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Prevalence of concurrent chronic obstructive 
pulmonary disease* in patients with heart failure.

*spirometrically defined by a post-bronchodilator forced expiratory volume in 
1 s/forced vital capacity ratio <70% assessed 

≈ 35%



Impact of COPD on the mortality and treatment of 
patients hospitalized with acute decompensated CHF

The Worcester Heart Failure Study

Fisher KA et al., Chest 2015

In-hospital and post-discharge death rates of patients hospitalized with acute 
decompensated heart failure according to history of COPD
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Chronic obstructive pulmonary disease and long-term 
mortality in elderly subjects with chronic heart failure

≈70% ≈50% ≈90%     



CHF

COPD

All subjects

COPD+CHF

COPD
+

ischemic CHF??

Chronic obstructive pulmonary disease and long-term 
mortality in elderly subjects with chronic heart failure



Variables HR 95,0% CI p

Age 0.997 0.970 1.024 0.823

Sex (F) 0.675 0.358 1.274 0.225

6MWT 0.994 0.992 0.996 0.000

EF 0.955 0.934 0.976 0.000

COPD 2.106 1.321 3.358 0.002

COPD worsens mortality in patients with CABG

Cacciatore F, AIPO 2015



Airways obstruction

Beta-blockers

LABA-LAMA

Cardiac funtion

LABA-LAMA

Beta-blockers



Beta Blockers in HF-COPD







• β blockers (predominantly cardioselective) reduced mortality
and COPD exacerbations when added to stepwise inhaled
therapy for COPD (including long acting β agonists and
antimuscarinics) in addition to the benefits attributable to
addressing cardiovascular risk

• The benefits observed occurred without adverse effects on
pulmonary function

• These data support the use of β blockers in patients with COPD
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Possible mechanisms involved in beta-
blockers protection in COPD - 1

• Anti-hypertensive effect
• Arrhythmic-risk reduction 
• Myocardial perfusion improvement 
• Modulation of sympathetic nervous system
• Reduction in heart and respiratory rates, and 

ventilatory dead space 
• Decreased exercise induced vasodilatation in skeletal 

muscles
• Loss of muscle fibers
• Impaired endothelial function 
• Heart rate reduction



# Lin R, et al. (2008) Changes in beta 2- adrenoceptor and other signaling proteins produced by chronic
administration of ‘‘beta-blockers’’ in a murine asthma model. Pulm Pharmacol Ther 21: 115–24.

Possible mechanisms involved in beta-
blockers protection in COPD - 2

In animal:

• ß-blockers have a protective effect on airway responsiveness to methacholine
• ß- blockers not only reduced the inflammatory cells in the bronchoalveolar lavage 

of antigen challenged mice, but also reduced the levels of cytokines, such as IL-13, 
IL-10, IL-5, and TGF-b1

• ß- blockers chronic treatment produced a marked time-dependent decrease in 
goblet cells and mucin content of the airway epithelium

• ß- blockers up-regulate beta2-receptors in the lung and thus improve the 
effectiveness of bronchodilators #

In humans:

• chronically titrating doses of ß- blockers in asthma patients reduced airway hyper-
responsiveness







Use of β-blockers in 
COPD/HF according 
to inhaler therapy. 

No beta-blocker

With beta-blocker



Impact of COPD on the mortality and treatment of 
patients hospitalized with acute decompensated CHF

The Worcester Heart Failure Study

Fisher KA et al., Chest 2015

Changes in discharge “β-BLOCKERS” therapy according
to history of COPD, 

…but, what type of 

β-blocker should be 

used?  



Differences Between Beta-Blockers in Patients 
With Chronic Heart Failure and Chronic 

Obstructive Pulmonary Disease

.*p  0.02 vs..others

Jabbour, A et al., JACC 2010



Differences Between Beta-Blockers in Patients 
With Chronic Heart Failure and Chronic 

Obstructive Pulmonary Disease

Jabbour, A et al., JACC 2010

.*p < 0.02 vs. baseline

Carvedilol Metoprolol Bisoprolol Carvedilol

-baseline- end



Different assumptions on the
mechanisms of association between

abnormal lung function and chronic heart 
failure have been made.

Left ventricle Right ventricle



− Low-grade systemic inflammation
− Impaired respiratory function is associated to 

oxidative stress that may make directly vulnerable 
cardiac muscle.

