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RESPIRATORY DISEASES, AND IN PARTICULAR

obstruction of the trachea and major airways,
may be a life-threatening complication in

children with congenital cardiac disease. Hence, a
quick and accurate diagnosis is needed, so that
appropriate treatment can be initiated.1–4 These abnor-
malities include pulmonary atelectasis, pulmonary
hyperinflation, retained secretions, hypersecretions,
abnormalities in gas exchange, and pneumonia.5–7

Vascular rings, and distended pulmonary arteries, in
particular in patients with left-to-right shunts and
dilated cardiac ventricles, are the main structural

abnormalities responsible for the abnormalities.2,8–10

Fibreoptic bronchoscopy is an important and safe
technique in the evaluation of abnormalities of the
lungs and airways, allowing an excellent assessment
of dynamics and anatomy.11–13 The goals of our
study, therefore, were to characterize the patients
who underwent bronchoscopy for respiratory dis-
eases associated with congenital cardiac disease, and
to evaluate the safety, total diagnostic rate, and the
percentage of procedures which dictated alterations in
treatment for this group of patients.

Patients and methods

We studied retrospectively the records of 39 children
with congenital cardiac disease and pulmonary dis-
eases, who underwent 49 fibreoptic bronchoscopies
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during the period 1999 through 2004. In 10 patients,
there were 2 procedures, due to recurrent haemoptysis
in 1, persistent fever in 3, atelectasis in 4, and obstruc-
tion of the upper airways and failure to extubate in 2.
Data were obtained by reviewing the charts and the
reports of the bronchoscopies. The cardiac anomalies
were diagnosed and evaluated by transthoracic echocar-
diography with or without angiography (Table 1). All
the children were hospitalized in the paediatric inten-
sive care unit before or after cardiac surgical repair,
and all had severe respiratory symptoms.

Indications for fibreoptic bronchoscopy (Figure 1)
The indications for bronchoscopy were persistent
atelectasis in 24 patients (61.5%), consolidation and
pneumonia with fever in 6 patients (15.4%), haemop-
tysis in 3 patients (7.7%), severe stridor or failed
extubation in 5 patients (12.8%), and persistent hyper-
inflation in 1 patient (2.6%). The airway was studied
for intrinsic or intraluminal pathologies, extrinsic
compression or pulsation on the airways, and the
demonstration of tracheobronchomalacia.

Fibreoptic bronchoscopy
All patients were evaluated by a paediatric pulmo-
nologist, and informed consent was obtained from the

parents. All the procedures were performed in the
paediatric intensive care unit. Fibreoptic bronchoscopy
was performed with a paediatric bronchoscope
(Olympus BF Ultrathin 2.2, BF XP40 and BF 3C40,
with outer diameter of 2.2, 2.8 and 3.6 mm, Two
Corporate Drive, Melville, New York) and all findings
were recorded. The patients were anaesthetized with
intravenous propofol, or sedated with intravenous
midazolam. Topical anaesthesia with 1% lidocaine was
applied to the nose, vocal cords and trachea to the
patients who were not intubated. The trans-nasal
approach was used in all patients who were not intu-
bated, while the endotracheal approach was used in
mechanically ventilated patients.

Continuous oxygen, at 3 liters per minute, was
delivered via a nasal canula, or 100% oxygen was
administrated through the endotracheal tube when the
child was mechanically ventilated. Heart rate, blood
pressure, and saturations of oxygen were monitored
continuously during the procedure. An experienced
assistant, usually an attending physician in paediatric
intensive care, and a nurse were present during the
procedure to evaluate the state of the patient, and to
administer medications.

Classification of the results of bronchoscopy

We classified the findings into:

• Bronchoscopy providing a specific diagnosis.
• Bronchoscopy providing a specific diagnosis which

resulted in alteration of management, also described
as clinical yield.

• Non-diagnostic fibreoptic bronchoscopy.

Results

We performed a total of 49 bronchoscopies in 39 chil-
dren with congenital cardiac disease and pulmonary
abnormalities during the period of the study. Of
these, 23 (59%) were male, and the mean age of the
overall group was 2.9 plus or minus 4.8 years, with a
range from 4 weeks to 19 years. Their congenital
cardiac diseases are summarized in Table 1. All 

Table 1. Details of children undergoing bronchoscopy according to cardiac disorders.

