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ABSTRACT: In bronchiectasis the morphological determinants of (marginal)
fluctuations in pulmonary function tests are uncertain. The aim of the present study
was to evaluate serial computed tomography (CT) changes in relation to pulmonary
function trends in patients with bronchiectasis.

The relationships between pulmonary function indices and CT scans in 48 adult
patients with bronchiectasis were evaluated at baseline and at follow-up, at a median
interval of 28 months (range 6–74 months). Two independent observers semiquantita-
tively scored CT features of bronchial and small airways disease.

At initial assessment, the severity of airflow obstruction was linked primarily to the
extent of mosaic attenuation. However, serial changes in pulmonary function indices
were only associated with serial changes in mucous plugging scores. Alterations in
mucous plugging on serial CT were associated with changes in the severity of
bronchiectasis and bronchial wall thickness. Greater severity of all three morphological
abnormalities at baseline CT were predictive of significant declines in forced expiratory
volume in one second, with severe bronchial wall thickness being the most adverse
prognostic determinant.

Variations in mucous plugging on computed tomography correlate with minor
fluctuations in pulmonary function tests in bronchiectasis. However, the severity of
bronchial wall thickness is the primary determinant of subsequent major functional
decline.
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Bronchiectasis is a variably progressive disease that
is usually monitored clinically using reported symp-
toms and pulmonary function tests (PFTs). However,
pulmonary function indices are insensitive in the
detection of regional abnormalities [1]. Moreover,
fluctuations in pulmonary function may reflect varia-
tions in a number of different morphological abnor-
malities, including the severity of bronchial dilatation,
the degree of bronchial wall thickness, the severity of
small airways involvement and the volume of retained
secretions in small and large airways [2–6]. Major
changes in pulmonary function indices may be required
before significant irreversible structural damage can be
identified confidently. Thus, a sensitive morphological
tool is needed in order to evaluate the significance of
lesser fluctuations in pulmonary function.

High resolution computed tomography (CT) has an
established role in the detection of bronchiectasis
[7–9]. A number of individual morphological features
identifiable on CT in patients with bronchiectasis have
functional significance [10–12]. Thus, there are poten-
tial roles for serial CT in mapping the evolution of
bronchiectasis and providing explanations for fluctua-
tions in PFTs during follow-up. To date, there have
been no longitudinal studies on bronchiectasis that

have evaluated the relationship between variations in
pulmonary function indices and changes on CT, except
in cystic fibrosis [13, 14]. The aim of the present study
was to evaluate serial morphological changes in rela-
tion to pulmonary function trends in patients with
bronchiectasis.

Patients and methods

Patients

The study population consisted of patients referred
to the current authors9 institution with chronic sputum
production, who had two high-resolution computed
tomography (HRCT) scans and formal PFTs between
January 1991 and September 1999. The time interval
between CT scans was 6–74 months (median 28
months). Patients who did not have PFTs within 2
months of the HRCT were excluded. The final study
group consisted of 48 patients (idiopathic bronchi-
ectasis n=30, primary ciliary dyskinesia n=8, hypo-
gammaglobulinaemia n=5, allergic bronchopulmonary
aspergillosis n=4, rheumatoid arthritis n=1). None of
the patients had cystic fibrosis (excluded by a normal
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sweat test) or a clinical history of asthma. There
were 21 males and 27 females (mean age 49.7¡
14.0 yrs).

Pulmonary function tests

Functional indices (forced expiratory volume in one
second (FEV1), forced vital capacity (FVC), total lung
capacity (TLC), midexpiratory flow at 25% of the vital
capacity (MEF25), carbon dioxide diffusing capacity
of the lung (DL,CO), carbon monoxide transfer
coefficient (KCO)) were expressed as percentages of
values predicted for the patient9s age, sex and height
[15]. Spirometric volumes were measured using a
rolling seal spirometer (P.K. Morgan Ltd, Kent, UK).
Lung volumes were measured using a constant volume
body plethysmograph (Masterlab equipment, E. Jaeger
UK Ltd, Market Harborough, UK). Indices of gas
transfer were measured using a carbon monoxide single
breath technique; gas transfer results were adjusted
for haemoglobin (Model B; P.K. Morgan Ltd and
6200 Autobox DL; Sensormedics Inc, Yorba Linda,
CA, USA).

