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Background: Identifying markers for predicting the course and outcome of chronic obstructive pulmonary
disease (COPD) remains important. The relative pulmonary artery enlargement to aorta ratio (PA-A ratio),
which is measured using computed tomography (CT), is a reported predictor for COPD exacerbation and
mortality. However, little is known about the implications of the PA-A ratio in patients with mild COPD.
Methods: We investigated the utility of the PA-A ratio as a biomarker in patients with relatively mild
COPD. A total of 131 patients with mild to moderate COPD [post-bronchodilator forced expiratory volume
in 1 sec (FEV))/forced vital capacity (FVC) 61.6+6.4, mean post-bronchodilator FEV, 83%x17.8% of
predicted value] were selected from a Korean COPD cohort (from 2012 until the end of 2014) and analyzed
retrospectively. We determined the correlation between the PA-A ratio and clinical parameters using a linear
regression model.

Results: The COPD assessment test (P=0.04), FEV, (P=0.03), and a history of exacerbation in the last year
(P=0.03) were significant factors in the univariate linear regression analysis. Post-bronchodilator FEV, was
most significantly associated with the PA-A ratio in the multivariate analysis (P=0.01).

Conclusions: The PA-A ratio evaluated by CT imaging was independently correlated with a representative
pulmonary function factor (FEV)) in patients with relatively mild COPD. The results suggest that the PA-A

ratio may be an important biomarker for clinical outcome in patients with mild COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major
cause of chronic morbidity and mortality and represents
an important, preventable public health challenge (1). It is
well known that forced expiratory volume in 1 sec (FEV))
and exercise capacity are associated with disease progression
(2,3). However identifying specific biomarkers to predict
progression and prognosis of mild COPD remains an
important task.

Pulmonary hypertension is also associated with increased
exacerbation risk and mortality in patients with COPD
and is a particularly important predictor of morbidity and
mortality in patients with severe COPD (4-6). However,
pulmonary hypertension is not often used as a factor in
clinical practice due to limitations in evaluating pulmonary
hypertension and lack of available treatment. Right
heart catheterization is the gold standard for diagnosing
pulmonary hypertension, yet its use is limited by its invasive
nature. Although transthoracic echocardiography is a
readily available method, it is not sensitive for detecting
pulmonary vascular disease in patients with COPD (7).

Recent advances in computed tomography (CT)
technology make it useful for evaluating the intrinsic
disease components of COPD, as well as the intrathoracic
vasculature in these patients. The main pulmonary artery
and the aorta are routinely described in patients undergoing
chest CT. Relative pulmonary arterial enlargement, as
determined by a pulmonary artery to ascending aortic
ratio (PA-A ratio) >1, provides independent predictive
information for exacerbation of COPD and has been
suggested as a potential surrogate marker for pulmonary
vascular disease (8,9), though these studies were evaluated
in subjects with moderate to severe COPD .

However, little is known about the general implications
of the PA-A ratio in patients with mild COPD. We
evaluated the associations between clinical parameters and
the PA-A ratio in a cohort with relatively mild COPD.

Methods
Subjects

Data for 131 patients diagnosed with mild to moderate
COPD were analyzed retrospectively. Patients were selected
from a Korean COPD cohort, which was developed to
observe clinical outcomes of Koreans with COPD near
cement plants. The study is recruiting subjects from 2012
until the end of 2015 (445 subjects had been recruited
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on 2015 July) and the subjects will be followed up for
10 years (10). Initial 142 patients with COPD having
available clinical and CT data were selected among the
445 subjects, and 131 patients with mild to moderate
COPD were included for analysis. Mild COPD was defined
as post-bronchodilator FEV,/forced vital capacity (FVC)
<0.7 and FEV, >80% of the predicted value, and moderate
COPD was FEV,/FVC <0.7 and FEV, 50% to 80%, as
GOLD classification (2).

All patients were evaluated at the enrollment visit by
medical interview, a physical examination, spirometry,
laboratory tests, and a CT scan. Initial questionnaire
data included demographics, disease history, residence
location, environmental exposure, and patients reported
exacerbations history. Exacerbations were defined as
worsening symptoms (dyspnea, cough, or sputum) requiring
treatment with systemic steroids or antibiotics, a visit to the
emergency room, and/or admission to a hospital. Severe
exacerbations were defined in case of admission to a hospital
as worsening symptoms. The intensity and duration of
respiratory symptoms, such as cough, sputum, dyspnea, and
wheezing, were evaluated. Dyspnea was evaluated using
the modified Medical Research Council Dyspnea grade.
Health-related quality of life was evaluated by calculating
the total score on the patient-reported COPD Assessment
Test (CAT).

