy for TM after EA repair and to compare their imaging 

features. 

Methods: The patients who underwent thoracoscopic EA repair and contrast-enhanced computed 

tomography (CECT) at our hospital between 2013 and 2020 were retrospectively reviewed. The ratio of the 

lateral and anterior-posterior diameter of the trachea (LAR) where the brachiocephalic artery (BCA) crosses 

the trachea was defined. The LAR of the patients who underwent CECT for asymptomatic pulmonary 

disease was set as a normal reference. The Z-score of each LAR was calculated and compared between the 

patients that did or did not undergo aortopexy. 

Results: A total of 51 patients represented the controls, five patients underwent aortopexy, and 12 patients 

were discharged without surgery. The mean LARs in the patients who underwent aortopexy, did not undergo 

aortopexy, and controls were 3.54, 1.54, and 1.15, respectively. The mean Z-score of the aortopexy group 

was 21.2. After successful aortopexy, each patient’s LAR decreased to < 1.5. 

Conclusion: Aortopexy was preferred if the trachea was compressed by the BCA. The LAR is a useful 

indicator for predicting the therapeutic effect of aortopexy. 
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Introduction 

 Esophageal atresia (EA) is one of the most common congenital disorders in the alimental tract 

and affects approximately 1 in 4000 births[1]. Almost all EA cases are successfully treated except for 

patients with lethal chromosomal abnormalities, which have been reported to occur in 6–10% of EA 

cases[1,2]. The survival rate of EA patients is improving and is already over 90%[3]. Nevertheless, the 

morbidity of EA repair remains high, owing to anastomotic leakage, anastomotic stenosis, gastroesophageal 

reflux, and tracheomalacia (TM)[4].  

In particular, TM is reportedly one of the most frequent complications in EA patients[4]. There 

are several possible reasons for the association between TM and EA, including the fact that both viscera 

share a common embryological foregut origin. Therefore, innate tracheal anomalies are often observed in 

EA patients. For example, the ratio between the anterior cartilaginous ring and posterior membranous 

trachea is reduced from 4–5:1 to 2–3:1 in EA cases, which predisposes the airway to collapse more 

easily[5,6].  

Furthermore, treatment is difficult because children with TM can experience difficulty weaning 

from respiratory support as well as recurrent bacterial bronchitis or cyanotic spells[7]. One conservative 

method for treating TM is waiting for improvement during growth by applying high positive pressure at the 

end of expiration[5]. Tracheostomy is often created as a means to achieve positive pressure ventilation[8]. 

Furthermore, aortopexy is a form of surgical treatment that is often performed[4] and has been the mainstay 



of surgical therapy for pediatric intrathoracic TM[5]. Aortopexy was already long ago reported as a surgical 

solution for trachea compressed by the brachiocephalic artery (BCA)[9]. However, the criteria for 

performing aortopexy are still not clear. 

TM may occur in some patients after EA repair due to compression of the trachea by the BCA; 

these cases may need to undergo aortopexy, for the management of TM. We hypothesized that some patients 

with TM after EA had a peculiar tracheal morphology, which resulted in high aortopexy effectiveness. This 

study aimed to compare the imaging features of the trachea of the patients who underwent aortopexy for 

TM after EA repair in our hospital with those of normal people. 

 

Methods 

We reviewed the records of patients who underwent the repair for EA at our hospital between 

2013 and 2020. The patients who underwent tracheoesophageal fistula (EA type E) closure and repair via 

a cervical incision were excluded. The patients who underwent chest contrast-enhanced computed 

tomography (CECT) after repair were enrolled. Patients that were less than 6 months old and underwent 

chest CECT for asymptomatic pulmonary disease during the same period were selected as controls (control 

group). We intended to perform CECTs on patients without providing respiratory support, such as non-

invasive positive pressure ventilation (NIPPV). 

