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Abstract

Background—COPD causes significant morbidity and concomitant pulmonary vascular disease
and cardiac dysfunction are associated with poor prognosis. CT-detected relative pulmonary artery
enlargement defined as a pulmonary artery to ascending aorta diameter ratio greater than one
(PA:A>1) is a marker for pulmonary hypertension and predicts COPD exacerbations. However,
little is known about the relationship between the PA:A ratio, pulmonary blood volume, and
cardiac function.

Methods and Results—A single-center prospective cohort study of COPD patients was
conducted. Clinical characteristics and CT metrics, including the PA:A and pulmonary blood
vessel volume were measured. Ventricular functions, volumes, and dimensions were measured by
cine cardiac magnetic resonance imaging (CMRI) with 3D analysis. Linear regression examined
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the relationships between clinical characteristics, CT and cMRI metrics, and 6-minute walk
distance (6MWD). Twenty four patients were evaluated and those with PA:A>1 had higher right
ventricular (RV) end-diastolic and end-systolic volume indices accompanied by lower RV ejection
fraction (EF) (52+£7% vs 60+9%, p=0.04). The PA:A correlated inversely with total
intraparenchymal pulmonary blood vessel volume and the volume of distal vessels with a cross
sectional area of <5 mm2. Lower forced expiratory volume, PA:A>1, and hyperinflation correlated
with reduced RVEF. Both PA diameter and reduced RVEF were independently associated with
reduced 6MWD.

Conclusions—The loss of blood volume in distal pulmonary vessels is associated with PA
enlargement on CT. CMRI detects early RV dysfunction and remodeling in non-severe COPD
patients with a PA:A>1. Both RV dysfunction and PA enlargement are independently associated
with reduced walk distance.
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Chronic Obstructive Pulmonary Disease (COPD) causes significant morbidity and is a
complex disease characterized by airflow limitation, inflammation, and vascular changes.1
Functional decline is often associated with concomitant pulmonary hypertension (PH) and
right ventricular (RV) dysfunction? 510, Cardiac magnetic resonance imaging (cMRI) is the
gold standard for the assessment of both the morphological and functional characteristics of
the RV particularly in patients with COPD in whom echocardiographic assessment is often
not possible!1-14. Furthermore, cMRI has been used to demonstrate a relationship between
progressive airflow obstruction and computed tomography (CT)-detected emphysema and
impaired left ventricular (LV) filling, stroke volume (SV), and RV hypertrophy15-20,

CT-measured relative pulmonary artery enlargement defined by a pulmonary artery (PA) to
ascending aorta (A) diameter ratio greater than one (PA:A>1) aids in predicting COPD
exacerbations in moderate-to-severe COPD and is a strong predictor of PH in those with
severe disease.l' 2 However, even in severe COPD, relative PA enlargement is only partially
explained by overt pulmonary hypertension? and other factors may play a role including
hyperinflation due to emphysema, reduced cross sectional area of small pulmonary blood
vessels, and cardiac dysfunction? 3. In addition, little is known about the relationship
between the PA:A ratio and cardiac structure and function in mild-to-moderate COPD. We
hypothesized that PA enlargement (PA:A>1) is associated with distal pruning of small
pulmonary blood vessels and that these vascular derangements would have direct impact on
right ventricular structure and function as detected by cMRI as well as with reduced exercise
tolerance.

Methods

The University of Alabama at Birmingham (UAB) is one of the 21 participating clinical
centers for the COPDGene trial?!, a multi-center, longitudinal cohort designed to evaluate
the underlying genetic factors, clinical information, and radiologic data for patients with
COPD. UAB recruited 405 of the 10,500 subjects enrolled in the parent trial. From these
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subjects, 129 met inclusion criteria. 44 participants were contacted for enrollment in the
current prospective cohort to evaluate the relationship between pulmonary vascular disease,
cardiac MRI, and COPD in subjects without known cardiac or pulmonary vascular disease.
Subjects with a FEV1/FVC ratio >0.7, known ischemic heart disease, congestive heart
failure, structural heart disease (including intra-cardiac shunts), pulmonary hypertension,
prior thromboembolic disease, cerebrovascular disease, peripheral arterial disease, known
malignancy, or inability to undergo MRI were excluded (Supplemental Figure). Baseline
demographic information, pulmonary function testing (PFT)22 23, and six-minute walk
distance (6MWD) were collected?4. All subjects underwent CT and cMRI at our institution.
The study was approved by the UAB Institutional Review Board at UAB (X110809004) and
all subjects gave informed consent. The parent study, COPDGene (Clinical Trials.gov
identifier # NCT00608764) was approved by the IRB at all institutions.

