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Abstract
Despite improving the survival after repair of esophageal atresia (EA), the morbidity of EA repair remains high. Specifi-
cally, tracheomalacia (TM) is one of the most frequent complications of EA repair. Continuous positive airway pressure is 
generally applied for the treatment of TM. However, surgical intervention is required against an apparent life-threatening 
event or inability to perform extubation for a long period. According to our review, most cases of TM showed symptom 
improvement after aortopexy. The ratio of the trachea’s lateral and anterior–posterior diameter at the brachiocephalic artery 
crossing the trachea, which reflects the compression of the trachea by the brachiocephalic artery, is a good indicator of 
aortopexy. Our finding suggests that most TM cases associated with EA may not be caused by tracheal fragility alone, but 
may involve blood vessel compression. Posterior tracheopexy (PT) is also an effective treatment for TM. Recently, open or 
thoracoscopic PT was able to be performed simultaneously with EA repair. In many cases, aortopexy or PT is a safe and 
effective surgical treatment for TM with EA. Other surgical procedures, such as external stenting, should be considered for 
patients with diffuse-type TM for whom aortopexy and PT appear relatively ineffective.
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Introduction

Esophageal atresia (EA) is one of the most common con-
genital disorders of the alimental tract, affecting an average 
of 1 in 4000 births [1]. Most EA cases are repaired unless 
patients have lethal chromosomal abnormalities, which 
reportedly occur in 6–10% of EA cases [1, 2], and the sur-
vival rate is improving, reaching approximately 90% [3, 4]. 
However, morbidities following EA repair, including anas-
tomotic leakage, anastomotic stenosis, gastroesophageal 
reflux, and tracheomalacia (TM), remain frequent [5].

TM in particular is one of the most frequent complica-
tions of EA [5]. TM is a condition wherein the tracheal wall 

loses its stiffness, and its lumen is abnormally constricted 
because of the increased intrathoracic pressure during expi-
ration or coughing. In previous studies, the incidence rate 
of TM in patients with EA has varied but was still relatively 
high, ranging from 15 [6] to 90% [7, 8].

TM treatment requires considerable effort owing to the 
fact that weaning from respiratory support or cyanotic spells 
is challenging [9]. One conservative treatment approach for 
TM is the administration of high positive end-expiratory 
pressure until growth improvement is observed [10]. Previ-
ously, positive pressure ventilation was often achieved in 
tracheostomy [11]. However, the administration of trache-
ostomy has become less popular over the years, owing to 
the need for long-term management with potentially fatal 
complications. Conversely, continuous positive airway pres-
sure (CPAP) has become popular. Several surgical treatment 
options are also available, depending on the onset and sever-
ity of TM.

We herein review the treatment of TM with EA along 
with our surgical experience and intervention for TM 
with EA. The release of these descriptions of our surgical 
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experience has been approved by the Ethics Committee 
of Nagoya University Hospital (Ref Nos. 2020-0589 and 
2019-0421).

The diagnosis

TM is easily suspected in patients with EA because it fre-
quently occurs in these patients. TM should be suspected in 
cases of suggestive symptoms or clinical histories, such as 
noisy respiration, tracheal rhonchi, harsh barking cough, or 
apneic spells because of expiratory obstruction [10]. The 
diagnosis of TM is relatively simple, but determining its 
severity is difficult. Examinations for the diagnosis of TM 
should therefore be started quickly.

Fiberoptic bronchoscopy (FB)

At present, the gold standard for diagnosing TM is FB. The 
degree of TM can be assessed. In clinical practice, ana-
tomical changes are arbitrarily described as mild (50–75% 
reduction), moderate (75–90% reduction), or severe (> 90% 
reduction) on subjective visual inspection. However, this is a 
purely descriptive classification and does not reflect clinical 
severity, as the degree of lumen occlusion is not associated 
with disease morbidity [12]. In patients with TM, FB typi-
cally reveals widening of the posterior membrane with col-
lapse anteriorly or invagination during exhalation. In more 
severe cases, the airway may be entirely occluded. Further-
more, patients with TM caused by external compression 
often show flattened anterior tracheal cartilage (Fig. 1) [9].