CT scans

CT scans were obtained through use of an electron
beam CT scanner (Imatron, Inc., San Francisco, CA,
USA). Sections of either 1.5 mm or 3 mm thickness
were acquired at full inspiration (10 mm intervals) in
the supine position. Consecutive scans were of the
same section thickness in individual patients. A high
spatial resolution algorithm was used to reconstruct
images that were photographed at appropriate window
settings (level -550 Hounsfield unit (HU); width
1,500 HU). Two observers scored the initial CT
scans by consensus given the good interobserver
agreement previously reported for CT features of
bronchiectasis [16–18]. For the assessment of serial
change, the observers scored images independently to
allow interobserver variation to be evaluated.

The observers scored the initial CT for each patient
at a lobar level (6 lobes; the lingula was regarded as a
separate lobe) using a modified Bhalla system [12, 19].
The presence and extent of bronchiectasis was deter-
mined according to established CT criteria [7, 20].
Each lobe was scored for the following: 1) extent of
bronchiectasis (0=none, 1=one or partial bronchopul-
monary segment involved, 2=otwo or more broncho-
pulmonary segments involved, 3=generalised cystic
bronchiectasis); 2) severity of bronchial dilatation
(0=normal, 1=less than twice the diameter of adjacent
pulmonary artery, 2=more than twice diameter of
adjacent pulmonary artery); 3) severity of bronchial
wall thickening (0=normal, 1=0.56diameter of adja-
cent pulmonary artery, 2=0.5–1.06diameter of adja-
cent pulmonary artery, 3=w1.06diameter of adjacent
pulmonary artery); 4) presence of mucous plugging in
large airways (0=none, 1=present); 5) presence of mucous
plugging in small airways (0=none, 1=present); and 6)
extent of decreased attenuation (0=normal, 1=v50% of
lobar volume, 2=w50% of lobar volume). The total

lung score for each CT feature was derived by
summing the lobar scores. Examples of the features
scored are shown in fig. 1.

a)

b)

c)

Fig. 1. – Examples of the computed tomography features scored. a)
Bronchiectasis in the lower lobes with conspicuous bronchial wall
thickening but no mucous plugging. b) Severe cystic bronchiectasis
particularly in the right middle lobe with mucous plugging of the
large airways (lingula and left lower lobe) and tree-in-bud pattern in
the posterobasal segment of the right lower lobe denoting small
airways plugging. c) Mild bronchiectasis in the left upper lobe and
mosaic attenuation pattern reflecting small airways disease.
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Two observers independently scored the consecu-
tive scans of each patient for longitudinal changes at a
bronchopulmonary segmental level. The following
variables were evaluated: extent of decreased attenua-
tion, extent of bronchiectasis, amount of bronchial
wall thickening, extent of large airway plugging, and
extent of small airway plugging. The observers were
blinded to the scan dates. A three-point grading
system was used (less disease; no change; more
disease). Results were agreed upon after each case.
The total change for each CT variable was derived by
summing the segmental scores. A change of less than
two bronchopulmonary segments was recorded as no
change.

Data analysis

Data are expressed as means with SD or medians
with ranges, depending upon the normality of distri-
bution. Interobserver variation in serial change in
individual features on CT was quantified as the
weighted kappa coefficient of agreement (kw). Group
comparisons were made using Wilcoxon9s rank-sum
analysis. Univariate correlations between functional
indices and CT scores were evaluated using Spear-
man9s rank correlation. The prevalence of serial change
in FEV1 and CT was compared using McNemar9s Chi-
squared test (which confines analysis to cases with
divergent results). Multivariate analyses were used to
identify: 1) initial CT features linked to the initial
FEV1 (stepwise regression); and 2) initial CT features

associated with a subsequent decline in FEV1 (logistic
regression).

Results

Data at presentation

Initial pulmonary function indices and changes in
pulmonary function indices at follow-up CT are
shown in table 1. The pattern of functional impair-
ment was largely obstructive, with relative preserva-
tion of DL,CO and KCO. Average change for the whole
cohort was relatively minor at follow-up CT, with the
largest declines observed in FEV1 and DL,CO (median
change -3.8% of baseline for both). However, the
range of serial change in individual patients was wide;
12 out of 48 patients (25%) had a significant (w15% of
baseline) decline in FEV1 and four out of 48 patients
(8%) had a significant improvement.

Initial global CT scores, given as medians (ranges
and maximum possible scores), were: extent of bron-
chiectasis 7 (1–16, 18); bronchial dilatation 5 (1–12,
12); bronchial wall thickness 4 (0–8, 12); plugging of
large airways 1 (0–6, 6); plugging of small airways 2
(0–6, 6); and decreased attenuation 4 (0–12, 12).

