
 
 

University of Birmingham

Obstructive sleep apnea and its management in
patients with atrial fibrillation
International Collaboration of Sleep Apnea Cardiovascular Trialists INCOSACT

DOI:
10.1016/j.ijcha.2022.101085

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
International Collaboration of Sleep Apnea Cardiovascular Trialists INCOSACT 2022, 'Obstructive sleep apnea
and its management in patients with atrial fibrillation: an International Collaboration of Sleep Apnea
Cardiovascular Trialists (INCOSACT) global survey of practicing cardiologists', International journal of
cardiology. Heart & vasculature, vol. 42, 101085. https://doi.org/10.1016/j.ijcha.2022.101085

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 26. Apr. 2024

https://doi.org/10.1016/j.ijcha.2022.101085
https://doi.org/10.1016/j.ijcha.2022.101085
https://birmingham.elsevierpure.com/en/publications/805013d2-59a7-4a04-ac40-7492d9b5f42d


IJC Heart & Vasculature 42 (2022) 101085

Available online 19 July 2022
2352-9067/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Obstructive sleep apnea and its management in patients with atrial 
fibrillation: An International Collaboration of Sleep Apnea Cardiovascular 
Trialists (INCOSACT) global survey of practicing cardiologists 

Michael D. Faulx a,*, Reena Mehra b, Glaucylara Reis Geovanini c, Shin-ichi Ando d, 
Michael Arzt e, Luciano Drager f, Michael Fu g, Camilla Hoyos h, Jo Hai i, Juey-Jen Hwang j, 
Remzi Karaoguz k, John Kimoff l, Pei-Lin Lee m, Olga Mediano n, Sanjay R. Patel o, Yüksel Peker p, 
Jean Louis Pepin q, Manuel Sanchez-de-la-Torre r, Frédéric Sériès s, Stefan Stadler t, 
Patrick Strollo u, A.A. Tahrani v, Erik Thunström w, Motoo Yamauchi x, Susan Redline y, 
Craig L. Phillips z, on behalf of the International Collaboration of Sleep Apnea Cardiovascular 
Trialists INCOSACT1 

a Department of Cardiovascular Medicine, Heart, Vascular and Thoracic Institute, Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195, USA 
b Director, Sleep Disorders Research. Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195, USA 
c Sleep Laboratory, Pulmonary Division, Heart Institute (InCor), Hospital das Clinicas, Faculdade de Medicina, Universidade de São Paulo, São Paulo, Brazil 
d Sleep Apnea Center. Kyushu University Hospital, 3-1-1 Maidashi Higashiku Fukuoka, 814-8582, Japan 
e Department of Internal Medicine II, University Hospital Regensburg, Franz-Josef-Strauss-Allee (u1) 11, 93053 Regensburg, Germany 
f Unidade de Hipertensao, Institute do Coraçao (InCor), Hospital das Clinicas HCFMUSP, Faculdade de Medicina, Universidade de São Paulo, São Paulo, SP, Brazil 
g Senior Consultant Physician/Cardiologist, University of Gothenburg, Su sahlgrenska, 41345 Göteborg, Sweden 
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m Center of Sleep Disorders, National Taiwan University Hospital, No.7, Chung Shan S. Rd., Taipei 100225, Taiwan 
n Sleep Unit, Pneumology Department, Hospital Universitario de Guadalajara. Medicine Department. Universidad de Alcalá. Madrid. Centro de Investigación Biomédica 
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A R T I C L E  I N F O   
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A B S T R A C T   

