
Sleep medicine is a multidisciplinary field, with patients 
referred to specialising physicians from all areas of 
medicine. The new edition of the ERS Handbook of 

Respiratory Sleep Medicine is truly reflective of this diversity, 
covering everything from neurobiology to digital health. 

Broad in scope but easy to use, the book is broken down 
into 17 sections, including diagnosis and management, 

neuromuscular disorders, hypoventilation syndromes, 
nonrespiratory sleep disorders, and paediatrics. The Editors 
have brought together expert authors to create a book that 

focuses on practical aspects, with tips and advice based 
on clinical practice and the latest guidelines. This book will 
be invaluable to experienced sleep specialists, trainees and 

nurses alike. 

handbook
Respiratory Sleep 
Medicine
2nd Edition

Editors
Maria R. Bonsignore, Winfried Randerath, 
Sophia E. Schiza and Anita K. Simonds

9 781849 841634

ISBN 978-1-84984-163-4

handbook Respiratory Sleep M
edicine



handbook

Respiratory
Sleep 
Medicine

2nd Edition

Editors
Maria R. Bonsignore, Winfried Randerath, 
Sophia E. Schiza and Anita K. Simonds



PUBLISHED BY 
THE  EUROPEAN RESPIRATORY SOCIETY 

CHIEF EDITORS
Maria R. Bonsignore, Winfried Randerath, Sophia E. Schiza and Anita K. Simonds

ERS STAFF
Rachel Gozzard, Caroline Ashford-Bentley, Alice Bartlett,  
Matt Broadhead, Neil Bullen, Clarissa Charles, Jonathan Hansen,  
Claire Marchant, Catherine Pumphrey and Kay Sharpe

© 2023 European Respiratory Society

Design by Claire Marchant and Clarissa Charles, ERS
Typeset by Nova Techset Private Limited, India
Indexed by Merrall-Ross International, UK
Printed by Page Bros Group Ltd, Norwich, UK

All material is copyright to the European Respiratory Society. 
It may not be reproduced in any way including electronically without the express  
permission of the society.

CONTACT, PERMISSIONS AND SALES REQUESTS: 
European Respiratory Society, 442 Glossop Road, Sheffield, S10 2PX, UK
Tel: +44 114 2672860  Fax: +44 114 2665064  e-mail: books@ersnet.org

Print ISBN: 978-1-84984-163-4
Online ISBN: 978-1-84984-164-1
ePub ISBN: 978-1-84984-165-8



Table of contents

Contributors   ix
List of abbreviations xiv
Preface xv

1 – Neurobiology and physiology of sleep and breathing 1 

Ivana Rosenzweig, Silvia V. Conde and Emilia C. Monteiro

2 – Classification, definition and epidemiology of sleep disordered 
breathing 

2.1 Definitions of sleep disordered breathing 15
Johan Verbraecken

2.2 More specific grading of sleep disordered breathing  23
Steven Vits, Frederik Massie and Johan Verbraecken

2.3 Evaluation of obstructive sleep apnoea severity  32
Dirk Pevernagie, Sophia E. Schiza and Winfried Randerath 

2.4 Epidemiology of obstructive sleep apnoea, central sleep  38 
apnoea and hypoventilation syndromes 
Johan Verbraecken 

3 – Pathophysiology of sleep disordered breathing  

3.1 The pathophysiological concept of upper airway 44 
obstruction,  the arousal threshold, muscle responsiveness  
and respiratory drive 
Ludovico Messineo, Luigi Taranto-Montemurro and Elisa Perger 

