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ABSTRACT:  Demonstration of central bronchiectasis (CB) with normal periph-
eral bronchi is an essential requirement for the diagnosis of allergic bronchopul-
monary aspergillosis (ABPA).  Although the results of bronchography remain the
gold standard for demonstration of central bronchiectasis they are not always
diagnostic.  Moreover, it is an unpleasant invasive procedure which may be diffi-
cult to perform in a patient of allergic bronchopulmonary aspergillosis with acute
severe asthma.  In an attempt to find a safe and effective alternative to demonstrate
central bronchiectasis computed tomography (CT) of the thorax was evaluated
against bronchography.

Twenty one patients with allergic bronchopulmonary aspergillosis underwent com-
puted tomography of the thorax followed by bronchography.  Of the 378 bron-
chopulmonary segments available for analysis, 42 had to be excluded because of
consolidation or non-filling of the contrast dye, leaving 336 segments for evaluation.

CB was identified on CT in all 21 patients.  Detailed analysis of the visualized
segments revealed that computed tomography (using 8 mm contiguous scans) iden-
tified 146 of the 212 segments showing central bronchiectasis on bronchography
(sensitivity 70%) and 114 of the 124, read as normal on bronchography (specifi-
city 92%).  Supplemental 4 mm scans, used in 8 out of 21 patients improved the
overall sensitivity of computed tomography to 83%, whilst the specificity remained
unchanged at 92%.

Thus, computed tomography of the thorax, being more acceptable to the patient,
has the potential of being the investigation of choice for the demonstration of cen-
tral bronchiectasis in patients with allergic bronchopulmonary aspergillosis.
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Central bronchiectasis (CB) with normal peripheral
bronchi, a pathognomic feature of allergic broncho-
pulmonary aspergillosis (ABPA), which characteristi-
cally involves the medium-sized bronchi of 3rd and 4th
generation, was first described by SCADDING [1].  In
fact, demonstration of CB, is an essential requirement
for the diagnosis of ABPA [2].  Bronchography had been
considered the gold standard for the demonstration of
CB, until recently [3].  However, it is an unpleasant,
invasive procedure, requiring special skills and can have
potentially fatal adverse effects [4].  Furthermore, this
procedure may be difficult to perform in a patient of
ABPA presenting with acute severe asthma [5].

Computed tomography (CT) has now emerged as an
effective alternative in the diagnosis of bronchiectasis
[6–13].  However, no comparative study has been rep-
orted, so far, on patients with ABPA.  This study was,
therefore, carried out to evaluate the role of CT of the
thorax in demonstration of CB in ABPA, and the results
were compared with those of bronchography, the gold
standard.

Material and methods

Patients

The study comprised 21 consecutive patients with
ABPA.  The patients were considered to have ABPA, in
view of the following criteria:  1) a history of asthma;
2)  peripheral blood eosinophilia;  3) transient pulmonary
infiltrates;  4) presence of Type I cutaneous reactivity
to aspergillin, with or without Type III reaction;  5)
demonstration of serum precipitins against Aspergillus
spp.; and 6) elevated serum immunoglobulin E (IgE)
levels.  Patients with a history of smoking, associated
systemic disease and pregnancy were excluded.  Consent
was obtained from each patient and the study was approved
by the Research Cell of the Institute.

There were 14 male and 7 female patients, with a mean
age of 36 yrs (range 13–55 yrs).  The mean duration of
illness was 13 yrs (range 1–45 yrs).  All of the 21 patients
had history of asthma, transient pulmonary infiltrates,
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type I skin reaction to aspergillin and elevated total
serum IgE levels.  Peripheral blood eosinophilia was
present in 18 out of 21 patients, and serum precipitins
against Aspergillus spp. were demonstrable in 16 out of
21 patients.  Type III skin reactivity was observed in 18
out of 21 patients.  The 21 patients were clinically staged
as follows: Stage I (n=1); Stage II (n=7); Stage III
(n=12); Stage IV (n=0); and Stage V (n=1).

