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In this Commentary, we aim to discuss a paper by Nasis et al. recently published in
this journal (Nasis et al., 2015). As a basis for our comment, we would like to begin with a
presentation of some background information of the topic of the relationship between cardiac
and pulmonary variables during exercise. Cardio-pulmonary interactions can be difficult to
explore in healthy and in COPD patients, especially during exercise. One method allowing
access to these interactions is the examination of the ventilatory, pulmonary gas exchange,
and heart rate kinetics response to high-intensity exercise. This is based on the assumption
that the transition from rest to exercise can be characterized as having three phases (Whipp
and Ward, 1982): 1) Phase | represents the cardiodynamic phase and reflects the abrupt
increase in cardiac output, though rapid changes in mixed venous oxygen (O,) and carbon
dioxide (CO;) content after the onset of loaded exercise have also been demonstrated
(Casaburi et al., 1989); 2) Phase Il represents the ability of the exercising muscles to utilize
O, from tissue stores and O, transported by the circulation, and can be described by time
constant (1) analysis (Barstow et al., 1990; Chiappa et al., 2008). Thus, t represents the time
to reach =~ 63% of the steady-state response of the parameters under consideration; 3) Phase
I11 reflects the attainment of a steady-state value which can be either delayed or driven to
maximum level, under high-intensity exercise condition, because of the appearance of slow
component (Barstow et al., 1990).

Ventilatory and pulmonary gas exchange kinetics responses in COPD are abnormal
and include: 1) reduced cardiodynamic phase, 2) sluggish Phase Il, and 3) appearance of a
slow component for oxygen uptake (VO,) under high-intensity exercise condition. The
existence of abnormal ventilatory, pulmonary gas exchange and heart rate kinetics has
potentially negative implications for exercise performance in COPD patients (Chiappa et al.,
2008; Laveneziana et al., 2009; Laveneziana et al., 2011; Puente-Maestu et al., 2000).

The precise mechanisms of sluggish ventilatory, pulmonary gas exchange and heart
rate Kinetics in cardio-pulmonary disease are not fully understood. Possible explanations
include inadequacy of O, delivery during the rest-to-exercise transition and derangements in
the intracellular biochemical reactions that stimulate mitochondrial O, uptake (i.e.,
““metabolic inertia’”) (Casaburi et al., 1989; Chiappa et al., 2008; DeLorey et al., 2005; Nery
et al, 1982; Whipp and Wasserman, 1972). Additionally, in COPD, the increased
work/oxygen cost of breathing and the preferential recruitment of type Ilb fibres in the
exercising peripheral skeletal muscles are believed to be important factors in determining the
slow component (Aaron et al., 1992; Gaesser and Poole, 1996; Whipp, 1994).
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Therapeutic interventions, such as exercise training and normoxic heliox administration (21%
02 and 79% Helium) have been shown to speed up ventilatory, pulmonary gas exchange, and
heart rate kinetics in patients with COPD (Casaburi et al., 1997; Chiappa et al., 2009;
Laveneziana et al., 2009; Laveneziana et al., 2011). Possible mechanisms include 1) an
accelerated delivery of desaturated mixed venous blood to the central circulation, as a result
of improved stroke volume responses to exercise, 2) improvements in intramuscular O,
utilisation (Casaburi et al., 1997; Chiappa et al., 2009), and 3) at least for normoxic heliox
administration, a greater reliance on parasympathetic tone withdrawal for the increase in heart
rate after the onset of exercise (Heindl et al., 2001). Briefly, the increase in heart rate through
sympathetic activation is slower than that accomplished by parasympathetic withdrawal
(Warner and Cox, 1962); the shift toward greater sympathetic activity with COPD (Heindl et
al., 2001) would promote slowing of heart rate kinetics and, consequently, slowing of stroke
volume adjustments to exercise. Thus, the well-known effects of normoxic heliox breathing
on airways resistance (Eves et al., 2006), pulmonary arterial pressure (Lee et al., 2005)
operating lung volumes (Chiappa et al., 2009; Eves et al., 2006; Laveneziana et al., 2009;
Laveneziana et al., 2011; Palange et al., 2004), afferent signal coming from the large bronchi
(that could be inhibited by normoxic heliox breathing) (Undem and Kollarik, 2005), and slow
breathing during exercise (Raupach et al., 2008) may reduce sympathetic activity with
consequent faster and larger parasympathetic withdrawal at the onset of loaded exercise.

It has recently been suggested that slower ventilatory, pulmonary gas exchange and
heart rate kinetics in COPD may, in part, be the consequence of abnormal respiratory
mechanics (Chiappa et al., 2008; Laveneziana et al., 2009; Laveneziana et al., 2011). The
development of high mean intrathoracic pressures due to increased resistive and elastic
loading of the respiratory muscles as ventilation (VE) abruptly increases in early exercise
could dynamically impair the rate of right ventricle filling and left ventricle emptying. This, in
turn, could lead to a reduction in peripheral muscle O, delivery to a degree that is sufficient to
impair ventilatory, pulmonary gas exchange, and heart rate kinetics (Chiappa et al., 2008;
Laveneziana et al., 2009; Laveneziana et al., 2011). Moreover, there is emerging evidence that
acute-on-chronic dynamic lung hyperinflation may deleteriously affect cardiac performance
and disrupt the normal cardio-pulmonary interactions during exercise in COPD (Laveneziana
et al., 2009; Laveneziana et al., 2011; Montes de Oca et al., 1996; Saito et al., 1999; Travers
et al., 2007; Vassaux et al., 2008).