3.2 Pathophysiology of central sleep apnoea 55
Winfried Randerath 

3.3 Pathophysiology of hypoventilation 65
Annabel H. Nickol 



4 – Clinical aspects and consequences of sleep disordered breathing

4.1 Obstructive sleep apnoea 74
Sophia E. Schiza, Izolde Bouloukaki and Athanasia Pataka

4.2 Central sleep apnoea 84
Dimitrios Papadopoulos, Bertien Buyse and Dries Testelmans

5 – Clinical assessment

5.1 Sleep history 90
Silke Ryan

5.2 Questionnaires in respiratory sleep medicine 95
Sarah Cullivan, Barry Kennedy and Brian D. Kent

5.3 Clinical examination 101
Louise Byrne, Brian D. Kent and Barry Kennedy

5.4 Comorbidities 106
Silke Ryan

5.5 Identification of high-risk patients 112
Walter T. McNicholas

6 – Monitoring sleep and wakefulness 

6.1 Methods of different sleep tests 117
Renata L. Riha

6.2 Limitations of oximetry and respiratory polygraphy in  133
comparison with hospital-based PSG studies 
Renata L. Riha 

6.3 Nocturnal capnography 136
Francesco Fanfulla 

6.4 Assessment of excessive daytime sleepiness 141
Francesco Fanfulla 

7 – Other diagnostic aspects of obstructive sleep apnoea and central  
sleep apnoea 

7.1 Diagnostic algorithms based on an individualised patient  147 
approach  
Sophia E. Schiza, Winfried Randerath and Özen K. Basoglu 



7.2 Screening with limited sleep tests to increase pre-test  152 
probability 
Sophia E. Schiza, Winfried Randerath and Marta Drummond 

8 – Management of obstructive sleep apnoea  

8.1 Non-continuous positive airway pressure therapies 155
Johan Verbraecken, Olivier Vanderveken, Marie Marklund, Marijke Dieltjens 
and Joerg Steier 

8.2 Indications for continuous positive airway pressure therapy 164
Dries Testelmans and Özen K. Basoglu

8.3 Differences between fixed-level CPAP, variable (automatic)  169
CPAP and BPAP 
Dries Testelmans, Alexandros Kalkanis and Bertien Buyse

8.4 Side-effects associated with continuous positive airway 174 
pressure 
Bertien Buyse, Alexandros Kalkanis and Dries Testelmans

8.5 Adherence to continuous positive airway pressure treatment 181
Alexandros Kalkanis, Bertien Buyse and Dries Testelmans

8.6 Monitoring positive airway pressure therapy 186 
Bertien Buyse, Alexandros Kalkanis and Dries Testelmans

8.7 Evaluation of positive airway pressure efficacy 192
Gisèle Maury and Dries Testelmans

9 – Management of central sleep apnoea  

9.1 Prognostic impact of central sleep apnoea 198
Winfried Randerath

9.2 Central sleep apnoea in chronic heart failure 202
Winfried Randerath

9.3 Continuous positive airway pressure or adaptive servo  210 
ventilation in patients with opioid-induced sleep disordered  
breathing  
Shahrokh Javaheri 

9.4 Treatment of central sleep apnoea with oxygen, drugs and  215
phrenic nerve stimulation 
Shahrokh Javaheri and Robin Germany



9.5 Treatment-emergent CSA, idiopathic CSA, high-altitude  222 
periodic breathing and CSA in non-cardiac medical neurological  
conditions 
Shahrokh Javaheri, Timothy I. Morgenthaler, Winfried Randerath and  
Bernardo Selim

10 – Sleep disordered breathing in patients with other disorders 

10.1 Asthma, chronic obstructive pulmonary disease and  230 
interstitial lung diseases 
Maria R. Bonsignore, Walter T. McNicholas, Izolde Bouloukaki and  
Sophia E. Schiza

10.2 Diabetes and metabolic syndrome 242
Marie Bruyneel and Maria R. Bonsignore

10.3 Hypothyroidism and acromegaly 248
Marie Bruyneel and Sonia Deweerdt

11 – Obesity hypoventilation syndrome 254 
Victor R. Ramírez Molina, Jean-Louis Pépin and Juan F. Masa Jiménez

12 – Neuromuscular and chest wall disorders 
12.1 Disorders that cause respiratory failure 263
Imran J. Meurling and Joerg Steier