Spirometry was performed using an Easy One Kit (NDD,
Zurich, Switzerland) before bronchodilation and 15 min
after inhaling 400 pg salbutamol through a metered-dose
inhaler with a spacer to assess increases in post-
bronchodilator FEV,. Bronchodilator reversibility was
evaluated by assessing the increase in post-bronchodilator
FEV, in liters. Airflow limitation was defined as a post-
bronchodilator FEV,/FVC <0.7 (FEV,/FVC % <70). All
pulmonary function tests were performed as recommended
by the American Thoracic Society/European Respiratory
Society (11).

Our Institutional Review Board approved the analyses of
the clinical and imaging data (Institutional Review Board
of Kangwon National University Hospital 2012, 06-007).
Individual informed written consent was obtained from all
patients.

Computed tomography (CT)

The volumetric CT scans were performed using a method
reported previously (12). Volumetric CT scans were taken
at full inspiration and expiration using a first-generation
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Table 1 Baseline characteristics of the patients with chronic obstructive
pulmonary disease (N=131)

Characteristics Outcome
Age (years) 73.3+6.6
Gender, male (% of total number of subjects) 98 (74.8%)
Body mass index (kg/m?) 22.6+3.0
CAT, total score 15.9+9.5
MMRC scale (n=0/1/2/3/4) 35/53/14/19/8
Smoking amount (pack-years) 25.6+18.3
Current smoker (% of total number of subjects) 41 (31.8%)
Post-bronchodilator FEV,/FVC 61.6+6.4
Pre-bronchodilator FEV,, % of predicted 79.7£19.2
Post-bronchodilator FEV,, % of predicted 83.0+£17.8
Inspiratory Vg, (%) 7.57+6.22
Wall area (%) 16.19+2.33
Exacerbation history in last 1 year, N (%) 8 (6.1%)
Severe exacerbation in last 1 year, N (%) 6 (4.6%)
Aorta diameter 3.18+0.37
Pulmonary artery diameter 2.95+0.44
PA-A ratio 0.78+0.11

Plus-minus values are means + standard deviations; N, number
of patients. MMRC scale, Modified Medical Research Council
dyspnea scale; CAT, chronic obstructive pulmonary disease
assessment test; FVC, forced vital capacity; FEV,, forced
expiratory volume in 1 sec; V5, volume fraction (%) of the lung
below —-950 HU; wall area (%) = wall area/(wall area + lumen area)
x100; PA-A ratio, pulmonary artery diameter/Aorta diameter.
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Figure 1 Distribution of relative pulmonary artery enlargement to
aortic ratio (PA-A ratio). PA-A ratio, pulmonary artery diameter/
aorta diameter.

dual source CT system (Somatom Definition, Siemens
Healthcare, Forchheim, Germany). Using in-house
software, whole-lung images were extracted automatically,
and the attenuation coefficient of each pixel was calculated.
The emphysema index [volume fraction of the lung <950
Hounsfield units (HU)] and airway thickening (wall area
percentage of two segmental bronchi: RB1 and LB1 +2)
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were quantified.

Based on a previous method, vascular measurements
were taken on CT scans by an investigator who was
unaware of the participant’s clinical characteristics (8). The
PA-A ratio measurements were made from axial CT images
on inspiration using digital imaging and communications
in medicine (DICOM) software (OsiriX DICOM Viewer,
ver. 4.0). A radiologist analyzed the CT images and used
the same image to measure the diameters of the main
pulmonary artery at the level of its bifurcation and the
ascending aorta. The interpreter was blinded to the clinical
information. Follow-up CT scans were performed 1 year
later in a subset of the cohort.

Statistical analysis

Univariate and multivariate linear regression analyses were
used to investigate factors associated with the PA-A ratio.
The selected independent variables were age, sex, body mass
index, total CAT score, pack-years of cigarette smoking,
pre- and post-bronchodilator FEV, (% of predicted), 1-year
change in FEV| (liter), history of exacerbations in previous
year, and quantitative CT measurements (emphysema index
and airway thickening, Vs, and WA%). The significant
variables in the univariate analysis were used in multivariate
analysis. The SAS ver. 9.2 (SAS Institute, Cary, NC, USA)
and SPSS ver. 15 (SPSS Inc., Chicago, IL, USA) statistical
packages were used for the data analysis. A P value <0.05
was considered significant.