Background: Among international cardiologists it is unclear whether equipoise exists regarding the benefit of 
diagnosing and managing obstructive sleep apnea (OSA) to improve atrial fibrillation (AF) outcomes and 
whether clinical practice and equipoise are linked. 
Methods: Between January 2019 and June 2020 we distributed a web-based 12-question survey regarding OSA 
and AF management to practicing cardiologists in 16 countries. 
Results: The United States, Japan, Sweden, and Turkey accounted for two-thirds of responses. 863 cardiologists 
responded; half were general cardiologists, a quarter electrophysiologists. Responses regarding treating OSA with 
CPAP to improve AF endpoints were mixed. 33% of respondents referred AF patients for OSA screening. OSA was 
diagnosed in 48% of referred patients and continuous positive airway pressure (CPAP) was prescribed for 59% of 
them. Nearly 70% of respondents believed randomized controlled trials (RCTs) of OSA treatment in AF patients 
were necessary and indicated willingness to contribute to such trials. 
Conclusions: There was no clinical equipoise among surveyed cardiologists; a majority expressed certainty that 
combined OSA and AF treatment is superior to AF treatment alone for improving AF outcomes. However, a 
minority of surveyed cardiologists referred AF patients for OSA testing, and while half of screened AF patients 
had OSA, CPAP was prescribed in little more than half of them, reflecting the view that better clinical trial 
evidence is needed to support this practice. Our results underscore the need for larger, multi-national prospective 
studies of OSA treatment and AF outcomes to inform more uniform society guideline recommendations.   

1. Introduction 

The International Collaboration of Sleep Apnea Cardiovascular 
Trialists (INCOSACT) is a consortium of sleep medicine physicians, 
cardiologists and researchers representing 16 countries with a common 
interest in generating evidence-based data to inform approaches to OSA 
treatment as a strategy for improving CVD outcomes [1]. 

Obstructive sleep apnoea (OSA) is a global health crisis intimately 
related to the global obesity epidemic. In the United States OSA affects 
17 % of adult women and 34 % of adult men, with recent trends sup-
porting rising incidence rates nationally [2] and internationally [3]. 
OSA is closely associated with features of the metabolic syndrome 
including insulin resistance, dyslipidemia, hypertension and central 
adiposity [4]. This association with the metabolic syndrome and its 
deleterious influence on inflammation, oxidative stress, and endothelial 
dysfunction likely accounts for a large portion of the association be-
tween OSA and CVD [5]. 

Sleep apnea is highly prevalent among patients with cardiovascular 
disease. Data from large prospective patient registries have revealed that 
sleep apnea, OSA in particular, is essentially endemic in outpatient and 
inpatient cardiology settings worldwide [3,6,7]. OSA has been closely 
associated with prevalent and incident hypertension [8], coronary ar-
tery disease [9,10], congestive heart failure [11], stroke [12] and car-
diac rhythm disorders, atrial fibrillation (AF) in particular [13]. 

AF is the most common arrhythmia in the world, affecting at least 3 
million individuals in the United States alone and over 34 million people 
worldwide [14]. The pathogenesis of AF is complex and incompletely 
understood, but is believed to involve both abnormal atrial tissue sub-
strates as well as triggers of abnormal electrical activity, with abnormal 
impulses often arising from the pulmonary vein ostia [15]. OSA may 
predispose to the development of AF both through its acute influence on 
autonomic tone and intrathoracic pressures, as well as through modu-
lating chronic changes to the underlying atrial tissue substrate [16]. Not 
surprisingly the prevalence of moderate or greater severity OSA is as 
high as 40 % in patients with AF [17,18], and similar to the prevalence 
of AF in patients with moderate-or-severe OSA [19]. 

The relationship between OSA and AF is broadly recognized by 
cardiovascular societies internationally, with most management guide-
lines acknowledging this relationship and many recommending 

screening for and in some cases treating OSA in patients with AF with the 
goal of improving AF outcomes (Table 1). However, the evidence sup-
porting these guideline recommendations is largely based on consensus 
opinion (level of evidence, LOA C), driven by the strong epidemiologic 
association between obesity, OSA and AF and the biologic plausibility 
that OSA-related physiologic, biochemical and structural influences on 
the heart are arrhythmogenic [20–22]. There are currently no rando-
mised clinical trial data that unequivocally support OSA treatment 
solely to improve AF outcomes, with one contemporary randomised trial 
showing no short-term improvement in AF burden in OSA patients 
treated with continuous positive airway pressure (CPAP) versus usual 
care [23]. Thus, despite a general consensus among guideline writing 
committees around the world that one should consider screening for and 
treating OSA in AF patients these recommendations lack a rigorous 
scientific basis. Furthermore, the opinions of cardiologists worldwide 
regarding the relationship between OSA and AF and the impact of those 
opinions of their clinical practice habits is not known. 