12.2 Assessment of respiratory muscle weakness 269
Neeraj M. Shah, Georgios Kaltsakas and Joerg Steier

12.3 Symptoms and signs of hypoventilation 273
Anita K. Simonds

12.4 Peri-operative assessment and management of pregnancy 278
Anita K. Simonds

13 – Treatment of hypoventilation syndromes  

13.1 Noninvasive ventilation 282
Marieke L. Duiverman, Renzo Boersma and Peter J. Wijkstra

13.2 Indications for tracheostomy 293
Anita K. Simonds

13.3 Cough augmentation techniques 296
Tiina Andersen and Michel Toussaint



13.4 Indications for additional oxygen treatment 302
Anita K. Simonds

13.5 Palliation and advance directives in end-stage disease 305
Anita K. Simonds

14 – Non-respiratory sleep disorders  

14.1 Identifying which patients to refer for further investigation 309
Luigi Ferini-Strambi, Francesca Casoni and Maria Paola Mogavero

14.2 Insomnia 316
Luigi Ferini-Strambi, Marco Sforza and Andrea Galbiati

14.3 Restless legs syndrome 321
Ambra Stefani and Ulf Kallweit

14.4 Narcolepsy and idiopathic hypersomnia 325
Ulf Kallweit and Ambra Stefani

14.5 Parasomnia and associated conditions 328
Anna Heidbreder

14.6 Circadian disorders 332
Anna Heidbreder

15 – Medico-legal and organisational aspects  

15.1 The medico-legal and socioeconomic impact of respiratory  336
sleep disorders 
Maria R. Bonsignore, Francesco Fanfulla and Sergio Garbarino

15.2 Organisational aspects in sleep clinics 342
Maria R. Bonsignore, Marta Amata and Giuseppe Adamo

16 – Digital health in respiratory sleep disorders  

16.1 Emerging technologies to monitor sleep and circadian rhythms 348
Renaud Tamisier, Sébastien Baillieul and Jean-Louis Pépin

16.2 New digital diagnostic tools for respiratory sleep disorders 354
Renaud Tamisier, Maelle Guellerin and Jean-Louis Pépin

16.3 Digital health innovations for optimisation and follow-up  359
of therapy 
Renaud Tamisier, Sébastien Baillieul and Jean-Louis Pépin



16.4 Big data and artificial intelligence: opportunities and  364
challenges 
Renaud Tamisier, Sébastien Bailly and Jean-Louis Pépin

16.5 Patient empowerment/participation in care of respiratory  367
sleep disorders 
Piet-Heijn van Mechelen

17 – Paediatric respiratory sleep medicine 

17.1 Development of breathing and sleep, and pathophysiology  370
of apnoea in the first years of life 
Refika Ersu and Ha Trang

17.2 Sleep disordered breathing in children 376
Refika Ersu and Ha Trang

17.3 Comorbid respiratory disorders in children 382
Stijn Verhulst and Brigitte Fauroux

17.4 Clinical assessment and diagnostic techniques 386
Maria Pia Villa and Stijn Verhulst

17.5 Management of sleep-related respiratory disorders in children 396
Athanasios G. Kaditis, Maria Pia Villa, Anita K. Simonds, Stijn Verhulst and  
Brigitte Fauroux



Contributors

Giuseppe Adamo
PROMISE Department, University of 
Palermo, and Pulmonary Division, Villa 
Sofia-Cervello Hospital, Palermo, Italy
giuseppe.adamo92@gmail.com

Marta Amata
PROMISE Department, University of 
Palermo, and Pulmonary Division, Villa 
Sofia-Cervello Hospital, Palermo, Italy
marta.amata@gmail.com

Tiina Andersen
Norwegian Advisory Unit on 
Long-term Mechanical Ventilation, 
Thoracic Department, Haukland 
University Hospital, and Department of 
Physiotherapy, Haukeland University 
Hospital, Bergen, and Faculty of Health 
and Social Sciences, Western Norway 
University of Applied Science, Bergen, 
Norway
tiina.maarit.andersen@helse-bergen.no