Results

Mean patient age was 73.3 (standard deviation, 6.6) years.
Smoking history averaged 25.6 (18.3) pack-years. Post-
bronchodilator FEV, averaged 83% (17.8%) of predicted
value. Men comprised 73.3% of the patients. The mean
PA-A ratio was 0.78 (0.11) (Zable 1). The histogram of PA-A
ratio was showed on Figure 1. Among the 131 patients, 69
patients had mild COPD and 62 patients had moderate
COPD.

The univariate linear regression analysis revealed that
CAT, pre- and post-bronchodilator FEV, and history of
exacerbations in the last year were associated with the PA-A
ratio (Figure 2, Table 2). The multivariate linear regression
analysis revealed that post-bronchodilator FEV, (% of
predicted) were independently correlated with the PA-A
ratio (P=0.01) (Table 3).

In 69 patients with mild COPD, total CAT score were
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Figure 2 Clinical parameters significantly correlated with the
relative pulmonary artery enlargement to aortic ratio (PA-A
ratio) by linear regression analysis in 131 patients with mild to
moderated chronic obstructive pulmonary disease. PA-A ratio,
pulmonary artery diameter/aorta diameter; CAT total, total score
of chronic obstructive pulmonary disease assessment test; post
FEV, (%), post-bronchodilator forced expiratory volume in 1 sec

% of predicted value.

significantly lower in patients group with decreased PA-A
based on Korean reference values (0.79 in men and 0.85 in
women) (Table 4) (13). The univariate and multivariate
linear regression analysis revealed that total CAT score were
also associated with the PA-A ratio in 69 patients with mild
COPD (P=0.02) (Tables 5,6).

The PA-A ratio was measured in 69 patients during
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Table 2 Clinical parameters correlated with the relative pulmonary
artery enlargement to aortic ratio (PA-A ratio) by linear regression
analysis in 131 patients with mild to moderate chronic obstructive
pulmonary disease (univariate analysis)

Clinical parameters Beta value Standard error P value

Gender —0.03669 0.02105 0.08
Age 0.00220 0.00138 0.11
Body mass index (kg/m?) —0.00073 0.00314 0.82
CAT, total score 0.00203 0.00096 0.04
Smoking amount —-0.00025 0.00059 0.67
(pack-years)

Pre-bronchodilator FEV,  -0.00105 0.00048 0.03
(% of predicted)

Post-FEV,, -0.00111 0.00051 0.03
(% of predicted)

1 year change of 0.00147 0.00141 0.29
post-bronchodilator FEV,

Inspiratory Vgs, (%) 0.00033 0.00155 0.83
Wall area (%) 0.00350 0.00409 0.39
Exacerbation history, -0.08117 0.02167 0.03
last 1 year

Severe exacerbation, -0.07973 0.04367 0.07

last 1 year

CAT, chronic obstructive pulmonary disease assessment test; FVC,
forced vital capacity; FEV;, forced expiratory volume in 1 sec; Vs,
volume fraction (%) of the lung below —950 HU; wall area (%) =
wall area/(wall area + lumen area) x100.

Table 3 Clinical parameters correlated with the relative pulmonary
artery enlargement to aortic ratio (PA-A ratio) by linear regression
analysis in 131 patients with mild to moderate chronic obstructive
pulmonary disease (multivariate analysis)

Beta value Standard error P value
0.02469 0.01

Clinical parameter
Post-FEV,, (% of predicted) -0.06328

FEV,, forced expiratory volume in 1 sec.

1 year, and the mean change in the PA-A ratio was 0.01+0.06.
The ratios of 30 subjects decreased, and the ratios of 39
subjects increased. The initial PA-A ratio and changes in the
PA-A ratio during the year were not associated with changes
in the clinical parameters during the year (Table 7).

