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HRCT score in bronchiectasis:
Correlation with pulmonary function
tests and pulmonary artery pressure
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Abstract:

BACKGROUND: High-resolution CT scan (HRCT) and its score have an important role in delineating pathological
changes and pulmonary functional impairment in patients with bronchiectasis.

AIMS: To assess pulmonary function tests (PFTs) in patients with cystic and cylindrical bronchiectasis. To correlate
HRCT score with PFTs and systolic pulmonary artery pressure (SPAP) in both radiological types.

MATERIALS AND METHODS: A cross-sectional study of patients with bronchiectasis diagnosed by HRCT
was conducted at King Khalid University Hospital, Riyadh, Saudi Arabia. PFTs, HRCT score, and SPAP were
measured in both types.

RESULTS: We studied 94 patients with bronchiectasis; 62 were cystic and 32 were cylindrical. Their mean age
was 53.4 + 17.5 SD years. Forced vital capacity (FVC%) and forced expiratory volume in 1 second (FEV1%) were
significantly lower in cystic patients (P < 0.0001) as compared with cylindrical patients; and diffusion capacity of
carbon monoxide (DLCO%) was also significantly lower (P < 0.01). In the cystic group, PaO, was significantly
lower; and PaCO,, higher (P < 0.0001). HRCT score was correlated with FEV1% (r = -0.51). HRCT score was
significantly lower in the cystic group (P = 0.002) and correlated with SPAP (r=0.23). Global HTCT score of
10.3 £ 2.5 was associated with SPAP =40 mm Hg (P =0.011).

CONCLUSION: Patients with cystic bronchiectasis have significantly higher impairment of pulmonary physiology

as compared with those with cylindrical bronchiectasis. HRCT score correlated with PFTs and SPAP.
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Bronchiectasis is a clinical syndrome
characterized by repetitive lung infection
and manifested by cough and excessive sputum
production.l? Due to disturbed pulmonary
physiology, these patients may show airflow
obstruction or mixed obstructive and restrictive
defect.?® High-resolution CT scan of the lung
(HRCT) is proven to be a highly sensitive
noninvasive technique for delineating the
bronchiectatic segments.®”!

A previous study demonstrated the correlation
between HRCT score and forced vital
capacity in 1 second (FEV,),"! while Lynch
etal. correlated it with the extent of physiological
impairment.”’ However, differentiation between
patients with cystic and cylindrical bronchiectasis
using HRCT score and these physiological
parameters were sparsely discussed.™
Furthermore, there are no data on HRCT
score and SPAP. We therefore carried out a
cross-sectional study to (1) assess the degree of
pulmonary function test (PFT) impairment in
both cystic and cylindrical bronchiectasis, (2)
correlate these parameters to HRCT score, and
(3) explore the relationship between SPAP and
HRCT score in both the groups of patients.

Materials and Methods

Patients

The study sample comprised 94 stable patients
with bronchiectasis diagnosed by HRCT and
recruited from the outpatient clinic at King
Khalid University Hospital, Riyadh, Saudi
Arabia. Consecutive patients with diagnosis of
bronchiectasis were included. The study was
approved by the local research committee, and
consent was taken from each patient. Exclusion
criteria were (1) age less than 14 years, (2) smoker
or ex-smoker, (3) mixed disease on HRCT,
(4) had previous resectional lung surgery, and
(5) ischemic heart disease, valvular heart disease,
or hypertension.

Data collected included age, sex, and respiratory
symptoms such as cough, sputum, hemoptysis,
and shortness of breath or wheezes. All
patients were tested for a-1 anti-trypsin and
immunoglobulin levels, and sputum was tested
for acid-fast bacilli (stain and culture).

Pulmonary function test
Measurement of forced vital capacity (FVC)
and forced vital capacity in 1 second (FEV ; best
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results of 3 successful attempts) was done in all patients. Total
lung volume (TLC) and residual volume (RV) were measured
by plethysmography. Diffusion capacity of carbon monoxide
(DLCO) was measured by single-breath technique (671178,
Erich Jaeger Master screen PFT, GmbH D-9204 Hoechben,
Germany). Data were expressed as percentage of predicted
value using the standard protocol of the American Thoracic
Society . Arterial blood gases were measured while patients
were breathing room air. The alveolar-arterial oxygen gradient
[p (A-a) O,] was calculated from the alveolar gas equation
assuming a standard respiratory exchange ratio of 0.8.
Hypoxemia and hypercarpia were defined as PaO, < 60 mm
Hg and PaCO, >45 mm Hg respectively.

