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Abstract

Background: Vascular compression of the airway often complicates CHD management.
This study evaluated the use of CT in determining cardiovascular causes, clinical manifesta-
tions, and outcome of tracheobronchial compression among children with CHD. Methods:
A retrospective review of clinical records of all patients with CT scan evidence of tracheobron-
chial compression from January 2007 to December 2017 at National Heart Institute.
Cardiovascular causes of tracheobronchial compression were divided into three groups; group
I: vascular ring/pulmonary artery sling, II: abnormally enlarged or malposition cardiovascular
structure due to CHD, III: post-CHD surgery. Results: Vascular tracheobronchial compression
was found in 81 out of 810 (10%) patients who underwent CT scan. Group I lesions were the
leading causes of vascular tracheobronchial compression (55.5%), followed by group II (34.6%)
and group III (9.9%). The median age of diagnosis in groups I, II, and III were 16.8 months,
3 months, and 15.6 months, respectively. Half of group I patients are manifested with stridor
and one-third with recurrent chest infections. Persistent respiratory symptoms, lung atelectasis,
or prolonged respiratory support requirement were clues in groups II and III. Higher morbidity
and mortality in younger infants with severe obstructive airway symptoms, associated airway
abnormalities, and underlying complex cyanotic CHD. Conclusions: Vascular ring/pulmonary
artery sling and abnormally enlarged or malposition cardiovascular structure were the leading
causes of cardiovascular airway compression. A high index of suspicion is needed for early
detection due to its non-specific presentation. The outcome often depends on the severity
of airway obstruction and complexity of cardiac lesions.

Over recent decades, marked improvement in the survival of patients with CHD occurred due to
advancements in surgical technique and post-operative management. However, some groups of
CHD children are more difficult to manage due to severe co-morbidities or complex cardiac
lesions that often lead to palliative surgery. Vascular compression of the airway is one such
co-morbidity, seen in 1–2% of children undergoing CHD surgery.1 The airway obstruction
and the pathophysiologic effect of underlying CHD may be mutually exacerbating, explaining
the higher morbidity and mortality compared to those without CHD.

Cardiovascular causes of tracheobronchial airway compression may occur before or after
CHD surgery.1,2 The clinical presentation of vascular airway compression can be variable
and non-specific, making it a great challenge to diagnose.3 In developing or middle-income
countries, a delay in CHD surgery due to long waiting times may further complicate the
management. Many of these patients may require respiratory support due to respiratory
distress, potentially increasing the risk of morbidity during the perioperative period.
Therefore, the presence of vascular compression of the airway in children with CHD should
be diagnosed and intervene early to improve the overall outcome.4

CT has emerged as the preferred imaging investigation for diagnosing and characterising
vascular causes of airway compression.5 It is performed in symptomatic patients with a sus-
pected vascular compression of the airway or to confirm a vascular ring or pulmonary artery
sling and assist in the pre-operative planning. The rapid acquisition of CT scan without the
critical need for general anaesthesia and readily available imaging technique in many tertiary
hospitals are the advantages that CT scan has over MRI.

Currently, most studies mainly focused on the VR or PA sling, and there are limited data on
tracheobronchial airway compression related to underlying CHD and cardiac interventions that
were performed. Therefore, the purpose of this study is to evaluate the cardiovascular causes of
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tracheobronchial compression in children with CHD using a CT
scan and to determine the clinical manifestations and associated
morbidity and mortality among children with CHD.

Materials and methods

We retrospectively reviewed clinical records, including the CT scan
images at National Heart Institute from January 2007 to December
2017. National Heart Institute is one of the leading referral centres
for patients with CHD inMalaysia. Patients with a diagnosis of the
vascular ring, pulmonary artery sling, or any CT scan evidence of
cardiovascular causes of tracheobronchial airway compression
were included in this study. The CT scan images were read and
reported by an experienced consultant paediatric cardiologist
specialises in imaging (HA).

The causes of tracheobronchial compression were divided into
three groups:

Group I: Vascular ring/pulmonary artery sling
Group II: Abnormally enlarged or malposition of cardiovascular

structure due to underlying CHD (post-CHD surgery patient
who already noted to have vascular tracheobronchial compres-
sion before surgery was also included in this group)

Group III: Post-CHD surgery (vascular tracheobronchial compres-
sion that only developed after surgery/intervention).

