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Background: Pulmonary vascular disease, especially pulmonary hypertension, is an important
complication of COPD. Bronchiectasis is considered not only a comorbidity of COPD, but also
a risk factor for vascular diseases. The main pulmonary artery to aorta diameter ratio (PA:A
ratio) has been found to be a reliable indicator of pulmonary vascular disease. It is hypothesized
that the co-existence of COPD and bronchiectasis may be associated with relative pulmonary
artery enlargement (PA:A ratio >1).

Methods: This retrospective study enrolled COPD patients from 2012 through 2016. Demo-
graphic and clinical data were collected. Bhalla score was used to determine the severity of
bronchiectasis. Patient characteristics were analyzed in two ways: the high (PA:A >1) and low
(PA:A =1) ratio groups; and COPD with and without bronchiectasis groups. Logistic regression
analysis was used to assess risk factors for high PA:A ratios.

Results: In this study, 480 COPD patients were included, of whom 168 had radiographic
bronchiectasis. Patients with pulmonary artery enlargement presented with poorer nutrition
(albumin, 35.6+5.1 vs 38.344.9, P<<0.001), lower oxygen partial pressure (74.4+£34.5 vs
81.3425.4, P<<0.001), more severe airflow obstruction (FEV1.0, 0.9£0.5 vs 1.1+0.6, P=0.004),
and a higher frequency of bronchiectasis (60% vs 28.8%, P<<0.001) than patients in the low ratio
group. Patients with both COPD and bronchiectasis had higher levels of systemic inflammation
(erythrocyte sedimentation rate, P<<0.001 and fibrinogen, P=0.006) and PA:A ratios (P<<0.001).
A higher PA:A ratio was significantly closely correlated with a higher Bhalla score (r=0.412,
P<0.001). Patients with both COPD and bronchiectasis with high ratios presented higher levels
of NT-proBNP (P<0.001) and systolic pulmonary artery pressure (P<<0.001). Multiple logistic
analyses have indicated that bronchiectasis is an independent risk factor for high PA:A ratios
in COPD patients (OR =3.707; 95% CI =1.888-7.278; P<<0.001).

Conclusion: Bronchiectasis in COPD has been demonstrated to be independently associated
with relative pulmonary artery enlargement.

Keywords: COPD, bronchiectasis, main pulmonary artery to aorta diameter ratio, pulmonary
vascular disease, CT

Introduction

Pulmonary vascular disease is a common comorbidity of end-stage COPD and a
common cause of poor prognosis. Approximately 50% of patients with severe COPD
develop pulmonary hypertension (PH),' while out-of-proportion PH was also noted
in patients with mild airflow obstruction.? PH has been found to be associated with
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increased risk of exacerbation and death of COPD.> It also
places a huge economic burden on patients.’ This indicates
that insight into the pulmonary vascular disease of COPD
patients is of major importance.

With the extensive use of high-resolution computed
tomography (HRCT), the presence of bronchiectasis, a
previously unrecognized comorbidity, has been identi-
fied.® The prevalence of bronchiectasis ranged from 4%
to 57% in COPD patients.”® Patients with both COPD and
bronchiectasis experience more frequent exacerbations and
have a worse health status.’ The occurrence of bronchiecta-
sis was based on the destruction of the airway wall, which
also combined with repair and remodeling of the vascular
bed. Recently, there has been increased interest in the rela-
tionship between bronchiectasis and vascular diseases.!*!2
Bronchiectasis was recognized as a risk factor for vascular
diseases,'” and PH was demonstrated to be a prognostic
indicator of bronchiectasis patients.'? Possible mechanisms
underlying the process include hypoxia, systemic inflamma-
tion, and arterial stiffness.!” In theory, there may be a close
crosstalk between bronchiectasis and pulmonary vascular
disease. Given this, we here assumed that the co-existence of
COPD and bronchiectasis may be a risk factor for pulmonary
vascular disease.

The main pulmonary artery to aorta diameter ratio (PA:A
ratio) has been shown to be a reliable index of pulmonary
vascular disease* and a predictor of frequent exacerbations
of COPD.*" Patients with PA:A ratios of more than 1 were
recognized as having relative pulmonary artery enlargement.
They were characterized with impaired physical activity'*
and PH." However, it remains unknown which characteristic
of COPD patients is the risk factor for relative pulmonary
artery enlargement.