According to the CECT findings, a numerical reference that could be easily evaluated was 



defined as follows: the lateral and anterior-posterior diameters of the trachea on the slice where the BCA 

crosses the trachea were measured, and their ratio was calculated (lateral/anterior-posterior ratio; LAR) 

(Fig. 1). If there were multiple images in different phases, the image that appeared closer at exhalation was 

selected. 

 The mean and standard deviation (SD) were calculated according to the LAR of the control group. 

The Z-scores of the LARs were calculated for each chest CECT. The Z-score was calculated using the 

formula ([each LAR] – [mean LAR of control group])/[SD of LAR of control group], i.e., a LAR Z score 

of 2.0 of one case implied that the LAR of the case was 2.0 SD away from the mean LAR of normal controls. 

The Z-scores were compared between the EA patients who underwent aortopexy and the EA patients who 

were discharged without requiring surgical treatment. The factors associated with the tracheostomy were 

so variable that the patients who underwent a tracheostomy were only displayed the LAR of some patients. 

This study was performed under the approval of the Ethics Committee of our institution (Ref No. 

2019-0421). The authors have no conflicts of interest to declare. 

 

Results 

In total, 42 patients underwent EA repair during the review period and all of them were repaired 

thoracoscopically, of which 25 patients underwent chest CECT. All patients except for those with multiple 

congenital malformations were able to safely undergo the CECT without respiratory support. 



Among these 25 patients, 12 patients were discharged from the hospital without surgical 

intervention. The type of EA was C in 11 patients and D in one. Four patients required continuous positive 

airway pressure at discharge, whereas 8 patients were discharged without such respiratory support. Five 

patients underwent aortopexy after EA repair under diagnosis of TM. All of them had EA of type C.  

The remaining 8 patients underwent tracheostomy for the management of various conditions; 3 

patients had multiple congenital malformations, 1 had recurrent nerve palsy, 3 had TM with obvious 

bronchomalacia, and 1 had TM alone. The patients with multiple congenital malformations and recurrent 

nerve palsy were excluded from the review because they had difficulty in breathing regardless of their 

tracheal condition. 

As for the control group, 51 patients underwent chest CECT for asymptomatic pulmonary disease 

in the neonatal period during the review period. 

The CECT of each patient was reviewed. The BCA branched from the aortic arch on the left side 

of the trachea in every patient in both the control and EA group. The mean LAR of the control group was 

1.15±0.13 (Fig. 2). According to this result, the LAR and Z-score of each patient in the control group was 

not more than 1.5 and 2.5, respectively.  

The mean LAR and Z-score of the 12 patients who were discharged without surgical intervention 

were 1.53 and 2.90, respectively (Table 1). Except one case whose LAR was 2.71, their LAR values were 

not > 2. Conversely, the mean LAR and Z-scores of the 5 patients who underwent CECT just before the 



aortopexy were 3.93 and 21.2, respectively. Their LAR values were not < 2.8 (Table 1). In fact, their trachea 

appeared to be compressed by the BCA even in the three-dimensional CT images (Fig. 3).  

The LARs of the patients who underwent tracheostomy were between 1.76 and 2.78 in the 3 

patients who had TM with obvious bronchomalacia, and 1.54 in the patient who had TM alone. 

Five patients underwent aortopexy at 81 days (in median) after EA repair (range; 45–869 days). 

Post-operative CECT was performed in all cases. Four patients exhibited improved LARs (to < 1.5) and 

alleviation of their respiratory disorder. However, one patient without an improved LAR was unable to 

achieve improvements in their respiratory disorder after aortopexy. This patient underwent redo-aortopexy. 

The subsequent CECT showed an improved LAR of < 1.5 and simultaneous improvement of the respiratory 

disorder. The LARs and Z-scores of those who underwent aortopexy are shown in Fig. 4. Their respiratory 

disorders were improved to the point that they could be discharged from the hospital. Two patients were 

discharged without respiratory support and three were discharged with NIPPV. The support was able to be 

withdrawn within 3–6 months after aortopexy. 