In this INCOSACT study, we aimed to conduct a global online survey 
to determine the perceived importance among cardiologists of recog-
nizing and treating OSA to improve the management of atrial fibrillation 
AF. A second aim was to determine whether current professional 
guidelines for AF management, which all recognise OSA as a risk factor 
for AF (and in some cases recommend OSA treatment), reflect real world 
beliefs and practices amongst cardiologists internationally. The survey 
was also used to gauge the level of interest amongst respondents for 
participating in randomised controlled trials that seek to clarify the 
evidence base for OSA treatment to improve AF outcomes. Such trials 
would ultimately provide crucial data that will influence future AF 
guideline development and AF management. 

2. Materials and methods 

A small team with members from both the cardiovascular and sleep 
specialties developed the survey based upon a consensus approach. The 
methods used for exploring issues of clinical equipoise were like those 
used in a previous survey of otolaryngology surgeons who perform 
upper airway surgery for OSA [24]. 

Survey Rationale. Our 12-question survey was divided into 3 sections 
with questions designed to understand: 

(1) The background cardiology discipline of the respondents, how 
important they rate common atrial fibrillation risk factors and their 
experience with failure rates for the most common atrial fibrillation 

1 see supplement for complete listing. 
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treatments. 
(2) Referral activity and factors influencing referral practices for OSA 

diagnosis and treatment within the context of atrial fibrillation 
management. 

(3) The need for (a) further research linking OSA with AF and (b) 
clinical trials quantifying OSA treatment impact on AF outcomes and 
whether there is clinical equipoise for OSA treatment to mitigate adverse 
AF outcomes. 

Survey Portal and Dissemination. Local ethics approvals or waivers 
were granted for each country surveyed. These were based on the sur-
vey’s low risk status with no collection of data that could identify the 
survey respondents. The anonymized survey was implemented through 
a web-based portal on a secure, password protected cloud-based server, 
hosted in Sydney, Australia. The survey was accessible from both 
desktop computers and mobile telephones. The survey was designed to 
only capture complete responses for all 12 questions; data from re-
spondents that began the survey but failed to finish it were not collected 
or counted. Consequently, incomplete responses were not saved. Survey 
versions were available in English, German, Japanese, Portuguese, 
Spanish and Turkish languages. Self-nominated country leads from 
within the INCOSACT membership were tasked with disseminating the 
online survey within their home countries with assistance from cardi-
ologist colleagues. Introductory information and a link to the survey was 
provided through cardiology professional societies at scientific meetings 
via newsletters on scientific meeting and society websites, through 
group membership on the social media platform Twitter © and directly 
via email to staff (Japan, Australia, others). Societies and meetings 
involved in the survey included the American Heart Association (AHA), 
American College of Cardiology (ACC) including Ohio ACC, Heart 
Rhythm Society (HRS), Canadian Cardiovascular Society, Canadian 
Heart Rhythm Society, Cardiac Society of Australia and New Zealand 
(CSANZ), Taiwan Society of Cardiology (TSOC), the Brazilian Society of 
Cardiac Arrhythmias (SOBRAC) and Sociedade de Cardiologia do Estado 
de São Paulo (SOCESP), Brazil), the German Society of Cardiology, the 
Spanish Cardiology Society and Spanish Respiratory Society, the 

Swedish Cardiology Society and the Turkish Society of Cardiology. 
Practice Guidelines. Table 1 shows the range of practice guidelines 

[25–31] used by surveyed countries with reference to OSA as a recog-
nised risk factor for AF and whether it is recommended that OSA be 
treated as part of AF management. 

3. Results 

The survey was distributed to cardiologists from 16 counties 
(Australia, Brazil, Canada, China, France, Germany, Hong Kong, Japan, 
New Zealand, Singapore, Spain Sweden, Taiwan, Turkey, UK and USA). 
The survey was open between January 2019 and June 2020 and a total 
of 863 cardiologist responses were collected. Approximately-two-thirds 
of the total responses were from the United States (22 %), Japan (15.9 
%), Sweden (13.9 %) and Turkey (14.4 %) (Fig. 1). 

