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Summary

Pulmonary and cardiovascular diseases have a
strong influence on each other. It is well known
that cardiac diseases play a leading role as main
cause of morbidity and mortality in chronic ob-
structive pulmonary disease (COPD). Systemic in-
flammation has considered as the main linkage
between pulmonary diseases and co-morbidities,
especially as far as the cardiovascular risk in
presence of smoking habit. The impairment in
lung mechanics may also markedly affect the car-
diac performance in COPD. Notably, static and dy-
namic hyperinflation that are specially represent-
ed in pulmonary emphysema, may influence car-
diac function. We reviewed the emerging evidence
that highlights the role of impaired lung mechan-
ics on ventricular volumes, stroke volume and
stroke work at rest and on exercise in presence of
pulmonary emphysema.
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Introduction

Pulmonary emphysema is a common pathologic con-
dition characterized by abnormal and permanent en-
largement of the airspaces distal to the terminal bron-
chioles that leads to airspace walls destruction and
usually to progressive airflow limitation. Emphysema
is therefore considered as a subtype of Chronic Ob-
structive Pulmonary Disease (COPD).

Such as asthma and chronic bronchitis, emphysema
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is associated with enhanced
chronic inflammatory re-
sponse in the airways and
the lung to noxious particles
or gases and his develop-
ment is influenced by ge-
netic predisposition. Sys-
temic inflammatory status
has been considered as the main linkage between
COPD and co-morbidities.

Even if it is well known that cardiovascular disease is
a common co-morbidity in COPD patients because of
smoking habit, little has been described concerning
the interaction between lung and heart in pulmonary
emphysema from a lung mechanics point of view.
The aim of this overview is to describe about how
much the lung mechanics could affect cardiac per-
formance in presence of irreversible airflow obstruc-
tion.

Systemic inflamma-
tory status is consi-
dered as the main

link between COPD
and co-morbidities.

COPD and cardiovascular risk

Suspect of COPD should be considered in patients
complaining dyspnoea, chronic cough or sputum pro-
duction, especially when exposure to risk factors such
as smoking and air pollution is present. Next, spirom-
etry is basic to diagnose COPD. The entity of
bronchial obstruction, as assessed by the Forced Ex-
piratory Volume at 1st second
(FEV1), symptoms and ex-
acerbations per year are
useful parameters in order
to stratify COPD severity
and look for the best thera-
peutic approach (1). In ad-
dition, co-morbidities con-
tribute to the overall health
status in COPD patients
and usually influence quali-
ty of life (1). Even if skeletal muscle wasting, osteo-
porosis, normocytic anemia, diabetes, metabolic syn-
drome and depression may commonly affect COPD
patients, cardiovascular diseases have always played
a leading role among co-morbidities. Indeed, it is well
recognized that patients with COPD have a higher risk
for congestive cardiac failure, arrhythmia and acute
myocardial infarction if compared to control subjects
(2). On the other hand, beta-blockers (3), angiotensin-
converting enzyme inhibitors and statins (4) have the
potential to reduce mortality and exacerbations in
COPD population.
A chronic inflammatory status that characterizes
bronchial and lung parenchymal damage in COPD
seems to be the bridge to co-morbidities, especially to
heart diseases. The mechanism responsible for in-

Beside the systemic
inflammation, the
impairment in lung
mechanics may be

a further deep linka-
ge between heart
and lung in chronic
respiratory disease.
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creased risk of cardiovascular disease in COPD has
not been completely understood, however more atten-
tion has recently paid to inflammatory mediators that
could also have a widespread action on other organs
and apparatus leading to chronic and intermittent hy-
poxia, systemic inflammation and oxidative stress (5).
Beside the systemic inflammation, the impairment in
lung mechanics may be a further deep linkage be-
tween heart and lung in chronic respiratory disease.
FEV4, as percentage of predicted value was found to
be an independent predictor of cardiovascular mortality
in COPD (6) and a risk factor for cardiovascular events
among general population (7) even in never-smokers
(8). The FEV4/Forced Vital Capacity (FVC) ratio was
found to correlate to coronary events as well (9).