Echocardiography

Two-dimensional transthoracic cardiographs with color
flow imaging were performed in all patients (Philips model
5500). The ECHO study was read by a cardiologist without
information about patient status. SPAP was calculated based
on the modified Bernoulli equation, and right atrial pressure
was estimated as 5, 10, 15, or 20 mm Hg on the basis of size and
respiratory changes of the inferior vena cava using previously
described techniques.' Pulmonary hypertension (PH) was
defined in this study as SPAP 240 mm Hg based on criteria
established by the World Health Organization Symposium on
Primary Pulmonary Hypertension (1998).

HRCT

All patients underwent HRCT of the chest (GE Medical Systems,
Light Speed L52002). High-resolution images were obtained in
full inspiration for all patients, while expiratory images were
acquired for patients suspected to have small airway disease.
High-resolution images were obtained at 1 mm collimation at
1-mm intervals from the apices to the lung bases. Images were
reconstructed into a bow algorithm using standard window
setting (window level: 700 HU; window width: 1500 HU). The CT
scan was interpreted for the presence of bronchiectasis severity,
pattern, distribution, and associated disease processes such as
emphysema and small airway disease by 2 radiologists who
were blinded to other clinical and laboratory results; decisions
were reached by consensus. The presence of bronchiectasis was
based on (1) lack of tapering of bronchi, (2) bronchial dilatation
when its internal diameter was at least 110% larger than the
adjacent pulmonary artery, or (3) visualization of the peripheral
bronchi within 1 cm of the costal pleural surface or adjacent
mediastinal pleural surface."” Cylindrical bronchiectasis was
diagnosed based on dilatation and thickening of the bronchial
wall :arterial wall ratio >1™; and cystic bronchiectasis was

diagnosed by noticing thin-walled cystic spaces that may contain
fluid and these were seen in subsequent axial cuts either in
a conglomerate fashion or in branching order.™ Six CT scan
criteria were assessed: (1) bronchial dilatation, (2) peribronchial
wall thickening, (3) number of bronchiectasis segments,
(4) number of bullae, (5) number of emphysema segments, and
(6) criteria of associated small airway disease. Each of the above
parameters were scored from 0 in absence of a lesion through 3
according to severity of disease, with the small airway disease
scored as 0if it was absent or 1 if it was present. A global score for
each patient was calculated from these measures that reflected
the radiological overall severity of the disease process and its
associations, with a maximum possible score of 16.] A bulla was
defined as a sharp demarcated area of emphysema measuring
>1 cm in diameter and possessing a wall <1 mm in thickness.
Emphysema was defined as (1) an area of low attenuation in
comparison with continuous normal lung parenchyma, with
vascular disruption and lacking a well-defined wall; or (2) an
area of low attenuation possessing a wall less than 1 mm in
thickness. Criteria for associated small airway abnormalities
included small centrilobular opacities, tree-in-bud opacities,
bronchiectasis, air trapping, and mosaic perfusion.®!

Statistical analysis

Data were analyzed using SPSS statistical software for windows
(version 10.0). Continuous variables that followed a normal
distribution were summarized as mean + SD. Student ¢ test
(two-tailed) was used to compare the means of 2 groups,
whereas chi-square test was used to evaluate associations
between categorical variables. Pearson’s correlation coefficient
was calculated to quantify the relationship of 2 continuous
variables, and simple linear regression analysis was done to
quantify the linear relationship between a continuous outcome
and an independent variable.

