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Abstract
Background - The usefulness of spiral
computed tomographic (CT) scans of the
chest with three dimensional imaging
(3D-CT) of intrathoracic structures in the
diagnosis and management of paediatric
intrathoracic airway obstruction was assessed.
Methods - A retrospective review was
made of five consecutive cases (age range
six months to four years) admitted to the
paediatric intensive care unit and paediatric radiology division of a tertiary care
children's hospital with severe respiratory
decompensation suspected ofbeing caused
by intrathoracic large airway obstruction.
Under adequate sedation, the patients
underwent high speed spiral CT scanning
of the thorax. Non-ionic contrast solution
was injected in two patients to demonstrate
the anatomical relationship between the
airway and the intrathoracic large vessels.
Using computer software, three-dimensional images of intrathoracic structures were then reconstructed by the
radiologist.
Results - In all five patients the imaging
results were useful in directing the physician to the correct diagnosis and appropriate management. In one patient,
who had undergone repair of tetralogy of
Fallot with absent pulmonary valve, the
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Conclusions - 3D-CT scanning is a useful
additional diagnostic tool for intrathoracic
airway obstruction in paediatric patients.
(Thorax 1996;51:1005-1009)
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Intrathoracic large airway obstruction is a clinical, diagnostic, and therapeutic challenge in
paediatric emergency medicine.' Some patients
present to the emergency department with
severe respiratory distress and wheezing, and
the clinical differential diagnosis between reactive airway diseases such as asthma or bronchopulmonary dysplasia and intrathoracic large
airway obstruction becomes important. While
in acute asthma the treatment is primarily
directed to bring about bronchodilation, in
intrathoracic large airway obstruction this
therapeutic approach may be of no avail.
Spiral or helical computed tomographic
(CT) scanning offers certain technical advantages over the conventional CT scan as it
is faster and more sensitive in detecting small
lesions,2 and minimises motion and respiratory
artifacts. This technique allows the production
of overlapping images without additional radiographic exposure. By using specific computer
software, high quality three dimensional images
can be generated from the multiple overlapping
transaxial images acquired in a single breath
hold.3 When this technology is combined with
intravenous injection of radiolabelled contrast
media CT angiography is obtained.
Diagnostic efforts to identify possible obstruction of the intrathoracic airway include
fluoroscopy, CT scanning, magnetic resonance
imaging (MRI), bronchoscopy, bronchography, or any combination of these procedures.4 Among the non-invasive methods
only spiral CT scanning with three dimensional
imaging (3D-CT) provides three dimensional
information.56 However, its usefulness in paediatrics in general, and in paediatric intrathoracic airway obstruction in particular, has
not been fully explored. We have therefore
of intrathoracic tracheal stenosis three evaluated the usefulness of this technology in
years prior to admission the 3D-CT scan five patients who were admitted to our paeruled out restenosis as the reason for her diatric intensive care unit with possible intraacute respiratory decompensation.
thoracic airway obstruction.
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Table 1 Clinical data
Patient no. Age

Diagnosis and symptoms

3D-CTfindings

Other diagnostic tests

1

18 m

2y

3

4y

Disruption in integrity of right upper
lobe bronchus, bronchus intermedius
and left lower lobe bronchus; severe
pulmonary artery dilation
Disruption in integrity of left main stem
bronchus with a stenotic segment
Normal configuration of bronchial tree;
irregular tracheal wall at site of surgery

Chest radiography
Pulmonary aneurysmorrhaphy
Heart catheterisation Home mechanical ventilation

2

Chest radiography
Bronchoscopy
Chest radiography
Heart catheterisation

Mechanical ventilation with
PEEP 10 cm H2O for 10 days
Mechanical ventilation and
inotropic support

4

3y
6m

Normal bronchial tree and mild dilation
of the ascending aorta
Narrow segments in the left upper lobe
and right middle lobe bronchi