Lung Hyperinflation and Heart

In pulmonary emphysema, the loss of elastic recoil
leads not only to the irreversible bronchial obstruction,
but also to the lung hyperinflation, that implies an in-
creased volume over the normal tidal breathing range
and an increase in functional residual capacity (FRC). In
addition, the more lung function is impaired the more the
airway collapsibility affects lung mechanic, leading to an
high intrinsic positive end-expiratory pressure (PEEPI)
that increases intrapleural pressure.
In patients with pulmonary emphysema, the lung me-
chanics impairment may significantly affect the cardiac
function. In 2007 Jorgensen
et al. (10) studied 13 patients
with severe emphysema with
magnetic resonance tech-
nique and found decreased
intrathoracic blood volume
and left ventricular and right
ventricular end-diastolic vol-
umes, impaired stroke vol-
ume and stroke work in hyper-
inflated lungs compared to healthy patients. The authors
argued that there are at least two main explanations of
these findings (10). In presence of hyperinflated lungs, a
high PEEPI could cause intrathoracic hypovolemia and
small end-diastolic dimensions of both left and right ven-
tricular chambers. The redistribution of pulmonary circu-
lation in emphysema may occur not only because of a
direct parenchimal destruction or hypoxia vasoconstric-
tion, but also because of a decreased compliance of pul-
monary vascular bed, that tends to push blood to the pe-
riphery borne down by a high PEEPi. Secondly, right
and left ventricular chambers could be mechanically
compressed by hyperinflated lungs that could worse
end-diastolic stiffness. According to Frank-Starling law,
a low preload finally reduces ventricular performance in
terms of stroke volume (SV) and stroke work.
Afterward, Watz et al. (11) in 2010 studied 138 COPD
patients, ranging from GOLD I to IV class, and observed
that the degree of COPD severity was directly correlat-
ed to heart dysfunction. Of interest, in this study the car-
diac chamber sizes and impaired left ventricular dias-
tolic filling pattern correlated more to the degree of stat-
ic hyperinflation, as assessed by inspiratory-to-total lung
capacity ratio (IC/TLC), than to the degree of airway ob-
struction, expressed as FEV1 % predicted, or to diffusion

The redistribution
of pulmonary circu-
lation in emphyse-
ma tends to push

blood to the peri-
phery borne down
by a high PEEPi.
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capacity for carbon monoxide. Furthermore, IC/TLC was
an independent predictor of cardiac chamber sizes after
adjustment for body surface area.

Interestingly, as the pulmonary hyperinflation may have
negative effects, so the pulmonary deflation has the po-
tential to improve the cardiac function in patients with
pulmonary emphysema. The NETT (National Emphyse-
ma Treatment Trial) Research Group recently found (12)
that the decreased hyperinflation through lung volume
reduction surgery was significantly associated with an
improvement in oxygen pulse, that is considered as a
non invasive marker of cardiovascular efficiency and a
measure of SV.

It is of note that the extent of emphysema, as detected
on computed tomography (CT), is associated to an im-
paired cardiac function, even in patients without very se-
vere lung disease (12). In a recent population-based
study, a greater extent of emphysema on CT scanning
was linearly related to impaired left ventricular filling, re-
duced stroke volume and lower cardiac output without
changes in the ejection fraction (13). The smoking sta-
tus significantly worsened these associations. Accord-
ingly, the authors hypothesized that the mechanisms of
the impaired left ventricular filling in early, mild emphy-
sema might be the subclinical loss of capillary bed due
to the apoptotic effect of smoking on pulmonary en-
dothelium.

Dynamic Hyperinflation and Cardiovascular Re-
sponse to Exercise

In healthy subjects at rest, FRC physiologically equals
the relaxation volume (V,), at which all respiratory mus-
cles are relaxed and the outward elastic recoil of the
chest wall precisely balances the inward recoil of the
lungs. By contrast, in patients with pulmonary emphyse-
ma changes in ventilation, such as an increase in flow
and/or in breathing frequency, can elevate FRC above
V. The condition characterized by FRC which does not
equal, but it is greater than V; is called dynamic hyperin-
flation and, in COPD patients, may typically occur during
exercise. In addition to the static lung hyperinflation, dy-
namic hyperinflation is responsible for limitation to exer-
cise in COPD patients and for onset of exertion dysp-
noea. Accordingly, it is conceivable that during exercise
dynamic hyperinflation can further worsen a poor resting
cardiac function in patients with pulmonary emphysema.
Both ventilatory and cardiac response to exercise can
be well studied through cardiopulmonary exercise test
(CPET). CPET is a relatively non invasive method to test
tolerance to maximal exercise and gives several infor-
mation about how cardiovas-

