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Background: The ratio of the diameter of the pulmonary artery (PA) to the diameter of the aorta
(PA:A) on computed tomography (CT) imaging is associated with both COPD exacerbation and
pulmonary hypertension. The mechanisms of PA enlargement in COPD are poorly understood.
Methods: In this retrospective, single center study we evaluated pulmonary function, CT scans,
right heart catheterizations, and echocardiography in 88 subjects with mild-to-moderately severe
COPD. A sensitivity analysis was performed in 43 subjects in whom CT scan and echocardio-
gram were performed within 50 days of each other. To evaluate the association between PA:A
ratio and echocardiographic parameters and hemodynamics, we performed simple correlations
and multivariable linear regression analysis adjusting for lung function, age, sex, race, and
diastolic function.

Results: All subjects had preserved left ventricular (LV) systolic function (LV ejection fraction
62.7%15.5%). Among them, 56.8% had evidence of diastolic dysfunction. There was no
association between PA:A ratio and the presence of diastolic dysfunction. In a multivariable
model, PA:A ratio was associated with right ventricular (RV) chamber size (§=0.015; P<<0.003),
RV wall thickness (B=0.56; P<<0.002), and RV function (—0.49; P=0.05). In the subgroup of
subjects with testing within 50 days, the association with RV chamber size persisted (3=0.017;
P=0.04), as did the lack of association with diastolic function. PA:A ratio was also associated
with elevated PA systolic pressures (r=0.62; P=0.006) and pulmonary vascular resistance
(=0.46; P=0.05), but not pulmonary arterial wedge pressure (=0.17; P=0.5) in a subset of
patients undergoing right heart catheterization.

Conclusion: In patients with mild-to-moderately severe COPD and preserved LV function,
increased PA:A ratio occurs independent of LV diastolic dysfunction. Furthermore, the PA:A
ratio is associated with right heart structure and function changes, as well as pulmonary hemo-
dynamics. These findings indicate that PA:A ratio is a marker of intrinsic pulmonary vascular
changes rather than impaired LV filling.

Keywords: COPD, diastolic dysfunction, pulmonary artery

Introduction

COPD is the third leading cause of death in the United States, and is the only leading
cause of death that is increasing in prevalence.! The associations between established
lung diseases such as COPD and cardiovascular disease and poor health outcomes
have been well described.* ' COPD exacerbations are important events in patients
with COPD, as they account for significant morbidity and mortality. Serologic markers
of cardiac injury and stretch have been noted to be elevated around the time of
exacerbation.!!'? It is reasonable to think that at least a subset of COPD exacerbations
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could be the result of overt or subclinical cardiovascular
disease."® Pulmonary hypertension (PH) occurs frequently
in patients with advanced COPD, and has been associated
with exacerbation risk, as well as decreased functional sta-
tus and increased mortality independent of severity of lung
function impairment.'*!> Although most descriptions of PH
in COPD are in patients with advanced COPD awaiting lung
transplant,'®!” there is evidence that pathologic changes to
the pulmonary vasculature consistent with PH occur across
all stages of COPD severity.'® Exactly how the pulmonary
vasculature is mechanistically linked to exacerbation risk
remains unknown.

The ratio of the diameter of the pulmonary artery (PA) to
the diameter of the aorta (PA:A ratio) on computed tomog-
raphy (CT) scan can identify patients at an increased risk of
COPD exacerbation and hospitalization.' It has also been
shown to outperform echocardiogram at predicting PH in
patients with severe COPD.? There are several potential
mechanisms of PA enlargement in COPD. PA enlargement
may occur with cardiac comorbidities such as systolic or
diastolic dysfunction, parenchymal lung disease with loss of
the pulmonary capillary bed (as occurs with emphysema), as

| 103 subjects screened |

v

| 92 subjects |

v

A 4

88 subjects

Sensitivity analysis

well as underlying pulmonary vascular disease, all of which
have been linked to exacerbation risk. In order to clarify
mechanisms of PA enlargement in COPD, we sought to
determine the relationships between PA:A ratio and diastolic
function of the heart in a clinical population of COPD patients
with preserved left ventricular (LV) systolic function and
mild-to-moderately severe airflow limitation (forced expira-
tory volume in 1 second/forced vital capacity [FEV /FVC]
ratio <0.7 and FEV, >50%).