Sébastien Baillieul
University Grenoble Alpes, Grenoble, 
and Service Hospitalo-Universitaire 
Pneumologie et Physiologie, 
Grenoble, France
SBaillieul@chu-grenoble.fr

Sébastien Bailly
University Grenoble Alpes, Grenoble, 
and Service Hospitalo-Universitaire 
Pneumologie et Physiologie, 
Grenoble, France
SBailly@chu-grenoble.fr

Özen K. Basoglu
Department of Chest Diseases, Ege 
University, Faculty of Medicine, Izmir, 
Turkey
ozen.basoglu@ege.edu.tr, ozenbasoglu@
yahoo.com

Renzo Boersma
Department of Pulmonary Diseases/
Home Mechanical Ventilation, University 
of Groningen, University Medical Center 
Groningen, Groningen, and Groningen 
Research Institute of Asthma and COPD, 
University of Groningen, University 
Medical Center Groningen, 
The Netherlands
r.boersma@umcg.nl

Izolde Bouloukaki
Sleep Disorders Center, Department of 
Respiratory Medicine, School of Medicine, 
University of Crete, Crete, Greece
izolthi@gmail.com

Chief editors
Maria R. Bonsignore
PROMISE Department, University of 
Palermo, Palermo, and Pulmonary 
Division, Villa Sofia-Cervello Hospital, 
Palermo, and Institute of Biomedical 
Research and Innovation (IRIB), National 
Research COuncil (CNR), Palermo, Italy
mariarosaria.bonsignore@unipa.it 

Winfried Randerath
Bethanien Hospital, Clinic of 
Pneumology and Allergology, Center for 
Sleep Medicine and Respiratory Care, 
Institute of Pneumology at the 
University of Cologne, Solingen, 
Germany
randerath@klinik-bethanien.de  

Sophia E. Schiza
Sleep Disorders Center, Department 
of Respiratory Medicine, School of 
Medicine, University of Crete, Crete, 
Greece
schiza@med.uoc.gr 

Anita K. Simonds
Sleep and Ventilation Unit, Royal 
Brompton and Harefield Hospitals, Guy’s 
and St Thomas’ NHS Foundation Trust, 
London, UK
A.Simonds@rbht.nhs.uk

ix



x

Marie Bruyneel
Department of Pneumology, CHU 
Saint-Pierre and CHU Brugmann, and 
Université Libre de Bruxelles, Brussels, 
Belgium 
marie.bruyneel@stpierre-bru.be

Bertien Buyse
Department of Respiratory Diseases, UZ 
Leuven, Leuven, Belgium
bertien.buyse@uzleuven.be

Louise Byrne
Department of Respiratory Medicine, St 
James’ Hospital, Dublin, Ireland
1byrnelouise@gmail.com

Francesca Casoni
Sleep Disorders Center, Vita-Salute San 
Raffaele University, Milan, Italy
casoni.francesca@hsr.it

Silvia V. Conde
Universidade Nova de Lisboa Faculdade 
de Ciencias Medicas, Lisbon, Portugal
silvia.conde@nms.unl.pt

Sarah Cullivan
Department of Respiratory Medicine, St 
James’ Hospital, Dublin, Ireland
sarahkcullivan@gmail.com

Sonia Deweerdt
Department of Pneumology, UZ Brussel, 
and Vrije Universiteit Brussel, Brussels, 
Belgium
Sonia.DeWeerdt@uzbrussel.be

Marijke Dieltjens
Department of ENT, Antwerp University 
Hospital and University of Antwerp, 
Antwerp, Belgium
marijke.dieltjens@uza.be

Marta Drummond
Faculty of Medicine, University of 
Porto, and Centro de Responsabilida 
de Integrada de Sono e VNI, Centro 
Hospitalar Universitário de São João, 
Porto, Portugal
marta.drummond@gmail.com

Marieke L. Duiverman
Department of Pulmonary Diseases/
Home Mechanical Ventilation, University 
of Groningen, University Medical Center 
Groningen, Groningen, and Groningen 
Research Institute of Asthma and COPD, 
University of Groningen, University 
Medical Center Groningen, The 
Netherlands
m.l.duiverman@umcg.nl