Computed tomography

Non-contrast computed tomography of the thorax, was
performed on a Somatom-DRH CT scanner (Siemens,
Erlangen, Germany), with a 512 matrix size.  CT scans

were obtained at 125 kV, 210 mA, with a scan time of
3–5 s, in supine position at full end-inspiration, from
lung apices to the bases, with 8 mm contiguous sections.
In eight cases, areas of interest were scanned with 4
mm contiguous slices.  Individual bronchopulmonary
segments were identified by the anatomical division of
the appropriate lobar bronchus and its relationship to
the major and minor fissures [14].  Bronchiectasis was
identified, as described by NAIDICH et al. [6]:  1)  signet
ring appearance;  2)  string of pearl appearance;  and 3)
beaded/tubular opacities (figs. 1a and 2).  CB with nor-
mal peripheral bronchi, was reported after examining
contiguous serial scans and ascertaining the distance of
the lesions from the hilum.

Bronchography

Bronchography was performed within 2 weeks of the
CT procedure, after stabilizing the patient with steroids
and bronchodilators.  It was performed via a nasotra-
cheal catheter, after premedication with atropine (0.01
mg·kg-1), using Dionosil oily (propyliodone, Glaxo
Laboratories, UK).  Intravenous hydrocortisone and theo-
phylline were given prior to the procedure.  Bilateral
bronchograms were obtained in all of the 21 patients.
Anteroposterior, lateral and oblique views were taken
for both sides.  Bronchograms were interpreted at seg-
mental level for the presence or absence of central
bronchiectasis with normal peripheral filling of the dye
(fig 1b).

Analysis

All of the CT scans and bronchograms were interpreted
for the presence/absence of CB, by a team comprising
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Fig. 1.  –  a)  Chest computed tomographic (CT) scan obtained at the
level of the right middle lobe bronchus, showing central bronchiecta-
sis (arrows) involving the medial and lateral segmental bronchi of the
right middle lobe, right lateral basal segmental bronchus, left superi-
or lingular segmental bronchus.  Note the normal lung periphery on
both sides.  b)  Right-sided bronchogram of the same patient, show-
ing central bronchiectasis with normal peripheral tapering in all the
segmental bronchi, of all three lobes.

Fig. 2.  –  Chest computed tomographic (CT) scan of another patient,
at the level of carina, showing central bronchiectasis involving the
anterior segmental bronchus (short arrow) and apicoposterior segmen-
tal bronchus (long arrow) of the left upper lobe.  Note the normal lung
periphery (arrow head).



both radiologists and pneumologists.  The CT scans were
read first in a random order, followed by the bron-
chograms, which were also read in a random fashion.
The reading was done on the basis of consensus opi-
nion, and, where there was disagreement, the segment
was taken as nonbronchiectatic.  Bronchography was
regarded as the gold standard, against which CT was
judged.  The sensitivity and specificity of CT were deter-
mined at segmental level.

Results

CB was visualized by CT in all 21 patients inclu-
ded in the study.  For further analysis at the segmental
level, a total of 378 segments were available for study.
Since bronchography was regarded as the gold standard
for the study, 42 segmental bronchi had to be excluded,
as they were not visualized on bronchograms, but only
on CT, leaving 336 segmental bronchi for analysis.
Bronchography demonstrated CB in 212 segments, whi-
lst the remaining 124 segments were read as normal.  Of
the 212 segments showing CB on bronchography, 146
segments were reported as having CB on CT scans.
Sensitivity of CT for detection of CB was found to be
70%, with a false negative rate of 30%.  CT was able
to correctly identify 114 of the 124 segments reported
as normal by bronchography.  Thus, CT, as compared
to bronchography, had 92% specificity, with a false
positive rate of 8%.  Examination of the CT scans of
the 42 segmental bronchi, which were not visualized
on bronchography and were thus excluded from analy-
sis, revealed that 20 segmental bronchi had CB whilst
16 were normal.  No comments were possible in six
segmental bronchi due to consolidation.