Methods

We studied 103 consecutive patients who had clinically
indicated echocardiograms, lung CT scans, and pulmonary
function data and were seen in the Northwestern Asthma and
COPD program. Eleven patients were excluded for inability
to measure PA:A ratio and four were excluded for ejection
fraction below 50%, leaving 88 subjects in the analysis cohort.
Given the wide time spread in some subjects between their
echocardiogram and CT scan, a sensitivity analysis of 43
subjects who had these tests within 50 days of each other was
performed (Figure 1). The Northwestern University Institu-
tional Review Board reviewed and approved the study, given

11 missing PA:A measurements

4 subjects with LVEF <50%

43 subjects

entire cohort for
analysis

A 4

Echocardiogram
RVEDA: n=88
RVESA: n=88
RVWT: n=73
RVFAC: n=88
E/e’ lateral: n=74
PASP: n=63

Hemodynamics
mRAP: n=18
PAS: n=18

PAD: n=18
mPAP: n=18
PCWP: n=18
CO: n=18

PVR: n=18

Figure | Description of analysis cohort.

CT scan and echo within
50 days for analysis

A4

A 4

Echocardiogram
RVEDA: n=43
RVESA: n=43
RVWT: n=36
RVFAC: n=43
E/e’ lateral: n=38
PASP: n=34

Hemodynamics
mRAP: n=8
PAS: n=8

PAD: n=8
mPAP: n=8
PCWP: n=8

CO: n=8

PVR: n=8

Note: E/e’ lateral indicates ratio of the early mitral inflow velocity to tissue Doppler early lateral diastolic longitudinal velocity.

Abbreviations: CT, computed tomography; PASP, pulmonary artery systolic pressure; LVEF, left ventricular ejection fraction; CO, cardiac output; echo, echocardiogram;
PA:A, pulmonary artery: aorta; RVEDA, right ventricular end diastolic area; RVESA, right ventricular end systolic area; RVWT, right ventricular end diastolic area; RVFAC,
right ventricular fractional area change; mRAP, mean right atrial pressure; PAS, pulmonary artery systolic; PAD, pulmonary artery diastolic; mPAP, mean pulmonary artery
pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance.
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the retrospective nature of the study and reviewing only de-
identified data ensuring patient data confidentiality, a waiver
of written informed consent was granted by the Northwestern
University Institutional Review Board. Data collected included
general demographic information, CT scan of chest, echocar-
diographic parameters, and full pulmonary function testing.

Pulmonary function testing including spirometry, lung
volumes, and diffusion capacity for carbon monoxide
(DLCO) was performed by trained technicians according to
American Thoracic Society/European Respiratory Society
(ATS/ERS) standards and guidelines.?’? We selected
patients with mild, moderate, and moderately severe COPD
based on ATS guidelines: mild was defined as FEV /FVC
ratio <0.7 and FEV percent predicted >70%, moderate was
defined as FEV /FVCratio <0.7 and FEV percent predicted
60%—69%, and moderately severe was defined as FEV /FVC
ratio <0.7 and FEV, percent predicted 50%-59%.** Lung
volumes were measured using body plethysmography in 97%
(85/88) of patients. Six minute walk testing was performed
by trained technicians according to ATS guidelines.?

