
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)
Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)

Cardiovascular 
Complications of 

Respiratory Disorders
Edited by 

Miguel Ángel Martínez-García, 
Jean-Louis Pépin and 

Mario Cazzola

Pantone 200 CMJN (darker)
Cyan 0
Magenta 100
Yellow 70
Black 14

Pantone 647 CMJN
Cyan 100
Magenta 56
Yellow 0
Black 24

Pantone PASTEL 9081 CMJN
Cyan 0
Magenta 0
Yellow 6
Black 8

ERS  monograph

Cardiovascular Com
plications of Respiratory D

isorders
   ER

S  m
onograph 88

ERS   monograph

Print ISSN: 2312-508X
Online ISSN: 2312-5098
Print ISBN: 978-1-84984-118-4 
Online ISBN: 978-1-84984-119-1

June 2020

€60.00

Pantone 200 CMJN (darker)
Cyan 0
Magenta 100
Yellow 70
Black 14

Pantone 647 CMJN
Cyan 100
Magenta 56
Yellow 0
Black 24

Pantone PASTEL 9081 CMJN
Cyan 0
Magenta 0
Yellow 6
Black 8

This Monograph provides an update on cardiovascular disease 
complications and treatment implications for respiratory 
diseases, based on current scientific evidence and considered 
from an epidemiological, pathophysiological and clinical point 
of view. This book also discusses the future challenges when 
studying the complex relationship between these two groups 
of disorders. 

9 781849 841184

ISBN 978-1-84984-118-4

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



Cardiovascular 
Complications of 

Respiratory Disorders 

Edited by 
Miguel Ángel Martínez-García, 

Jean-Louis Pépin and Mario Cazzola 

Editor in Chief 
John R. Hurst

This book is one in a series of ERS Monographs. Each individual issue 
provides a comprehensive overview of one specific clinical area of 
respiratory health, communicating information about the most advanced 
techniques and systems required for its investigation. It provides factual and 
useful scientific detail, drawing on specific case studies and looking into 
the diagnosis and management of individual patients. Previously published 
titles in this series are listed at the back of this Monograph.

ERS Monographs are available online at www.books.ersjournals.com and 
print copies are available from www.ersbookshop.com

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



Editorial Board: Mohammed AlAhmari (Dammam, Saudi Arabia), Sinthia Bosnic-Anticevich (Sydney, Australia), 
Sonye Danoff (Baltimore, MD, USA), Randeep Guleria (New Delhi, India), Bruce Kirenga (Kampala, Uganda), 
Silke Meiners (Munich, Germany) and Sheila Ramjug (Manchester, UK).

Managing Editor: Rachel Gozzard
European Respiratory Society, 442 Glossop Road, Sheffield, S10 2PX, UK
Tel: 44 114 2672860 | E-mail: monograph@ersnet.org

Production and editing: Caroline Ashford-Bentley, Claire Marchant, Kay Sharpe and Ben Watson

Published by European Respiratory Society ©2020
June 2020
Print ISBN: 978-1-84984-118-4
Online ISBN: 978-1-84984-119-1
Print ISSN: 2312-508X
Online ISSN: 2312-5098
Typesetting by Nova Techset Private Limited
 
All material is copyright to  European Respiratory Society.  It may not be reproduced in any way including 
electronic means  without the express permission of the company.

Statements in the volume reflect the views of the authors, and not necessarily those of the European Respiratory  
Society, editors or publishers.

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



Contents

Preface vii 

Guest Editors viii

Introduction xi
List of abbreviations xiv

1.  Epidemiological aspects of cardiovascular and respiratory diseases  1 
 Joan B. Soriano and Roberto Elosua

2.  Common pathophysiological pathways of the autonomic nervous system  12
 Damien Viglino, Francois Maltais and Renaud Tamisier

3.  Murine models of cardiovascular damage in lung diseases 31
 Isaac Almendros, Isabel Blanco, Maribel Marquina, Victor Ivo Peinado, Silvia Barril, 
 Ana Motos, Rosanel Amaro and Mireia Dalmases

Cardiovascular implications of specific respiratory disorders 

4. Cardiovascular disease in COPD  47
 Paola Rogliani and Luigino Calzetta

5.  Management of patients with asthma or COPD and cardiovascular 66
 disease: risks versus benefits 
 Josuel Ora, Francesco Cavalli and Mario Cazzola

6.  Chronic asthma and the risk of cardiovascular disease 82
 Franklin A. Argueta, Carlos L. Alviar, Jay I. Peters and Diego J. Maselli

7.  Cardiovascular implications in bronchiectasis 96 
 Wei-jie Guan, Yong-hua Gao, David de la Rosa-Carrillo and 
 Miguel Ángel Martínez-García