CT measurement of the PA:A ratio, cross sectional area of the pulmonary vessels, percent
emphysema, and percent gas trapping

One reviewer blinded to ctMRI and baseline data measured the PA and A ratios at the
bifurcation of the pulmonary artery using Philips iSite Enterprise Software (Koninklijke
Philips N.V.) as previously detailed (Figure 1A-B)L 2. Separate blinded investigators
measured cross sectional area of the pulmonary vessels using volumetric chest CT scans
performed at maximal inflation.® Briefly, Airway Inspector (www.AirwayInspector.org) was
used to measure emphysema and perform lung lobe segmentation2®: 26, With in-house
software we segmented the pulmonary vasculature from the parenchyma and assessed total
blood vessel volume (TBV) in the combined intraparenchymal pulmonary arteries and veins
and aggregate blood vessel volume in vessels less than 5 mm? in cross-section (BV5) for the
whole lung using previously reported derivation equations?”. Full methods of this technique
are included in the data supplement. Vessels that have a cross sectional area of less than 100
mm (approximately 5 mm radius) are used in calculating TBV. These vessels are measured
after the first or second branch point of the pulmonary arteries/veins and for most of their
length are intraparenchymal. Most of the volume comes from vessels distal to these, and
they do not contribute significantly to the measurement of TBV. We calculated the ratio of
BV5 to TBV to account for inherent anatomic variability in blood vessel volumes with
height as previously described (Figure 1C-D)3. The loss of blood vessel volume represents
both vascular destruction as well as vasoconstriction. Analysis of the lung parenchyma and
airways was performed on volumetric CT scans of the chest obtained without the
administration of contrast material. Parenchymal analysis was performed with the use of the
Slicer software package (www.Slicer.org), and airway analysis was performed with the use
of Volumetric Information Display and Analysis (VIDA) Pulmonary Workstation 2 software
(www.vidadiagnostics.com). Emphysema was defined by a CT attenuation value of less than
-950 Hounsfield units on inspiratory scans obtained at maximal inspiration (total lung
capacity, TLC) and gas trapping was defined by a CT attenuation of less than —856
Hounsfield units on expiratory scans obtained at end-tidal expiration (functional residual
capacity, FRC). Inspiratory capacity (IC) was defined as the difference between TLC and
FRC.
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Measurement of cardiac function and dimensions by cMRI

All subjects underwent a 1.5 T scanner (Signa CV/i, GE Healthcare, Milwaukee, W1, USA)
using a phased array cardiac coil. Prospective electrocardiographic triggering with
retrospective gating was used. Steady state free precession (SSFP) technique that provides
maximal contrast between the myocardium and the blood pool was used in all cases. Typical
imaging parameters were field of view 36—44 cm, flip angle of 35-45 degrees, matrix size
256 in frequency domain and 128-256 in the phase domain, relaxation time (TR) of 3.7-4.1
ms, and echo time (TE) 1.5-1.7 ms. All studies had horizontal long-axis (HLA) cine views
that were obtained in the usual manner. The end-diastolic HLA image provided the
reference from which a stack of contiguous short axis slices of 8 mm thickness and 0 mm
gap were obtained. LV and RV ejection fraction (EF), end-diastolic (ED) and end-systolic
(ES) volume indices (V1), ED and ES mass indices (M), stroke volume (SV), and
remodeling indices (RI) were measured as previously reported?8.

Statistical Analysis

Results

We expressed baseline data as means with standard deviation (SD) for normally distributed
values or median with interquartile range for non-normally distributed values and compared
continuous variables using two-sided Student t tests or Mann-Whitney U tests as
appropriate. We used the Shapiro-Wilk test to determine normality for continuous variables.
We examined categorical variables by Fisher exact test. Subjects were grouped based on the
presence or absence of a PA:A ratio >1 given the clinical importance of PA enlargement and
severe COPD exacerbations®. Pearson correlation coefficients were calculated to determine
the associations between CT metrics, measurements of cardiac function by cMRI, and
6MWD. We used SPSS for Windows Version 20 for all analyses. Statistical tests were two-
sided, and significance was assigned to tests with P values < 0.05.