All echocardiograms were performed on either Philips
(ie33) or GE (Vivid7) machines and analyzed using a sys-
tematic protocol by a single cardiologist blinded to all other
data. The data collected for analysis included: LV end dia-
stolic dimension, biplane LV end-diastolic volume, biplane
LV end-systolic volume, LV mass, LV ejection fraction,
cardiac output (CO), left atrial volume, right ventricular
(RV) basilar diameter, RV longitudinal dimension, RV end
diastolic area, RV wall thickness, RV outflow track diameter,
right atrial area, early mitral inflow velocity (E), late mitral
inflow velocity (A), tissue Doppler early septal diastolic
longitudinal velocity (e’), diastolic function grade, peak
tricuspid regurgitation (TR) velocity, PA systolic pressure,
tricuspid annular plane systolic excursion (TAPSE), and RV
fractional area change.?*?’

All echocardiographic parameters were measured and
calculated according to previously published guidelines.?*
Diastolic function was graded by analyzing mitral inflow
patterns, tissue Doppler E’ (septal) velocity, and echocardio-
graphic estimation of LV filling pressure (E/e’ ratio) using
a previously published method.” Normal diastolic function
was defined as a mitral E/A ratio >0.75 but <1.5 and E/e’
septal <10. Grade 1 diastolic dysfunction was defined as
a mitral E/A ratio of <0.75. Grade 2 diastolic dysfunction
was defined as mitral E/A ratio >0.75 but <1.5 and an E/e’
septal ratio >10. Grade 3 diastolic dysfunction was defined
as mitral E/A ratio >1.5 and either an E/e’ septal ratio >10
or E deceleration time <140. Patients were categorized
as “indeterminate diastolic function” if they could not be

classified based on the aforementioned diastolic function
parameters.

Axial CT scan images were analyzed by two independent
reviewers blinded to a subject’s clinical characteristics. The
reviewers measured the diameter of the main PA at the level
of'its bifurcation, and measured the diameter of the ascending
aorta in its maximum dimension using the same images."” The
correlation between reviewers’ measurements was 0.93.

Statistics

Data are presented as mean + standard deviation or frequency
and percent. A significant P-value is defined as being <<0.05.
Data were visually assessed for normality of distribution.
Comparison of means was done through Student’s #-tests.
Multiple means were compared using analysis of vari-
ance (ANOVA) with Bonferroni adjustment for multiple
comparisons. Univariable and multivariable analyses were
performed to evaluate whether PA:A ratio predicted echocar-
diographic parameters or hemodynamics. Variables included
in statistical models were pre-specified based on a known or
hypothesized association with PA:A measurements, echocar-
diographic parameters or hemodynamics in COPD. Statistical
analysis was completed using STATA software (STATA 10;
StataCorp LP, College Station, TX, USA).

Results

Patient population

Subjects were predominantly Caucasian (72.1%) with a
mean age of 72.9+10.4 years and a mean body mass index
(BMI) of 28.146.7 kg/m?. There was an equal sex distri-
bution. All subjects had preserved LV systolic function
on echocardiogram with a mean LV ejection fraction of
62.7%=%5.5%. All subjects had mild-to-moderately severe
obstructive lung disease by ATS criteria with a mean FEV, %
predicted of 65.0%=*11.9%. Lung volume measurements
revealed a mean total lung capacity of 98.2%=x14.6% and
mean residual volume was 122.4%+31.5%. The mean
DLCO was 54.6%%16.6% and resting oxygen saturation
was 96.1%x1.8%. Of the patients, 2.5% were treated with
supplemental oxygen. The mean PA:A ratio was 0.8310.12.
There were no statistically significant differences in baseline
demographics between the entire cohort and the sensitivity
analysis cohort (Table 1).