Chest radiography
Echocardiography
Chest radiography
Bronchoscopy

Bronchodilators

5

Tetralogy of Fallot and absent
pulmonary valve; wheezing and
increased requirement for oxygen
and ventilator settings
Chronic lung disease of prematurity;
refractory episodes of bronchospasm
Chronic lung disease of prematurity
and cardiomyopathy; repair of
tracheal stenosis; respiratory failure
Marfan's disease; severe episodes of
bronchospasm
Brain damage, aspirations and
refractory bronchospasm

Tracheostomy for administration
of 10 cm H,0 CPAP

ventilation. His trachea was intubated and
mechanical ventilation was initiated. His
perinatal history revealed maternal oligohydramnios in association with fetal posterior
urethral valves and severe obstructive damage
to the kidneys. He was born after 28 weeks of
gestation, required six weeks of mechanical
ventilation, and developed bronchopulmonary

PATIENT 1

An 18 month old infant who had undergone
surgery to repair tetralogy of Fallot with absent
pulmonary valve. He had also required two
additional surgical procedures to reduce the
size of a dilated pulmonary artery which compressed the main stem bronchi and caused
respiratory failure. From the age of five months
the patient had been on home mechanical ventilation via a tracheostomy cannula. His most
recent admission to the paediatric intensive
care unit was secondary to inability to wean
him off his home ventilator and the occurrence
of frequent episodes of respiratory distress due
to lower airway obstruction refractory to
bronchodilators. Chest radiographs revealed a
hyperinflated right lower lobe and repeat heart
catheterisation revealed a massively dilated pulmonary artery. The 3D-CT scan (fig 1A and
B) showed a marked disruption of the integrity
of the right upper lobe bronchus, bronchus
intermedius, and the left lower lobe bronchus.
The patient underwent a third pulmonary
artery aneurysmorrhaphy to relieve the compression on the airway. His bronchospasm subsided and he was discharged to be gradually
weaned off his ventilator.
PATIENT 2

A two year old black patient was admitted to
the paediatric intensive care unit because of
severe bronchospasm and acute alveolar hypo-

Figure I (A) Posterior view of a 3D-CT image of the
chest in an 18 month old patient who had undergone
repair of tetralogy of Fallot with absent pulmonary valve
(patient 1). The arrows indicate disruptions in the
tracheobronchial configuration (for normal configuration
see fig 4A). These are caused by the dilated pulmonary
artery compressing the left lower lobe bronchus and the
right upper lobe bronchus and bronchus intermedius. Note
that the tracheostomy cannula makes the upper portion of
the trachea appear narrow because of differences between
the radiographic density of the tracheal wall and the
plastic cannula. (B) Further removal of intrathoracic
tissue layers by changing density threshold levels to
delineate the relationship between the tracheobronchial tree
and the great vessels. The trachea (T) is between a
massively dilated main pulmonary artery (P, marked by
arrows) and the aorta (A).
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Methods
Five patients consecutively admitted with acute
respiratory decompensation suspected to be
secondary to intrathoracic large airway obstruction (table 1) were sedated and underwent
high speed spiral CT scans of the chest (HiSpeed Advantage, General Electric, Milwaukee, Wisconsin, USA) with a 20-30 second
exposure time. Two patients received intravenous non-ionic radiocontrast medium prior
to the CT scan for better delineation of their
intrathoracic large vessels. Three dimensional
images of intrathoracic structures were subsequently reconstructed by the radiologist
using specific computer software (Advantage
Window Computer Work Station, General
Electric). Layers of tissue were sequentially
removed, as deemed necessary, by successively
changing the threshold level.