Computed tomography (CT)

In the recent years, multiphasic scanning by multirow-
detector helical CT, by which we can obtain multiple images 
that appear at exhalation and inhalation in infants, has been 

recognized as a useful modality for diagnosing TM in chil-
dren [13]. By obtaining the precise information about the 
caliber change and spread of lesions in large airways at 
both end-inspiration and end-expiration, CT can be used to 
make a diagnosis (Fig. 2). Furthermore, CT can show the 
relationship between the trachea and the position where the 
brachiocephalic artery (BCA) branches from the aorta. In 
nearly half of children, the BCA branches off the left side 
of the trachea and traverses it [14]. In children with respira-
tory problems, the shape of the trachea is often flattened 
where the BCA crosses the trachea because of compression 
by the BCA [14]. The diagnostic accuracy of TM by CT is 
sufficient [15], and a good concordance was found between 
FB and CT findings concerning the presence of TM [16].

In our hospital, we apply the numerical reference from 
CT that can easily evaluate the severity of TM. The numeri-
cal reference was defined according to the contrast-enhanced 
CT findings. The lateral and the anterior–posterior diameters 
of the trachea on the slice where the BCA crosses the trachea 
were measured, and their ratio was calculated (lateral/ante-
rior–posterior ratio [LAR]) (Fig. 3). A large LAR indicates 
that the trachea is compressed and compressed by the BCA. 
Through this approach, the mean LAR calculated from the 
results of 51 control cases (patients without TM) was 1.2, 
whereas that of patients with TM requiring aortopexy was 
3.9. Patients with TM thus had much larger LAR values than 
controls [17].

Other approaches

Other diagnostic examinations for TM include pulmonary 
function testing and fluoroscopy. However, pulmonary func-
tion testing can be performed only on older children and 
is unsuitable for evaluating TM in infants. Fluoroscopy is 
reportedly a highly specific, but poorly sensitive test for 
evaluating TM (Fig. 4) [18]. Although fluoroscopy lacks 
reasonable sensitivity [19], it may be worth performing, as 

Fig. 1  Fibrobroncoscpy of the 
patient with TM due to the 
anterior compression by the 
brachiocephalic artery. Black 
triangles indicate the tracheal 
cartilage deformed due to the 
anterior compression by the 
brachiocephalic artery. This 
deformation can be observed at 
both expiration and inspiration. 
The white arrow indicates an 
excessive dynamic movement of 
the posterior tracheal membrane 
at expiration. a Image at expira-
tion. The trachea is constricted. 
b Image at inspiration. The 
constriction of the trachea is 
reduced
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it can show TM easily and clearly. However, imaging exami-
nations, including CT and fluoroscopy, only reveal narrow 
airways anatomically. Therefore, determining the indication 
for surgery based only on the imaging examinations is chal-
lenging. The surgical indications should also be decided 
based on the symptoms, such as the presence of an apparent 
life-threatening event (ALTE) or recurrent pneumonia.

Treatment

CPAP

Children with mild TM can be treated nonsurgically. The 
abnormal soft trachea tends to become more rigid with 
growth. Mild TM is reported to be relieved by around 2 years 

old. CPAP effectively prevents the posterior membranous 
trachea from protruding toward the tracheal lumen during 
exhalation. It provides support by maintaining breathing 
until the improvement of TM symptoms [10]. A recent 
report revealed that a high-flow nasal cannula was able to 
maintain CPAP with noninvasive respiratory management 
for patients with TM after EA repair [20].