The exclusion criteria were patients aged more than 18-year-old
or with non-cardiovascular causes of the trachea or oesophageal
compression from the CT scan images. Demographic and
clinical data which include age at presentation, age at diagnosis,
gender, weight, and height, presenting symptoms, diagnostic
modalities, for airway compressed by the cardiovascular
structures (trachea, right or left main bronchus), further classifi-
cation according to the cardiovascular structure that cause
compression in group II (compression from enlarged or malpo-
sition of the pulmonary artery, ascending or descending aorta,
patent ductus arteriosus and left atrium), presence of airway
abnormalities like congenital tracheal stenosis or tracheobron-
chomalacia and associated congenital heart anomalies and other
co-morbidities, were collected. Details of interventions were
recorded that included surgical or non-surgical treatment, age
of surgical intervention, duration of hospital stay, mortality,
and cause of death.

Statistical analysis

All statistical analyses were performed using Statistical
Package for the Social Science (SPSS) Statistics 22.0 (SPSS Inc.
Chicago, IL, USA). Descriptive statistics were used to analyse
the clinical characteristic of the study cohorts. Continuous data
with a Gaussian distribution were presented as mean (standard
deviation), while data with non-Gaussian distribution were
presented as median (interquartile range). Categorical data were
presented as frequencies, percentages, and cumulative frequencies
as appropriate.

Results

Demographic and clinical characteristics

Eighty-one cases were found to have CT scan evidence of vascular
tracheobronchial compression between January 2007 and
December 2017. During this period, the total number of children

who underwent CT scans was 810. Hence, the prevalence of trache-
obronchial compression was 10% among patients who underwent
a CT scan. The main indications for CT scan evaluation were
vascular ring/pulmonary artery sling or suspected vascular causes
of airway compression. In seven (8.6%) of the patients, evidence of
airway compression was incidentally found during a CT scan for
the underlying cardiac lesion.

Table 1 demonstrates the demographic and clinical character-
istics of the study population based on the three groups’ classifi-
cation, as explained above.

The presentation age was noted to be in early infancy in all the
groups but much lower in groups II and III. Age of diagnosis in
patients in groups I and III was delayed with amean of 16.8months
and median of 15.6 months, respectively, compared to group II
with a median age of diagnosis of 3 months.

About 84.5% of patients in group I had underlying
CHD, most commonly left to right shunt lesions (51.1%), and
followed by conotruncal lesions (17.8%) and complex cyanotic
heart disease (15.6%). Complex cyanotic heart disease (35.7%)
and conotruncal lesion (32.1%) were more common in group II.
Whereas in group III, the conotruncal lesion (62.5%) and arch
anomaly (25%) were more prominent. In group I, 14 (28.9%) cases
were syndromic or had genetic abnormalities. The syndromes
reported were four cases of Di George syndrome, two cases of
Down syndrome, four cases of VACTERL association, and four
cases of dysmorphic features with no specific genetic abnormalities.
Di George syndrome was found in three cases in group II and one
case in group III.

The most common clinical presentation in group I was stridor
(51.1%), followed by recurrent chest infections (33.3%) and
cough (31.1%). Only one patient had dysphagia. In group II, only
four (14.3%) cases were noted to have stridor, but more presented
with cyanosis in 15 (53.6%) cases due to underlying CHD. In group
III, the prominent symptoms were cough (37.5%), shortness
of breath (12.5%), wheezing (12.5%), and apnoea (12.5%).
Evidence of respiratory distress and failure to thrive were almost
equally reported in all three groups.

In children with CHD, vascular tracheobronchial compres-
sion was suspected in patients with persistent lung atelectasis
or who had failed extubation. Three of the eight patients in
group III were noted to have a persistent collapse of the left lung,
and two cases were found to have hypoplasia of the left lung
related to significant compression of the left main bronchus
(data not shown). Figure 1 belonged to a patient with underlying
double-inlet left ventricle and pulmonary atresia who needed
further investigation because of failed extubation twice. Her
CT scan showed partial compression of the left main bronchus
by the large patent ductus arteriosus with hyperinflation of the
left lung.