In the present study, we hypothesized that COPD-
bronchiectasis co-existence patients would be the risk popula-
tion for relative pulmonary artery enlargement.

Methods

Study population

Patients who attended Qilu Hospital of Shandong University
from April 2012 to December 2016 were retrospectively
reviewed. COPD was diagnosed based on Global Initiative
for Chronic Obstructive Lung Disease (GOLD) guidelines,'¢
with respiratory symptoms, physical signs, and persistent
airflow limitation (post-BD FEV /FVC <0.70). Patients
with HRCT scans and pulmonary function tests of stable
state within 12 months were included. Patients with other
respiratory diseases influencing the incidence of pulmonary

vascular enlargement, such as interstitial lung disease and
pulmonary thromboembolism, were excluded from the study.
Other exclusion criteria included asthma, thoracic pleural
disease, community-acquired pneumonia, or pulmonary
masses >3 cm on a chest CT. All of the demographic and
clinical characteristics were collected, including age, gender,
smoking history, history of illness, comorbidities, peripheral
blood tests (PH value, PaO,, PaCO,, white blood cells, neutro-
phils, eosinophils, albumin (ALB), erythrocyte sedimentation
rate (ESR), fibrinogen, and N-terminal pro-B-type natriuretic
peptide), HRCT scans, systolic pulmonary arterial pressure
of echocardiography, and pulmonary function test data.

The study was approved by the Ethics Committee of our
hospital, Qilu Hospital of Shandong University (approval
number: 2015091). The data were anonymous, and retrospec-
tive, the Ethics Committee of Qilu Hospital of Shandong
University agreed that written informed consent from par-
ticipants was not required.

Pulmonary function testing (PFT)

A computerized spirometer (MasterScreen, Jaecger, Hoechberg,
Germany) was used for PFT, according to recommendations
issued by the American Thoracic Society and European
Respiratory Society (ATS/ERS).!7 Basic information (age,
height, and weight) and spirometry parameters (FVC,
FEV1.0, and FEV1.0/FVC) were collected.

HRCT scan

Chest HRCT scans were performed on a 64-slice
spiral CT scanner (SOMATOM Definition AS, Sie-
mens Healthcare, Erlangen, Germany) at full inspi-
ration. Tube voltage was 120 kV and tube current
varied between 20 and 500 mA by automatic regulation.
All scans were acquired using the standard param-
eters: 0.5 s rotation time and 512x512 pixels. Consecu-
tive images with a 1 mm slice thickness were reconstructed.

Diagnosis and assessment of

bronchiectasis

The presence of bronchiectasis was confirmed by an expe-
rienced respiratory radiologist and a respiratory physician,
according to criteria published by Naidich et al:? (1) lack of
tapering of bronchi, (2) dilation of bronchi when the internal
diameter was larger than that of the adjacent pulmonary
artery, or (3) visualization of the peripheral bronchi within
1 cm of the costal pleural surface or adjacent mediastinal
pleural surface.'®2° The severity of bronchiectasis was evalu-
ated using Bhalla score,?! which analyzed nine radiological
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characteristics of the lesions. Lingula was considered an
independent lobe. Bronchiectasis in a single pulmonary
segment was not included because it could appear in healthy
individuals.® Bronchiectasis occurring before age 40 was also
excluded from the group.

PA:A ratio measurements

The PA:A ratio was measured using previously widely used
methods.*??* Briefly, pulmonary artery (PA) and aorta (A)
diameters were measured at the same level of pulmonary
artery bifurcation. The PA diameter was perpendicular
to the long axis of the pulmonary artery at the tangent of
PA and A, with two perpendicular lines averaged for the
A diameter by use of a CT scale. In order to collect accurate
data, two blinded reviewers worked independently. As in
previous reports,*?* PA:A ratios of more than 1 were con-
sidered high.

Statistical analysis

Statistical analyses were performed using SPSS version 19.0
(IBM Corporation, Armonk, NY, USA). Data are presented
as mean + SD for continuous variables and as a percentage
for categorical variables. The Student’s #-test was used for
normally distributed values and Mann—Whitney U-test was
used for non-normally distributed values. Quantitative data
from three or more groups were compared using Kruskal—
Wallis test followed by Bonferroni correction. Considering
categorical variables, the chi-square test was used to deter-
mine statistical differences. The Pearson’s r coefficient was
used to evaluate the linear correlation between severity of
bronchiectasis and PA:A ratios. Multivariate logistic regres-
sion analysis was used to identify predictive values for PA:A
ratios >1. Variables found to be statistically significant in
bivariate analysis and those of clinical interest were included
in the multivariate analysis. P<<0.05 was considered statisti-
cally significant.