Management
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dysplasia (BPD). He has also been on chronic
ambulatory peritoneal dialysis and is currently
awaiting kidney transplantation. During the
eight months before his admission he had multiple episodes of acute respiratory distress
which resulted in endotracheal intubation and
mechanical ventilation. His chest radiograph
revealed persistent bilateral consolidations and
a 3D-CT scan showed a stenosis of his left
main stem bronchus (fig 2). Subsequent bronchoscopic examination confirmed the existence
of a collapsed pliable segment in the left main
bronchus compatible with a diagnosis of
segmental bronchomalacia. Intraoperative
administration of 10 cm H20 of distending
pressure dilated the segment and maintained
it open. The patient received one week of
mechanical ventilation with positive end expiratory pressure (PEEP) 10 cm H20 and was
gradually weaned off the ventilator. His parents
refused chronic administration of CPAP via
tracheostomy to prevent future similar episodes. The patient has been followed for six
months since discharge during which time he
has not had any episodes of respiratory discomfort. He was subsequently referred to another hospital for kidney transplantation.
PATIENT 3
A four year old white girl with chronic cardiomyopathy and BPD was admitted to the paediatric intensive care unit because of an
increased requirement in her home ventilator
settings and oxygen. The patient had undergone repair of double outlet right ventricle a
few months after birth. At the age of one
year, due to progressive respiratory distress, a
tracheal stenosis at the level of the carina was
diagnosed and repaired by resection and endto-end anastomosis. Her chest radiograph revealed bilateral pulmonary congestion and a
3D-CT scan delineated a normal configuration
of the tracheobronchial tree with some irregularities at the level of her past tracheal

Figure 3 Right anterior oblique view of 3D-CT image of
the lungs in a four year old patient with chronic
bronchopulmonary dysplasia and cardiomyopathy (patient
3). The arrow indicates ragged contour of the trachea in
the region where surgery was done to repair tracheal
stenosis. No disruption of the integrity of the entire
tracheobronchial tree is observed.

repair (fig 3A and B). The patient subsequently
underwent heart catheterisation which attributed her respiratory deterioration to cardiac
dysfunction. Inotropic support with dobutamine was started and the patient died after
three weeks of treatment.