As shown in table 2, there were significant relation-
ships between initial CT scores and obstructive pul-
monary function indices at presentation. The extent of
decreased attenuation correlated more strongly than
other CT features with FEV1 (fig. 2) and, on stepwise
regression, was the only independent CT determinant
of reduction in FEV1 (pv0.0005, equation R2

=0.38).

The relationship between change on CT and
pulmonary function trends

Changes in CT features were seen in the majority of
patients (table 3). Interobserver agreement for serial
CT change was moderate to good (bronchiectasis:
kw=0.51; bronchial wall thickness: kw=0.55; decreased
attenuation: kw=0.64; large airways plugging: kw=0.66;
small airways plugging: kw=0.52).

Change in the severity of bronchiectasis was seen more
often on CT than in FEV1 (using a 15% improvement or
decline in baseline FEV1 to denote significant change,
n=12, p=0.001 (McNemar9s Chi-squared test)). This
observation was statistically significant both for
improvement (pv0.01) and decline (pv0.005). Changes
in the severity of bronchiectasis, bronchial wall

Table 1. – Summary of pulmonary function test data

Functional index Baseline Serial change

FEV1 % pred 63.3¡24.1 -3.8 (-41.6–47.6)
FVC % pred 83.9¡17.1 -1.2 (-30.2–49.3)
FEV1/FVC 61.8¡16.9 -0.2 (-31.4–25.3)

% pred
DL,CO % pred 78.2¡21.3 -3.8 (-46.6–37.7)
KCO 99.1¡18.8 -3.8 (-23.9–28.6)
PO2 kPa 10.0¡1.3 0.1 (-1.6–3.6)
MEF25 26.3¡4.9–113 -25.8 (-68.8–51.3)

Data are presented as mean¡SD or median range %. FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; DL,CO: carbon monoxide diffusing capacity of the
lung; KCO: carbon monoxide transfer coefficient; PO2:
oxygen tension; MEF25: midexpiratory flow at 25% of
vital capacity.

Table 2. – Correlations between initial pulmonary function and initial computed tomography score

FEV1 r FEV1/FVC r MEF25 r

Bronchiectasis -0.41 (pv0.005) -0.38 (pv0.01) -0.52 (pv0.0005)
Thickness -0.41 (pv0.005) -0.41 (pv0.005) -0.46 (p=0.001)
Large plugs -0.40 (pv0.005) -0.34 (p=0.02) -0.40 (pv0.01)
Small plugs -0.28 (p=0.05) -0.21 (p=0.15) -0.34 (p=0.02)
Combined plugging score -0.36 (p=0.01) -0.29 (p=0.04) -0.39 (pv0.01)
Decreased attenuation (on inspiration) -0.55 (pv0.00005) -0.40 (pv0.005) -0.56 (pv0.00005)

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; MEF25: midexpiratory flow at 25% of vital
capacity; r: Spearman9s correlation coefficient.
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thickness, decreased attenuation and plugging of small
airways were more prevalent than significant change in
FEV1 (pv0.05 for all). However, change in FEV1 had a
similar prevalence to changes in plugging of large
airways.

As shown in table 4, change in the combined plugging
score was the serial CT feature most closely associated
with change in pulmonary function indices, including
FEV1 (fig. 3), FVC and oxygen tension (PO2). Changes
in large airways plugging were most closely associated
with alterations in FEV1 and PO2, whereas changes in
small airways plugging were most strongly linked to
trends in FVC.

These findings were robust when a comparison was
made between 12 patients with a significant decline in

FEV1 and the remaining 36 subjects. Increases in the
combined plugging score were observed more fre-
quently in those who declined (median score 2.5,
range -3–16) than in those who remained stable or
improved (median score 0, range -13–6) (p=0.02).
However, there were no other significant relationships
between changes in CT features and a decline in
FEV1.

Correlations between serial CT changes

Changes in the severity of bronchiectasis were
associated with changes in bronchial wall thickness
(rs=0.52, p=0.0002), and both were associated with
changes in the combined plugging score (rs=0.45,
p=0.001 and rs=0.44, p=0.002, respectively). Changes
in the extent of decreased attenuation were not
associated with changes in any other CT feature.