− Changes in respiratory mechanics and in intra-
thoracic pressure can reduce cardiac output by acting 
on pre- and afterload

Left ventricle            mechanisms 



↓ Nitrix Oxide ↑ Endothelin-1

↑ Pulmonary vascular resistance

Pumonary Hypertension

CHRONIC COR PULMONALE

Right ventricle mechanisms



Lung Function and Risk for Heart Failure Among 
Older Adults: The Health ABC Study

Inflammatory markers

Georgiopoulou, VV et al., . Am J Med 2011*p<0.05 vs normal

Spirometry

normal

abnormal



Systemic Oxidative Stress in Chronic Obstructive 
Pulmonary diseases (COPD)
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Morrison R et al., Am J Respir Crit Care Med 1996

COPD

*

*p<0.01 vs normal subjects



Relationship between percent emphysema and left 
ventricular end-diastolic (A) and stroke volume (B)

Barr G et al., N Engl J Med 2010
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Decreasing Cardiac Chamber Sizes and Associated 
Heart Dysfunction in COPD

Role of “Hyperinflation” 

Watz H et al., Chest 2010

IC/TLC:
inspiratory-to-total 
lung capacity ratio

<0.25 had a 
significantly 
impaired left 
ventricular 

diastolic filling 
pattern
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Heart-Lung Interaction in a Model of COPD: The Importance of 
Lung Volume and Direct Ventricular Interaction

WS Cheyne, et al American Journal of Physiology - Heart and Circulatory Physiology 7 October 2016

dynamic lung hyperinflation (DH) expiratory resistive loading to cause dynamic hyperinflation 

increased pulmonary vascular resistance (PVR) normobaric-hypoxia to increase PVR 

large increases in negative intrathoracic pressure (nITP). inspiratory resistive loading of -20 cmH2O 

COPD
LV Stroke
Volume

LV end-diastolic
volume 

Septal Flattening
Direct ventricular

Interaction

negative intrathoracic pressure  7 ± 7 % 4±5 % present

dynamic lung hyperinflation  12±13%  9±10% present

DH + nITP  16±16%  12±10% Present and greater
effect than alone

Addition of hPVR to nITP+DH not further reduce LV volumes

The interaction of nITP and DH reduces LV filling through DVI. However, DH may be more detrimental 
to LV hemodynamics than nITP, likely due to mediastinal constraint of the heart amplifying DVI.



Cardiac effects of current treatments 
of chronic obstructive pulmonary 

disease

COPD trial paradox

Lahouse et al, The Lancet, 2016



Cardiovascular mortality in mild to 
moderate COPD

10%  in FEV1

28%cardiovascular mortality

20%  non-fatal coronary event

Anthonisen et al, Am J Respir Crit Care Med 2002



LABA – LAMA COPD/HF: warnings

• The beta2-agonists, while exerting relatively selective action on beta2-
adrenergic receptors, have generated some concerns because of certain
adverse effects that can produce, especially in patients with ischemic
heart disease:

1. possible induction of arrhythmias, for the stimulation of cardiac beta-
adrenergic receptors;

2. activation of adrenergic mechanisms, subsequent to a peripheral
vasodilatation;

3. down-regulation of ß2 receptors in the myocardium,
with a consequent accentuated consumption of oxygen and
an increased production of catecholamines;

4. potential deterioration of HF by induction or
accentuation of left ventricular systolic dysfunction

5. induction of hypokalemia;



Moderate-to-severe exacerbations 
for patients who experienced an 
exacerbation in the past year 

Comparative safety and effectiveness of long-acting inhaled agents for treating 
chronic obstructive pulmonary disease: a systematic review and network meta-
analysis Tricco AC, BMJ 2015



Mortality network meta-analysis 
forest plot for treatments compared to 
placebo

Comparative safety and effectiveness of long-acting inhaled agents for treating 
chronic obstructive pulmonary disease: a systematic review and network meta-
analysis Tricco AC, BMJ 2015



• We found no statistically significant
differences in risks of serious
arrhythmia across any of the compared
agents in our rapid review.

• This finding is clinically important as
clinicians have raised concerns about
increasing risk of arrhythmia with use
of LABA

Comparative safety and effectiveness of long-acting inhaled agents for treating 
chronic obstructive pulmonary disease: a systematic review and network meta-
analysis

Tricco AC, BMJ 2015









Modificazioni rispetto al basale dell’ ITGV del RV durante il trattamento 

con aclidinio o glicopirronio. 

*p <0,05 vs basale; †p <0,05 vs glicopirronio. 

P. Santus et al. / Pulmonary Pharmacology & Therapeutics 35 (2015) 42-49 

Residual Volume



Pooled Analysis: change from baseline in early-morning and night-

time symptom severity over study period

*p < 0.05, ***p < 0.001 vs placebo
Bateman et al. Respiratory Research (2015) 16:92

early-morning night-time





Β1 blockers and β2-agonist in 

patients with COPD and CHF.

It’is time for a clinical trial!!



Despite compelling observational data
supporting the use of β-blockers in COPD,
there are to date no prospective long-term
randomised trials looking at either
mortality or exacerbations in patients with
cardiovascular disease and COPD

β blocker use in cardiovascular disease with 
concurrent COPD





• The β-blockers use is safe and reduce mortality and exacerbations in
COPD/HF patients.