Echocardiography detected only 17 of 45 (37.8%) vascular ring
and pulmonary artery sling cases for the diagnostic modalities.
Two patients had barium swallow performed; one of the patients,
a case of right aortic arch/aberrant left subclavian artery with lig-
amentum arteriosum, was not able to tolerate a solid diet since the
patient started weaning. The barium swallow revealed indentation
at the posterior oesophagus at the level of T4/T5. His symptoms
resolved after the division of the ligamentum arteriosum, and
reimplantation of left subclavian artery to the left common carotid
artery was performed. Bronchoscopy was performed in 25 (30.9%)
of the study population. Tracheobronchomalacia was found in
10 (12.3%) of the cases, and 7 (8.6 %) patients had tracheal stenosis
that was seen mainly in group I.
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Table 1. Demographic and clinical characteristics of patients with vascular tracheobronchial compression of the airways

Clinical characteristics Group I, n= 45 Group II, n= 28 Group III, n= 8

Age of symptoms onset presentation, months Mean ± SD 2.98 ± 8.08 Median (IQR) 0.23 (20) Median (IQR) 0.2 (4.8)

Age at diagnosis, months Mean ± SD 16.83 ± 36.07 Median (IQR) 3.0 (4) Median (IQR) 15.6 (79)

Birth weight (kg) 2.54 ± 0.75 2.67 ± 0.69 3.2þ SD 0.54

Term, n (%) 28 (51.9) 19 (67.9) 7 (87.5)

Male, n (%) 28 (66.7) 9 (32.1) 5 (62.5)

Syndromic/genetic abnormalities 14 (28.9) 6 (21.4) 2 (25)

Presenting symptoms:

Cough, n (%) 14 (31.1) 5 (17.9) 3 (37.5)

Shortness of breath, n (%) 2 (4.4) 2 (7.1) 1 (12.5)

Recurrent wheezing, n (%) 4 (8.9) 2 (7.1) 1 (12.5)

Stridor, n (%) 23 (51.1) 4 (14.3) 2 (25)

Exercise-induced dyspnea, n (%) 2 (4.4) 0 0

Apnoea, n (%) 0 2 (7.1) 1 (12.5)

Cyanosis, n (%) 10 (22.2) 15 (53.6) 3 (37.5)

Recurrent chest infection, n (%) 15 (33.3) 4 (14.3) 1 (12.5)

Dysphagia, n (%) 1 (2.2) 0 0

Vomiting, n (%) 1 (2.2) 1 (3.6) 0

Slow feeding, n (%) 3 (6.7) 0 0

Failure to thrive, n (%) 14 (31.1) 5 (26.3) 2 (25.0)

Asymptomatic, n (%) 2 (4.4) 1 (3.6) 0

Evidence of respiratory distress, N (%) 33 (73.3) 20 (71.4) 7 (87.5)

Type of CHD, n (%)

Left to right shunt 23 (51.1) 8 (28.6) 1 (12.5)

Conotruncal 8 (17.8) 9 (32.1) 5 (62.5)

Arch anomaly 0 1 (3.6) 2 (25.0)

Complex cyanotic heart disease 7 (15.6) 10 (35.7) 0

Airway abnormalities, n (%)

Tracheabronchomalacia 7 (8.6%) 2 (2.4%) 1 (12.5%)

Tracheal stenosis 7 (8.6%) 0 0

Figure 1. CT scan belonged to a 2-month-old infant with underlying double-inlet left ventricle and pulmonary atresia who failed extubation twice. Her CT scan showed partial
compression of the left main bronchus (arrow) by the large PDA with hyperinflation of left lung and area of consolidation on the right lung.
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Cardiovascular causes of tracheobronchial airway
compression

The cardiovascular causes of tracheobronchial airway compression
are depicted in Table 2. Tracheobronchial compression was mostly
seen in group I with 45 (55.5%) cases, followed by group II,
28 (34.6%) cases, and group III, 8 (9.9%) cases. Right aortic
arch with aberrant left subclavian artery that arises from

Kommerell’s diverticulum and left ligamentum arteriosum/patent
ductus arteriosus was the most common type of vascular ring, seen
in 15/28 (53.6%) of the patients. Eight of 15 patients from this
group had radiological evidence of oesophageal compression,
but only 1 patient had dysphagia symptoms. Both vascular ring
and pulmonary artery sling caused compression mainly to the
trachea.