Q1: What area of cardiology discipline do you mostly practice in? 
Nearly-one-half of respondents (48.6 %) described themselves as 

general cardiologist and one-quarter (25.7 %) described themselves as 
electrophysiologists. The remaining respondents described themselves 
as intervention cardiologists (11.7 %), heart failure specialists (6.8 %), 
cardiac imaging experts (3.1 %) and ‘other’ (4.1 %). 

Q2: In your patients with AF that is not permanent, approximately 
what proportion fail the following? 

Among patients with paroxysmal or persistent AF, the highest re-
ported failure rate was for AF anti-arrhythmic drug therapies (43 %, n =
767). Cardioversion failure rates were lower at 23 %, (n = 753). First 
and second ablation procedure failure rates were 26.9 % (n = 725) and 
17.3 % (n = 655), respectively. 

Q 3: Please rate the importance of the following as risk factors for 
first AF or AF recurrence. 

Most risk factors were rated as “extremely important” or “very 
important” and when combined, congestive heart failure was rated the 
most important risk factor amongst the 12 listed. OSA was rated third 
most important. 

Q4: How easy is it for your AF patients to access OSA diagnostic/ 

Table 1 
Current international guideline recommendations pertaining to obstructive sleep apnoea (OSA) and atrial fibrillation (AF).  

Society 
Adherent countries (bibliography reference) 

Publication 
Year 

OSA listed as an AF risk 
factor? 

Recommends OSA screening? Recommends OSA 
treatment? 

ACC / AHA / HRS (25) 
USA 
Brazil 

2014 
update 2019 

Yes 
Pathogenesis  

Yes, in recurrent AF ** Statement published after 
completion of this survey (26) 
. 

No recommendation 

CCS (30) 
Canada 

2020 Yes 
Pathogenesis 
Treatment failure 

Yes 
For most AF patients 

Yes 
To reduce recurrence 
rates 

CSANZ (28) 
Australia 
New Zealand 

2018 Yes 
Pathogenesis 
Treatment failure 

Yes 
In patients with recurrent symptomatic AF  

Yes 
In patients with 
recurrent AF  

EHRA (29) 
(endorsed by HRS and APHRS) 
Japan 
Taiwan 
Hong Kong 
China 
Singapore 

2017 Yes 
Potential pathogenesis 

Yes 
If clinically indicated 

No recommendation 

ESC (27) 
Germany 
France 
Sweden 
United Kingdom 
Turkey 
Spain 

2020 Yes 
Pathogenesis 
Treatment failure  

Yes 
Prior to rhythm control strategy  

Yes 
To reduce recurrence 
rates  

Taiwan Heart Rhythm Society / Taiwan 
Society of Cardiology (31) 
Taiwan 

2016 Yes 
Epidemiology 

No No 

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; HRS, Heart Rhythm Society; ESC, European Society of Cardiology; CSANZ, 
Cardiac Society of Australian and New Zealand; EHRA, European Heart Rhythm Society; APHRS, Asia Pacific Heart Rhythm Society; CCS, Canadian Cardiovascular 
Society. 

M.D. Faulx et al.                                                                                                                                                                                                                                



IJC Heart & Vasculature 42 (2022) 101085

4

treatment services? 
Access to OSA diagnostic and treatment services were deemed easy 

or very easy in 56.7 % of respondents. In contrast, 40.1 % found access 
either difficult or very difficult. In a sub-analysis broken down for 
countries with the largest responses, Australia, Germany, Japan, Spain, 
Sweden, and the USA found access mostly easy or very easy (range 
52–70 %). In contrast, Brazil, Taiwan, and Turkey found access mostly 
difficult or very difficult (range 57–61 %). 

Q 5.1: What proportion of your AF patients do you refer to OSA 
diagnostic/treatment services? 

Q 5.2: In your patients you refer to OSA diagnostic/treatment ser-
vices, what proportion initially have a Full PSG? 