• LABA and LAMA use is safe and reduce mortality and exacerbations in COPD.

• Initiating treatment with β-blockers in HF and COPD is not simple.

• It requires careful initial dose titration over a period of weeks, along with
monitoring of heart rate, supine and standing blood pressure and
spirometry. Moreover, β-blockers tend to be less well tolerated in older
patients with comorbidities, such as diabetes, peripheral vascular disease
and renal impairment, who are more prone to postural hypotension.

• Long-term randomised controlled trials looking at either mortality or
exacerbations in patients with HF and COPD are necessary to overcome the
controversia on protective effect of β-blockers – LAMA and LABA in patients
with COPD and HF

Conclusions



CHRONIC
OBSTRUCTIVE
PULMONARY

DISEASE

Inflammation; hypoxia; parenchymal changes; airflow 
limitation, leading to pulmonary congestion; abnormal left 
ventricular (LV) diastolic filling; inhaled beta-agonist may 

induce deleterious cardiovascular effects

CHRONIC 
HEART 

FAILURE

Elevated LV end-diastolic pressure and 
beta-blocker use may compromise lung 

function

BIDIRECTIONAL IMPACT ON DISEASE 
PROGRESSION
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•BASIC
•Spirometry
•Blood gas analysis
•Chest radiography
•ECG
•Echocardiography
•Magnetic resonance

•FUNCTIONAL
•Cardio-pulmonary test
•6 min walking test

•EMATOCHIMIC
•BNP, Troponin

•ADDITIONAL
•Diffusion Lung Carbon Monoxide, 
•Ventilation/Perfusion SPECT

Identification of a cardio-respiratory structural 
and functional abnormality



− In patients with FEV1/FVC , 0.70: FEV1
− GOLD 1: Mild > 80% predicted
− GOLD 2: Moderate 50% - < 80% predicted
− GOLD 3: Severe 30% - 50% predicted
− GOLD 4: Very severe < 30% predicted

Global Strategy for the Diagnosis of 
Chronic Obstructive Pulmonary Disease 

GOLD Executive Summary

SPIROMETRY is required to make the diagnosis in this clinical
context; the presence of a post-bronchodilator FEV1/FVC less than
0.70 confirms the presence of persistent airflow limitation and thus
of COPD.

Vestbo J et al., Am J Resp Crit Care Med 2013



CPX in heart failure

VO2 max

VE/VCO2 slope 

Oscillatory 

breathing



Myers J et al., Am Heart J 2008

Cumulative 1 year rate of adverse events according to 
ejection fraction and composite CARDIOPULMONARY 

EXERCISE test (CPX) score.

CPX score

-VE/VCO2 slope ≥34 = 7 
-Abnormal HRR (≤6 beats at 1 min) = 5

-Oxygen uptake efficiency slope (>1.4) = 

3

-PetCO2 (<33 mm Hg) = 3

-Peak VO2 (≤14 ml kg−1 min−1) = 2



Impact of COPD on exercise ventilatory efficiency 
in heart failure

Apostolo A et al., Intern J Cardiol 2015
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PAH=Pulmonary Hypertension

*p<0.05 vs others
**p<0.001 vs others

No difference !!



Association of Left-Heart Dysfunction with 
Severe Exacerbation of Chronic Obstructive 

Pulmonary Disease
Diagnostic Performance of Cardiac Biomarkers

Abroug, F et al., Am J Respir Crit Care Med 2006

NT-proBNP Troponin



Giornale Ital. Cardiol, 2014



Adults
HR=0.76 

CI 95%=0.31–2.12; 

p=0.654

Elderly
HR=0.34 

CI 95%=0.10-0.79; 

p=0.033



COPD

Variabili All

(n=1288)

No

(n=799, 62%)

Yes

(n=489, 38%)

p

Age (years) 74.2 6.3 73.7 6.3 74.9 6.3 ns

Sex (%) 57.0 64.2 45.2 <0.01

Heart rate (bpm) 75.3 10.2 74.8 10.2 76.2 10.1 <0.01

Cumulative Illness Rating scale 1.6 1.6 1.0 1.3 2.6 1.7 <0.01

Drug number 2.2 2.0 1.9 1.8 3.8 2.2 <0.01

MMSE 25.3 4.8 25.4 4.73 25.3 4.9 ns

GDS 11.4 6.6 10.7 6.6 12.5 <0.01

BADL lost > 1(%) 6.8 5.7 8.6 <0.01

Social support 13.1 2.7 13.52.8 12.9 2.6 ns

SARCOPENIA (%) 285 112 (39.2) 173 (60.8) <0.01

Characteristics of elderly subjets stratified for the 

presence and absence of COPD: evidence of

FRAILTY 

Galizia G et al., Aging Exp Clin Res 2011

FRAILTY !
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