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Exercise limitation and exertional dyspnoea are common problems in patients with a variety of chronic
lung diseases, as well as with heart failure. In chronic obstructive pulmonary disease (COPD) patients, the
level of patient-reported dyspnoea is used as a parameter to assess COPD, currently leading to a “one size
fits all” approach, largely based on pharmacological recommendations [1]. As exertional symptoms poorly
correlate even with resting measurement lung function clusters [2], a more accurate estimate of functional
capacity by cardiopulmonary exercise testing (CPET) can provide information about the influences of the
cardiac, respiratory, musculoskeletal and haematological systems [3]. Such assessment of the integrated
cardiopulmonary response to exercise remains largely underutilised in the personalised assessment and
management of patients with exercise limitation and breathlessness.

The collaboration of two expert teams on exercise pathophysiology has extended our understanding
considerably of this disabling problem, through a set of studies on exercise limitation in COPD patients
and those with COPD and heart failure overlap. Their report is published in this issue of the European
Respiratory Journal [4].

Among ventilatory inefficiency measurements, the authors already reported that increases in the ventilation
intercept in the plot of minute volume (V′E) against carbon dioxide output (V′CO2) better expresses the
progressive worsening on exercise ventilator inefficiency across the continuum of COPD severity and was
related to greater mechanical constraints, worsening pulmonary gas exchange, higher dyspnoea scores and
poorer exercise capacity. Significant ventilatory inefficiency was already found in very mild (Global Initiative
for Chronic Obstructive Lung Disease stage 1) COPD patients, suggesting coexisting ventilation–perfusion
abnormalities [5]. In another paper, both groups reported that heart failure with reduced left ventricular
ejection fraction had discernible effects on selected physiological responses to exertion in patients with
COPD: an unusually high ventilator response to metabolic demand (low V′E/V′CO2 intercept, high V′E/
V′CO2 slope and high peak V′E/V′CO2 ratio) and low peak end-tidal partial pressure for CO2 values,
reflecting alveolar hyperventilation and/or lung perfusion abnormalities, were more frequently reported in
overlap than in COPD patients. AV′E/V′CO2 intercept ⩽3.5 L·min−1 seems to predict overlap patients [6].

In another paper, the same authors report that breathlessness and poor exercise tolerance in overlapping
COPD–heart failure patients are strongly influenced by interpatient variability on respiratory centres’
chemostimulation. Particularly, in the subgroup of patients with resting hypocapnia the excessive
ventilation hastens dynamic abnormalities in pulmonary mechanics. Indeed, these patients had to
overcome an enlarged physiological dead space to hyperventilate leading to dynamic hyperinflation, earlier
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mechanical constraints, greater dyspnoea and reduced exercise capacity. Conversely, those patients with
normocapnia seem to opt not to fight and delay critical inspiratory constraints [7].

In COPD patients, the reported acute-on-chronic hyperinflation may result in a reduction in peripheral
muscle blood flow due to the central haemodynamic consequences or cardiac output redistribution
towards the overloaded respiratory muscles [8, 9]. In heart failure, low cardiac output, global
sympathetically mediated vasoconstriction and microvascular abnormalities characteristically compromise
appendicular muscle blood flow [10]. The Brazilian and Canadian researchers demonstrate that muscle
blood flow impairment was markedly greater in overlap patients compared not only to COPD but also to
heart failure patients. This reduced convective O2 delivery in overlap patients was accompanied by
relatively greater fractional O2 extraction and higher blood lactate concentration [11].

ROCHA et al. [4] report that impaired aerobic function, as primarily indicated by a low ΔV′CO2/Δwork rate
during incremental CPET, discriminates a subgroup of patients with COPD–heart failure who are
particularly symptomatic and disabled. This impaired aerobic function was associated with lower limits for
tidal volume expansion, impaired gas exchange efficiency and a higher left ventricular end-diastolic
diameter at rest, excessive exertional ventilation relative to the metabolic demand, higher operating lung
volumes leading to earlier attainment of critical inspiratory constraints and a severely impaired peak
aerobic capacity. These abnormalities were associated with higher leg discomfort and breathlessness during
rest and on exertion [12]. MESQUITA et al. [13] previously reported that this impaired exercise performance
in overlap patients was associated with weaker quadriceps muscles and more symptoms of anxiety and
depression than in those with normal cardiac function.

The joint efforts of this pan-American research team clearly demonstrate that only the knowledge on the
mechanisms leading to patient’s disability is crucial to lessen symptom burden and improve the ability of
the patients to cope with the demands of daily life [12]. Profound pathophysiological understanding of
these mechanisms may guide the physician towards a more personalised management strategy. Instead of
relying on integration of all physiological information provided by CPET, clinicians are satisfied by overall
measurement of functional performance by field tests even to evaluate invasive interventions as surgical
and endoscopic lung volume reduction procedures for emphysema [14].

Such systematic assessment of CPET measurements in COPD patients in general, and in overlap patients in
particular, provides unique physiological information to offer a contemporary, personalised management to
these patients [5]. Exercise ventilatory inefficiency may be a clinical important end-point in interventional
trials in COPD. Clinicians must consider maximising deflational therapy, particularly in the overlap group,
in order to attenuate the negative haemodynamic consequences of higher operating lung volumes in these
patients. Identification of the subgroup of COPD–heart failure patients with excessive exertional ventilation
may guide therapeutic and rehabilitative interventions to positively impact on exertional dyspnoea and to
select rehabilitative strategies with low-to-minimal ventilator stress [7]. The results reported in this issue of
the European Respiratory Journal and in previous papers suggest that overlap patients are particularly prone
to responding to interventions that increase skeletal muscle O2 delivery and/or reduce O2 demand [11, 12].
Such leg muscle oxygenation during exercise can also be achieved by respiratory muscle unloading by
noninvasive positive pressure ventilation [15]. Longitudinal assessment of ventilatory inefficiency may be
very helpful to understand progress of disability in COPD patients. Furthermore, the authors clearly
demonstrate the limited value of staging COPD patients only based on the degree of airflow limitation [5].

For targeted intervention strategies aiming to reduce dyspnoea through pulmonary rehabilitation or lung
volume reduction procedures, understanding the pathophysiological mechanisms underlying patients’
disability is paramount to mitigating symptom burden and improving health status in these patients [16].
Such targeted intervention requires an interdisciplinary cardiorespiratory approach. Ignoring the
underlying mechanisms behind reported symptomatology by the patient will stifle personalised
developments in COPD management.
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