Tracheostomy

Tracheostomy is usually created for respiratory support with 
CPAP for a long period. However, it is not a very safe proce-
dure. A study reported that 15–19% of children experience 
tracheostomy-related complications. Adverse events follow-
ing tracheostomy placement in children range from mild to 

Fig. 2  Sagittal views of com-
puted tomography in a patient 
with TM. The two images were 
taken at different time points 
of the contrast phase. They 
were taken unintentionally at 
expiration and inspiration. BCA 
indicates brachiocephalic artery. 
a Image at expiration. The 
trachea is constricted. b Image 
at inspiration. The constriction 
of the trachea above the BCA is 
reduced. However, the pressure 
from the BCA remained

Fig. 3  Definition of LAR. The lateral diameter (L) and the anterior–
posterior diameter (A) of the trachea at the slice where the brachio-
cephalic artery crosses the trachea in the computed tomography. LAR 
was defined as the ratio of the lateral diameter and the anterior–poste-
rior diameter. BCA brachiocephalic artery, ICA internal carotid artery, 
SCA subclavian artery, INV innominate vein

Fig. 4  Fluoroscopic images. This is an upper gastrointestinal series 
performed after esophageal repair. White lines indicate the trachea. 
a Image at expiration. The trachea is constricted. b Image at inspira-
tion. The constriction of the trachea is reduced
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life threatening [21]. Therefore, tracheostomy has not been 
performed as a primary treatment in the recent years, and 
various types of noninvasive positive pressure ventilation 
(e.g., masked CPAP) have become the preferred procedure.

Surgical interventions

For severe TM, surgical intervention is recommended to 
improve or alleviate symptoms and sequelae of TM, such as 
an apparent life-threatening events or recurrent pneumonia.

Aortopexy

Aortopexy has been the mainstay of surgical therapy for 
pediatric intrathoracic TM [10]. Aortopexy was long ago 
reported as a surgical solution for tracheal compression 
by a great artery [22]. Aortopexy has become a generally 
accepted treatment mode, although thoracotomy’s invasion 
is considerable. The thoracoscopic approach was introduced 
in the current era of minimally invasive surgery [23].

In PubMed, we searched articles published after 2012 
using the term “aortopexy”, except for articles on general 
topics or case reports, and selected only those related to 
EA. Accordingly, we found 1 large review [24] and 10 case 
series [23, 25–33].

The review article by Torre et al. analyzed 40 articles 
published from 1980 to 2011 including a total of 758 
patients with TM, with 581 undergoing aortopexy. TM was 
associated with EA in 328 patients. Regarding the 10 case 
series reports, the three articles [26, 28, 32] had overlapping 
objects; therefore, only 1 [26] was adopted for review. In 
total, 215 aortopexies were performed, among which 130 
(60%) were performed for EA.

Consequently, 64–100% of the patients achieved satis-
factory improvement of symptoms. The incidence of re-do 
aortopexy ranged from 0 to 31%, and the mortality ranged 

from 0 to 17%. However, this appeared to include deaths 
from preexisting complications (Table 1). Postoperative 
complications in each article were reviewed, including 
pneumothorax or pleural effusion [24, 27, 29], respiratory 
tract infection or lung atelectasis [24, 25], phrenic nerve 
palsy [24, 29, 30], bleeding [24, 30], vocal fold palsy [25, 
33], and wound infection [25].

When compared with other populations, aortopexy 
for patients with TM associated with EA achieved bet-
ter results than in patients with associated severe cardiac 
anomalies [24].

In our hospital, aortopexy was introduced in 2016 
for treating TM associated with EA. In brief, regarding 
our surgical technique, the left thymus lobe was excised 
to enable pericardial and aortic arch visualization after 
median sternotomy or a left thoracoscopic approach. In 
some cases, the innominate vein was cut. The aortic wall 
at the origin of the BCA was sutured with 4-0 or 5-0 non-
absorbable sutures (Prolene Polypropylene Suture, Ethicon 
Inc., Somerville, NJ, USA) reinforced with pledgets. More 
than two sutures were placed on the BCA. These strings 
were passed inside-out intercostally and tied down to pull 
the aorta and BCA away from the trachea. This procedure 
was performed under observation with FB to ensure that 
the trachea was relieved of compression by the BCA.