Refika Ersu
Division of Pediatric Respirology, 
Children’s Hospital of Eastern Ontario, 
University of Ottawa, Ottawa, ON, 
Canada
rersu@yahoo.com

Francesco Fanfulla
Respiratory Function and Sleep Unit, 
Scientific Institutes of Pavia and 
Montescano IRCCS, Istituti Clinici 
Scientifici Maugeri, Pavia, Italy
francesco.fanfulla@icsmaugeri.it

Brigitte Fauroux
Pediatric Noninvasive Ventilation and 
Sleep Unit, AP-HP, Hôpital 
Necker-Enfants malades, Paris, France
brigitte.fauroux@aphp.fr

Luigi Ferini-Strambi
Department of Clinical Neurosciences, 
Neurology – Sleep Disorders Center, 
IRCCS San Raffaele Scientific Institute, 
Milan, and “Vita-Salute” San Raffaele 
University, Milan, Italy
ferinistrambi.luigi@hsr.it

Andrea Galbiati
Department of Clinical Neurosciences, 
Neurology – Sleep Disorders Center, 
IRCCS San Raffaele Scientific Institute, 
Milan, and “Vita- Salute” San Raffaele 
University, Milan, Italy
andrea.galbiati.unisr@gmail.com

Sergio Garbarino
Department of Neuroscience, 
Rehabilitation, Ophthalmology, Genetics 
and Maternal/Child Sciences (DINOGMI), 
University of Genoa, Genoa, Italy
sgarbarino.neuro@gmail.com

Robin Germany
Division of Cardiovascular Diseases, 
University of Oklahoma, Oklahoma City, 
OK, USA
robin-germany@ouhsc.edu



xi

Maelle Guellerin
University Grenoble Alpes, Grenoble, 
and Service Hospitalo-Universitaire 
Pneumologie et Physiologie, 
Grenoble, France
MGuellerin2@chu-grenoble.fr
Anna Heidbreder
Department of Neurology, Medical 
University Innsbruck, Innsbruck, Austria
anna.heidbreder@i-med.ac.at

Shahrokh Javaheri
Montgomery Sleep Laboratory, Bethesda 
North Hospital, Cincinnati, OH, and 
University of Cincinnati, College of 
Medicine, Cincinnati, OH, USA
shahrokhjavaheri@icloud.com

Athanasios Kaditis
Division of Pediatric Pulmonology, Sleep 
Disorders Laboratory, First Department 
of Pediatrics, University of Athens 
School of Medicine and Agia Sofia 
Children’s Hospital, Athens, Greece
kaditia@hotmail.com

Alexandros Kalkanis 
Department of Respiratory Diseases, UZ 
Leuven, Leuven, Belgium
alexandros.kalkanis@uzleuven.be

Ulf Kallweit
Clinic of Sleep and Neuroimmunology, 
Institute of Immunology, and Center 
for Biomedical Education and Research 
(ZBAF), University Witten/Herdecke, 
Witten, Germany
Ulf.Kallweit@uni-wh.de

Georgios Kaltsakas
Lane Fox Unit, Sleep Disorders Centre, 
Guy’s & St Thomas’ NHS Foundation 
Trust, and Centre for Human and 
Applied Physiological Sciences 
(CHAPS), School of Basic and Medical 
Biosciences, Faculty of Life Sciences 
& Medicine, King’s College London, 
London, UK
georgios.kaltsakas@gstt.nhs.uk

Barry Kennedy
Department of Respiratory Medicine, 
St James’ Hospital, Dublin, Ireland
Bkennedy@stjames.ie

Brian D. Kent
Department of Respiratory Medicine, St 
James’ Hospital, Dublin, and School of 
Medicine, Trinity College Dublin, Dublin, 
Ireland
briankent@physicians.ie

Marie Marklund
Department of Orthodontics, Faculty 
of Medicine, Umeå University, Umeå, 
Sweden
marie.marklund@umu.se