Association of PA:A ratio with cardiac
structure and systolic function

We found no association between the PA:A ratio and LV end
diastolic volume index, left atrial volume index, or markers
of LV hypertrophy including LV posterior wall thickness

International Journal of COPD 2017:12

submit your manuscript

1441

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Cuttica et al

Dove

Table | Patient demographics

Demographics Entire CT scan and
cohort echocardiogram
n=88 performed

within 50 days of
each other
n=43

Age, years 72.9+104 72.248.8

Male (%) 50 51.2

Race (%)

Caucasian 72.1 66.7
Black 22.1 26.2
Asian 1.1

Hispanic 47 7.1

Body mass index, kg/m? 28.116.7 28.117.2

Cardiac function (%)

LV ejection fraction 62.745.5 63.0+5.3

Lung function (% predicted)

FvC 75.6+12.8 76.7£13.8
FEV, 65.0+11.9 64.9+12.2
FEV /FVC ratio 0.63+0.05 0.63+0.05
Total lung capacity (n=85) 98.2+14.6 98.5+14.4
Residual volume (n=85) 122.4+31.5 122.3£31.2
DLCO (n=84) 54.6+16.6 52.2+143

Degree of obstruction; n (%)

Mild 25 (28.4) 13 (30.2)

Moderate 29 (33.0) 12 (27.9)

Moderately severe 34 (38.6) 18 (41.9)
Oxygenation

Resting oxygen saturation (%) 96.1£1.8 96.2+1.9
Oxygen needs (% subjects)

Room air 97.5 97.4

2 liters per minute 2.5 2.6

PA:A ratio (cm) 0.83+0.12 0.83+0.13

Time between echocardiogram 95.0+422.2 5.9+23.4

and CT scan (days)

Time between PFT and CT scan 423.74819.2 208.31618.4

(days)

Notes: Data presented as mean * standard deviation unless otherwise specified.
Abbreviations: CT, computed tomography; LV, left ventricular; FEV,, forced
expiratory volume in | second; FVC, forced vital capacity; DLCO, diffusion capacity
for carbon monoxide; PFT, pulmonary function testing; PA:A, pulmonary artery:
aorta.

and LV mass index, in either the entire cohort or the sensi-
tivity analysis subgroup. Furthermore, no association was
noted with either LV ejection fraction or echocardiographic
estimate of CO in either group. In contrast, we found there
was a positive association between PA:A ratio and RV end
diastolic and systolic area, but not with right atrial area. The
strongest association was noted with RV wall thickness, such
that every one unit change in the PA:A ratio was associated
with a 0.38 cm change in RV wall thickness. We assessed
three markers of RV function and their association with
PA:A ratio. No association was noted with TAPSE or lateral
systolic longitudinal velocity on tissue Doppler (S’ lateral),

however the RV fractional area change was inversely asso-
ciated with PA:A ratio in the entire cohort (Table 2). In the
entire cohort the associations between PA:A ratio and RV
end diastolic and systolic area, RV wall thickness, and RV
fractional area change were maintained on multivariable

Table 2 Univariate associations of PA:A ratio and echocardiogram
parameters

Entire cohort CT scan and

n=88

Echocardiogram parameter
echocardiogram
performed
within 50 days
of each other
n=43

r P-value r P-value

Left heart chamber size
LV end diastolic volume index 0.06 0.60 0.20 0.19
Left atrial area (4 chamber 0.07 0.53 0.09 0.54

view)

Left atrial volume index 0.02 087 -0.06 0.69
Left heart hypertrophy

LV posterior wall thickness -0.04 0.71 -0.12 046

Septal wall thickness -0.03 0.77 -0.17 0.8

LV mass index 0.05 0.67 0.0l 0.93
Left heart function

LV ejection fraction -0.12 027 -0.19 023
Cardiac output 0.13 022 -0.01 095
Right heart chamber size
RV end diastolic area 0.19  0.08 0.39 0.009
RV end systolic area 0.25 0.02 0.36 0.02
Right atrial area 005 067 0.21 0.18
Right heart hypertrophy
RV wall thickness 0.38 0.001 0.34 0.04
Right heart function
TAPSE -0.07 0.50 -0.04 077
S’ lateral -0.09 045 -0.17 03I
RV fractional area change -0.20 0.05 -0.12 043
Diastology
e’ septal —0.17 0.15 -0.04 08l
e’ lateral —0.13 026 0.1 053
a’ septal 009 045 -0.01 094
a’ lateral 0.03 082 -0.14 043
E velocity 0.09 043 0.31 0.05
A velocity 0.14 024 0.21 0.22
E/A ratio 0.003 0.98 0.07 0.65
E deceleration time -0.08 047 -0.08 0.6l
E/e’ septal 0.18 0.13 0.28 0.09
E/e’ lateral 0.21 0.07 0.33 0.04