Q 5.3: In your patients you refer to OSA diagnostic/treatment 
services: 

a. What Proportion are diagnosed with OSA? 
b. What proportion of patients diagnosed with OSA are recom-

mended for treatment with CPAP? 
c. What proportion of patients recommended for treatment with 

CPAP end up using it? 
Referral trends for OSA testing and treatment are shown in Table 2. 

Overall one third (33 %) of AF patients were referred for OSA diagnosis 
with less than half (41 %) of those undergoing full polysomnography. 
For all referred patients, nearly half (48 %) were diagnosed with OSA. 
However, less than two thirds (59 %) of OSA-diagnosed patients were 
recommended for CPAP treatment and of these, less than half (41 %) 
ended up using CPAP. 

4. Q6: Does the proportion of patients who end up using CPAP 
treatment influence your decision to refer patients to OSA 
diagnostic/treatment services? 

39 % of 801 respondents confirmed that the success of OSA treat-
ment with CPAP was a factor in deciding whether to refer their patients 
for OSA diagnosis. In contrast, nearly half (~49 %) were not influenced 
by OSA treatment success. The remainder (12 %) were unsure. 

5. Q7. In your patients diagnosed with OSA that are 
recommended for CPAP treatment, what proportion start CPAP: 
(a) prior to any AF treatment (b) after ablation treatment? 

OSA treatment with CPAP prior to any AF treatment was initiated in 
35 ± 28 % of patients. A similar amount (34 ± 25 %) started CPAP 
treatment only after attempting ablation. 

Q8. Please rate overall how important you perceive the need is for 
further clinical research to establish the benefit of treating moderate- 
severe OSA with CPAP for: 

(a). Preventing AF. 
(b). Managing First AF. 
(c). Managing Paroxysmal AF. 
(d). Managing Persistent AF. 
(e). Managing Permanent AF. 
Nearly 80 % of respondents prioritised as extremely or very impor-

tant, further research for establishing the benefit of treating moderate- 
severe OSA with CPAP for preventing or managing paroxysmal or a 
first AF episode. In contrast, less than 40 % prioritised research for OSA 
treatment in aiding the managing of permanent AF (Fig. 2A). 

Q9. In a future randomized clinical trial that aims to assess the 

Fig. 1. Proportions of total survey responses by country of origin.  

Table 2 
OSA diagnosis and treatment. All statistics are mean % ± SD. *p less than 0.05 comparing country mean to overall mean.   

Overall Aust Brazil Germany Japan Spain Sweden Taiwan Turkey USA 

Referred 33.0 
±29 

53.6 
±28* 

35.9 
±29 

32.4 
±26 

29.5 
±30 

37.2 
±25 

22.7 
±20* 

20.3 
±19* 

18.5 
±18* 

52.0 
±31* 

Full PSG 41.0 
±39 

61.0 
±40* 

57.0 
±40* 

31.2 
±34 

34.5 
±37 

42.5 
±40 

36.0 
±44 

39.5 
±40 

34.1 
±35* 

45.1 
±36 

OSA DIAG 47.7 
±31 

52.3 
±27 

56.1 
±31* 

40.1 
±27 

45.6 
±30 

56.7 
±27* 

44.9 
±33 

41.5 
±31 

40.0 
±32* 

54.4 
±31* 

CPAP recom 59.0 
±36 

66.0 
±27 

63.5 
±33 

59.8 
±36 

55.9 
±36 

71.1 
±29* 

53.9 
±37 

44.5 
±32* 

41.0 
±37* 

75.5 
±32* 

CPAP Used 40.7 
±29 

47.1 
±26 

36.8 
±26 

47.0 
±27 

44.9 
±33 

59.5 
±24* 

34.5 
±33* 

28.7 
±26* 

31.8 
±30* 

47.4 
±24* 

OSA; obstructive sleep apnoea; PSG, polysomnogram; diag, diagnosis; CPAP, continuous positive airway pressure. 
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impact of adding CPAP to usual therapy for AF, please rank the impor-
tance of the following outcomes. 