Table 2. Cardiovascular causes of tracheobronchial airways compression

Cardiovascular lesions Airway compression

Group I n (%) Trachea RMB LMB Oesophagus

Vascular ring 28 (34.6) n n n n

Double aortic arch 4 (4.9) 2 0 0 0

RAA with aberrant LSA with Kommerell’s diverticulum and left ligamentum arteriosum/PDA 15 (18.5) 8 2 2 8

RAA with mirror image branching with interact retroesophageal ligamentum arteriosum 2 (2.5) 0 1 0 0

LAA aberrant RSA and right ligamentum arteriosum/PDA 7 (8.6) 5 0 1 1

Pulmonary sling 17 (21.0) 14 1 2 2

Group II 28 (34.6)

Compression from pulmonary artery

TOF with absent pulmonary valve syndrome 6 (7.4) 0 5 1 0

TOF/PA 2 (2.5) 1 0 1 0

Dextroposition, ASD, PDA 1 (1.2) 0 1 0 0

Complex cyanotic heart Ds 6 (7.4) 0 2 4 0

Compression from dilatation or malposition of ascending or descending aorta

VSD and AP window 1 (1.2) 0 0 1 0

PDA 1 (1.2) 0 0 1 0

ASD and PDA 1 (1.2) 0 0 1 0

TOF/PA 1 (1.2) 0 0 1 0

CoA 1 (1.2) 0 0 1 0

Mixed TAPVD 1 (1.2) 0 0 1 0

Coronary artery fistula 1 (1.2) 0 0 1 0

Complex cyanotic heart disease 2 (2.5) 0 0 2 0

Compression from PDA

Complex cyanotic heart and large PDA 2 (2.5) 0 0 2 0

Right aortic arch with bilateral PDA and isolated LSCA 1 (1.2) 0 0 1 0

Compression from left atrium

Large VSD and PDA 1 (1.2) 0 0 1 0

Group III

Post-truncus repair 3 (3.7) 0 0 3 0

Post-IAA repair 1 (1.2) 0 0 1 0

Post-CoA repair 1 (1.2) 0 0 1 0

Post-ASO 1 (1.2) 0 0 1 0

Post-TOF repair 1 (1.2) 0 0 1 0

Post-VSD closure and PA debanding, bicuspid aortic valve and AR 1 (1.2) 0 0 1 0

Total 81 (100) 35 12 31 11

AP= aorto pulmonary; AR= aortic regurgitation; ASD= atrial septal defect; ASO= arterial switch operation; CoA= coarctation of aorta; IAA= Interrupted aortic arch; LAA= left aortic arch;
LMB= Left main bronchus; LSCA= left subclavian artery; PA= pulmonary artery; PDA= patent ductus arteriosus; RAA= Right aortic arch; RMB= Right main bronchus; TAPVD= total
anomalous pulmonary venous drainage; VSD= ventricular septal defect
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External tracheobronchial compression caused by dilated or
malposition of cardiovascular structure in group II may occur
due to the dilated pulmonary artery, dilated or malposition of
the aorta, dilated atrium, or from the ductus arteriosus. The dilated
pulmonary artery was seen in 15 (18.5%) of patients, tetralogy of
Fallot with absent pulmonary valve syndrome found in 6 cases, and
complex cyanotic heart disease in 6 patients, that is, heterotaxy
syndrome, dextrocardia and congenitally corrected transposition
of the great arteries, ventricular septal defect, and pulmonary
stenosis.

Compression of the airway caused by dilated or malposition of
ascending or descending of the aorta, patent arterial duct, and left
atrium was found in nine (11.1%), three (3.7%), and one (1.2%) of
the patients, respectively. The left main bronchus was the most
commonly affected airway structure in group II. Figure 2 demon-
strated a case of ventricular septal defect and aortopulmonary
window, causing enlargement of the pulmonary artery. The CT
scan demonstrated compression of the left main bronchus by
the descending aorta and left pulmonary artery causing a collapsed
posterior segment of the left lung.

There were eight cases in group III, three cases following trun-
cus repair, one case each following interrupted aortic arch repair,
coarctation of aorta repair, tetralogy of Fallot repair, ventricular
septal defect closure, pulmonary artery debanding, and arterial
switch operation. The left main bronchus was once again the most
affected airway structure in this group of patients.

Figure 3 belongs to a 5-month-old girl who had interrupted
arch repair during the neonatal period. CT scan showed signifi-
cantly compressed the distal left main bronchus between the ante-
riorly displaced descending aorta and right pulmonary artery.
Another patient following post-truncus repair developed left bron-
chus compression from the stented proximal right pulmonary
artery. This patient developed significant bilateral proximal
pulmonary artery branches stenosis that required stenting about
8 years after the truncus repair (Fig 4).