8. Cardiovascular complications of cystic fibrosis 108
 Damian G. Downey and J. Stuart Elborn

9.  Cardiovascular consequences of sleep disordered breathing:  118
 the role of CPAP treatment     
 Maria R. Bonsignore, Salvatore Gallina and Luciano F. Drager

10.  The heart in obesity hypoventilation syndrome 143
 Victor R. Ramírez Molina, Juan Fernando Masa, Francisco J. Gómez de Terreros Caro, 
 Jaime Corral Peñafiel and Babak Mokhlesi

ERS  monograph

Cardiovascular Complications of Respiratory Disorders Number 88
June 2020

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



11.  Cardiovascular effects of innovative therapies in lung cancer 154 
 Anne-Claire Toffart, Hélène Pluchart and Nicolas Girard

12. Cardiovascular implications of pulmonary hypertension due to 167
 chronic respiratory diseases 
 Etienne-Marie Jutant, Maria-Rosa Ghigna, David Montani and Marc Humbert

13. Cardiovascular mortality and morbidity in pulmonary embolism 184
 Behnood Bikdeli, Carmen Rodríguez, Alberto García-Ortega and David Jiménez

14.  The cardiovascular system in idiopathic pulmonary fibrosis 198
 Sy Giin Chong, Toyoshi Yanagihara and Martin R.J. Kolb

15. Cardiovascular consequences of community-acquired pneumonia and  212
 other pulmonary infections 
 Raúl Méndez, Paula González-Jiménez, Laura Feced, Enrique Zaldívar and 
 Rosario Menéndez

Cardiovascular risk of pulmonary pharmacology 

16. β2-adrenoceptor modulation in COPD and its potential impact on  229
 cardiovascular comorbidities   
 Maria Gabriella Matera and Reynold A. Panettieri Jr

17.  Characterising the cardiovascular safety profile of inhaled muscarinic  238 
 receptor antagonists 
 Daiana Stolz and Mario Cazzola

18. Impact of inhaled corticosteroids in patients with cardiovascular disease 251 
 Dharani Narendra and Nicola A. Hanania

19. Cardiovascular side-effects of common antibiotics 264 
 Francesco Amati, Marta Di Pasquale, Marcos I. Restrepo, Judith Marin-Corral, 
 Stefano Aliberti and Francesco Blasi

20. The cardiovascular effects of xanthines and selective PDE inhibitors:  279 
 a risk–benefit analysis 
 Roberta Fusco, Rosanna Di Paola, Salvatore Cuzzocrea, Maria Gabriella Matera 
 and Clive Page

The future

21. Future challenges 287
 Don D. Sin

Case reports

 Case 1 300
 Hirohito Sano, Taizou Hirano, Akira Koarai and Masakazu Ichinose

 Case 2 305
 Bruno Revol, Ingrid Jullian-Desayes, Renaud Tamisier and Marie Joyeux-Faure

 Case 3 314
 Samia Rached and Rodrigo Athanazio

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



ERS | monograph

Preface

John R. Hurst

CVD remains the most common cause of death in the world and
people living with respiratory disease are at increased risk of
cardiovascular events. Only by understanding the science that links
both acute and chronic respiratory disease with cardiovascular
events, such as myocardial infarction and stroke, and by using this
knowledge to provide holistic care, can we ever hope to achieve the
best outcome for our patients. It is therefore a pleasure to introduce
and recommend to you this latest ERS Monograph, which focuses
on the cardiovascular implications of respiratory disease, including
the cardiovascular effects of drugs that we commonly use in
respiratory medicine.

One of the privileges of acting as Chief Editor of the
Monograph, and serving on the Editorial Board, is selecting
topics for future editions. We do this by considering the latest
developments in respiratory medicine, reader surveys and
analysing the use of previous editions. But this edition was
different: the Guest Editors, Miguel Ángel Martínez-García,
Jean-Louis Pépin and Mario Cazzola, came to the Editorial
Board with a proposal and I congratulate and thank them for
having the vision to develop the idea, and the skill and
determination to deliver this excellent, state-of-the-art collection
of review articles. They have assembled an impressive and
authoritative collection of chapters. I would like to take this
opportunity to also thank all the contributors.

Whether you are a respiratory scientist or clinician, specialist or
generalist, there is a topic and information for you here that is
interesting and important. Read on!

Disclosures: J.R. Hurst reports receiving grants, personal fees and
non-financial support from pharmaceutical companies that make medicines
to treat respiratory disease. This includes reimbursement for educational
activities and advisory work, and support to attend meetings.
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Introduction
Miguel Ángel Martínez-García1, Jean-Louis Pépin2 and Mario Cazzola3

@ERSpublications
Cardiovascular and respiratory diseases are two of the leading causes of all-cause mortality. Both
are closely related. Knowing the relationship between the two groups of diseases is key to the
management of the patient. https://bit.ly/3efOiN3

CVD and respiratory disease are two of the main causes of morbidity, mortality and health
costs all over the world. The main organs affected by these diseases – the heart and lungs –
are closely related in both physiological and pathological terms. Many CVDs, or their
treatment, can affect the respiratory system, and the vast majority of lung diseases can
involve or be associated with diseases of the cardiovascular system.