Baseline characteristics

Twenty four patients underwent cMRI and CT scans and their mean age was 60+8 years
with 14 (58%) non-Hispanic white and 16 (67%) male participants (Table 1). The subjects
studied did not differ significantly from those who were not contacted with respect to
demographic characteristics and lung function. The average post-bronchodilator forced
expiratory volume in 1 second (FEV1) was 5727 percent predicted. Patients were separated
into cohorts based on the presence or absence of a PA:A ratio >1 on CT scan, with 17
patients having a PA:A<1 and 7 a PA:A>1 . The PA:A>1 group had higher BMI (336
kg/m?2 vs 27+6 kg/m2, P=0.03) and body surface area (2.15+0.20 m? vs 1.93+0.19 m?,
P=0.02) as we previously reported in the parent study!. Those with a PA:A>1 had higher
resting heart rate (93+12 versus 77+£12, p=0.02) without any differences in blood pressure.
Subjects in the PA:A>1 group had lower FVC (72+14% vs 89+18%predicted, P=0.04), but
otherwise had no statistical differences on pulmonary function testing. Both the PA:A<1 and
PA:A>1 groups had comparable gas trapping and emphysema by CT.
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Loss of blood volume in small intraparenchymal vessels

The PA:A>1 group had lower BV5 (130.3+21.9 mL vs 150.7+£25.1 mL, P=0.07) and TBV
(253.7455.9 mL vs 273.8454.7 mL, P=0.43) compared to those with PA:A<1, though these
differences did not reach statistical significance. Furthermore, as seen in Figure 2, the PA:A
ratio correlated inversely with BV5 (r=-0.48, p=0.017) and TBV (r=-0.37, p=0.07) and, but
not BV5/TBV (r=-0.13, p=0.54). The BV5/TBV was also inversely correlated with
RVESVI (r=-0.45, p=0.03) and RVMI (r=-0.39, p=0.05) and trended towards correlation
with RVEF (r=0.34, p=0.10) without associations with stroke volume index or CI. The
BV5/TLC was correlated with the RVEF (r=0.59, p=0.006) and trended towards
significance with LVEF (r=0.39, p=0.09) suggesting both the volume of blood in these small
vessels and lung hyperinflation impact ventricular function. The BV5/TBV was not
associated with LV volume indices or function. Neither the BV5 nor the TBV was
individually associated with cardiac changes on cMRI.

Ventricular dimensions on cMRI

As seen in Table 2, LVEDVI (59411 vs 54+11 mL/m?2, p=0.39), LVESVI (227 vs 20+7
g/m2, p=0.42), LVMI (45+11 vs 41+10 g/m?2, p=0.40), LVSVI (376 vs 3528 mL/m?,
p=0.50), and LVEF (63+6 vs 64+8%, p=0.71) were not statistically different between
subjects with a PA:A>1 or a PA:A<1. However, a number of significant differences in RV
physiology were found. The PA:A>1 group had higher volume indices [RVEDVI (65+17 vs
54411 mL/m2, p=0.05) and RVESVI (32+12 vs 2145 mL/m2, P=0.003)] without differences
in RVSVI (337 vs 33+7 mL/m2, p=0.95). In addition, in contrast to findings about LV
function, subjects with a PA:A>1 had lower RVEF (52+7 vs 60+9%, P=0.03). There were
no differences in RVRI between groups. There was a trend towards higher RVMI in the
PA:A>1 group (15.2+6 vs 12.7+2.4 g/m2, p=0.17). Standardization for BMI does not change
these overall associations (Supplemental Table).

Correlations between cMRI findings and traditional markers of COPD severity

Gas trapping was inversely related to LVEDVI (r=-0.60, P=0.008), LVSV (r=-0.66,
P=0.003), and RVSV (r=-0.64, P=0.005) (Table 3). Similarly, hyperinflation, defined by
IC/TLC ratio, was associated with reduced LVEDVI (r=0.57, P=0.02), LVSV (0.47,
P=0.05), and RVEDVI (r=0.52, P=0.03). Percent emphysema was associated with reduced
LVSV (r=-0.49, P=0.02) and showed a trend toward reduced LVEDVI (r=—0.42, P=0.06)
without effect on RV parameters. FEV1, percent emphysema, percent gas trapping, and
hyperinflation were not associated with changes in LVEF. However, FEV (r=0.47,
P=0.02), percent gas trapping (r=—0.48, P=0.045), and hyperinflation (r=0.56, P=0.02) were
associated with RVEF. .