Five patients underwent aortopexy after chest CT and 
EA repair to assess TM. The indication for aortopexy 
was ALTE for two patients and dependent on respira-
tory support, such as masked CPAP, for the remaining 
three patients. The LARs of all cases were > 2.5 (range, 
2.88–5.57). Although respiratory symptoms were not 
improved after the first aortopexy in one patient and 
required re-do-aortopexy, all patients achieved relief of 
their respiratory symptoms and exhibited improved in their 
LAR to < 1.5 (range 1.19–1.49) (Fig. 5) [17].

Table 1  Summary of the reviewed studies concerning aortopexy for TM with tracheoesophageal fistula

TM tracheomalacia, EA esophageal atresia

Author Year Total cases History of EA repair Improved 
after surgery

Recurrence Re-do aortopexy Death after surgery

Williams SP [25] 2020 25 6 (24%) 23 (92%) 3 (12%) 1 (4%) 1 (4%)
Wong ZH [26] 2020 21 16 (64%) 16 (64%) 4 (19%) 2 (10%) 0
Haveliwala Z [27] 2019 22 7 (32%) 21 (95%) 0 0 0
Gruszka A [29] 2017 53 39 (74%) 53 (100%) 8 (15%) 0 2 (4%)
van der Zee DC [23] 2015 16 14 (88%) 16 (100%) 5 (31%) 5 (31%) 0
Kay-Rivest E [30] 2015 6 6 (100%) 6 (100%) 0 0 1 (17%)
Jennings RW [31] 2014 42 34 (81%) 41 (98%) 3 (7%) 3 (7%) 3 (7%)
Montgomery J [33] 2014 30 8 (27%) 22 (73%) 0 0 2 (7%)
Total 215 130 (60%) 198 (92%) 23 (11%) 11 (5%) 9 (4%)
Torre M (review) [24] 2012 581 328 (56%)  > 80% ND  < 1% 6%
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Posterior tracheopexy (PT)

PT is the suture fixation of the membranous posterior tra-
cheal wall to the anterior longitudinal spinal ligament [34]. 
In the trachea of patients with EA, the ratio between the 
anterior cartilaginous ring and the posterior membranous 
trachea is reduced, and a floppy pars membranacea causes 
TM [10]. Therefore, some researchers argue that PT is a 
good indication for patients with TM associated with EA, 
as PT can directly address posterior membranous tracheal 
intrusion [35].

A literature search in PubMed after 2012 using the terms 
“posterior tracheopexy,” excluding articles of general topic 
or case reports and including only articles related to EA, 
revealed four case series reports (Table 2) [36–39].

One article reported 118 patients with TM associated with 
EA. Among them, 18 underwent PT at the time of the EA 
repair, whereas 100 underwent PT after initial EA repair. No 
obvious early postoperative complications or postoperative 

deaths were reported. Following PT, the incidence of symp-
toms was significantly reduced, and bronchoscopy showed 
significant improvement. All 11 patients who had trache-
ostomy before PT were able to be weaned off mechanical 
ventilation. Fifteen patients required further interventions 
[39]. Another article reported the outcomes of eight patients 
with severe TM who underwent PT, of which six patients 
had EA. Two patients had chylothorax postoperatively. All 
patients reported improvement of TM symptoms, although 
one required re-do PT for recurrence [37].

Tytgat et al. introduced a new approach for TM with 
EA, i.e., PT was performed during thoracoscopic repair of 
EA when TM was diagnosed on FB before EA repair. Four 
patients underwent additional PT during thoracoscopic EA 
repair, with an average additional time of 6 min. No com-
plications occurred. No additional procedures were required 
in any cases [38]. Another article reported 14 patients who 
underwent PT for thoracoscopic EA repair. Accordingly, 
there were no significant differences in the respiratory 

Fig. 5  Transition in LAR 
before and after surgery for 
each patient who required 
aortopexy. The LAR of the 
four patients decreased to < 1.5 
after the first aortopexy. The 
LAR of the remaining patient in 
whom respiratory support was 
continued did not decrease after 
the first aortopexy. The patient 
underwent re-do-aortopexy, and 
LAR decreased to < 1.5 after the 
second surgery