Juan F. Masa Jiménez
CIBER of Respiratory Diseases 
(CIBERES), Madrid, and Pneumology 
Service, San Pedro de Alcántara 
Hospital, Cáceres, Spain
fmasa@separ.es

Frederik Massie
ResMed Science Center, Leuven, 
Belgium, and Department of 
Engineering, Natural Interaction Lab, 
University of Oxford, Oxford, UK
frederik.massie@eng.ox.ac.uk

Gisèle Maury
Department of Respiratory Diseases, 
Université Catholique de Louvain, Yvoir, 
Belgium
gisele.maury@chuuclnamur.uclouvain.
be

Walter T. McNicholas 
School of Medicine, University College 
Dublin, and Department of Respiratory 
and Sleep Medicine, St. Vincent’s 
Hospital Group, Dublin, Ireland
walter.mcnicholas@ucd.ie

Ludovico Messineo
Division of Sleep and Circadian 
Disorders, Brigham and Women’s 
Hospital and Harvard Medical School, 
Boston, MA, USA
ludovico.messineo@yahoo.it

Imran Johan Meurling
Sleep Disorders Centre, Guy’s & St 
Thomas’ NHS Foundation Trust, 
London, UK
johan.meurling@gstt.nhs.uk

Maria Paola Mogavero
Sleep Disorders Center, Vita-Salute San 
Raffaele University, Milan, Italy
paola_mogavero@libero.it



xii

Emilia C. Monteiro
CEDOC, Chronic Diseases Research 
Center, NOVA Medical School/
Faculdade de Ciências Médicas, 
Universidade Nova de Lisboa, Lisbon, 
Portugal

emilia.monteiro@nms.unl.pt
Timothy I. Morgenthaler
Center for Sleep Medicine, Division of 
Pulmonary, Critical Care, and Sleep 
Medicine, Mayo Clinic, Rochester, MN, 
USA
tmorgenthaler@mayo.edu

Annabel H. Nickol
Oxford Centre for Respiratory Medicine, 
Oxford University Hospital NHS 
Foundation Trust, Oxford, UK
Annabel.nickol@ndm.ox.ac.uk

Dimitrios Papadopoulos
Department of Respiratory Diseases, UZ 
Leuven, Leuven, Belgium
dimitrios.papadopoulos@uzleuven.be

Athanasia Pataka
Respiratory Failure Unit G Papanikolaou 
Hospital Thessaloniki, Aristotle 
University of Thessaloniki, Thessaloniki, 
Greece
patakath@yahoo.gr

Jean-Louis Pépin
University Grenoble Alpes, Grenoble, 
France
jpepin@chu-grenoble.fr

Elisa Perger
Istituto Auxologico Italiano, IRCCS, 
Sleep Disorders Center & Department 
of Cardiovascular, Neural and Metabolic 
Sciences, San Luca Hospital, and 
Department of Medicine and Surgery, 
University of Milano-Bicocca, Milan, 
Italy
elisaperger@hotmail.com

Dirk Pevernagie
Department of Respiratory Medicine, 
Ghent University Hospital, and 
Department of Internal Medicine and 
Paediatrics, Faculty of Medicine and 
Health Sciences, Ghent University, 
Ghent, Belgium
Dirk.Pevernagie@UGent.be

Victor R. Ramírez Molina
Hospital H+ Querétaro, Querétaro, 
Mexico
victorraul_26@hotmail.com

Renata L. Riha
Department of Sleep Medicine, Royal 
Infirmary of Edinburgh, and University of 
Edinburgh, Edinburgh, UK
rlriha@hotmail.com

Ivana Rosenzweig
Sleep and Brain Plasticity Centre, 
Neuroimaging, IoPPN, King’s College 
London, London, UK
ivana.1.rosenzweig@kcl.ac.uk

Silke Ryan
School of Medicine, University College 
Dublin, and Pulmonary and Sleep 
Disorders Unit, St Vincent’s University 
Hospital, Dublin, Ireland
silke.ryan@ucd.ie