This close relationship probably reflects two fundamental circumstances: on the one hand,
the high prevalence of these groups of diseases can mean that a single patient can suffer
from both simultaneously, with one acting as a comorbidity of the other. This situation will
become increasingly common, due to human beings’ progressively greater longevity and the
subsequent chronification of many diseases. On the other hand, both types of diseases
share many of the same pathophysiological pathways and support mechanisms, as
demonstrated in both murine models and human studies.

A knowledge of the potential cardiovascular implications and complications inherent in the
most prevalent lung diseases, and their treatment, may be crucial for clinicians as they
could have therapeutic implications for a respiratory disease and influence its prognosis.

Several studies have investigated the greater cardiovascular risk associated with lung
diseases with a high inflammatory burden, such as COPD, asthma, and both acute and
chronic respiratory infections. This situation may occur because such diseases share, or are
capable of activating, some of the intermediate pathophysiological mechanisms in
cardiovascular damage.

Some respiratory diseases, can, in the advanced stages of their evolution, affect cardiac function
as a result of changes in vascular resistance or in the structure of the vessels. This is the case in
pulmonary thromboembolism, some interstitial diseases and hypoventilation syndromes.

Copyright ©ERS 2020. Print ISBN: 978-1-84984-118-4. Online ISBN: 978-1-84984-119-1. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: Miguel Ángel Martínez-García, Pneumology Dept, University and Politechnic La Fe Hospital, Bulevar Sur s/n,
Valencia, 46013, Spain. E-mail: mianmartinezgarcia@gmail.com

1Pneumology Dept, University and Politechnic La Fe Hospital, Valencia, Spain. 2Grenoble University Hospital Center, Grenoble, France.
3Unit of Respiratory Medicine, Dept of Experimental Medicine, University of Rome “Tor Vergata”, Rome, Italy.
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Diseases such as lung cancer and the intermittent hypoxaemia or sleep fragmentation
caused by OSA can influence the cardiovascular system, either by spreading or by secreting
biological mediators or implementing mechanisms that have been proven to cause vascular
damage.

Finally, although the therapies used for the management of respiratory diseases are generally
effective and safe, it is well known that many of the adverse effects of drugs, used in the
management of pulmonary diseases, such as bronchodilators, corticosteroids, antibiotics,
antifibrotics, anticoagulants, anti-tumoral and anti-inflammatory therapies, may incorporate
a degree of cardiovascular risk, particularly in some particularly susceptible patients.

In this ERS Monograph, we have tried to offer the reader a complete overview of the
interaction between pulmonary diseases and CVDs, not only from an epidemiological point
of view [1], but also from a pathophysiological [2], and more particularly, clinical and
therapeutic point of view. Accordingly, after reviewing some basic concepts, the book has
been divided into: firstly, each important group of respiratory diseases and their
cardiopulmonary implications [3–14]; then to the groups of drugs most used in
pulmonology and their potential cardiovascular effects [15–19]; and finally, to future
diagnostic challenges in this field [20]. Three clinical cases have also been chosen to
illustrate different situations taken from real life, in order to delve more fully into the
concepts discussed in this book [21–23].

We hope that this Monograph provides you with some of the answers to the questions you
have asked in daily practise when trying to diagnose and treat complex patients who suffer
from both cardiovascular and respiratory pathology. That was our main objective.
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AA atrial arrhythmias 
AF atrial fibrillation 
AFL atrial flutter 
AHI apnoea–hypopnoea index
BMI body mass index
BP blood pressure
CAC coronary artery calcification 
CAD coronary artery disease 
CHF chronic heart failure 
CPAP continuous positive airway pressure 
CVD cardiovascular disease 
CVE cardiovascular event
DDLCO diffusing capacity of the lung for carbon monoxide 
FEV1 forced expiratory volume in 1 s 
FVC forced vital capacity
HF heart failure 
ICS inhaled corticosteroid 
IHD ischaemic heart disease 
IL interleukin
ILD interstitial lung disease 
IPF idiopathic pulmonary fibrosis 
MACE major adverse cardiac event 
mPAP mean pulmonary arterial pressure 
OSA obstructive sleep apnoea 
PAH pulmonary arterial hypertension 
PAP pulmonary arterial pressure
PH pulmonary hypertension 
RHC right heart catheterisation 
TNF tumour necrosis factor
VEGF vascular-endothelial growth factor 
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