Notes: E/A ratio indicates ratio of early mitral inflow velocity to late mitral inflow
velocity; E/e’ septal indicates ratio of early mitral inflow velocity to tissue Doppler
early septal diastolic longitudinal velocity. E/e’ lateral indicates ratio of the early
mitral inflow velocity to tissue Doppler early lateral diastolic longitudinal velocity.
Bold figures represent statistically significant findings (P<<0.05).

Abbreviations: CT, computed tomography; LV, left ventricular; RV, right ventricular;
TAPSE, tricuspid annular plane systolic excursion; PA:A, pulmonary artery: aorta;
e’ septal, tissue doppler early septal diastolic longitudinal velocity; e’ lateral, tissue
doppler early lateral diastolic longitudinal velocity; a’ septal, tissue doppler late septal
diastolic peak velocity; a’ lateral, tissue doppler late lateral diastolic peak velocity;
E velocity, early mitral inflow velocity; A velocity, late mitral inflow velocity.
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Table 3 Multivariate association of PA:A ratio and echocardiogram
parameters

Echo parameter Entire cohort* CT scan and

n=88 echocardiogram
performed
within 50 days
of each other*
n=43
B P-value B P-value
RV end diastolic area 0.009 0.0l 0.013 0.0l
RV end systolic area 0.015 0.003 0.017 0.04
RV wall thickness 0.56 0.002 0.56 0.11
RV fractional area change -0.49 0.05 -0.25 0.7
E/e’ lateral 0.006 0.09 0.01 0.03

Notes: E/e’ lateral indicates ratio of the early mitral inflow velocity to tissue
Doppler early lateral diastolic longitudinal velocity. *Covariates: age, sex, race, FEV,,
diastolic dysfunction.

Abbreviations: CT, computed tomography; RV, right ventricular; FEV, forced
expiratory volume in | second; PA:A, pulmonary artery:aorta.

analysis when adjusting for age, sex, race, FEV,, and dia-
stolic function. In the sensitivity analysis the associations
with RV area were maintained however, although the effect
size stayed the same, RV wall thickness lost statistical sig-
nificance (Table 3).

Association of PA:A ratio and diastolic

dysfunction

We were interested in our cohort of patients with preserved
LV systolic function to determine what role diastolic dys-
function might play in PA:A ratio changes. In the sensitivity
analysis, looking at the shorter time points between
echocardiogram and CT scan, a positive association was
noted between PA:A ratio and E/e’ lateral, this associa-
tion was not maintained in the entire cohort (Table 2).
On multivariable analysis again in the subgroup analysis
E/e’ lateral was associated with PA:A ratio independent
of age, sex, race, FEV,, and diastolic dysfunction, this
association was not statistically significant in the entire
cohort (Table 3).

Using a standard composite definition of diastolic dys-
function, we found 19.3% (17/88) of our subjects had normal
diastolic function, 56.8% (50/88) had some degree of diastolic
dysfunction, and 23.9% (21/88) had indeterminate diastolic
function. Of the subjects with diastolic dysfunction 34.0%
(17/50) had grade 1 dysfunction, 58.0% (29/50) had grade 2
dysfunction, and 8.0% (4/50) had grade 3 dysfunction. There
was no significant difference in PA:A ratio between those
with normal, abnormal, or indeterminate diastolic dysfunc-
tions (Figure 1A and B), nor among the different degrees of
diastolic dysfunction (Figure 1C and D).