Bernardo Selim
Respiratory Care Unit, Division of 
Pulmonary, Critical Care, and Sleep 
Medicine, Mayo Clinic, Rochester, MN, 
USA
selim.bernardo@mayo.edu

Marco Sforza
Department of Clinical Neurosciences, 
Neurology – Sleep Disorders Center, 
IRCCS San Raffaele Scientific Institute, 
Milan, and “Vita- Salute” San Raffaele 
University, Milan, Italy
marco.sforza@gmail.com

Neeraj M. Shah
Lane Fox Unit, Sleep Disorders Centre, 
Guy’s & St Thomas’ NHS Foundation 
Trust, and Centre for Human and Applied 
Physiological Sciences (CHAPS), School 
of Basic and Medical Biosciences, Faculty 
of Life Sciences & Medicine, King’s 
College London, London, UK
neeraj.shah@gstt.nhs.uk

Ambra Stefani
Department of Neurology, Neurological 
Clinical Research Institute, 
Massachusetts General Hospital, Boston, 
MA, USA, and Department of Neurology, 
Sleep Disorders Clinic, Medical University 
of Innsbruck, Innsbruck, Austria
astefani2@mgh.harvard.edu, ambra.
stefani@i-med.ac.at



xiii

Joerg Steier
Lane Fox Unit, Sleep Disorders Centre, 
Guy’s & St Thomas’ NHS Foundation 
Trust, and Centre for Human and 
Applied Physiological Sciences 
(CHAPS), School of Basic and Medical 
Biosciences, Faculty of Life Sciences 
& Medicine, King’s College London, 
London, UK
joerg.steier@kcl.ac.uk

Renaud Tamisier
University Grenoble Alpes, Grenoble, 
and Service Hospitalo-Universitaire 
Pneumologie et Physiologie, 
Grenoble, France
rtamisier@chu-grenoble.fr

Hui-Leng Tan
Department of Pediatric Respiratory 
Medicine, Royal Brompton Hospital, 
London, UK
H.Tan@rbht.nhs.uk

Luigi Taranto-Montemurro
Division of Sleep and Circadian 
Disorders, Brigham and Women’s 
Hospital and Harvard Medical School, 
Boston, MA, USA
ltarantomontemurro@bwh.harvard.edu

Dries Testelmans
Department of Respiratory Diseases, UZ 
Leuven, Leuven, Belgium
dries.testelmans@uzleuven.be

Michel Toussaint
Centre de Référence Neuromusculaire, 
Department of Neurology, Cliniques 
Universitaires de Bruxelles, Hôpital 
Erasme, Université libre de Bruxelles 
(ULB), Brussels, Belgium
Michel.Toussaint@erasme.ulb.ac.be

Ha Trang
University of Paris; AP-HP, University 
Hospital Robert Debré; Paediatric Sleep 
Centre, Centre of reference for CCHS, 
Paris, France
ha.trang@aphp.fr

Piet-Heijn van Mechelen
Stichting Apneu Research, Bentveld, the 
Netherlands
phvanmechelen@gmail.com

Olivier Vanderveken
Multidisciplinary Sleep Disorders 
Centre, Antwerp University Hospital 
and University of Antwerp, Antwerp, 
Belgium
olivier.vanderveken@uantwerp.be

Johan Verbraecken
Multidisciplinary Sleep Disorders 
Centre, Antwerp University Hospital 
and University of Antwerp, Antwerp, 
Belgium
johan.verbraecken@uza.be

Stijn Verhulst
Department of Pediatrics, Antwerp 
University Hospital and Lab of 
Experimental Medicine and Pediatrics, 
University of Antwerp, Antwerp, 
Belgium
stijn.verhulst@uantwerpen.be

Maria Pia Villa
Department of Pediatrics, Sleep Disease 
Centre, University of Rome 
La Sapienza-Sant’Andrea Hospital, 
Rome, Italy
mariapia.villa@fondazione.uniroma1.it