Respondents ranked stroke reduction (40.8 %) and AF recurrence 
(38.5 %) as the two most extremely important AF health outcomes that 
needed testing in future randomised clinical trials (Fig. 2B). Reducing 
AF burden (26.3 %) was ranked the lowest in importance. These results 
were similar for general cardiologists versus EP/Arrhythmia specialists 
(results not shown). 

Q10. Which treatment option is best for reducing the risk of each of 
the following outcomes in patients with AF and moderate-severe OSA? 

5 = very certain, 1 = not very certain, 0 = undecided. 
Please select ‘Yes’ or ‘No’ for each outcome to indicate whether you 

would participate in an RCT in which patients would be randomly 
allocated to either treatment option. 

Example Outcome - Stroke: 
. 

Survey data that determined whether clinical equipoise exists 
amongst cardiologists about treatment of OSA to improve AF outcomes 
is shown in Fig. 4. Overall, the data indicate that there is little evidence 
to support equipoise regarding treatment of OSA, with a vast majority of 

Fig. 2. Views regarding future research.A. Priority for further research to establish the benefit of CPAP therapy for preventing or managing AF in moderate severe 
OSA. B. Ranking of importance for studying AF outcomes in future randomised clinical trials. 

Sample survey question designed to assess for the presence or absence of clinical equipoise regarding AF-related stroke risk and management of AF alone versus AF 
plus OSA. 
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respondents indicating with a high level of certainty that CPAP plus 
usual care is superior to usual care alone for reducing the risk of adverse 
AF outcomes. 

Despite the polarized view that CPAP is best for improving/reducing 
risk for outcomes assessed in Fig. 3, two thirds of respondents (range 
66.6 % to 72.7 %) indicated they were still willing to randomize their 
patients in multi-national RCT’s to determine whether adding CPAP to 
usual care is best. Sub-analyses of data (see data supplement) showed 
that EP/Arrhythmia specialists felt stronger than general cardiologists 
that CPAP + AF treatment was preferable for reducing recurrent AF after 
both cardioversion and ablation. 

A further analysis (Fig. 4) shows responses for the ranked importance 
of assessing risk reduction in stroke in a future RCT where patients are 
randomized to CPAP plus usual AF care versus usual AF care alone 
outcome (Fig. 2B), combined with the equipoise question for a stroke 
outcome in Fig. 3. The data indicate that respondents are mostly in 
favour of an RCT with a stroke outcome but already believe that CPAP 
will result in lower risk. Importantly, amongst respondents who rated 
CPAP + Usual Care at 4 or above (Fig. 4), more than 3-fold (272 re-
spondents) were willing to randomize their own patients than were 
unwilling (81 respondents). Similar results were observed for all other 
outcomes (data not shown). 

6. Discussion 

Randomized controlled trial data, regarded as essential in generating 
evidence to support treatment recommendations, are often unsuccessful 
in meeting recruitment goals in a timely fashion. More specific to trials 
of OSA treatment with CPAP, issues with inadequate CPAP blinding, 
inconsistent CPAP compliance and the exclusion of symptomatic OSA 
patients from randomization add further difficulty in generating a clear 
message regarding the role of OSA treatment with CPAP to reduce car-
diac risk [23]. One strategy for improving the design and deployment of 
these trials is to engage key stake holders in the management of these 
patients to assess their collective understanding of key clinical ques-
tions, current practice patterns, clinical equipoise and interest in trial 
participation. Accordingly, this INCOSACT survey of practicing cardi-
ologists from across the world was divided into three distinct sections to 
acquire the following data: [1] The practice discipline of the re-
spondents, how important they rate common AF risk factors and their 
experience with failure rates for the most common atrial fibrillation 
treatments. [2] Referral activity and factors influencing referral prac-
tices for OSA diagnosis and treatment within the context of atrial 
fibrillation management. [3] The need for further research linking OSA 
with AF, the need for clinical trials quantifying OSA treatment impact on 
AF outcomes and lastly, whether there is clinical equipoise for OSA 