Table 2  Summary of the reviewed articles concerning PT for TM with EA

PT posterior tracheopexy, TM tracheomalacia, EA esophageal atresia

Author Year Total cases Cases with EA Simultaneously 
with EA repair

Improved after PT Further surgical 
intervention

Death 
after 
PT

van Tuyll van 
Serooskerken ES 
[36]

2021 14 14 (100%) 14 (100%) 14 (100%) 0 0

Dewberry L [37] 2019 8 6 (75%) 0 (0%) 8 (100%) 1 (13%) 0
Tytgat S [38] 2018 4 4 (100%) 4 (100%) 4 (100%) 0 0
Shieh HF [39] 2017 118 118 (100%) 18 (15%) ND 15 (13%) 0
Total 144 142 (99%) 36 (25%) 16 (11%) 0
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outcomes of patients with PT compared with those in 
whom PT was deemed preoperatively by bronchoscopy to be 
unnecessary. No patients who underwent PT required further 
interventions [36].

In our hospital, intraoperative PT during thoracoscopic 
EA repair was introduced in 2020 and performed in all 
patients with EA complicated by TM as defined by bron-
choscopy performed preoperatively or intraoperatively. In 
brief, regarding our surgical technique, PT was performed 
during primary EA repair. The tracheal suture height was 
determined by FB to identify the location where the pos-
terior tracheal wall collapsed after esophagus anastomosis. 
Several nonabsorbable sutures (5-0 Prolene Polypropylene 
Suture; Ethicon Inc.) were placed from the membranous 
posterior tracheal wall to the anterior longitudinal spinal 
ligament to pull the trachea.

Eight patients underwent PT during thoracoscopic EA 
repair. The median operative time required for PT was 10 
(range, 8–15) min. One patient developed chylothorax post-
operatively, which was resolved conservatively. The post-
operative LAR and incidence of dependence on respiratory 
support were sufficiently low in patients who underwent PT 
during primary thoracoscopic repair for EA with TM [40].

External tracheobronchial stabilization

External splinting may offer airway support in selected 
patients with severe TM. External splints have been used to 
stabilize the malacic or deformed airway. A ring-reinforced 
expanded polytetrafluoroethylene was used for the prosthesis 
and achieved good results [41]. Recently, a resorbable plate 
has also been used to provide temporary airway support in 
cases with full resorption predicted to occur within several 
years, hopefully providing enough time for the cartilage to 
reform in a more favorable shape and to allow for growth of 
the airway in pediatric patients [42]. However, the implan-
tation of external prosthetic splints has raised concerns 
regarding its long-term effects and complications, including 
infection and erosion into nearby structures. Therefore, this 
procedure should be performed only when other methods 
have not been sufficiently effective.

Discussion

Improvements in neonatal care have improved the survival 
rate of infants with low-risk EA. The focus has thus shifted 
gradually from the survival after repair to managing early 
and late morbidities. TM is recognized as a particularly fre-
quent complication of EA.

Patients with EA show innate tracheal anomalies. For 
example, in approximately 80% of patients with EA, the 
esophageal muscle and squamous epithelium were identified 

in the membranous part of the trachea; this may have been 
the result of the trachea and esophagus sharing a com-
mon embryological foregut origin [43]. In addition, the 
ratio between the anterior cartilaginous ring and the pos-
terior membranous trachea is reduced from 4–5:1 to 2–3:1 
in patients with EA [10, 19]. Disturbance of the normal 
tracheal development by tracheal compression caused by 
dilated proximal esophagus pouch in utero [44] or normal 
intratracheal pressure loss in utero through a TEF [45] leads 
to this phenomenon. The occurrence of the resulting flaccid 
trachea can be attributable to the abovementioned factors.