With 8 mm contiguous slices, it required on average
21 scans per patient to visualize the entire thorax.  How-
ever, in 8 out of 21 patients, 4 mm scans were also done
in selected areas (average 8 scans per patient).  Of the
144 segmental bronchi scanned twice, 96 were clearly
visualized even with 8 mm sections.  Thus, a 4 mm col-
limation of the X-ray beam was helpful in further
assessment of 48 segmental bronchi (i.e. 14% of the
total), which were not clearly visualized on the 8 mm
initial sections.  A review of the bronchograms of these
48 segmental bronchi, revealed CB in 36 and the remai-
ning 12 were read as normal.  The 4 mm CT sections
were able to correctly identify 30 out of the 36 segmen-
tal bronchi with CB, thus altering the overall sensiti-
vity of CT scan from 70% (146 out of 212) to 83%
(176 out of 212).  There was no change in the speci-
ficity of CT (92%), as the 4 mm CT scans correctly iden-
tified all 12 segmental bronchi as normal.

CT of the thorax, on average, required 10 min per
patient to complete the procedure.  It was more accep-
table to the patient, as it did not entail any discomfort,
nor did it require prior preparation.  In contrast, bron-
chography was a time-consuming invasive procedure,
requiring 60 min for the procedure followed by an ob-
servation period of 2 h.  In spite of prior preparation
and stabilization, almost all patients had distressing

cough followed by throat discomfort for 6–8 h.  One
patient, on one occasion, had a bronchospasm follow-
ing local anaesthetic spray, for which the bronchography
had to be postponed.

Discussion

Rapid and safe documentation of CB is crucial to
confirm the diagnosis of ABPA.  This enables the
physician to intervene effectively with aggressive corti-
costeroid therapy, in order to prevent further lung dam-
age.  Bronchography, the accepted gold standard for
demonstration of CB is an invasive and potentially
risky procedure in patients with ABPA, as almost all
are asthmatics [3].

CB was identified on CT of the thorax in all of our
21 patients, which enabled us to rapidly confirm the
diagnosis of ABPA.  Using 8 mm contiguous scans, a
sensitivity of 70% and specificity of 92% was found.
Limited use of 4 mm scans, in selected areas from 8
patients, increased sensitivity to 83%.  For 42 segmen-
tal bronchi not visualized by bronchography, either
due to non-filling of contrast dye or consolidation of
the affected segment, analysis by CT showed 20 with
CB and 16 normal; no comments were possible in 6
segments, due to consolidation.

Although a few studies [3, 15] have been made of CT
of the thorax in ABPA, none of them was specifically
designed to evaluate the role of CT in demonstration of
CB in comparison to bronchography.  In our earlier re-
port [5], CT of the thorax in two children with ABPA
during acute severe asthma was compared with bron-
chograms which were obtained subsequent to recovery.
A comparative segmental analysis revealed that CT
was able to identify 24 of the 27 segments which showed
CB on bronchography.  Thus, CT of the thorax enabled
an immediate confirmation of the diagnosis in these
children.

In recent years, CT of the thorax has emerged as a
safe and effective alternative to bronchography for de-
monstration of bronchiectasis.  The sensitivity rate in
these studies has ranged from 60–100%, while specifi-
city has been of the order of 90–100% [7–13].  However,
there has not yet been a systematic study to evaluate CT
of the thorax in comparison to bronchography for de-
monstration of CB in ABPA.  In studies of CT of thor-
ax with the standard 10 mm sections at 10 mm intervals
for demonstration of bronchiectasis, it was felt that the
bronchi were not sharply visualized,  due to partial vol-
ume averaging effect [7, 8, 11, 13].  Furthermore, a gap
of 10 mm between the sections may lead to small bron-
chiectatic lesions being missed [8, 9, 11], especially in
bronchi that course horizontally as their axes lie para-
llel to the transverse plane.  On the other hand, very thin
to medium sections of 2–5 mm increase the radiation
dose to the patient [12].  Our protocol of 8 mm con-
tiguous sections, with 4 mm contiguous scans in areas
of interest in eight cases, enabled us to visualize the
bronchi continuously and clearly with minimal radia-
tion exposure.
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CT of the thorax was found to be more acceptable to
the patients in comparison to bronchography, as it is
a noninvasive procedure, less time-consuming and re-
quiring no follow-up.  Thus, it has the potential of
being the investigation of choice in the demonstration
of CB in patients with ABPA.
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