Results

The total number of patients was 94, of whom 29 (30.8%)
were men. The mean (SD) age was 53.4 (17.7) years. Cystic
bronchiectasis was diagnosed in 62 (66%) and cylindrical in
32 (34%) patients. Pulmonary function test data are shown in
Table 1. There was a statistically significant difference between
cystic and cylindrical groups in relation to the mean values
of FVC%, FEV1% (P < 0.0001), FEV1/FVC% (P value < 0.03),
DLCO% (P < 0.009). In cystic group, PaO, was significantly
lower; and PaCO,, higher (P < 0.0001). The calculated A-a
gradient was high. There was also a statistically significant
difference in mean global HRCT scores for cystic compared

Table 1: Comparison of results of pulmonary function test between cystic and cylindrical patients*

Variables All (n =94) Cystic (n = 62) Cylindrical (n = 32) P-value
VC% 65.8 +21.4 58.8 + 19.6 79.0+18.4 <0.0001f
FEVI1% 59.7 + 23.2 53.4+21.6 71.6+21.7 <0.00017
FEVI/FVC 745 +6.6 735+7.3 76.4+4.9 0.03f
TLC% 91.1+224 87.9+18.6 97.3+27.8 0.1
RV% 134.5 +59.5 131.1 £51.9 140.3+ 715 0.57
DLCO% 66.7 £ 25.9 61.1+255 76.9+24.0 0.0091
A-a gradient 248+6.6 249+73 246+5.2 0.88
PCO, 442 +11.3 476 +12.2 37.9+4.9 <0.0001f
PO, 66.2 + 14.1 62.3 + 13.6 73.8+11.8 <0.0001"
Global Score 9.1+28 9.8+27 79+27 0.002f
*Data are in mean + S.D; *Statistically significant
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with cylindrical patients (P < 0.002). No statistically significant
differences were found between groups for mean TLC
percentage of predicted or residual volume percentage of
predicted. Five patients with cylindrical bronchiectasis had
normal spirometry, and 21 (22.3%) patients used home oxygen;
of these, 20 patients had cystic bronchiectasis.

Global HRCT scores for all cystic and cylindrical patients
were statistically significantly negatively correlated with the
values of FEV1% (r = —0.51; P < 0.05). There was a statistically
significant negative linear relationship between global HRCT
scores of all patients [Figure 1], where 25.4% of variability in
global HRCT values was explained by the change of FEV1
values. Similar negative linear relationships were observed
for both cystic and cylindrical group patients.

SPAP was significantly positively correlated with the global
score of all patients (r = 0.23). There was a statistically
significant positive linear relationship between global scores
and SPAP values for all patients (P < 0.05) [Figure 2]. The
mean global score (8.67 * 2.9) for patients whose SPAP value
was < 40 mm Hg was significantly less than that (10.3 + 2.5) of
patients whose SPAP value was =40 mm Hg (P < 0.011).

HRCT SCORE
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HRCT Score = 13.003 —0.065 (FEV1%)
R-Square =25.4%

Figure 1: Relationship between HRCT Global Score and FEV1% of all patients
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Figure 2: Relationship between HRCT Global Score and PAP of all patients
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Of 31 patients who had =5 lobes, 26 (83.9%) had cystic
bronchiectasis, whereas 5 (16.1%) had cylindrical bronchiectasis
(P < 0.019) [Table 2].

Discussion

This study compared PFT results with HRCT score in patients
with bronchiectasis. Patients with cystic bronchiectasis had
significantly worse PFTs and higher global HRCT scores than
patients with cylindrical bronchiectasis. The global HRCT score
was significantly correlated with SPAP.

Obstructive pulmonary defect is reported in a majority
of patients with bronchiectasis, and a mixed obstructive/
restrictive defect is uncommon.?# In this study, FVC% and
FEV % were significantly higher in patients with cylindrical
bronchiectasis as compared with the cystic group [Table 1].

Lynch et al. showed that airflow obstruction was common in
33 patients with pure cylindrical disease; however, the flows
of their patients were lower than those in the patients in the
current study and were partially attributed to smoking.”? Our
study is in agreement with their report; however, our patients
were nonsmokers, suggesting that other underlying pathology
was the cause of airflow obstruction, most likely bronchiolitis,
secretion, and bronchial hyper-responsiveness.!”!¥! Hansel
et al. studied areas of decreased attenuation using HRCT
and concluded that small airway disease and inflammatory
bronchiolitis are integral part of bronchiectasis. In their
study, bronchiolitis was also found in lobes that were free of
bronchiectasis, suggesting that bronchiolitis may precede the
development of bronchiectasis!'”! and that small airways are
affected before large airways.!"”!

The cystic group had significantly lower DLCO% and FVC%
than the cylindrical group. These further support the restrictive
component of their disease, which is presumably related to
atelectasis, bullae, emphysema, and fibrosis, representing a late
irreversible disease commonly seen in these patients.!*!