Figure 4 (A) Anterior view of 3D-CT image of the
lungs in a three year old patient with Marfan s disease.
The tracheobronchial tree configuration is not disrupted.
(B) Further removal of intrathoracic tissue layers by
changing density threshold levels to delineate the aortic
contour. Mild dilation of the aortic root is seen (A) with
no disruption in the trachea (T).
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Figure 2 Posterior view of 3D-CT image of the lungs of
a two year old patient with bronchopulmonary dysplasia
and recurrent episodes of wheezing and respiratory distress
(patient 2). The arrows indicate a stenotic segment in the
left main stem bronchus (for normal configuration of
tracheobronchial tree see fig 4A). The nasogastric tube is
also depicted (N).
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Discussion
The five patients described here had an underlying respiratory disorder that could be explained by a possible airway obstruction. In the
first patient the combination of tetralogy of
Fallot and absent pulmonary valve is known to
be associated with airway compression by the
aneurysmal dilation of the pulmonary artery.7
These patients may require more than one
surgical procedure to relieve the compression
and the function of their respiratory system
may remain chronically compromised. Following heart catheterisation, the 3D-CT scan
was a quick confirmatory study in this patient
which delineated the airway segments comFigure 5 Anterior view of 3D-CT scan of the lungs in a
six month old infant with recurrent episodes of respiratory
pressed by the dilated pulmonary artery. Since
failure. Note the narrow segments of the bronchi of the left
this clinical entity is well known, we felt that
upper lobe and the right middle lobe (arrows).
the 3D-CT images were sufficient to confirm
the clinical diagnosis and no further invasive
procedures were required before surgery.
The 3D-CT scan in three of our other
patients who presented with frequent episodes
PATIENT 4
of respiratory distress due to lower airway obA three year old patient with Marfan's disease struction and were refractory to treatment with
and a known dilation of the ascending aorta bronchodilators provided valuable information
was admitted to the paediatric intensive care
as to whether or not bronchoscopy was inunit because of severe bronchospasm. The dicated. In two cases (patients 2 and 5) the
medical history was remarkable for frequent 3D-CT scan conspicuously delineated stenotic
episodes of bronchospasm since the age of six segments of the tracheobronchial tree which
months which were deemed to be secondary were subsequently diagnosed as segmental
to asthma. The lack of a family history of bronchomalacia
by bronchoscopic exallergic diseases did not support allergy as the amination. Bronchoscopy was also used to
aetiology for his bronchospasm. A 3D-CT scan determine the degree of distending pressure
of his chest was performed which revealed that adequately dilated these segments and
normal configuration of the tracheobronchial maintained them open. Bronchopulmonary
tree with only mild aortic root dilation (fig dysplasia8 and recurrent episodes of aspiration
4A and B). The patient was encouraged to pneumonitis, respectively, were assumed to be
continue with his anti-asthma medications.
the aetiology for this clinical phenomenon.
However, in patient 4 a normal configuration
of the tracheobronchial tree was observed on
PATIENT 5
the 3D-CT scan and thus bronchoscopy was
A six month old baby who was admitted to the prevented. Severe asthma was considered to be
paediatric intensive care unit in severe res- the cause for his episodes of bronchospasm. In
piratory distress and required endotracheal in- patient 3, who had undergone a surgical repair
tubation and mechanical ventilation. His past of the trachea at an earlier age, the 3D-CT
medical history was remarkable for severe birth scan was also used to rule out restenosis of
asphyxia due to meconium aspiration resulting the intrathoracic airway as the reason for her
in brain damage. He had had many episodes deterioration without requiring bronchoscopy.
of aspiration pneumonitis due to inadequate
The importance of adequate imaging of the
protective airway reflexes. Physical ex- paediatric tracheobronchial tree for the inamination was remarkable for diffuse wheezing vestigation of possible obstruction has not been
over the lungs and hypertonia ofhis extremities.
emphasised in the paediatric emergency and
His chest radiograph revealed hyperinflation of critical care medicine literature. The use of
the right lung and inadequate aeration of the high voltage added-filtration radiography is
left lung with left upper and lower lobe at- cheap and helpful, yet not sensitive enough to
electases. A barium study through his gastro- detect changes in very narrow airways.9 Bronstomy tube revealed a major gastrooesophageal choscopy is a useful diagnostic modality, but
reflux to the level of the hypopharynx. A 3D- the passage of the bronchoscope may be imCT scan showed narrow segments in the left possible or may not be advisable through
upper lobe and right middle lobe bronchi (fig severely stenotic segments of the airway. 10
5). Bronchoscopy revealed narrow segments in Tracheobronchography in such cases can dethe left and right main bronchi around the lineate the overall configuration of the traorifices of the left upper lobe bronchus and the cheobronchial tree, but can also trigger an acute
right middle lobe bronchus. These segments inflammatory process of the airways which may
dilated to normal size with 15 cm H20 of dis- lead to death. " Thus, fast and safe new imaging
tending pressure and stayed open with a pres- techniques should be appreciated if proved
sure of 10 cm H20. A gastric fundoplication
to be beneficial. Ultrafast cinetomography has
and tracheostomy was performed and chronic been used to study infants and children with
administration of 10 cm H20 continuous pos- airway obstruction by displaying dynamic
itive airway pressure (CPAP) was initiated.
changes of the airway calibre during respira-
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has also been valuable.
The 3D-CT scan is simply a computerised
image of the axially acquired CT information.
It does not therefore add new information but
displays cross-sectional anatomy in a multiplanar manner.'3 The three dimensional reconstructed images help physicians to visualise
and understand the complex anatomical relationship within the thorax better. Moreover,
the software used is capable of creating an
image at any arbitrary orientation which may
be particularly useful for surgical planning."4
In patients where the clinical diagnosis is well
known, such as in the first patient with tetralogy
of Fallot and absent pulmonary valve, the 3DCT images may be sufficient to determine the
extent of the airway pathology and whether or
not surgery is indicated. In other patients who
present with frequent episodes of wheezing and
in whom reactive airway disease is uncertain'
the 3D-CT scan can be used as a non-invasive
diagnostic tool for ruling out intrathoracic airway obstruction.
In summary, 3D-CT images of the chest in
patients with suspected intrathoracic airway
obstruction provide useful information. Negative findings on the 3D-CT scan may eliminate
the need for other invasive diagnostic procedures such as bronchoscopy and bron-

chography. However, when the 3D-CT images
indicate a possible tracheobronchial obstruction, further diagnostic investigation may
still be required.
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tion.'2 This technique provides good
anatomical detail of the airway and may
demonstrate the dynamic collapse in cases of
tracheomalacia and bronchomalacia. Our experience with 3D-CT scanning in these patients
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