Steven Vits
Faculty of Medicine and Health 
Sciences, University of Antwerp, 
Antwerp, and ResMed Science Center, 
Leuven, Belgium
Steven.Vits@student.uantwerpen.be

Peter J. Wijkstra
Department of Pulmonary Diseases/
Home Mechanical Ventilation, 
University of Groningen, University 
Medical Center Groningen, Groningen, 
and Groningen Research Institute 
of Asthma and COPD, University of 
Groningen, University Medical Center 
Groningen, The Netherlands
p.j.wijkstra@umcg.nl

Conflicts of interest

Disclosures for all authors are given at 
https://doi.org/10.1183/9781849841641.coi 



xiv

List of abbreviations

AHI apnoea–hypopnoea index
ASV adaptive servo ventilation
BMI body mass index
BP blood pressure
BPAP  bilevel positive airway 
 pressure
CHF congestive heart failure
CPAP continuous positive airway  
 pressure
CSA central sleep apnoea
CSR Cheyne–Stokes respiration
CVD cardiovascular disease
COPD chronic obstructive 
 pulmonary disease
DBP diastolic BP
EDS excessive daytime 
 sleepiness
EEG electroencephalography
EMG electromyography
ENT ear, nose and throat
EOG electrooculography
EPAP expiratory positive airway  
 pressure
ESS Epworth Sleepiness Scale
FVC forced vital capacity
FRC functional residual capacity
FEV1 forced expiratory volume 
 in 1 s

HF heart failure
ICSD International Classification  
 of Sleep Disorders
IPAP inspiratory positive airway  
 pressure
MRI magnetic resonance imaging
MSLT Multiple Sleep Latency Test
NIV noninvasive ventilation
NREM non-rapid eye movement
OHS obesity hypoventilation   
 syndrome
OSA obstructive sleep apnoea
OSAS OSA syndrome
OSLER Oxford Sleep Resistance Test
PaCO2

 arterial carbon dioxide 
 tension
PaO2

 arterial oxygen tension
PAP positive airway pressure
PSG polysomnography
PtcCO2

 transcutaneous carbon   
 dioxide tension
REM rapid eye movement
SAHS sleep apnoea–hypopnoea  
 syndrome
SaO2

 arterial oxygen saturation
SDB sleep disordered breathing
SBP systolic blood pressure
V'E minute ventilation



xv

Preface

Respiratory sleep medicine is a rapidly evolving discipline in pneumology. 
Since the first edition of the ERS Handbook of Respiratory Sleep Medicine, we 
have seen significant progress in the pathophysiological understanding of the 
various endotypes of obstructive sleep apnoea, described distinct phenotypes 
based on symptoms and comorbidities, and gained insights into the 
limitations and potential of biomarkers. This helps us to reformulate a pure 
mechanistic understanding of the disease. Moreover, we have proceeded from 
a generic definition of the disease based on the apnoea–hypopnoea index to 
its replacement by outcome-oriented or patient-related biomarkers. Similarly, 
we are currently discovering important information about the different 
phenotypes of central sleep apnoea and its optimal, personalised treatment. 
Finally, large randomised controlled studies have produced unexpected 
results, that underline the urgent need for a change in study design and use 
of refined statistical analysis based on large number of patients. Therefore, an 
update of the ERS Handbook of Respiratory Sleep Medicine is clearly necessary.

Sleep medicine is a true multidisciplinary field. Sleep physicians are referred 
and treat patients from all specialties of medicine. Therefore, we are grateful 
for the contributions from colleagues, not only from pulmonary medicine, but 
also from neurology, paediatrics, psychiatry and ENT, among others.

We have worked to ensure the book provides a valuable update, not only for 
experienced sleep specialists, but also for trainees, nurses and allied healthcare 
professionals. Our aim is to focus on practical aspects, tips and advice based 
on clinical practice and up-to-date guidelines.

We are really grateful to everyone who contributed to this edition.

 
Maria R. Bonsignore, Winfried Randerath, 
Sophia E. Schiza and Anita K. Simonds
Chief editors
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