The initial CT appearances in relation to subsequent
declines in FEV1

Further comparisons were made between 12 patients
who had a significant decline in FEV1 and the
remaining 36 subjects. Patients who declined had
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Fig. 2. – Forced expiratory volume in one second (FEV1) in relation
to the extent of decreased attenuation on computed tomography,
showing a significant negative correlation (rs=-0.55, pv0.00005).

Table 3. – Prevalence of progression or regression of
individual computed tomography features on serial
imaging

Better No
change

Worse Range

Bronchiectasis 15 6 27 -11–11
Decreased attenuation 5 15 28 -5–18
Bronchial wall thickness 19 14 15 -16–6
Plugging of large airways 10 27 11 -8–4
Plugging of small airways 14 21 13 -13–14

Table 4. – Relationships between change on serial computed tomography (CT) and pulmonary function trends

FEV1 r FVC r PO2 r

Change in:
Bronchiectasis -0.37 (p=0.01) -0.32 (p=0.03) -0.27 (p=0.18)
Bronchial wall thickness -0.25 (p=0.09) -0.35 (p=0.02) NS

Plugging of large airways -0.40 (pv0.005) -0.34 (p=0.02) -0.39 (pv0.05)
Plugging of small airways -0.23 (p=0.12) -0.40 (pv0.005) NS

Combined plugging score -0.46 (pv0.001) -0.52 (pv0.0005) -0.42 (p=0.03)
Decreased attenuation NS NS NS

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; PO2: oxygen tension; NS: nonsignificant. Changes
in carbon monoxide diffusing capacity of the lung and carbon monoxide transfer coefficient were not linked to serial change in
any CT feature.
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Fig. 3. – Change in airways plugging score in relation to change in
forced expiratory volume in one second (FEV1), showing signifi-
cant negative correlation (r=-0.46, pv0.001).
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more severe disease at initial CT, with more extensive
bronchiectasis (pv0.01), thicker bronchial walls
(pv0.0005) and higher scores for large airways
plugging (p=0.02), small airways plugging (p=0.02),
and combined plugging scores (pv0.01). On logistic
regression, the sole independent CT determinant of a
subsequent decline in FEV1 was the degree of
bronchial wall thickness (pv0.005).

Discussion

The results of this study confirm that in patients
with bronchiectasis, decreased attenuation of the lung
parenchyma on CT, reflecting constrictive bronchio-
litis at a pathological level [8], correlates strongly with
indices of airflow limitation [11, 12, 21]. Other features
that influenced airflow obstruction in the present
study included the extent of bronchiectasis and the
degree of bronchial wall thickening. However, the
correlation between mucous plugging of the airways
on the initial CT scan and FEV1/FVC was not as
strong. In a study that sought to identify the HRCT
features that characterised acute exacerbations in
patients with cystic fibrosis, SHAH et al. [14] reported
a similar lack of correlation between the extent of
mucous plugging of the large and small airways and
functional parameters. It might be anticipated that
HRCT features most closely linked with functional
severity might also be strongly associated with
subsequent functional change. However, in the pre-
sent study, it was serial change of the combined plug-
ging score that most closely correlated with changes in
functional indices.

Variations in the burden of secretions in the large
and small airways were the major independent deter-
minants of serial changes in pulmonary function indices
in the present study. As reported previously in patients
with cystic fibrosis [14], secretions visualised on CT
were a reversible feature in the patients in this study,
with an equal prevalence of increased and decreased
mucous plugging at follow-up CT. By contrast, airway
plugging in patients with cystic fibrosis tends to be
relentlessly progressive [13], a finding that is ascribable
to the cardinal role played by mucous impaction in the
progression of cystic fibrosis. The current findings can
be linked to those of COCHRANE et al. [4]. In a small
cohort of patients with bronchiectasis, clearance of
secretions by rigorous postural drainage was asso-
ciated with significant increases in pulmonary function
indices. The study9s findings prompted the current
authors to combine large and small airway plugging
scores in a total plugging score, which strengthened
the observed functional-morphological relationship.
Furthermore, changes in the total plugging score were
independently associated with arterial oxygen tension,
presumably due to ventilation/perfusion mismatch.