However, the extent to which these cardiovascular constraints imposed by dynamic
lung hyperinflation influence ventilatory, pulmonary gas exchange and heart rate kinetics is
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not straightforward. It has recently been demonstrated that dynamic lung hyperinflation
impairs cardiodynamic responses and convective O, delivery during exercise in COPD,
resulting in measurable delays in ventilatory, pulmonary gas exchange and heart rate kinetics
compared with normal, and that 2) partial reversal of dynamic lung hyperinflation by acutely
administered high-dose inhaled bronchodilator therapy was capable of speeding up
ventilatory, pulmonary gas exchange, and heart rate kinetics in the transition from rest to
high-intensity constant-work rate cycle exercise (Laveneziana et al., 2009; Laveneziana et al.,
2011). Thus, unloading of the respiratory muscles, by reducing dynamic lung hyperinflation,
may allow tidal breathing to occur on the more favourable linear portion of the respiratory
pressure-volume curve, thus reducing intrathoracic pleural pressure swings as VE increases
(Eves et al., 2006). This, in turn, may have positive effects on left ventricle afterload due to
lower transmural pressures (Buda et al., 1979) and might improve cardiodynamic responses in
the transition from rest to exercise (i.e., faster ventilatory, pulmonary gas exchange, and heart
rate Kinetics) resulting in improved convective oxygen delivery during exercise in COPD.

In their recently published paper, Nasis et al. (2015) used the cardio-bio-impedance
technique to measure cardiac output and heart rate kinetics response at the onset and offset of
high-intensity constant-work rate cycle exercise in COPD, before and after an interval cycling
exercise training regime, in order to assess the relationship between exercise-induced dynamic
lung hyperinflation and the abnormal hemodynamic response to exercise. Thus, for the first
time in moderate-to-severe COPD, concomitant changes in dynamic lung hyperinflation,
measured using inspiratory capacity during exercise, and central haemodynamics were
determined. The authors found that the post-rehabilitation improvements in central
haemodynamics were correlated with improvements in inspiratory capacity; thereby
suggesting that mitigation of the degree of exercise-induced dynamic lung hyperinflation may
contribute to improve central hemodynamic responses in COPD patients.

The training program used in the study was effective and induced expected
physiological changes in patients, as witnessed by the improvements in maximal workrate,
maximal VE, VE at iso-work, ventilatory threshold, maximal cardiac output during
incremental exercise test and peak VE during constant-load exercise test. Patients with
dynamic lung hyperinflation showed a mean improvement of 190 ml in the amplitude of
dynamic lung hyperinflation following training, which is in line with other studies (Porszasz
et al., 2005; Puente-Maestu et al., 2003). Compared to COPD patients with stable inspiratory
capacity during exercise, the finding that patients with dynamic lung hyperinflation had

higher baseline (i.e. before intervention) mean response time (MRT, i.e., T + time delay) for
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heart rate, stroke volume and cardiac output at the onset and recovery of the constant-load
exercise test while having similar levels of baseline airflow obstruction further highlights the
importance of lung hyperinflation (and, presumably, respiratory mechanics) as a determinant
of the haemodynamic kinetics during exercise.

The improvement in MRT of the cardiac output following pulmonary rehabilitation was
driven by an increase in the MRT of heart rate, rather than stroke volume. This is an
interesting finding, as a decrease in magnitude of dynamic lung hyperinflation may have been
expected, in light of the known effects of negative intrathoracic pressures on ejection fraction
(Buda et al., 1979) to provide an improvement in left ventricular transmural pressures,
afterload and the kinetics of stroke volume during exertion. The results from this study raise
the question of whether the effects of an intervention such as a training program may
predominantly provide its cardiocirculatory benefits from the improvement of sympatho-vagal
balance, which could translate into a more favourable MRT of heart rate. As knowledge on
the relationship between respiratory mechanical abnormalities and the autonomic system
balance in COPD patients during exercise remains fragmentary (van Gestel et al., 2012; van
Gestel and Steier, 2010), this hypothesis requires further study.

Strengths of the study by Nasis et al. include their use of well-defined COPD groups which
mainly differed only by the presence of resting and dynamic lung hyperinflation, making
easier the identification of the contribution of this variable to changes in cardio-pulmonary
efficiency after training. In addition, although haemodynamic variables were determined non-
invasively, the use of the Physio Flow impedance cardiograph device has been favourably
compared with the Fick method in patients with COPD. Importantly, the precision of the
device seems unaffected by the level of lung hyperinflation (Charloux et al., 2000).

A weakness/limitation of the present study however, from a physiological point of view, is the
lack of oesophageal pressure-derived measurements of respiratory mechanics to infer a "real
benefit of rehabilitation on the respiratory mechanical abnormalities that characterise COPD,
and the direct quantification of the correlation between such beneficial improvements and
haemodynamics variables. The addition of such a measurement could have allowed to further
corroborate the relationship between ventilatory and circulatory kinetics during exercise, but
would arguably required more invasive manipulations. In addition, the use of a symptom-
limited (instead of a fixed-time constant-load exercise test) could have provided further
information on the interplay between changes in dynamic lung hyperinflation, haemodynamic



Commentary relating to RESPNB3076.R2

kinetics and dyspnea, which, in the current form of the study, remained relatively low after
the test.

Despite these limitations, especially the lack of oesophageal pressure-derived measurements
of respiratory mechanics, we believe this study significantly adds to the field by highlighting
the differences in physiological improvements following exercise training in different COPD
populations and provides new insight regarding the relationship between the cardio-
circulatory and ventilatory limitation during exercise in patients with COPD.
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