Surgical intervention and outcome of surgery

About 52/81 (64 %) of the study population had undergone
surgery. During this study period, the total number of CHD sur-
geries was 12,320 cases. Therefore, the prevalence of children who
had CT scan evidence of tracheobronchial compression among
patients that underwent CHD surgery was 0.42%.

Twenty-nine of 45 cases (64.4%) of patients in group I under-
went surgery, mainly involving patients with right aortic arch with
aberrant left subclavian artery, pulmonary artery sling, and double
aortic arch. The median age at intervention in patients with double
aortic arch and right aortic arch with aberrant left subclavian artery
was 7 and 6.6 months, respectively. Most patients with left aortic
arch with aberrant right subclavian artery/patent ductus arteriosus
were managed conservatively as the majority of the patients were
asymptomatic. Thirteen of the 17 (76%) of the patients in the

Figure 2. CT scan of 5-month-old girl demonstrates an aortopulmonary window causingmassive enlargement of pulmonary artery and aorta. Compression of left main bronchus
(arrow) occured by the descending aorta and left pulmonary artery causing collapse of posterior segment of the left lung.

Figure 3. CT scan belonged to a 5-months-old girl who had interrupted arch repair during the neonatal period. CT scan shows severely compressed distal left main bronchus
(arrow) between anteriorly displaced descending aorta and right pulmonary artery.
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pulmonary artery sling cohorts underwent intervention at a
median age of 7.9 months. Overall, the outcome of patients in
group I in this study was good, but the presence of early airway
obstructive symptoms due to severe tracheobronchial obstruction,
airway abnormalities, and concomitant complex CHD was associ-
ated with prolonged respiratory support requirement and
mortality.

Almost 80% (22/28) of patients in group II underwent surgical
intervention for the underlying cardiac lesion at a median age of
3.9 months. The surgical outcome of patients in this group
depended on underlying cardiac lesions, and most of them made
an uneventful recovery with no residual symptoms. One of the
patients with tetralogy of Fallot with absent pulmonary valve
syndrome developed prolonged ventilation due to severe sympto-
matic airway obstruction despite undergoing surgical treatment.
Four patients were managed conservatively, comprised of three
patients with underlying complex cyanotic heart disease and one
tetralogy of Fallot with absent pulmonary valve syndrome with
severe obstructive airway symptoms developed early in the
neonatal period.

The majority of patients in group III were managed
conservatively. Three of them required prolonged ventilation.
One of these patients posts interrupted aortic arch repair required
home oxygen for 8 months due to the development of chronic
lung disease and severe bronchomalacia. Only one patient post-
ventricular septal defect closure and pulmonary artery debanding
needed further surgical intervention due to the presence of
bicuspid aortic valve with severe aortic regurgitation and dilated
ascending aorta, causing compression to left main bronchus.
This patient who had recurrent wheezing underwent Bental’s
procedure at the age of 12 years. The operation was uneventful,
and the patient remained well and asymptomatic during the
follow-up 2 years later.

The summary of the surgical interventions and related
outcomes is summarised in Table 3.

Mortality

The cases of mortality and the causes of early deaths are summar-
ised in Table 4. Both pulmonary artery sling cases (patient 1 and 2)
presented early with airway obstruction and required complex
cardiac surgery. Whereas, in patients with right aortic arch with
aberrant left subclavian artery and patent ductus arteriosus, one
of the patients had underlying complex CHD (congenitally cor-
rected transposition of the great arteries, ventricular septal defect,

and mild pulmonary stenosis) and died at 2 weeks after the patent
ductus arteriosus division due to pulmonary hypertension crisis
(patient 4). Patient 3 initially underwent patent ductus arteriosus
division but later needed additional excision of Kommeral’s
diverticulum and reimplantation of left subclavian artery to left
common carotid artery, about 9 days after the first operation.
Unfortunately, this patient died of multiorgan failure following
the second operation. Patient 5 had an underlying complex cardiac
lesion (congenitally corrected transposition of the great arteries,
ventricular septal defect, and coarctation of aorta) with severe
compression of the left main bronchus by a dilated main pulmo-
nary artery, causing collapsed left lung. This patient, unfortunately,
died of sepsis while waiting for the operation to be performed.