By comparison with mucous plugging of the air-
ways, bronchial wall thickness and bronchiectasis
were not as strongly associated with serial change in
PFTs. However, these three features are, in several
respects, intimately linked. A previous study has
shown that, with the exception of bronchiectasis, the

features are potentially reversible in patients with
cystic fibrosis [14]. It is possible that there are differ-
ences in the potential for progression of bronchiectasis
in cystic fibrosis patients by comparison with the cur-
rent noncystic fibrosis study group (i.e. the current
population with relatively longstanding disease were
less likely to have inexorably progressive bronchiec-
tasis). Further evidence that the three features of
mucous plugging, bronchial wall thickening and bron-
chiectasis are tightly linked comes from the observa-
tion that all three predicted subsequent decline in
FEV1 and that serial change in all three occurred in
parallel. It has been postulated that chronic mucous
plugging may lead to progressive bronchial damage
[21]. It has also been suggested that obliteration of the
small airways is the major pathogenetic determinant
of later large airways damage and the development of
frank bronchiectasis [8, 11, 22]. The results of the
current study do not allow a firm conclusion to be
drawn about the "first hit" site of damage in patients
who subsequently develop bronchiectasis. Specifically,
given the nature of the study group, it is not possible
to speculate about the early natural history of untreated
bronchiectasis.

In contrast to other morphological features, mosaic
perfusion rarely regressed on CT. Changes in mosaic
perfusion were seldom linked to the evolution of other
CT morphological features. The progressive irrever-
sible nature of mosaic perfusion has been highlighted
in cystic fibrosis [13, 14], although it has been sug-
gested that it might be minimised by early treatment
[13]. Lack of reversibility of mosaic perfusion is not
unexpected, as this CT feature is known to denote
the histological finding of constrictive bronchiolitis
[8], which does not respond to treatment in other
contexts. The argument that mosaic perfusion in bron-
chiectasis might represent emphysema [23] is under-
mined by the lack of any relationship between the
extent of mosaic perfusion and impairment of gas
transfer [12]. In the present study, alterations in the
extent of mosaic perfusion were not linked to varia-
tions in DL,CO or KCO levels.

A study by HELBICH et al. [13] suggested that CT is
better able to demonstrate serial change than pulmo-
nary function testing. In the current study, serial
changes, of any feature, were identified more fre-
quently on CT than by changes in pulmonary function
testing (defined as a 15% change in FEV1). However,
it remains difficult to define clinically significant changes
in morphology of the airways (or ancillary signs) on
CT. The clinical relevance of those features included
within the ambit of "serial change" in the present
study need to be validated. A particular problem
relates to observer variation in identifying serial, as
opposed to static, HRCT observations, which have
been documented in the present study for the first
time. Given the subjective nature of assessing serial
change and the difficulty of making judgements from
anatomically incomparable CT sections, observer
variation was surprisingly low.

One difficulty in interpreting the current findings is
the fact that, overall, changes in lung function indices
were minor in most patients. This may reflect the use
of systematic treatment, including postural drainage,
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inhaled steroid therapy and the early use of
antibacterial agents for infective exacerbations.
Thus, it can be argued that the treated course,
rather than the natural history, of bronchiectasishas
been evaluated in the present study. It is also likely
that there was some bias towards patients with more
progressive disease, as increasing symptoms and
declines in pulmonary function indices undoubtedly
stimulated the repetition of CT in some cases. It seems
likely that variations in the time interval between CT
scans will have had parallel effects upon CT appear-
ances and pulmonary function indices, without
necessarily influencing the correlations between func-
tional and morphological change.

Radiation burden to patients is a constraint to the
application of HRCT for the routine monitoring of
patients with bronchiectasis in clinical practice and
future longitudinal investigations. Nevertheless, low
dose HRCT protocols have been developed, in which
the radiation dose may be reduced by 40%–50% [24, 25].
Low dose HRCT techniques do not preclude the
precise quantitation of bronchial dimension and mucous
plugging, because these are relatively high contrast
structures. However, broad area contrast differences,
which notably decreased attenuation of the lung
parenchyma reflecting small airways disease, may be
less readily detectable on low dose CT images [26]. A
significant advantage of CT is its ability to map the
heterogeneous distribution of changes in bronchial
morphology, which may change in distribution over
time [27, 28]. Such regional information is not avai-
lable from routine pulmonary function test data. For
the purposes of clinical therapeutic trials, CT may be
particularly valuable in the evaluation of mucolytic
and other therapies, given the current increased under-
standing of which features are most likely to show
serial change.

In conclusion, variation in the severity of mucous
plugging on computed tomography is the morpholo-
gical feature that most closely mirrors minor changes
in pulmonary function tests in patients with bronch-
iectasis. The severity of bronchial wall thickness is the
most important predictor of subsequent major func-
tional decline.
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