Results

Baseline characteristics of the study
population

A total of 480 COPD patients were included in this study.
Mean age was 69.519.6 years, and approximately 76% of
the patients were male. Of all the subjects, 70.6% were
smokers or ex-smokers. Mean FEV , FVC, and FEV /FVC
were 1.1 L, 2.2 L, and 50.0%, respectively. In this study
population, there were 168 (35%) patients with radiographic
bronchiectasis. Other clinical characteristics are shown in
Table 1.

Table | Characteristics of COPD patients

Variables n=480
Age, years 69.519.6
Male (%) 365 (76.0)
Smokers (%) 339 (70.6)
Smoking, pack-years 28.2+27.9
BMI, kg/m? 23.7+4.4
PFT
FVC, L 2.2+0.7
FEV, L 1.1+0.5
FEV,% predicted 42.1£19.2
FEV /FVC% 50.0+13.4
Comorbidities (%)
Bronchiectasis 168 (35)
Ischemic heart disease 129 (26.9)
Hypertension 156 (32.5)
Diabetes mellitus 54 (11.3)
Arrhythmia 45 (94)
Chronic kidney disease 10 (2.1)

Note: Data are presented as mean + SD for continuous variables and as a percentage
for categorical variables.

Abbreviations: BMI, body mass index; PFT, pulmonary function testing; FEV,
forced expiratory volume in | second; FVC, forced vital capacity.

Comparisons of clinical features between
patients with and without relative

pulmonary artery enlargement

As previously reported,**?® a PA:A ratio >1 was desig-
nated as relative pulmonary artery enlargement. Out of the
480 patients with measurable CT ratios, 95 were in the high
ratio group, and the others were in the low ratio one. Patients
with relative pulmonary artery enlargement were more likely
to be younger (P=0.003) and female (P<<0.001) and had
fewer pack-years of smoking (P=0.016). These patients also
presented with lower levels of PaO, (P<<0.001), higher levels
of PaCO, (£<0.001), and worse nutrition (ALB, 35.6%5.1
vs 38.314.9, P<<0.001). Considering the pulmonary function
test, patients with a PA:A ratio of more than 1 had worse
pulmonary function parameters, including FVC (P=0.003),
FEV1.0 (P=0.004), and FEV % predicted (P=0.008). As for
underlying diseases, the high PA:A ratio group had more
patients with bronchiectasis (60% vs 28.8%, P<<0.001) and
diabetes mellitus (23.2% vs 8.6%, P<<0.001). With respect
to CT measurement data, the PA (P<<0.001) and PA:A ratio
(P<<0.001) were absolutely larger in the high ratio group,
regardless of the slightly shorter A diameter (Table 2).

Clinical characteristics of the study
population with bronchiectasis

Of all the subjects in our study, 168 had the diagnosis of
bronchiectasis, and the other 312 did not. Clinical char-
acteristics are shown in Table 3. Compared with patients
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Table 2 Characteristics of COPD patients with high and low
PA:A ratios

