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Chronic obstructive pulmonary disease (COPD) is a common respiratory condition that is characterized by inflammation of both the large and small (<2 mm) peripheral airways, the alveoli and adjacent capillary networks. Lung hyperinflation is an important physiological manifestation of COPD that has major clinical consequences. In COPD patients, indices of lung hyperinflation have been shown to be predictive of respiratory and all-cause mortality and morbidity [START_REF] Laveneziana | Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise[END_REF]. The progressive decline in resting inspiratory capacity over time and during exercise, which mirrors the rise in lung hyperinflation as the disease advances and during exercise, has major implications for dyspnea, activity curtailment and cardiac function in COPD [START_REF] Laveneziana | Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise[END_REF].

Cardiovascular complications of COPD occur not only in the advanced stage but also in the early stages of COPD [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF][START_REF] Grau | Percent emphysema and right ventricular structure and function: The MESA Lung and MESA-RV Studies[END_REF][START_REF] Malerba | Sub-clinical left ventricular diastolic dysfunction in early stage of chronic obstructive pulmonary disease[END_REF][START_REF] Smith | Pulmonary hyperinflation and left ventricular mass: the Multi-Ethnic Study of Atherosclerosis COPD Study[END_REF]. Smoking history is a common risk factor for both COPD and cardiovascular diseases. Airflow obstruction (as estimated by FEV1/FVC ratio) and extent of emphysema (measured by computed tomography, CT) are linearly associated with reductions in left ventricular (LV) end-diastolic volume, stroke volume and cardiac output measured by magnetic resonance imaging (MRI) [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF][START_REF] Grau | Percent emphysema and right ventricular structure and function: The MESA Lung and MESA-RV Studies[END_REF]. Lung hyperinflation, as measured by increased RV or RV/TLC ratio, is associated with greater LV mass [START_REF] Smith | Pulmonary hyperinflation and left ventricular mass: the Multi-Ethnic Study of Atherosclerosis COPD Study[END_REF], while minor emphysema determined by CT is related to impaired LV diastolic function and cardiac output [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF].

The mechanisms responsible for the cardiovascular anomalies in COPD are unknown but they might include smoking-related pulmonary vascular damage, impairments in nitricoxide induced vasodilatation, simultaneous aging of the lungs and heart as evidenced by "senile" emphysema and left ventricular stiffness, and negative central hemodynamic effects of exercise-related dynamic lung hyperinflation [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF][START_REF] Grau | Percent emphysema and right ventricular structure and function: The MESA Lung and MESA-RV Studies[END_REF][START_REF] Laveneziana | Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise[END_REF][START_REF] Smith | Pulmonary hyperinflation and left ventricular mass: the Multi-Ethnic Study of Atherosclerosis COPD Study[END_REF].

What are the effects of acute-on-chronic lung hyperinflation on dynamic cardiac function during exercise in COPD patients? It goes without saying that most of these effects remain largely unknown probably because cardio-pulmonary interactions can be difficult to explore in COPD patients, especially during exercise. The resulting decreases in dynamic lung compliance with increasing levels of intrinsic positive end-expiratory pressure (PEEPi) require higher mean tidal intra-thoracic pressure swings [START_REF] Belman | Inhaled bronchodilators reduce dynamic hyperinflation during exercise in patients with chronic obstructive pulmonary disease[END_REF][START_REF] Eves | Heliumhyperoxia, exercise, and respiratory mechanics in chronic obstructive pulmonary disease[END_REF][START_REF] O'donnell | Sensory-mechanical relationships during high-intensity, constant-work-rate exercise in COPD[END_REF]. Increased intra-thoracic pressure, in turn, decreases the gradient for venous return and lead to higher RV impedance.

Of note, high right atrial pressures may contribute to decrease venous return but, conversely, can be beneficial in maintaining RV filling during expiration. Juxta-alveolar capillary compression by high alveolar pressures also contributes to increased right ventricular (RV) afterload. Pulmonary vasoconstriction due to hypoxemia and, secondarily, hypercapnia and Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise Joshua R. Smith, Bruce D. Johnson, Thomas P. Olson acid-base (acidosis) disturbances may further increase RV afterload, as recently demonstrated in a prospective study with a large number of COPD patients undergoing right heart catheterization during exercise that found abnormal elevations in pulmonary artery pressures as a function of cardiac output, even in those without resting pulmonary hypertension [START_REF] Hilde | Haemodynamic responses to exercise in patients with COPD[END_REF].

Combined effects of reduced RV preload and high afterload would then decrease stroke volume and cardiac output.

Impairment in LV diastolic filling is another consistent hemodynamic finding in advanced COPD [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF][START_REF] Watz | Emphysema, airflow obstruction, and left ventricular filling[END_REF]16), even in the absence of overt pulmonary hypertension [START_REF] Funk | Left ventricular diastolic dysfunction in patients with COPD in the presence and absence of elevated pulmonary arterial pressure[END_REF].