Discussion

In our study, about 0.42% of children who underwent CHD sur-
gery had problems with vascular tracheobronchial compression,
compared with another study that reported 2.1%.6 This value
may have been underestimated as the prevalence of vascular
tracheobronchial compression among children who underwent
CT scan was about 10%. That can be explained by the notion that
some patients were managed conservatively due to only having
verymild symptoms. However, in a country with limited resources,
it is not uncommon for these affected patients to be managed
conservatively due to expected poor surgical outcomes stemming
from undergoing a very high-risk surgery and, at the same time,
having complex cardiac lesions.

In our study, vascular ring/pulmonary artery sling was the lead-
ing cause of vascular compression of the airway, seen in 45 (55.5%)
cases. Right aortic arch with aberrant left subclavian artery and
patent ductus arteriosus or ligamentum arteriosum was the most
common form of vascular ring that caused external airway com-
pression, seen in 15/28 (51.7%) of patients, which is in contrast
with other studies that showed that double aortic arch was the
commonest surgically corrected vascular ring,7–9 with only 4/28
(14.2%) cases of double aortic arch seen in our vascular ring cohort.
Left to right shunts, conotruncal cardiac lesions, and complex
cyanotic heart disease were the main cardiac lesions that caused
abnormal enlargement or malposition of the great vessels or
cardiac chambers. These cardiac lesions may compromise the
infant’s airway and respiratory function by direct external com-
pression of the airway or increased pulmonary artery pressure
and interstitial oedema.2

Figure 4. CT scan belonged to 12-year-old boy who developed significant bilateral proximal PA branches stenosis following truncus repair that required stenting. His CT shows
compression of the left bronchus (arrow) from the stented proximal right pulmonary artery. The left lung was hypoplastic with compensatory hyperinflation of the right lung.
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Consistent with other studies, the left main bronchus
was the most commonly affected airway structure in groups II
and III. The close proximity of the left main bronchus with the
pulmonary artery, ascending aorta and left atrium anteriorly,
and descending aorta posteriorly may explain its vulnerability to
being compressed if there is an enlargement ormalposition of these
structures.6,10

In our series, almost 10% of the vascular tracheobronchial
compressions occur following CHD surgery. We found that the
occurrence was mainly following truncus repair, post-aortic arch
repair, post-arterial switch operation, and tetralogy of Fallot repair,
as previously described in other studies.6,10 Cardiac surgical
procedures involving conduits may result in direct compression
of the airway. In comparison, surgical repair of an interrupted arch
or severe coarctation of the aorta may distort the anatomic
relationship surrounding the tracheobronchial tree if the end-to-
end anastomosis is performed close to the left bronchus. A study
reported that airway compression was newly detected following
aortic arch repair in 33.3% of the patients who did not show
any airway compression before surgery.11

About 22 (27.2%) of cases in our study population had underly-
ing syndromes or genetic abnormalities. About one-third of these
patients had underlying Di George syndrome. This is not uncom-
mon as Di George syndrome is commonly seen in a patient with
a right aortic arch, conotruncal lesion, or arch anomaly.12 The pres-
ence of multiple organ involvements in patients with genetic abnor-
malities may further increase the risk of morbidity.

The delay in diagnosing vascular tracheobronchial compression
as seen in group I patients is not an unusual problem.10,13 Specific
symptoms related to an airway obstruction were not common,
such as stridor only occurred in half of the group I patients and
less than a quarter of patients in groups II and III, respectively.
In this study, only one patient (1.2%) had symptoms of dysphagia.
The rarity of symptomatic vascular ring/pulmonary artery sling
among children with CHD may explain that in many cases, when
assessing the presenting symptoms, vascular compression is not
always considered. Furthermore, other symptoms like cough,
recurrent chest infection, or respiratory distress could be inaccur-
ately attributed to the underlying CHD. Therefore, a high index of
suspicion is essential to look for the possibility of vascular

Table 3. Surgical intervention and outcomes among children with vascular tracheobronchial compression

Group I

Surgical
intervention

N(%)

Age at
intervention
median (IQR)

month

Duration of survival after
intervention median

(range) month Outcomes of the patients at follow-up

Vascular ring
(n= 28)

3 (5.7) 7.0 (7.3) 33.7 1 patient well, no more stridor
2 of the patients still have persistent stridor after the op, one of
them need home CPAP for 5 months for severe tracheomalacia
and CLD