Table 3 Characteristics of COPD patients with and without
bronchiectasis

Variables PA:A =1 PA:A >1 P-value
(n=385) (n=95)
Age, years 70.1£9.5 66.819.5 0.003°
Male (%) 306 (79.5) 59 (62.1) <0.001°¢
Smokers (%) 279 (75) 60 (67.4) 0.145¢
Smoking, pack-years 29.5+27.7 22.8+28.6 0.016°
BMI, kg/m? 23.5+4.2 24.5+5.3 0.1712
Blood tests
PH 7.4+0.05 7.3£0.06 0.002°
PaO,, mmHg 81.3+25.4 74.4£34.5 <0.001°
PaCO,, mmHg 45.0+10.7 58.5+17.7 <0.001°
ALB, g/L 38.3+4.9 35.645.1 <0.001°
WBC, 10°/L 7.9132 72427 0.017°
EOS, % 1.8+3.4 1.5+2.1 0.528°
ESR, mm/h 21.1+20.8 20.6+20.8 0.785°
Fib, g/L 3.4+1.2 3.3£15 0.292°
PFT
FVC, L 2.3+0.7 1.9+0.6 0.003°
FEVI.0, L 1.1+0.6 0.9+0.5 0.004°
FEV % predicted 43.1+18.9 37.4£19.7 0.008°
FEV /FVC% 50.2+13.2 48.8+14.7 0.456*
Underlying disease (%)
Ischemic heart disease 105 (27.3) 24 (25.3) 0.692¢
Hypertension 129 (34.4) 27 (28.4) 0.269¢
Arrhythmia 40 (10.4) 5(5.3) 0.125¢
Bronchiectasis 111 (28.8) 57 (60) <0.001°¢
Diabetes mellitus 32 (8.6) 22 (23.2) <0.001¢
PA, mm 29.1+4.5 38.0+4.7 <0.001°
A, mm 36.2+4.2 33.9+£34 <0.001°
PA:A 0.840.1 1.1£0.1 <0.001*

Notes: Data are presented as mean * SD for continuous variables and as a
percentage for categorical variables. *Analysis of Student’s t-test. *Analysis of Mann—
Whitney U-test. “Analysis of chi-square test.

Abbreviations: BMI|, body mass index; EOS, eosinophils; PH, pulmonary hypertension;
ALB, albumin; ESR, erythrocyte sedimentation rate; Fib, fibrinogen; PFT, pulmonary
function test; FVC, forced vital capacity; FEV,, forced expiratory volume in | s; PA,
pulmonary artery diameter; A, aorta diameter; WBC, white blood cell.

without bronchiectasis, patients with both conditions were
less likely to be current or former smokers (P=0.026) and
under a worse nutritional status (ALB, P<<0.001). These
patients also presented with higher peripheral levels of
ESR (P<<0.001) and fibrinogen (P=0.006), which suggested
greater systemic inflammation. CT signs of pulmonary
vascular changes were significantly different. PA (32.5£5.7
vs 30.0£5.6, P<0.001) and PA:A ratios (0.95£0.17 vs
0.8310.15, P<<0.001) were greater in patients with bron-
chiectasis, despite the slightly shorter aorta diameter
observed in this group. Besides that, the proportion of sex,
BMI (body mass index), and impairment of pulmonary
function did not show prominent differences between
two groups.

Characteristics COPD without COPD with P-value
bronchiectasis bronchiectasis
(n=312) (n=168)
Age, years 69.819.2 68.8+10.2 0.188°
Male (%) 246 (78.8) 119 (70.8) 0.050¢
Smokers (%) 235 (76.8) 104 (67.1) 0.026¢
Smoking, pack-years  29.1+26.7 26.5+30.3 0.098°
BMI, kg/m? 23.7t4.4 23.414.6 0.562°
PFT
FVC, L 2.240.7 2.1£0.7 0.130°
FEV, L 1.1£0.6 1.1£0.5 0.381°
FEV % predicted 42.8£19.9 40.5£17.0 0.676°
FEV /FVC% 50.0t13.4 49.9£13.5 0.955°
Blood tests
PH 7.4+0.05 7.4£0.06 0.045°
PaO,, mmHg 80.6+27.0 7821289 0.185°
PaCO,, mmHg 45.6£11.5 52.5+16.3 <0.001®
ALB, g/L 38.4+4.6 36.615.5 <0.001®
EOS, % 1.4+2.0 2.3+4.7 0.092°
ESR, mm/h 18.2+19.2 27+22.4 <0.001®
Fib, g/L 3.311.2 3.7¢1.3 0.006°
PA, mm 30.0+5.6 32.545.7 <0.001®
A, mm 36.314.2 34.613.9 <0.001®
PA/A 0.83+0.15 0.95+0.17 <0.001®

Notes: Data are presented as mean = SD or median (interquartile range) for
continuous variables and as a percentage for categorical variables. *Analysis of
Student’s t-test. *Analysis of Mann—Whitney U-test. “Analysis of chi-square test.
Abbreviations: BMI, body mass index; EOS, eosinophils; PFT, pulmonary function
test; FVC, forced vital capacity; FEV,, forced expiratory volume in | s; PH, pulmonary
hypertension; ALB, albumin; ESR, erythrocyte sedimentation rate; Fib, fibrinogen;
PA, pulmonary artery diameter; A, aorta diameter.