 

Discussion  

TM occurs frequently in EA patients and is thus often suspected. The incidence rate of TM 

reported in previous studies is relatively high, ranging from 15%[10] to 79%[11]. TM should be suspected 

in the presence of the following symptoms or clinical history: noisy respiration, tracheal rhonchi, harsh 



barking cough, or apneic spells due to expiratory obstruction[5]. In suspected cases of TM, diagnostic 

examinations should be conducted quickly and include pulmonary function testing, fluoroscopy, CT, and 

fiberoptic bronchoscopy (FB). The gold standards for diagnosing TM are CT and FB. 

Children with minor degrees of TM can be treated non-surgically. The abnormally soft trachea 

tends to become more rigid with growth. TM is reported to be relieved by about 2 years of age in mild 

cases[7]. An effective approach consists of securing the lumen with continuous positive airway pressure 

and to maintain breathing until symptoms improve[5].  

For long-term respiratory support with continuous positive airway pressure, tracheostomy is 

usually performed. However, tracheostomy is not a completely safe procedure. Reportedly, 15–19% of 

children experience a tracheostomy-related complication. Adverse events following tracheostomy 

placement in children range from mild to life-threatening[12].  

Therefore, for severe TM, surgical intervention without tracheostomy is recommended to 

improve or alleviate symptoms and sequelae of TM. The surgical indication should also be decided based 

on the symptoms, such as dying spell or recurrent pneumonia. In our hospital, aortopexy had been 

performed as the prior intervention than tracheostomy in recent years. Our indication of that was the 

occurrence of apparent life-threatening event (ALTE) despite proper NIPPV. 

Aortopexy has been the mainstay of surgical therapy for pediatric intrathoracic TM[5]. 

According to the review on aortopexy by Torre et al., > 80% of patients show satisfactory symptom 



improvement. Redo aortopexy was reported in < 1% of cases, and mortality was approximately 6%. The 

morbidities were: pneumothorax or pleural effusion (3%), lung atelectasis (2.5%), pericardial effusion 

(2%), phrenic nerve palsy (1.3%), and bleeding (1%)[13]. Aortopexy is considered a relatively safe 

surgery and is greatly effective for TM patients with EA.  

Some cases of TM after EA repair are caused by compression of the trachea by the BCA. We 

hypothesized that these cases would have a large LAR and that the patients with a large LAR would show 

good aortopexy effectiveness. We believe that the anterior-posterior diameter of the trachea alone was 

inappropriate to gauge the index of compression by the BCA because the diameter of the trachea varies 

due to the differences in the body weight of patients when CT was examined. Therefore, we adopted LAR 

as an index of the degree of tracheal compression and the effectiveness of aortopexy. 

We reviewed the CECT scans of controls and found that their BCA branched from the aortic arch 

left of the trachea and crossed the anterior of the trachea in every case. However, none of the controls 

suffered from respiratory troubles. These LARs were all < 1.5. We believe that this was because each of the 

cases in the control group had a sufficiently rigid trachea that did not deform due to compression by the 

BCA. 

According to our results, the LARs in patients requiring surgical intervention for respiratory 

disorder were much greater than those in controls. Their mean LAR and Z-score was 3.93 and 21.2, 

respectively. This Z-score meant the outlier that 21.2 SD larger than the mean of LAR of normal control. 



Conversely, the LAR values of patients who underwent EA repair and were discharged without surgical 

intervention were not > 2, except for one case.  

Among the 4 cases who underwent tracheostomy for tracheomalacia, 3 cases had obvious 

bronchomalacia. LAR is considered as an indicator of compression of the trachea by BCA. Therefore, LAR 

does not reflect their severity of TM when the malacia exists at other position of air way. We believed that 

aortopexy alone could not improve their symptom if bronchomalacia existed with the patients of TM, 

regardless of the value of LAR. Therefore, tracheostomy was undergone. On the other hands, the residual 

one patient could withdraw the tracheostomy after about 1 year of respiratory support. Considering from a 

retrospective perspective, the patient may have been able to successfully withdraw respiratory support only 

with NIPPV. However, it was considered the limit of the research method. 