ABSENT AORTIC PULMON HEART
Group TOF TGA PV VSD/ASD COARCT AVSD SLING IHSS TRPLT. CAT TOTAL

No. of patients 11 4 2 6 5 5 1 1 1 3 39
Boys/girls 8:3 2:2 2:0 3:3 4:1 2:3 1:0 1:0 0:1 0:3 23:16
Median age (yr) 4.3 �1 �1 2.3 �1 �1 �1 15 5 6.7 2.7
No. of procedures 14 4 3 10 5 6 2 1 1 3 49

Abbreviations: TOF: tetralogy of Fallot; TGA: transposition of the great arteries; IHSS: idiopathic hypertrophic sub-aortic stenosis; AVSD:
atrioventricular septal defect with common atriuoventricular junction; CAT: common arterial trunk; PV: pulmonary valve; VSD/ASD:
ventricular and atrial septal defect; Pulmon: pulmonary sling; TRPLT: transplantation
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Figure 1.
Indications for fibreoptic bronchoscopy%.
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bronchoscopic procedures followed cardiac surgical
repair. Anomalies involving the airways were sus-
pected following chest X-rays, computerized tomog-
raphy scans, or a clinical picture of stridor or failure of
extubation.

Bronchoscopic findings (Tables 2 & 3)
The overall diagnostic rate following fibreoptic bron-
choscopy in our patients was 89.8%. Extrinsic com-
pression and obstruction of the airways was the most
common cause of anomalies involving the lower air-
ways. We found extrinsic pulsation and compression
of the airways in 14 patients (35.9%) (Table 2). The
left main bronchus was the most commonly com-
pressed region, seen in 9 of the 14 patients (Table 3).
The cardiac and vascular components that caused air-
way compression were dilated pulmonary arteries, an
enlarged left atrium, a dilated aorta, and the pul-
monary sling. Infection of the lower airways was
diagnosed in 7 cases (17.9%). From these patients,
Staphylococcus aureus, Neisseria lactamica, and
Streptococcus pneumonia were each isolated in indi-
vidual cases by bronchoalveolar lavage. Macroscopic
and microscopic changes in bronchoalveolar lavage
consistent with infection were seen in the 4 addi-
tional patients, without the isolation of microorgan-
ism.14,15 Intrinsic instability of the walls of the airways
was diagnosed in 6 patients (15.4%), due to tracheo-
malacia and bronchomalacia in 3 patients each
(Table 2). Haemorrhage was detected and lavaged in
2 patients (5.1%), both with tetralogy of Fallot. 
In 5 patients, we found masses involving the airways,
or other narrowings. Bronchial casts occurred in 3,
while 2 demonstrated narrowing of the airways sub-
sequent to surgery (Table 2).

Altogether, fibreoptic bronchoscopy yielded a spe-
cific diagnosis in 8 patients (20.5%), resulting in alter-
ations in treatment that that led to resolution of the
problem. Specifically, 3 patients were treated with
antibiotics for bacterial infection, 3 had surgical cor-
rection, and 2 had their atelectasis opened (Fig. 2).

In 4 of the 39 patients (10.2%), the procedures
yielded no diagnostic utility.

Complications
Complications were recorded during and in the post
procedural period, and occurred in 6 of the 49 proce-
dures (12.2%). In 5 patients, the complications were
minor including mild desaturation in 4 patients, and
mild bleeding in 1 patient, all resolved by supplemen-
tal oxygen and lavage of the airway with 0.9% salt
solution. Only 1 patient developed severe hypox-
emia and bronchospasm requiring cardiopulmonary
resuscitation and mechanical ventilation following the

procedure. None of the patients died during or imme-
diately after the procedure.

Discussion

Compression and obstruction of the airways, and fail-
ure to wean the patient from mechanical ventilation
following a cardiac surgery, are relatively common.
Furthermore, rates of morbidity and mortality may be
high when respiratory distress develops due to com-
pression of the airways.2,16 As did Lee et al.,1 we have

Table 2. Diagnosis by fibreoptic bronchoscopy.

Diagnosis No. of patients

External compression of airways 14 (35.9%)
Infection 7 (17.9%)
Tracheobronchomalacia 6 (15.4%)
Airway mass/narrowing 5 (12.8%)

bronchial casts 3
narrowing of the airways post surgery 2

Haemorrhage 2 (5.1%)
Pulmonary sling 1 (2.6%)
No diagnosis 4 (10.3%)

Table 3. Diagnosis and site of external airway compression or
obstruction.

Site of external airway compression No. of patients %

1. Left main bronchus 9 23.1
Atrioventricular septal defect 2
Ventricular septal defect 2
Common arterial trunk 1
Tetralogy with “absence” of the 1

pulmonary valve
Transposition 1
coarctation of aorta 1
pulmonary sling and Tetralogy 1

2. Extrinsic compression of the carina 2 5.1
3. Pulsation of the left lower bronchus 2 5.1
4. Extrinsic compression of the trachea 1 2.6