Associations between cardiac function, the PA:A ratio, and exercise capacity

Pearson’s correlation analysis was used to identify factors linearly correlated to 6MWD
(Table 4). The PA:A ratio was inversely related to 6MWD (r=—0.49, P=0.02). This was
driven primarily by increases in PA diameter (r=—0.58, P=0.003), as the A diameter was not
associated with 6MWD (r=-0.22, P=0.31). RVEF, unlike LVEF, was associated with
6MWD (r=0.47, P=0.02).
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Discussion

This study combines state-of-the-art CT imaging techniques with cardiac MRI to identify
early pulmonary vascular disease and right ventricular dysfunction in COPD patients with
only moderate airflow obstruction. We found that in this population without known
underlying cardiovascular or pulmonary vascular disease, an elevated PA:A ratio occurs
often and directly correlates with increases in RV volume indices and early RV dysfunction.
Further, this relative PA enlargement is associated with the loss of blood volume in small
pulmonary vessels on CT likely due to a redistribution and centralization of pulmonary
blood flow. This early evidence of vascular remodeling and RV dysfunction precedes the
development of overt pulmonary hypertension and cor pulmonale but both changes are
independently predictive of poor exercise capacity. Our results also provide a
pathophysiologic basis to explain the inability of patients with PA enlargement to
compensate for the metabolic demands that occur during an acute exacerbation, resulting in
greater risk of hospitalization.!

Our study focuses on well characterized COPD patients and shows correlations between the
PA:A>1 on CT with distal small pulmonary vessel pruning and impaired RV function by
cMRI, which have been linked with poor outcomes??: 30 Both BV5 and TBV were lower in
the PA:A>1 group, and both were inversely associated with the absolute PA:A ratio. The
BV5/TBYV ratio was not significantly associated with the PA:A ratio which may be due to
the relatively small sample size or from mathematical coupling between the two measures.
The BV5/TBYV ratio was inversely correlated with RVMI and RVESVI, suggesting that loss
of blood volume in vessels with a CSA of <5mm? has a direct impact on RV mass and
volumes. These novel findings are the first to implicate the loss of blood volume in
intraparenchymal vasculature with cardiac function.

As we have previously showed, patients with PA:A>1 had higher BMI and BSA, which
could explain higher RV and LV filling volumes through a compensatory mechanism in
response to increased blood volume from obesity.1: 31 We excluded those with baseline
congestive heart failure thus limiting the likelihood that intrinsic LV or RV dysfunction
confounds our results. Furthermore, we found no significant differences in LVEF or LV
dimensions between subjects with PA enlargement which is in contrast to changes seen in
the RV. Increases in RVEDV have been implicated in patients with COPD and cor
pulmonale3? and likely result from increases in pulmonary vascular resistance. Recently,
Grau et al described an inverse relationship between percent emphysema and RV size on
cMRI1®. While we did not make the same observations, there were considerable differences
between populations and our sample size was insufficient to draw similar conclusions. Our
findings represent an important association between subjects with COPD and the RV given
the more severe airflow obstruction and extensive smoking history in our cohort. While
SVRI values were the not statistically different between the PA:A <1 and PA:A >1 groups,
this is in fact an early indication of a failing ventricle, as evidenced by the reduced RVEF,
and the increase in RVMI, while not statistically significant, suggests RV hypertrophy is
occurring. Our findings support the existing literature suggesting that LV systolic function is
usually preserved in patients with COPD while RV dysfunction is more common’: 33, The
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relatively normal LV function in patients with COPD may be partly explained by flattening
of the intraventricular septum allowing compensation for RV hypertrophy.20

Subjects with relative PA enlargement had more hyperinflation and reduced cross sectional
area of the small pulmonary blood vessels, despite no difference in airflow obstruction or
percent emphysema. However, we did find percent emphysema correlated with lower
LVEDVI and LVSVI as Barr and colleagues previously reported.34 The effects of
emphysema appear to predominantly affect the LV in contrast to airflow obstruction and
hyperinflation, which both impact the LV and RV19 35,

These novel findings suggest that the relatively weaker RV may lack the compensatory
mechanisms to adequately respond to increased RV filling and places the RV at risk for
changes induced by gas trapping and hyperinflation. This is important as hyperinflation is a
strong predictor of mortality in this population.3® The connection between hyperinflation
and RV dysfunction could be through changes in pulmonary vasculature and subsequent
relative PA enlargement and reduced RVEF as we showed. As Estepar et al posit,
hyperinflation and emphysematous destruction of lung tissue cause pathologic changes in
pulmonary vasculature including vessel elongation, vasoconstriction, and vascular loss, and
this distal pruning of small pulmonary blood vessels correlated with reduced 6BMWD.3