The LAR accurately represents BCA compression of the trachea. In some cases, the soft tracheal 

cartilage combined with the BCA crossing the trachea was considered to cause tracheal compression and 

respiratory distress. Therefore, the efficacy of aortopexy for these cases is obvious considering that the 

mean LAR improved to < 1.5 when the respiratory disorder resolved after aortopexy. 

In summary, the LARs of the normal neonates were < 1.5, those of the patients with EA who 

were discharged without surgical intervention were < 2.8, and those of the patients who underwent 

aortopexy were all > 2.8. After successful aortopexy, the LAR decreased to < 1.5.  

Nevertheless, aortopexy is not always effective for TM with EA. Such cases seem to have TM 



throughout the entire trachea, and this type of TM did not improve by releasing the compression of the 

BCA. We believe that further studies will elucidate this distinction. 

In conclusion, the compression of the trachea by the BCA seems to be one of the major causes 

of TM after EA repair in some cases. The LAR was considered to reflect the degree of compression of the 

trachea by the BCA. According to our results, aortopexy is preferred if the trachea is compressed by the 

BCA, and our indicator, LAR, is useful in predicting the therapeutic effect of aortopexy. 

  



Table 1 

The ratio of the lateral and anterior-posterior diameter of the trachea (LAR) and Z-score of each group. Z-

score was calculated according to the mean and SD of control group.  

 

  LAR   Z-score  

 case range mean SD range mean 

control group 51 0.83–1.46 1.15 0.13 −2.57–2.49 0 

without surgery 12 1.04–2.71 1.54 0.49 −0.90–11.88 3.8 

aortopexy 5 2.88–5.57 3.93 1.15 13.17–33.79 21.2 

 

 

  



 

 

 

  

Fig. 1 

The definition of LAR. 

The lateral (L) and anterior-posterior diameter (A) of the trachea in the computed tomography slice where 

the brachiocephalic artery crosses the trachea. The ratio of the lateral diameter and the anterior-posterior 

diameter was defined as LAR. 

BCA: brachiocephalic artery, CCA: common carotid artery, LAR: lateral and anterior-posterior diameter 

of the trachea, SCA: subclavian artery, SVC: supra vena cava 

  



 

 

Fig. 2 

A dot plot of the ratios of the lateral and anterior-posterior diameters (LAR) of the trachea in the controls, 

the EA patients discharged without surgery, and the EA patients underwent aortopexy. The bar and 

number in each group indicate the mean of each group.  

  



 

 

Fig. 3 

Three-dimensional computed tomography reconstruction of the same case as in Fig. 1. 

a) The anterior-posterior view. The brachiocephalic artery branched from the left side of the trachea 

(white arrowhead) and passed through the anterior of the trachea. 

b) The left anterior oblique view. Due to the compression by the brachiocephalic artery, the trachea was 

flattened (white arrow). However, the trachea in the other areas is thick enough.  

  



 

 

Fig. 4  

The ratio of the lateral and anterior-posterior diameter of the trachea (LAR) and Z-score before and after 

surgery for each patient requiring aortopexy. 

a) The LARs of four patients decreased to < 1.5 after the first aortopexy. The LAR of one patient without 

withdrawal of respiratory support was not decreased after the first aortopexy. This patient underwent 

redo aortopexy, and their LAR decreased to < 1.5 after the second surgery.  

b) The Z-scores of four patients who were discharged without surgical intervention decreased to < 3.6. 

The Z-score of the patient without withdrawal of respiratory support was not decreased by the first 

aortopexy. This patient underwent redo aortopexy, and their Z-score decreased to < 3.6 after the second 

surgery.  
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