Total 14 35.9
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Figure 2.
Diagnosis and yield of fibreoptic bronchoscopy%.
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demonstrated that fibreoptic bronchoscopy is clini-
cally useful, and provides, in our hands, a specific
diagnosis in nine-tenths of patients with anomalies
of the airways associated with congenital cardiac 
disease. A specific diagnosis with a clinical yield was
achieved in one-fifth of the patients, in whom prompt
initiation of the indicated treatment resolved the
pathology of the airways (Fig. 2). The spectrum of dis-
ease observed in our patients is similar to that described
by other investigators.1,2,8,17 Extrinsic compression or
pulsation of the airway was the most common cause
of anomalies, occurring in just over one-third of the
patients. Compression may develop in cyanotic or
acyanotic congenital cardiac disease, especially when
there is left-to-right shunting.17 Compression and
obstruction of the airways is due to the close rela-
tionship between the tracheobronchial tree and the
anomalous enlarged heart and vascular structures. Our
results, similarly to other studies, demonstrate a high
prevalence of vascular compression of the left main
bronchus.1,10,17,18 The left main bronchus passes under
the aortic arch, having an intimate anatomic relation-
ship with the pulmonary artery and left atrium. Thus,
dilation of the pulmonary arteries due to cardiac abnor-
mality with high left-to-right shunting, as occurs in
ventricular septal defect, atrioventricular septal defect,
or tetralogy of Fallot with rudimentary formation of
the pulmonary valve, may result in compression of the
left main bronchus. Moreover, dilation of the ascend-
ing aorta due to increased aortic blood flow, such as 
in tetralogy of Fallot, may compress the carina, left
bronchus, and trachea.

Congenital cardiac disease accompanied by com-
pression of the airways may result in a variety of clin-
ical presentations, such as upper respiratory infection,
wheezing, atelectasis, pneumonia, or hyperinflation.
Incomplete obstruction can manifest with hyperin-
flation, while total obstruction results in atelectasis.
Diffuse wheezing may occur as a result of extrinsic
compression, bronchial narrowing, interstitial oedema,
and airway hyperactivity.10,17

Imura et al.6 demonstrated increased production
of airway mucin in children who underwent cardiac
surgery with cardiac pulmonary bypass. This was asso-
ciated with the development of post operative com-
plications such as collapsed lungs and pneumonia,
and abnormalities in the exchange of gases, with an
increased alveolar-arterial oxygen gradient. Several
studies have suggested that increased glycoprotein and
mucin concentration in the airways is associated with
increased frequency of obstruction, bacterial infection,
and abnormalities in the exchange of gases.19,20

This phenomenon might explain, in part, the high
number of infections of the lower airways, and atelec-
tasis, seen in our patients. Furthermore, external com-
pression of the airways, atelectasis, and hyperinflation,

even without increased production of glycoprotein and
mucin in the airways, might interfere with excretions
and movement of mucin in the airways, and its anti-
bacterial and anti-infectious properties. Bacteria were
isolated in only 3 out of 7 patients with evidence of an
infectious process. This may be explained by the fact
that most of the children were treated by broad spec-
trum antibiotics because of prolonged intubation.
Prolonged extrinsic pulsation and compression of the
airways may result in tracheobronchomalacia. The car-
tilaginous, muscular and elastic supporting structures
of the airways are softer, weaker, and pliable in chil-
dren, especially in infants, and therefore the airways are
more prone to extrinsic compression and closure.2,21,16

This collapse may result in complete occlusion of the
lumen with functional abnormality and air trapping.
Our fibreoptic bronchoscopies demonstrated tra-
cheobronchomalacia in one-sixth of our patients,
resulting in pathological air trapping, atelectasis and
a very high peripheral airway resistance, which is
inversely proportional to the radius of the lumen.

To the best of our knowledge, this is the first time
that the rate of the procedures that resulted in alter-
ation of treatment was discussed in the context of pul-
monary involvement in children with congenital
cardiac disease. Only occasionally is the bronchoscopic
procedure itself curative. The relatively low rate of
alterations in treatment might be explained by the
high rate of spontaneous resolution of most of the
pathologies found by us in the prolonged post oper-
ative period, such as tracheobronchomalacia.

When performing an invasive procedure, the poten-
tial complications should be taken into consideration,
in particular in these very sick children. As with oth-
ers, we encountered a very low rate of complications,
only 6 in our 49 procedures, with 5 of these resolving
immediately with supplementation of oxygen and
lavage of the airways.1,8 Only one patient required
mechanical ventilation because of severe hypoxaemia.
None of the patients died during or immediately after
the procedure.

In conclusion, we believe that fibreoptic bron-
choscopy has an important role in the evaluation of
abnormalities of the airways in patients with con-
genital cardiac disease in whom rapid and accurate
diagnosis is crucial for survival. Flexible bronchoscopy
is safe, and contributed to a specific diagnosis in nine-
tenths of the procedures we performed. We suggest,
therefore, that fibreoptic bronchoscopy should be con-
sidered as an initial diagnostic tool in children with
congenital cardiac disease and pulmonary involvement.
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