Air trapping is also an important component of bronchiectasis.
116201 The association between bronchiectasis and air trapping
was studied by Kang et al. using CT pathology. Their findings
of hyperlucency on expiratory CT adjacent to bronchiectasis
signify inflammatory bronchiolitis.' In this study, air trapping
was present in nearly all patients. RV% was high but was
not statistically significantly different between cystic and
cylindrical groups [Table 1]. The presence of air trapping in
bronchiectasis would support the notion that inflammatory
bronchiolitis contributes to air flow obstruction.

Hypoxemia and hypercapnia were more significantly seen in
cystic group [Table 1], and majority of them were on ‘home’
oxygen. The mechanism of hypoxemia in these patients was
likely due to the combination of low ventilation perfusion

Table 2: Association between number of lobes and type
of bronchiectasis*

No. of lobes Cystic n (%) Cylindrical n (%)
=5 26 (83.9) 5(16.1)
<5 36 (57.1) 27 (42.9)

*X?=5.47; P<0.019
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(V/Q) mismatch and right-to-left shunt, since their A-a
gradient was high. A previous study of regional ventilation
in bronchiectatic patients using Xenon-133 scintigraphy
demonstrated reduced ventilation that was widespread even
in nonbronchiectasis areas.!!

Ashore studied hemodynamics in bronchiectasis using V/Q
scan and pulmonary angiography, and proposed 2 types of
bronchiectasis: perfused (cylindrical) and nonperfused (cystic).
22l He found that the latter group had more capillary bed
destruction and extensive anastomosis between pulmonary
and bronchial arteries, with greater likelihood of compromised
gas exchange.” Furthermore, in advanced bronchiectasis the
respiratory muscles are exposed repetitively to increased work
because of hyperinflation and alteration of the length-tension
relationship.” A previous study demonstrated an expiratory
flow limitation in patients with bronchiectasis, which further
contributes to ventilatory defect in these patients.®

In this study, patients with cystic disease were found to have
significantly higher HRCT scores, with more extensive disease
and more bronchiectatic lobe involvement [Table 2]. We also
found a correlation between HRCT score and FEV % (r = -0.51)
[Figure 1]. This is in agreement with previous reports; as
the HRCT score reflects bronchiolitis, areas of emphysema,
bullae, and bronchiectatic segments®*! - all can affect FEV %
measurements.62!!

Spirometry results were normal in 5 patients with cylindrical
disease while CT scans depicted structural abnormalities -
this observation was reported before - since CT scans
directly quantify lung structural abnormalities associated
with bronchiectasis and PFTs indirectly measure pulmonary
function to give a global assessment and can be even normal
in milder disease.”®!

PH is commonly seen in advanced bronchiectasis, particularly
with cystic disease.” We reported recently that 32.9% of
stable patients with bronchiectasis had PH and found that
SPAP was higher in cystic bronchiectasis with concomitant
right and left ventricular dysfunction.* In this study,
SPAP was positively correlated with HRCT score (r = 0.23)
[Figure 2]. The pathogenesis of PH in these patients is related
to impairment of pulmonary physiology due to extensive
lung damage and high pulmonary vascular resistance. This is
presumably due to extensive anastomosis between pulmonary
and bronchial arteries and the presence of hypoxemia, which
further contribute to higher SPAP.?>?*! HRCT depicts these
pathological changes. To the best of the author’s knowledge,
this is the first report in the medical literature on the correlation
between HRCT score and SPAP. Moreover, high HRCT score
not only reflects lung damage in these patients, but it can also
be associated with PH.

An important limitation of this study is the fact that it is a cross-
sectional study of stable patients with bronchiectasis. Future
studies should address the correlation of CT scan with long-
term outcome and its role in acute exacerbations.”! There are
also limitations to the use of echocardiography in evaluating
SPAP in patients with advanced lung disease. Nevertheless,
Doppler echocardiograph is a convenient noninvasive and
relatively accurate tool for evaluating SPAP.
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In conclusion, cystic bronchiectasis is associated with more
severe lung function impairment and worse HRCT scores
as compared with cylindrical bronchiectasis. HRCT scores
correlate with FEV1% and SPAP and could be a predictor of
future PH.
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