Discussion

Our results demonstrate that the PA-A ratio evaluated
by CT imaging was independently associated with a
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Table 4 Clinical parameters according to the relative pulmonary
artery enlargement to aortic ratio (PA-A ratio) in the patients with
mild chronic obstructive pulmonary disease (IN=69)

) Decreased Increased
PA-A ratio . . P value
ratio (n=52) ratio (n=17)
Gender, male 38 (73.1) 12 (70.6) 0.84
Age 73.5+6.2 74.2+6.9 0.71
Body mass index (kg/m?) 22.9+2.7 23.0£2.2 0.85
CAT, total score 12.1+6.6 16.5+7.8 0.03

MMRC scale (n=0/1/2/3/4) 16/27/6/2/0  3/9/3/2/0 0.47

Post-bronchodilator FEV,, 107.9+9.9 109.9+16.6 0.65
(% of predicted)

Post-bronchodilator FVC, 96.1+10.6 97.8+17.2 0.70
(% of predicted)

Exacerbation history, 1(1.9 1(5.6) 0.40
last 1 year

Inspiratory Vs, (%) 6.83+5.46 4.84+5.21 0.22
Wall area (%) 16.35+2.33  16.68+2.11 0.62
Aorta diameter 3.89+0.31 3.78+0.36 0.24
Pulmonary artery diameter  2.78+0.31 3.31+0.38 <0.0001
PA-A ratio 0.72+0.07 0.88+0.07 <0.0001

Plus-minus values are means + standard deviations; N, number
of patients. PA-A ratio, pulmonary artery diameter/aorta diameter.
Increased or decreased PA-A ratio based on Korean reference
values, 0.79 in men and 0.85 in women. CAT, chronic obstructive
pulmonary disease assessment test; MMRC scale, modified
medical research council dyspnea scale; FVC, forced vital
capacity; FEV,, forced expiratory volume in 1 sec; Vg, volume
fraction (%) of the lung below —-950 HU; Wall area (%) = wall
area/(wall area + lumen area) x100; PA-A ratio, pulmonary artery
diameter/aorta diameter.

representative pulmonary function parameter (FEV,, % of
predicted value) in patients with mild to moderate COPD
and independently associated with quality of life (total CAT
score) in patients with mild COPD. These results suggest
that the PA-A ratio, even ratios <1, may be an important
biomarker for clinical outcome in patients with mild
COPD.

Prior studies have shown that patients with COPD
and pulmonary hypertension exhibit a linear decline in
the 6-min walk test, a history of exacerbations, and a
high mortality rate (14-16). Pulmonary hypertension in
patients with COPD mainly occurs due to the hypoxic
vasoconstriction that occurs during advanced airflow
limitation (17,18) but could also occur due to other
comorbid conditions in patients with milder disease.
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Table 5 Clinical parameters correlated with the relative pulmonary
artery enlargement to aortic ratio (PA-A ratio) by linear regression
analysis in 69 patients with mild chronic obstructive pulmonary
disease (univariate analysis)

Clinical parameters Beta value Standard error P value

Gender -0.05602 0.02493 0.03
Age 0.00110 0.00184 0.55
Body mass index (kg/m°) —-0.00267 0.00451 0.56
CAT, total score 0.00377 0.00157 0.02
Post-FEV, (% of predicted)  0.00116 0.00092 0.21
Inspiratory Vs, (%) -0.00408 0.00215 0.62
Exacerbation history, -0.03864 0.06867 0.58
last 1 year

Severe exacerbation, —-0.10249 0.06768 0.13

last 1 year

CAT, chronic obstructive pulmonary disease assessment test; FVC,
forced vital capacity; FEV,, forced expiratory volume in 1 sec; Vg5,
volume fraction (%) of the lung below —950 HU; wall area (%) =
wall area/(wall area + lumen area) x 100.

Table 6 Clinical parameters correlated with the relative pulmonary
artery enlargement to aortic ratio (PA-A ratio) by linear regression
analysis in 69 patients with mild chronic obstructive pulmonary
disease (multivariate analysis)

Standard error P value

0.00164 0.02

Beta value
0.00399

Clinical parameter
CAT, total score

CAT, chronic obstructive pulmonary disease assessment test.

Nevertheless, pulmonary vascular changes may be an
independent marker predicting a different disease history
and a worse prognosis. Readily available and reproducible
parameters of pulmonary vascular change may be a very
important tool, such as FEV|, when managing patients
with COPD. Right heart catheterization and transthoracic
echocardiography are less useful in evaluating pulmonary
vascular changes in COPD patients because of their
invasiveness or insensitivity.