Association of PA:A ratio with

hemodynamic measurements
We assessed noninvasive hemodynamic measurements
and their relation to PA:A ratio from echocardiograms.
Pulmonary artery systolic pressure (PASP) was measur-
able in 71.6% (63/88) of subjects (Figure 2). On univariate
analysis there was an association between PASP estimate
from echocardiogram and PA:A ratio. This association was
maintained on multivariable modeling when adjusting for
age, sex, race, lung function, and degree of diastolic dysfunc-
tion (Table 4). We also assessed if interventricular septal
flattening, suggestive of increased right heart pressures, was
associated with PA:A ratio and noted that the presence of
septal flattening on echocardiogram was associated with a
larger PA: A ratio compared to those without septal flattening;
no septal flattening; 0.81+0.12 versus septal flattening;
0.90£0.13, P=0.02.

Invasive hemodynamic measurements were available in
18 of the 88 subjects who had undergone right heart cath-
eterization (Figure 2). No association was noted between
PA:A ratio and the pulmonary arterial wedge pressure or
cardiac outputs. There was a correlation between PA:A ratio
and PA pressures, as well as with the PA diastolic pressure
to pulmonary arterial wedge pressure gradient. The associa-
tion with invasive PA systolic pressure was maintained on
multivariable analysis when adjusting for age, sex, race, lung
function, and degree of diastolic dysfunction (Table 4).

Discussion

The interaction between the heart and the lungs plays a
key role in the morbidity and mortality seen in patients with
COPD.* Although COPD exacerbations are frequently
associated with bronchitic symptoms, they can be difficult to
distinguish from cardiovascular events such as heart failure
exacerbations.’! The PA:A ratio is a reproducible and easily
obtained measure, and in patients with clinically stable COPD
is associated with risk of future COPD exacerbation." It is
however unclear what drives the enlargement of the PA,
and therefore why it would be associated with exacerbation
risk. Several mechanisms have been proposed, including
primary pulmonary vascular changes, parenchymal changes
of the lung, and cardiovascular disease leading to elevated
left heart filling pressures.*> Understanding the mechanisms
that drive increases in the PA:A ratio is key to optimizing
its use as a predictive tool in patients with COPD. In this
article we attempted to explore the associations between
the PA:A ratio and cardiac structure and function, to better
understand the etiology of an increased PA:A ratio in patients
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Figure 2 The PAA ratio across categories of diastolic dysfunction.

Diastolic function

Notes: (A) The PA:A ratio compared across normal, abnormal, and indeterminate diastolic functions. (B) The PA:A ratio compared across normal, abnormal, and indeterminate
diastolic functions in the subgroup of patients with CT scan and echocardiogram within 50 days of each other. (C) The PA:A ratio compared across severity of diastolic
dysfunction. (D) The PA:A ratio compared across severity of diastolic dysfunction in the subgroup of patients with CT scan and echocardiogram within 50 days of each other.
Abbreviations: CT, computed tomography; echo, echocardiogram; PA:A, pulmonary artery: aorta.

with COPD. We found that the PA:A ratio is associated with
right, but not left heart structural changes or left heart systolic
function. Although no association was noted between PA:A
ratio and overt clinical diastolic dysfunction, an association
was noted between PA:A ratio and E/e’ lateral, a marker of
increased left heart filling pressures.

PH is a common complication that develops in patients
with COPD with known effects on both morbidity and
mortality.!* It is most commonly recognized in advanced
COPD, but there are increasing data to suggest this com-
plication also occurs in patients with less severe airways
disease.!®33 The mechanisms for the development of PH,
like those thought to be related to enlargement of the PA:A
ratio, are varied and include primary vascular changes due
to hypoxic vasoconstriction, inflammation, and systolic
and diastolic LV dysfunctions. Recently, Iyer et al showed
that in a cohort of patients with advanced COPD being
evaluated for lung transplant, an increased PA:A ratio was

associated with invasive hemodynamic measurement of
the mean pulmonary pressures independent of BMI, sex,
oxygen saturation, and comorbid conditions such as sleep
apnea and heart failure.® The authors concluded that an