The Balla score was used to quantify the severity of
bronchiectasis in this study. As shown in Figure 1, correla-
tion analysis showed that PA:A ratios increased as the Balla
score increased (r=0.412, P<<0.001). The NT-proBNP and
pulmonary artery pressure of echocardiography were more
severe in COPD-bronchiectasis co-existence patients who
had high ratios than those who had lower ratios (Table 4).

Logistic regression analysis of the risk

factors of the PA:A ratio

Seven variables (age, sex, ALB, PaO,, FEV % predicted,
bronchiectasis, and diabetes mellitus) were included in the
logistic regression analysis (Table 5). Multivariate logistic
regression analysis showed that bronchiectasis (OR =3.707;
95% CI =1.888-7.278; P<<0.001) and diabetes mellitus
(OR =3.721; 95% CI =1.490-9.289; P=0.005) correlated
with a PA:A ratio of more than 1 in COPD patients. COPD
patients with better nutrition (higher level of ALB) were
more likely to have low PA:A ratios.
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Figure | The association between the severity of bronchiectasis and PA:A ratio in
COPD-bronchiectasis co-existence patients.
Abbreviations: PA, pulmonary artery diameter; A, aorta diameter.

Discussion

To the best of our knowledge, this is the first report to
establish a relationship between bronchiectasis and the
marker of pulmonary vascular disease in COPD patients.
In this study, COPD patients with concomitant radiographic
bronchiectasis were demonstrated to be at increased risk of
relative pulmonary artery enlargement, regardless of the
severity of spirometry impairment.

PA:A ratio, the ratio of the diameter of the pulmonary
artery to that of the aorta, is a remarkable marker indicating
pulmonary vascular disease, especially PH.!>?>2 Unlike right
heart catheterization and echocardiography, the PA:A ratio
is recorded as a reproducible and reliable measurement.*2¢
A PA:A ratio of more than 1 is considered an indepen-
dent predictor of mortality in COPD patients,”” and these
patients tend to have worse airflow obstruction and suffer
exacerbation more frequently.*'3 It has been reported that
about 5%-50% of COPD patients have PH.?® In addition,
the prevalence of cardiovascular disease in COPD patients
was 20%—22%, and 13%-28% deaths were cardiac-related.’

The significance of focusing on the PA:A ratio might lie in
the ability to identify patients at risk of pulmonary vascular
disease or cardiac-related exacerbations.*

PA and A diameters may also correlate with age, caus-
ing a decrease in PA:A ratio with aging. In our study,
patients with relative pulmonary artery enlargement tended
to be younger than patients without (66.819.5 vs 70.119.5,
P=0.003). However, when we focused on the influence that
bronchiectasis had on the PA:A ratio in COPD patients, age
showed no significant difference between the two groups
(P=0.188). Bronchiectasis was still the risk factor for high
PA:A ratios in COPD patients after adjusting for confounding
factors, including age.

This is the first study to explore whether bronchiectasis
in COPD patients is a risk factor for high PA:A ratios.
Although the co-existence of COPD and bronchiectasis has
recently been recognized as an overlap syndrome, it is still
not clear how bronchiectasis participates in the development
of COPD progress and vice versa. Recently, researchers
have reported that the severity of bronchiectasis was inde-
pendently associated with the development of vascular
diseases.'®!? Thus, it is intriguing to illustrate the impact
that bronchiectasis had on pulmonary vascular disease in
COPD patients.

The mechanism underlying pulmonary vascular disease
in patients with both COPD and bronchiectasis has not
been elucidated clearly. Hypoxia has been recognized as an
important cause.” COPD patients often require increasing
oxygen when conditions deteriorate, and bronchiectasis
might exacerbate this situation. The poorer pulmonary venti-
lation and gas exchange in overlap patients render them more
susceptible to PH. Inevitably, patients with overlap syndrome
suffer not only from impairment of the parenchyma, but also
destruction of the airway wall, both of which can destroy the
vascular bed and induce hemodynamic alterations.33!