DAA (n= 4) 1 patient with underlying TOF, asymptomatic for airway
compression, waiting for operation

RAA/ABR LSCA
(n= 15)

12 (23.1) 6.6 (37.3) 32.6 10 operated patients were well and asymptomatic
2 died (as described at Table 4)
2 patient refused operation

RAA with mirror
image branching/
PDA (n= 2)

1 (1.9) 2.2 10.2 1 patient had post-PDA division, asymptomatic
1 patient was managed conservatively due to underlying complex
cardiac lesion

LAA aberrant
RSA/PDA (n= 7)

0 (0) – 17.6 2 symptomatic with stridor, Down syndrome
1 TOF repair, 1 BT shunt for underlying complex cyanotic heart
disease

Other patients were asymptomatic

Pulmonary sling
(n= 17)

13 (25) 7.9 (12.7) 26.4 (0.0–117) 7 patients were well with no residual symptoms
4 patients were under follow-up at other hospitals
2 passed away (Table 4)
1 patient awaiting operation
2 defaulted follow-up

Group II (n= 28) 22 (42.3) 3.9 (15.7) 23.7 (1–108) depends on underlying CHD, majority of the patients were well
1 patient with TOF/APVS presented in early infancy had
prolonged ventilation due to bronchomalacia

4 patients were managed conservatively, 3 due to underlying
complex cyanotic heart disease, and 1 TOF/APVS case due to
severe respiratory distress presented in neonatal period

Group III (n= 8) 1 (1.9) – 46.7 (range 3.9–108) 1 case needed Bental’s procedure, patient was well and
asymptomatic at 2 years follow-up

7 patients were managed conservatively (1 patient developed CLD
and managed to off home oxygen after 8 months and 1 patient
was on CPAP for 2 weeks and then improved after that)

Total 52 (100%)

APVS= absent pulmonary valve syndrome; BT = Blalock-Taussig; CLD= Chronic lung disease; CPAP= Continuous positive airway pressure; DAA= Double aortic arch; LAA= Left aortic arch;
PDA= patent ductus arteriosus; RAA/ABR LSCA= Right aortic arch with aberrant left subclavian artery; RSCA= right subclavian artery; TOF= Tetralogy of Fallot
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tracheobronchial compression if the underlying cardiac lesion is
unable to explain the presenting symptoms for decisive diagnostic
steps to be initiated promptly.10,14

In children with CHD, the presence of vascular compression of
the airway should be suspected if there are dominant or persistent
respiratory symptoms. The other important clue is if there is dif-
ficulty in weaning off the respiratory support despite successful
correction of underlying cardiac defects. Tracheobronchial com-
pression should also be considered in persistent lung collapse cases
caused by total airway obstruction or lung hyperinflation resulting
from air trapping by the partial obstruction of the airway. In our
study, more than half of the patients who had left main bronchus
compression following CHD surgery demonstrated persistent
collapsed left lung or left lung hypoplasia.

Prolonged extrinsic compression to the tracheobronchial tree
may also result in tracheomalacia, bronchomalacia, or both.
Studies had shown that cartilage destruction leading to malacic
airway might be developed within weeks of compression.1,15

In our case, tracheobronchomalacia was noted in 12.3% of the
study population, which was mainly seen in patients of group I.
This result can be underestimated as only 30.8% of our patients
underwent bronchoscopy assessment, which is the gold standard
in diagnosing a malacic airway. All tracheal stenosis cases in our
cohort were seen in patients who had underlying PA sling
(n= 7,42%). Another study had found that long segment tracheal
stenosis with complete tracheal ring has been reported in 50% of
PA sling’s cases.16

The presence of tracheobronchial compression, pulmonary
over-circulation related to heart defects, and respiratory support
dependency may increase the risk of recurrent pneumonia in this
group of patients. Also, chronic aspiration pneumonia may occur
due to gastrooesophageal reflux resulting from an imbalance
between the abdominal and thoracic pressure as the child must

generate high negative intrathoracic pressure to breathe due to
the tracheobronchial compression.10 Increased mucin production
following cardiopulmonary bypass may further complicate the
management in the post-operative period.2

Tracheobronchial compression due to an underlying cardiac
defect may complicate the management, as many of these patients
may require prolonged invasive ventilation or non-invasive
respiratory support due to respiratory distress. The delay in
CHD surgery due to longwaiting times will further increasemorbid-
ity and mortality during the perioperative period. Consequently,
we also found that the recovery during the post-operative was
prolonged as many of these patients will need a more extended
respiratory support period. This delay may result in financial and
resources implication due to the need for prolonged ICU stay.
Therefore, early diagnosis, and careful and timely surgery in symp-
tomatic patients are crucial for ensuring the optimum management
of children who have tracheobronchial compression associated with
underlying CHD.