Fig. 3. Clinical Equipoise. Data compares AF Treatment Alone versus CPAP + AF Treatment as the better management strategy for AF outcomes.  
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treatment to mitigate adverse AF outcomes. 
(1). Most respondents were either general cardiologists or electro-

physiologists. We detected no significant difference in the nature of the 
responses between general cardiologists and electrophysiologists aside 
from a slight preference among electrophysiologist for using CPAP prior 
to cardioversion and ablation procedures. Usual AF therapies failed in 
less than half of all patients, with greatest number of failures involving 
anti-arrhythmic drugs. Whereas second ablation procedures failed in 
less than 20 % of cases. Most of the known risk factors for AF were rated 
as “extremely important” or “very important” with OSA ranked third 
most important, suggesting that respondents generally held a core belief 
that OSA represents an important modifiable risk factor in patients with 
AF. 

Our review of recently published AF management guidelines 
(Table 1) reveals generally uniform recommendations regarding the 
importance of considering OSA as a risk factor for AF and screening most 
patients for OSA. With the exception of the AHA/ACC/HRS, interna-
tional guidelines for AF management endorse detecting and treating 
OSA to reduce AF risk and improve AF management. These 

recommendations seem to be based on the same well designed obser-
vational studies that reproducibly demonstrate OSA to be independently 
associated with the development of AF. However, at the same time, they 
acknowledge the lack of well-designed prospective randomized trials to 
inform these firm recommendations. 

(2 & 3) In this context, our survey aimed to explore the extent to 
which clinicians follow practice guidelines recommending routine OSA 
screening in subjects with AF and OSA treatment in mitigating AF risk. 
In keeping with both the high prevalence of OSA in the AF population 
[21,32,33] and guideline recommendations, we found that respondents 
refer around a third of their AF patients for OSA investigation with most 
relying on a more limited cardio-respiratory diagnosis without poly-
somnography. Referral activity showed a dichotomous response with 
almost as many respondents finding access to OSA diagnostic services 
difficult as those who found it easy. This observation may be explained 
by regional availability of sleep laboratory space and the variable 
availability of home sleep apnea testing among survey responders. The 
data suggest that clinical suspicion of OSA identified around half of all 
referred patients who were confirmed to have OSA. Surprisingly, OSA 

Fig. 4. Combining the responses for the stroke outcome from questions 9 and 10. Red bars indicate respondent numbers who felt it very or extremely important to 
conduct randomised trials with a reduction in stroke risk as an outcome (Fig. 4A) who were also in clinical equipoise (unsure, Fig. 4B). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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treatment was only attempted in about 60 % of diagnosed patients and 
for patients in whom CPAP treatment was attempted, less than half 
became long-term users. This high CPAP attrition rate parallels the 
findings in other clinical studies including those with diabetes and other 
cardiovascular co-morbidities [34–36]. Interestingly, this high attrition 
rate accounted for the decision in nearly 40 % of respondents to not refer 
patients for OSA investigation. The decision not to refer patients for OSA 
treatment may also be influenced by country-specific differences in OSA 
treatment expertise and access to CPAP devices and equipment. This 
observation underscores the importance of improving access to CPAP 
devices and the need to improve patient compliance through proper 
device selection and patient education and behavioral support. It also 
highlights the need to explore the benefit of other treatment alternatives 
such as mandibular advancement devices and hypoglossal nerve stim-
ulation. For those respondents that do pursue OSA treatment as part of 
the AF management strategy, their decision to initiate treatment early 
(prior to other AF treatments) or late (only after attempting ablation) 
was equally split between respondents. This latter data suggests that 
clinicians initiate CPAP treatment to augment overall AF management 
rather than as a priority, curative step of and by itself. 