Nowadays, endothelial dysfunction has been recog-
nized as a major mechanism underlying chronic pulmonary
and vascular disease.?® COPD patients with concomitant
bronchiectasis have been reported to have higher levels of
inflammation in the airway and peripheral blood,** which

Table 4 Comparison of NT-proBNP and pulmonary artery pressure between COPD patients with and without bronchiectasis

Variables COPD without bronchiectasis (n=312) COPD with bronchiectasis (n=168) P-value
PA:A =1 (n=274) PA:A >1 (n=38) PA:A =1 (n=I11) PA:A >1 (n=57)

NT-proBNP, pg/mL 181.5 (69.8—494.3) 269.8 (134.9-586.8) 221.5 (63.8-718.7) 821.7 (202.7-2,801.0) <0.001*

Pulmonary artery pressure, mmHg 37.6£12.2 48.8+20.2 35.9£12.9 52.5+24.8 <0.001*

Notes: Data are presented as mean £ SD or median (interquartile range) for continuous variables. *Analysis of Kruskal-Wallis test.

Abbreviations: PA, pulmonary artery diameter; A, aorta diameter.
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Table 5 Logistic regression analysis for predictors of high PA:A ratio in COPD patients

Variables Unadjusted analysis Adjusted multivariate analysis
OR (95% CI) P-value OR (95% CI) P-value

Age (per 10 years increase) 0.731 (0.583-0.917) 0.007 0.718 (0.508-1.014) 0.060
Male 2.363 (1.459-3.830) <0.001 2.047 (0.971-4.313) 0.060
ALB, g/L 0.904 (0.864-0.945) <0.001 0.886 (0.828-0.947) <0.001
PaO, (per 10 mmHg decrease) 1.258 (1.098-1.440) 0.001 1.190 (0.990-1.431) 0.064
FEV % predicted (per 10% decrease) 1.207 (1.022-1.425) 0.027 1.195 (0.965-1.479) 0.102
Bronchiectasis 3.703 (2.324-5.900) <0.001 3.707 (1.888-7.278) <0.001
Diabetes mellitus 3.221 (1.770-5.862) <0.001 3.721 (1.490-9.289) 0.005

Abbreviations: PA, pulmonary artery diameter; A, aorta diameter; ALB, albumin; FEV,, forced expiratory volume in | s.

might influence the blood vessel endothelium. In this study,
COPD and bronchiectasis co-existence patients had higher
levels of peripheral ESR and fibrinogen, which reflected the
higher level of systemic inflammation. This might destroy
the microenvironment and function of endothelial cells,
resulting in imbalanced release of vasoactive mediators.?®
This is in accordance with the newly proposed concept of
“sick lung circulation”.>*3* Information from the sick lung
is transported to the myocardium via blood circulation,
which, thus, brings about physical dysfunction of the heart,
such as abating systolic function. Right heart dysfunction,
in turn, causes congestion of pulmonary circulation, and PH
may eventually develop. Studies examining the information
from the affected lungs of patients with both COPD and
bronchiectasis, including levels of cytokine, microRNA, and
microparticles, should be encouraged.®

Despite regular assessment of pulmonary function and
airway inflammation, clinicians should pay attention to the
impact that bronchiectasis has on vascular disease in COPD
patients. More prospective studies are needed to define the
significance of high PA:A ratios in patients with COPD and
bronchiectasis.

Limitations

The present study has some limitations. First, because right
heart catheterization is not a regular test for COPD patients, it
is not possible to confirm that patients with high PA:A ratios
actually have PH. However, regardless of whether they have
PH, COPD patients with PA:A ratios of more than 1 tend to
experience poor outcomes.* This makes it important to focus
on patients at risk for relative pulmonary artery enlargement.
Second, as a retrospective study, information about bacterial
infection, long-term prognosis, and history of exacerbation
of COPD-bronchiectasis co-existence patients with high
PA:A ratios was absent. Future prospective studies focusing
on these aspects and a large population of patients with both
stable and exacerbated conditions are needed. Third, these

results showed that diabetes mellitus might also influence
the PA:A ratio, which was not the main focus of the current
study. Future studies focusing on the impact that diabetes
mellitus has on pulmonary vascular disease in COPD patients
are also needed.

Conclusion

COPD and bronchiectasis co-existence subjects are consid-
ered at risk for relative pulmonary artery enlargement (PA:A
ratio >1). Future comprehensive assessment should pay close
attention to the prevalence of and mechanisms underlying
pulmonary vascular disease in patients with COPD and
concomitant bronchiectasis.
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