Patients enrolled in the National Emphysema Treatment Trial presented with elevated cardiac diastolic pressures and pulmonary capillary wedge pressures without systolic dysfunction [START_REF] Funk | Left ventricular diastolic dysfunction in patients with COPD in the presence and absence of elevated pulmonary arterial pressure[END_REF] which were improved with lung volume reduction surgery (LVRS) (3). Of note, LV filling rather than distensibility has been more closely associated with lung hyperinflation [START_REF] Barr | Percent emphysema, airflow obstruction, and impaired left ventricular filling[END_REF][START_REF] Grau | Percent emphysema and right ventricular structure and function: The MESA Lung and MESA-RV Studies[END_REF]16) suggesting that reduced preload might underpin LV diastolic dysfunction in COPD.

Tachycardia is also likely to further reduce time for diastolic filling in COPD. The combination of increased RV dimensions and pressures with low end-diastolic LV volumes may augment the trans-septal pressure gradient. This would flatten or even displace the intraventricular septum toward the LV cavity thereby decreasing its compliance and filling.

Calcium-mediated anomalies of myocardial relaxation induced by chronic hypoxemia, in the advanced stage of COPD, may also contribute to impaired LV compliance. The heart in the cardiac fossa can also be directly compressed by the hyperinflated lungs, as clearly indicated by recent data that confirmed an inverse relationship between lung hyperinflation and cardiac size which is more likely to reflect a combination of impaired LV filling and direct heart compression.

The functional impact of improving the negative cardiopulmonary interactions in COPD has been recently explored. In addition to LVRS (3), non-invasive positive pressure ventilation [START_REF] Oliveira | Influence of respiratory pressure support on hemodynamics and exercise tolerance in patients with COPD[END_REF], heliox [START_REF] Laveneziana | Effect of heliox on heart rate kinetics and dynamic hyperinflation during high-intensity exercise in COPD[END_REF] and bronchodilators ( 9) have all been found to ameliorate the hemodynamic responses to exertion. These studies suggest that cardiovascular dysfunction might contribute to exercise curtailment in COPD (at least advanced). However, as these improvements occur in parallel with decreases in work of breathing, dynamic hyperinflation and dyspnea, it is difficult to ascertain the relative contribution of these changes to improved functional capacity in such patients.

A major advance in the understanding of the effects of acute-on-chronic lung hyperinflation on dynamic cardiac function during exercise in COPD patients stems from an article published in this issue of JAP by Smith and coworkers (JAPPL-00877-2018.R3). They Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise Joshua R. Smith, Bruce D. Johnson, Thomas P. Olson hypothesized that at a similar absolute V'O2 during exercise COPD patients would have a lower stroke volume and cardiac output compared to healthy controls. They did also posit that greater static hyperinflation (i.e. lower ratio of inspiratory capacity to total lung capacity (IC/TLC)) and expiratory intra-thoracic pressure would be significantly related to lower cardiac output and stroke volume responses in COPD patients. They explored thirteen clinically stable COPD (FEV1/FVC: 52±13%) and ten controls during constant workload submaximal exercise at an absolute V'O2 of ~1.3 L/min, chosen to match moderate physical activity in COPD patients and to be submaximal for all their participants. During exercise, IC maneuvers were performed to determine operating lung volumes, cardiac output was measured via open-circuit acetylene rebreathe technique and esophageal pressure-related respiratory mechanics measures were obtained. At similar absolute V'O2 during exercise, COPD had lower cardiac output than controls due to a lower stroke volume. The heart rate response during exercise was not different between groups. IC/TLC was positively related to stroke volume. Esophageal pressure-time integral during inspiration (but not during expiration) was positively related to cardiac output. In addition and very interestingly, in a subset of COPD (n=10) and controls (n=8), the submaximal exercise responses were compared at similarly matched ventilation and showed that COPD patients, compared to controls, had more negative both esophageal peak inspiratory pressure and esophageal pressure-time integral during inspiration, had lower IC (COPD: 2.4±0.5 vs. controls: 3.8±0.9 L) and IC/TLC (COPD: 33±10 vs. controls: 55±7%) as well as lower cardiac output (COPD: 10.5±1.5 vs. controls: 12.4±1.0L/min, p<0.01) and stroke volume compared to controls during exercise (COPD: 105±15 vs. controls: 122±18mL, p=0.03), while heart rate was not different between groups (COPD: 101±10 vs. controls: 101±8beats/min, p=0.82). This is the first study strikingly demonstrating that COPD patients have attenuated cardiac output and stroke volume responses during exercise compared to control and that acute-on-chronic lung hyperinflation played a major role impairing central hemodynamics during exercise in COPD patients. Last but not least, their data strongly suggest that the COPD patients with the most severe hyperinflation and more negative inspiratory intrathoracic pressures have the most impaired central hemodynamic responses.

Concomitant intrinsic myocardial diseasea common feature in elderly patients with moderate-to-severe diseaseis expected to further magnify exercise intolerance but clinical or experimental evidence to support this contention is still lacking. Further studies aiming at improving directly the hemodynamic responses to exertion or indirectly by ameliorating respiratory mechanics at rest and during exercise (lung hyperinflation and negative inspiratory Invited Editorial for JAPPL-00877-2018.R3 Impaired Central Hemodynamics in Chronic Obstructive Pulmonary Disease during Submaximal Exercise Joshua R. Smith, Bruce D. Johnson, Thomas P. Olson pressure) are welcome to corroborate the finding of Smith et al. study published in this issue of JAP and that will stand as a milestone article in the literature of cardiopulmonary interaction during exercise in COPD.