The most important factors implicated in RV dysfunction were a reduced FEVy,
hyperinflation, and PA enlargement. In turn, both RV dysfunction and PA enlargement are
both associated with reduced exercise tolerance. Therapies directed at improving
hyperinflation have been shown to have direct impact on 6MWD3": 38, In contrast, therapies
specifically targeting COPD related-pulmonary hypertension have not been beneficial and in
some cases have worsened outcomes39-4L, This highlights the pathophysiologic impact of
PH and RV dysfunction in COPD and the need to discover new therapeutic pathways to
target this process.

Our study is limited by its small sample size and single center experience, though we did
demonstrate strong correlations between clinical outcomes, CT-metrics, and cMRI-
measured ventricular dimensions and function. Our CT measures cannot precisely define the
extent of plexiform arteriopathy, smooth muscle proliferation, and vasoconstriction, all
pathologic features that contribute to the development of PH. Correlations between these
findings and BV5 would require lung biopsy however, the loss of blood volume captured
this BV5 metric represents an attractive imaging biomarker for the detection of pulmonary
vascular disease. It is also possible that BV5 would be impacted by changes in preload
though this would require additional studies in patients with cardiac dysfunction who we
specifically excluded from the present analysis. Additional studies with larger sample sizes
are needed to more definitively define the complex relationships between emphysema,
pulmonary vascular disease and cardiac dysfunction in patients with COPD. This is made
more challenging by the cost of cMRI and by the time required for a cMRI session which
can be difficult for patients with severe lung disease who may struggle with breath holding.
Finally, we did not observe correlations between BV5 and TBV with 6MWD. This may be
due in part to the small sample size of the population or that the signal was obscured by the
contribution from PA size.

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wells et al.

Page 8

In conclusion, pulmonary vascular disease in the setting of COPD is a complex process. The
BV5 and the PA:A ratio are promising imaging biomarkers that can aid in differentiating
different disease phenotypes rather than supplanting histopathologic observations. The novel
CT metrics and use of cMRI have utility in relating small and large vessel remodeling to
cardiac dysfunction and functional outcomes in patients with moderate to severe COPD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Pulmonary artery (PA) enlargement is related to loss of blood volume in small

intraparenchymal vessels. Panels A and C are representative images from a patient with a
PA:A ratio <1 and minimal loss of blood volume in small intraparenchymal blood vessels.
Panels B and D are images taken from a patient with a PA:A ratio >1 and extensive pruning
of the small intraparenchymal vasculature. Panels A and B are axial images of the PA and
ascending aorta (A) taken at the level of the PA bifurcation. Panels C and D are image
reconstructions of the intra-pulmonary blood volume (BV5/TBV).
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Figure 2.
Correlation between PA:A and BV5, TBV and BV5/TBV. PA:A = pulmonary artery

diameter to aortic diameter ratio; TBV = Total intraparenchymal blood vessel volume; BV5
= Pulmonary blood volume in vessels with cross sectional area < 5 mm?
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Table 1
Baseline Characteristics
Variable Entire Cohort PA:A<1 PA:A>1 P Value
(n=24) (n=17) (n=7)
Age, years 59+9 61+10 60+6 0.84
Caucasian race 14 (58%) 11 (65%) 3 (43%) 0.35
Male gender 16 (67%) 12 (71%) 4 (57%) 0.55
BMI, kg/m? 29+8 27+8 33+6 0.03
BSA, m? 1.99+0.22 1.93+0.19 2.15+0.20 0.02
Systolic BP, mmHg 126 [31] 130 [30] 119 [41] 0.45
Diastolic BP, mmHg 73[17] 74 18] 72 [16] 0.57
Heart rate, beats/min 7614 7712 93+12 0.02
FEV3, % predicted 57+27 62428 45422 0.17
FVC, % predicted 80+22 89+18 72+14 0.04
FEV;:FVC ratio 0.52+0.16 0.52+0.18 0.47+0.17 0.57
IC:TLC ratio 0.27+0.16 0.32+0.16 0.24+0.08 0.24
% emphysema 8.4[27.2] 72[316] 136[255] 073
% gas trapping 4423 4625 46124 0.99
Subsegmental wall area (%6) 65.2+3.4 65.3+3.7 65.1+4.5 0.94
PA diameter, cm 2.80+0.59 2.52+0.30 3.48+0.55 <0.001
A diameter, cm 3.21+0.39 3.19+0.33 3.25+0.54 0.75
TBV, mL 268.0+£54.6 273.8454.7  253.7+55.8 0.43
BV5, mL 144.7+25.6 150.7#25.1 130.3+21.9 0.07
BV5/TBYV ratio 0.57+0.06 0.56+0.06 0.52+0.06 0.18
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Data are presented as n (%), mean (+SD), or median [interquartile range]. BMI = body mass index; BSA = body surface area; PA = Pulmonary
artery; A = Aorta; FEV1 = Forced expiratory volume in 1 second; FVC = Forced vital capacity; IC = Inspiratory capacity; TLC = Total lung