TM is classified as follows: (i) airway compression by 
BCA or aberrant subclavian artery, (ii) double aortic arch 
or vascular ring causing circumferential airway compres-
sion, (iii) diffuse or focal cartilage weakness with dynamic 
large airways collapse (as observed in certain genetic condi-
tions and tracheal inflammation), and (iv) excessive poste-
rior tracheal membrane dynamic movement during forced 
exhalation [46]. TM associated with EA concurrently shows 
histological or structural anomalies; thus, this form of TM 
is considered to be based on congenital factors, as the third 
or the fourth category [10, 43]. However, most TM cases in 
patients with EA are actually the segmental type. This type 
of TM is also associated with other thoracic lesions, such as 
vascular compression, mainly by the BCA or aberrant artery 
(i.e., belonging to the first category), and aortopexy is effec-
tive in many such cases [10].

In most children, the BCA branches off from the aor-
tic arch at the left side of the trachea [14]. However, the 
only phenomenon that BCA crosses the trachea anteriorly 
does not cause clinically significant dyspnea in most chil-
dren [47]. In contrast, TM due to compression by the BCA 
is frequently observed in patients with EA. TM with EA 
appears to be caused by the combination of congenital fra-
gility, a marked width of the posterior membranous trachea, 
and BCA compression. Given that aortopexy improves TM 
symptoms in most cases, compression by the BCA may be 
one of the most significant causes of TM with EA.

We propose considering the LAR to reflect the degree of 
compression of the trachea by the BCA. Previous reports 
have described the shape of the trachea as being flattened 
when the trachea was compressed by the BCA, although a 
specific value has not been described [14]. In our experi-
ence, the LARs of patients who underwent aortopexy were 
all > 2.5, with these values decreasing to < 1.5 after success-
ful aortopexy [17]. This indicates that LAR is indeed useful 
for predicting the therapeutic effect of aortopexy.

Recently, PT during thoracoscopic EA repair has become 
the preferred procedure in TM, as it involves a short opera-
tion time and little morbidity. In our experience, the postop-
erative LAR and incidence of respiratory support depend-
ence are sufficiently low among patients who underwent PT. 
Interestingly, we found that PT improves the LAR not only 
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by the direct effect of PT on the tracheal membranes, which 
are not pushed forward, but also by changing the position of 
the trachea in relation to the esophagus and BCA by fixing 
the trachea [40].

However, not all patients who underwent PT were com-
pletely relieved of post-curative respiratory support. We 
encountered a patient with long-segment TM with bron-
chomalacia who did not show any improvements after PT. 
The patient required tracheostomy and external stenting of 
the trachea [40]. This suggests that PT alone is not suffi-
cient, so other surgical treatments should be considered for 
patients with broad airway lesions. In such patients, malacia 
exists in the broad area of the trachea at sites other than 
where the BCA crosses the trachea, including the bronchus. 
LAR values alone therefore cannot predict the severity of 
TM. Aortopexy alone will not likely improve respiratory 
disorders in such patients, and external tracheal stenting will 
be required.

Our therapeutic strategy for EA patient in recent years 
has been as follows (Fig. 6): At the time of EA repair, FB is 
performed to confirm TM presence. If TM is observed, PT is 
simultaneously performed during EA repair. In this way, the 
subsequent incidence of dependence on respiratory support 
because of TM can be reduced. However, if the patient con-
tinues to show dependence on respiratory support after EA 
repair, CT is performed, and the LAR is measured. This is 
a good predictor of the effectiveness of aortopexy. External 
stenting should be considered for patients with diffuse TM, 
as aortopexy or PT appear to be less effective for extensive 

airway involvement than external stenting. This EA with TM 
strategy based on the literature review appears reasonable.

Cases in which occurrence of TM has complicated EA 
have reportedly increased recently, possibly due to the fact 
that treatment outcomes of EA have improved. Another rea-
son for this is that TM as a postoperative complication is 
now being prioritized for treatment by clinicians.

We summarized the recent TM diagnoses and treatment 
and discussed our treatment strategy.

Data availability All data generated or analyzed during this study are 
included in the published articles in the references.
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