Overall, the outcome of the vascular ring/pulmonary artery
sling in this study was good. However, patients who presented with
early airway obstruction symptoms due to severe tracheobronchial
compression and concomitant complex CHD had high morbidity
and mortality. In our cases, a higher risk of serious complications
was noted in younger infants who had respiratory distress at
presentation, underlying genetic condition, associated airway
abnormalities like congenital tracheal stenosis or severe broncho-
malacia, tetralogy of Fallot with absent pulmonary valve syndrome
cases that require early respiratory support, and underlying com-
plex cyanotic heart disease. A study by Yoon Jung demonstrated
that complex heart disease is the only factor that is significantly
associated with mortality in children with the vascular ring.4

The strength of this study is the ability to combine all the
cardiovascular causes of tracheobronchial compression in children

Table 4. Mortality cases

Patient/
sex

Age at
diagnosis

Age at
death

Type of vascular
compression

Affected
airway/
oesophagus

Underlying
CHD

Other
co-morbidity Surgical intervention

Cause of
death

1/M 5 days 1 month PA sling Trachea Truncus
arteriosus,
IAA type A,

Nil Truncus repair, IAA repair,
and LPA reimplantation

Myocardial
failure

2/M 1 month 2 months PA sling Trachea PMVSD,
ASD, and
AP window

Di George
syndrome

ASD, VSD closure, AP
window repair, and PA
sling repair

Myocardial
failure and
severe
pulmonary
hypertension

3/M 4 months 8 months RAA with aberrant
LSCA with PDA
arises from
Kommerals
diverticulum

Trachea
oesophagus

PDA Nil First surgery: division
of PDA
Second surgery: excision of

Kommeral’s diverticulum
and reimplantatiom of
LSA to left common
carotid artery

Multiorgan
failure with
DIVC during
second
surgery

4/M 9 months 2 years,
4 months

RAA with aberrant
LSCA and PDA

Rt main
bronchus
oesophagus

CCTGA,
VSD, and
PS

Nil PDA division Pulmonary
hypertension
cardiac arrest

5/M 3 months No data Compression of
LMB from dilated
pulmonary artery

Lt main
bronchus

CCTGA,
VSD, and
COA

Lung
collapsed

No surgery Sepsis prior
to surgery

AP= aorto pulmonary; ASD= atrial septal defect; CCTGA= Congenitally corrected transposition of the great arteries; COA = coarctation of aorta; IAA= Interrupted aortic arch; LMB= Left
main bronchus; LPA= left pulmonary artery; LSCA= left subclavian artery; PA = pulmonary artery; PDA= patent ductus arteriosus; PMVSD= perimembranous ventricular septal defect;
PS= pulmonary stenosis; RAA= Right aortic arch; VSD= ventricular septal defect
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with a relatively high number of recruited patients. Even though it
was only conducted in a single centre, National Heart Institute is
the main referral cardiac centre for vascular ring/pulmonary artery
sling or CHD surgeries in this country. Our study is limited by its
retrospective design; all the data obtained depend on the accuracy
of the documentation in the medical records. Specific information
such as duration of ventilation or hospital stay after the operation
can be missed if the patients were transferred to the referring
hospital while still on respiratory support. Statistical analysis using
multiple logistic regression for determining the predictors of
morbidity, such as prolonged respiratory support requirement
or mortality that was not statistically significant, could be influ-
enced by missing information as mentioned. However, we believe
that this descriptive study will give a good insight into the morbid-
ity and mortality related to tracheobronchial compression in
children with CHD in this country.

Conclusion

Vascular tracheobronchial compression complicates the manage-
ment of CHD in children. A high index of suspicion is needed
for early detection and to institute the appropriate intervention.
Precise diagnosis and management are imperative as prolonged
tracheobronchial compression may cause significant adverse clini-
cal sequelae. The outcome of patients in this group depends on the
severity of airway obstruction and the underlying cardiac lesions.
Early symptoms of severe airway obstruction and concomitant
complex CHD are associated with high morbidity and mortality.
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