Table 4 Association of PA:A ratio and hemodynamics (entire
cohort; n=88)

Hemodynamics Univariate Multivariate*
r P-value § P-value

PASP (echo) 0.55 <0.0001 0.004 <0.00l
PASP (cath) 0.62 0.006 0.004 0.04
Pulmonary artery diastolic pressure  0.50 0.04 0.007 0.13
Mean pulmonary artery pressure 0.56 0.0l 0.005 0.07
Pulmonary arterial wedge pressure  0.17 0.5

Pulmonary vascular resistance 0.46 0.056 0.018 0.33
PAD-wedge gradient 0.47 0.05 0.006 0.25
Cardiac output 0.12 0.6

Note: *Covariates: age, sex, race, FEVI, diastolic dysfunction.

Abbreviations: Cath, catheterization; FEV , forced expiratory volume in | second;
PASP, pulmonary artery systolic pressure; echo, echocardiogram; PA:A, pulmonary
artery: aorta; PAD, pulmonary artery diastolic.
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elevated PA:A ratio is predictive of resting PH in advanced
COPD. Our data suggest that in COPD patients with milder
lung disease, PA:A ratio is also associated with pulmonary
vascular changes and not overt LV dysfunction, despite the
relatively high frequency of diastolic dysfunction in our
clinical population. We identified that the PA:A ratio is
associated with right heart structural changes and decrement
in RV function that is seen with PH. Furthermore, these
associations between PA:A ratio and right heart changes
occur independent of systolic and diastolic heart functions,
suggesting this may be reflective of primary pulmonary
vascular changes.

It is interesting to note that although we did not see an
association with overt diastolic dysfunction, there was an
association between PA:A ratio and E/e’ lateral, a marker
of LV stiffness, suggesting a link to left heart filling pres-
sures. The association between PA:A ratio and E/e’ lateral
raises several possibilities. An enlarged PA:A ratio could
be a marker of either early diastolic dysfunction in some
COPD patients, or perhaps indicates a unique subgroup
of patients with diastolic dysfunction that results in both
increased left heart filling pressures and pulmonary vas-
cular changes. In the limited subgroup of patients in our
cohort who underwent invasive hemodynamic measure-
ments, the PA:A ratio was associated with PA pressures,
including the PA diastolic pressure to pulmonary arterial
wedge pressure gradient (PAD-wedge gradient), which
has been shown to be a marker of pulmonary vascular
disease in patients with diastolic dysfunction.?3¢ Given the
relatively large proportion of subjects in our cohort with
diastolic dysfunction, this raises the question if PA:A ratio
may be a marker of “reactive” or “out of proportion” PH
in COPD patients with diastolic dysfunction, and it in fact
identifies a subset of patients who are particularly sensi-
tive to the hemodynamic shifts that occur with increased
stress and inflammation, that occur around the time of
exacerbation.

Our study has several limitations. It relies on single
center experience and retrospective review of clinical data.
The modest sample size may play a role in why, when
evaluating markers of RV function, only the RV fractional
area change showed a significant negative association, while
other markers of RV function (TAPSE and S’ lateral) trended
toward a negative association but were not statistically
significant. The small number of patients undergoing inva-
sive hemodynamic pressure measurements limits our ability
to draw firm conclusions related to the association of the
PA:A ratio and hemodynamic changes.

Conclusion

In conclusion, in patients with mild-to-moderate COPD the
PA:A ratio is associated with RV hypertrophy, RV enlarge-
ment, and decreased RV function independent of systolic or
diastolic left heart function. These changes to the PA seem
to reflect primary pulmonary vascular changes and may be
predictive of mild or early PH in COPD. These findings could
offer a potential explanation for the increased exacerbation
risk associated with an elevated PA:A ratio, as the presence
of PH has been associated with increased risk of hospitaliza-
tion and increased mortality.
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