capacity; ft = feet; cm = centimeters; PA = Pulmonary artery; A = Aorta; TBV = Total intraparenchymal blood vessel volume; BV5 = Pulmonary

blood vessel volume in vessels less than 5 mm2
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Comparison of right and left ventricular measurements by cMRI

Table 2

PA:A<1 (n=17) PA:A>1(n=7) P Value
Left Ventricle
LVEDVI, ml/m? 54+11 59+12 0.39
LVESVI, ml/m?2 20£7 2247 0.42
LVMI, g/m? 41+10 45+11 0.39
LVSVI, ml/m2 3548 376 0.50
LVRI, g/ml 0.78+0.21 0.78+0.12 0.96
LVEF, % 6418 636 0.71
Right Ventricle
RVEDVI, ml/m2 54+11 65+17 0.05
RVESVI, ml/m?2 2145 32+12 0.003
RVMI, g/m? 12.7+2.4 15.2+6.0 0.17
RVSVI, ml/m? 33£10 337 0.95
RVRI, g/ml 0.24+0.05 0.23+0.04 0.55
RVEF, % 60+9 52+7 0.03
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Data expressed as mean (+SD). LV = Left ventricle; RV = Right ventricle; ED = End diastolic; ES = End systolic; VI = volume index; SVI =

Stroke volume index; VI = Volume index; EF = Ejection fraction; MI = Mass index; Rl = Remodeling index
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Table 3

Univariate correlations between cMRI measurements and COPD metrics

Variable FEV, Percent Percent Gas IC/TLC
Emphysema Trapping

LVEDVI, ml/m?  0.47(0.02) -0.42(0.06) -0.60(0.008) 0.57 (0.02)

LVSVI, ml/m? 0.45(0.03) -0.46(0.04) -0.60(0.008) 0.56 (0.02)

LVEF, % -0.03(0.89) -0.15(0.52) -0.05(0.83) 0.01(0.99)

RVEDVI, m/m? 0.7 (0.43)  -0.24(0.30)  -0.39 (0.11)  0.23 (0.37)

RVSVI, ml/m? 0.44(0.03)  -0.37(0.10) 0.58 (0.01) 0.57 (0.02)

RVEF, % 047(0.02) -0.36(0.11) -0.48(0.05) 0.56 (0.02)

Data expressed as Pearson’s r (P value). LV = Left ventricle; RV = Right ventricle; ED = End diastolic; VI = Volume index; SV = Stroke volume;
EF = Ejection fraction; FEV1 = Forced expiratory volume in 1 second; IC = Inspiratory capacity; TLC = Total lung capacity; PA = pulmonary

artery; A=aorta
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Linear correlations between baseline characteristics and 6MWD

Variable 6MWD, ft
Heart rate, beats per minute  -0.41 (0.12)
A diameter by CT scan, cm -0.22 (0.31)
PA diameter by CT scan,cm  -0.58 (0.003)
PA:A ratio -0.49 (0.02)
LVEF 0.12 (0.59)
RVEF 0.47 (0.02)
BV5 -0.02 (0.91)
TBV 0.02 (0.91)
BV5/TBV 0.24 (0.27)
FEV1 (%) 0.57 (0.004)
IC/TLC 0.52 (0.03)
% Emphysema -0.21 (0.37)

Table 4
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Data expressed as r (P value). FEVi = Forced expiratory volume in 1 second; 6MWD = 6 minute walk distance, feet; IC = Inspiratory capacity;
TLC = Total lung capacity LV = Left ventricle; RV = Right ventricle; EF = Ejection fraction; PA = Pulmonary artery; A = Aorta; TBV = Total

intraparenchymal blood vessel volume; BV5 = Pulmonary blood vessel volume in vessels less than 5 mm2
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