CT is an important tool to evaluate different
characteristics and clinical outcomes in patients with
COPD (19,20). Relative pulmonary arterial enlargement,
as measured by CT (PA-A ratio), provides independent
predictive information about patient outcome. A baseline
PA-A ratio >1 is associated with severe exacerbations of
COPD (8) and is an independent predictor of intermediate-
term transplant-free survival (9). The PA-A ratio performs
better than echocardiography for identifying pulmonary
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Table 7 The initial relative pulmonary artery enlargement to aortic
ratio (A-A ratio) and changes in the PA-A ratio during the one year
were not associated with changes in the clinical parameters during the
one year in 69 patients with chronic obstructive pulmonary disease*

Changes during P value*

Clinical parameters the 1 year P value**
CAT, total score -1.3+6.6 0.18 0.25
MMRC -0.13+0.8 0.08 0.49
-2.2+9.
;gse:l;f:nacnf:dﬁ;tor FEV, e 0.3 0.68
Inspiratory Vs, (%) 7.6+6.2 0.16 0.68
Wall area (%) 16.2+2.3 0.65 0.77
Severe exacerbation 3 (4.4%) 0.8 0.55

during 1year

*

Plus-minus values are means * standard deviations. *,
correlation with the initial PA-A ratio; **, correlation with one
year changes of PA-A ratio; CAT, chronic obstructive pulmonary
disease assessment test; MMRC scale, Modified Medical
Research Council dyspnea scale; FVC, forced vital capacity;
FEV,, forced expiratory volume in 1 sec; Vg5, volume fraction (%)
of the lung below -950 HU; wall area (%) = wall area/(wall area
+ lumen area) x100.

hypertension in patients with severe COPD (21).
Moreover, the calculation metric of the PA-A ratio has
good inter-observer and intra-observer agreement (22).
Additionally, a recent report showed a three-dimensional
(3D) approach to quantify the pulmonary artery volume
predicted COPD exacerbations in ex-smokers with modest
airflow limitation (23). It suggests that 3D total pulmonary
artery volume measurement may be more sensitive than
the PA-A ratio, by advancing more easy methods and
validating on boarder range of patients. These results
suggest that a readily available CT measure could be a
potential surrogate for pulmonary vascular disease in
patients with COPD.

Although the PA-A ratio as determined by a CT scan
is promising as a biomarker in patients with COPD, its
application remains limited to patients with moderate to
severe disease (FEV, <80% of the predicted value) and
PA-A ratio values >1. A PA-A ratio >1 may only serve as a
composite endpoint for advanced COPD disease or various
other comorbid conditions. Mean FEV, values in patient
groups that show the predictive value of the PA-A ratio
have been reported as 46 (% of predicted value), 37, and
29 (8,9,21). The reference PA-A ratio value in a large US
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reference sample was 0.77x0.09, and the 90th percentile
ranged from 0.82-0.94, similar to that of patients with
COPD (24). In addition, a Korean report showed that
the reference PA-A ratio value in Korean populations was
0.79 in men and 0.85 in women (13). These results suggest
that a lower PA-A ratio may indicate a milder COPD
condition.

In our study, we demonstrated that the PA-A ratio was
significantly associated with FEV,, as a representative
pulmonary function parameter, in patients with relatively
mild COPD (mean FEV,, 83% of predicted value). This
result suggests that the PA-A ratio may be a marker for
different disease courses and long-term outcome. We also
determined that a PA-A ratio <1 may be an important
quantitative marker for clinical outcome in patients with
relatively mild COPD. In addition, we showed that the
PA-A ratio was significantly associated with quality of life in
patients with mild COPD (FEV, >80% of predicted value),
suggesting the PA-A ratio may be clinical marker even in
patients with mild COPD. Thus, PA-A measurements from
a CT scan raise hope for deciding early intervention in
patients with mild COPD and for screening patients with
severe COPD being considered for pulmonary hypertension
therapy.

Our study had some limitations. First, the retrospective
nature of this study and the small number of patients may
prevent use of the PA-A ratio as a biomarker. Further
prospective studies with a larger number of patients will be
required to determine the predictive and prognostic values
of the PA-A ratio. Second, we had a short-term follow-up
of 1 year, which did not reveal meaningful changes in
the PA-A ratio or clinical outcomes. Thus, a long-term
follow-up study will identify more distinct implications
of the PA-A ratio. Third, we had no cases of right heart
catheterization, which is the gold standard for diagnosing
pulmonary hypertension. If the PA-A ratio proves to be a
useful independent predictive factor for clinical outcome
in patients with COPD, we will have an important clinical
parameter to gauge COPD.

In conclusion, the PA-A ratio evaluated by CT imaging
was independently associated with FEV, in patients with
early mild to moderate COPD and independently associated
with quality of life in patients with mild COPD. More
research will be required to determine whether the PA-A
ratio can be used as a biomarker for COPD progression
or exacerbation events, independent of any information it
provides about the pulmonary vasculature.
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