cular, respiratory and muscle / We found that the

apparatuses respond to ex- extent of dynamic
ercise. Notably, the assess- hyperinflation was

ment of the dynamic hyperin- | jpyersely related
flation is based on the com- not only to oxygen
parison of the IC performed pulse, but also the
at rest and during exercise product of systolic
and a positive difference be- blood pressure and
tween them is putative of dy- heart rate, the so-
namic hyperinflation, assum- called double pro-

ing that TLC remains con- duct (DP).
stant during exercise. . /
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/ Ithas been recently

shown that in pa-
tients with pulmo-
nary emphysema
the reduction in
dynamic hyperinfla-
tion after LVRS was
significantly asso-
ciated to an impro-
vement in cardiac
response to exerci-
se, both in term of
oxygen pulse pres-
sure, which is the
difference between

Dynamic hyperinflation may
significantly affect cardiac
performance during rapidly
incremental CPET. Vassaux
et al. (14) first observed that
dynamic hyperinflation is
negatively associated to
oxygen pulse at peak of ex-
ercise in patients with se-
vere COPD. These results
were confirmed and extend-
ed by our group in COPD
patients with different de-
gree of severity, by showing
a significant relationship be-
tween dynamic hyperinfla-

/ Lung mechanics \

and cardiac perfor-
mance are deeply
dependent on each
other and both may
be responsible for
exercise limitation,
exertion dyspnoea
and poor quality of
life in presence of
irreversible airflow

limitation and lung
hyperinflation.

References

fect the cardiovascular func-
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Clinicians should take in
consideration that any ther-
apeutic approach, such as
the use of inhaled bron-
chodilators, lung volume re-
duction surgery, and pul-
monary rehabilitation, that
aim to improve lung me-
chanics may in turn improve
cardiac performance as
well.
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\_lic blood pressure. | |, gjye measures of cardio-
vascular function during ex-
ercise (15). Notably in these patients, we found that the
extent of dynamic hyperinflation was inversely related
not only to oxygen pulse, but also to the product of sys-
tolic blood pressure and heart rate, the so-called double
product (DP). Interestingly, DP reflects myocardial oxy-
gen uptake during exercise because the three major de-
terminants of myocardial oxygen uptake are the ventric-
ular wall tension, the contractile state of the heart and
the heart rate (16). Secondly, our group observed that
the oxygen uptake efficiency slope (OUES), a parame-
ter that integrates the functional capacities of several or-
gan systems (cardiovascular, musculoskeletal and pul-
monary) and represents the rate of increased Oz con-
sumption in response to a given ventilation during incre-
mental exercise (17), was negatively associated with dy-
namic hyperinflation.
Importantly, it has been recently shown that in patients
with pulmonary emphysema the reduction in dynamic
hyperinflation after LVRS was significantly associated to
an improvement in cardiac response to exercise, both in
term of oxygen pulse and pulse pressure, which is the
difference between systolic and diastolic blood pressure
(18). It is of note that pulmonary rehabilitation may low-
er the ventilatory demand during exercise, resulting in
the prolongation of the expiration time and, in turn, in the
reduction of dynamic hyperinflation (19). Accordingly,
one may hypothesized that in COPD patients, pul-
monary rehabilitation may improve the cardiovascular
response to exercise by enhancing the ventilatory func-
tion. In line with this assumption, our group has recent-
ly reported an improvement of cardiovascular response
during exercise at submaximal exercise independent of
the external work after a standard pulmonary rehabilita-
tion program (20). This change was associated with an
enhancement in ventilator function during exercise.

Closing remarks

Lung mechanics and cardiac performance are deeply
dependent on each other and both may be responsi-
ble for exercise limitation, exertion dyspnoea and poor
quality of life in presence of irreversible airflow limita-
tion and lung hyperinflation.

Notably, in patients with pulmonary emphysema both
static and dynamic hyperinflation may significantly af-
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