The final part of our survey was designed to establish whether overall 
practice, with regards to detection and treatment of OSA to improve AF 
management, reflected the belief that there is a strong evidence base 
linking OSA to AF and showing that OSA treatment reduces adverse AF 
outcomes. Although society guidelines generally favor screening for 
OSA in AF patients, the practice data above contradict these recom-
mendations. This could be explained by a lack of familiarity by survey 
respondents with current management guidelines, although this expla-
nation would be presumptive and difficult to prove. Alternatively this 
disparity may reflect the apparent belief that the evidence base is not yet 
strong enough to support those guidelines. This was demonstrated by an 
overwhelming response favouring additional research and clinical trials 
to enrich the guideline evidence base for treating OSA to reduce AF risk 
and improve management (Q8) and reduce adverse AF outcomes (Q9). 
However, when presented with the question that aimed to establish 
whether true equipoise exists about the role of CPAP to reduce adverse 
AF outcomes, we were surprised that most respondents believed that 
CPAP added to usual AF treatment would be superior to usual treatment 
alone. Given the lack of strong RCT evidence supporting CPAP in this 
context, we would have expected respondents to be “on the fence” about 
whether CPAP reduces adverse AF outcomes. To explore this further, our 
final analysis (Fig. 4) showed that respondents felt it was extremely 
important to conduct RCT’s to establish the effectiveness of OSA treat-
ment to reduce adverse AF outcomes whilst at the same time, being 
“very certain” that it would be effective. Furthermore, an overwhelming 
majority of responders expressed a willingness to participate in such 
trials and randomize their own patients. This suggests that clinicians 
largely believe that OSA treatment is an effective AF management 
strategy, despite their lack of consistent utilization of OSA screening and 
referral for CPAP treatment in AF patients diagnosed with OSA. As 
mentioned previously, while this may reflect country-specific barriers to 
OSA screening and CPAP implementation to some extent, one may also 
draw the conclusion that these clinicians are aware that the evidence 
base to support what they would like to do still needs strengthening. 

Our study has several strengths. The international scope of the study 
is a strength given the growing prevalence of both OSA and AF globally. 
The survey questions were constructed using an iterative process 
incorporating feedback taken from representatives from each partici-
pating country. The survey questions were concise and allowed for easy 
translation in multiple languages. The survey itself was also relatively 
brief and straightforward, allowing for easy use by responders. We also 
feel that the web- based format of the survey, the secure nature of data 
acquisition and storage including no storage of IP addresses, and the lack 
of any need for responders to provide personal information were 
strengths in that they ensured data integrity by providing responders 
with a sense of secure anonymity. 

Our study has limitations that should be acknowledged. First, despite 
the broad, international scope of survey distribution and the generous 
time allotted for responding, our response rate was relatively low. There 
may be several explanations for this including suboptimal visibility of 
the survey on society websites and concerns regarding cybersecurity in 
settings where the survey was distributed via email (despite the high 
quality of data security and assurances regarding protection of personal 
information) and the generally poor response rates seen in most survey 
studies. Variation in response rates across countries was notable, and 
while difficult to fully understand, appeared to relate in part to the 
presence of “champions” in several countries who personally engaged 
local and national professional societies. Since the survey in many in-
stances was disseminated with the assistance of large cardiovascular 
societies our responses may have been biased by a greater proportion of 
cardiologists in academic versus general practice and may not be 
reflective of the true scope of global cardiovascular practice. We 
acknowledge that our survey results might have been influenced by 
some bias intrinsic to the survey study design, such as non– or late- 
response bias [37]. The motivation and interests of the responders 
themselves, many of whom may have a particular interest in OSA as a 
principal problem, may have skewed testing and treatment referral 
patterns in a fashion that over-estimates what we might expect from a 
more generalized population. 

7. Conclusions 

There is broad recognition of the high prevalence of OSA in AF pa-
tients and that OSA diagnosis and treatment are pursued according to 
published guideline recommendations. Despite this, there is a consistent 
opinion that stronger evidence is needed to support these recommen-
dations. On the other hand, there is also no clear equipoise about the 
impact of diagnosing and treating OSA to mitigate adverse AF outcomes 
with most respondents agreeing that this treatment pathway is superior 
to AF treatment alone. Sleep apnea is generally regarded as an important 
modifiable risk factor for the development and perpetuation of atrial 
fibrillation and its failure to respond optimally to treatment appears to 
be a consistent message in international atrial fibrillation management 
guidelines. However firm suggestions regarding sleep apnea testing and 
management in patients with atrial fibrillation lack an evidence basis 
due to a paucity of credible supportive data. Our findings suggest that 
large, well designed, prospective randomized studies of the impact of 
sleep apnea screening and treatment in the atrial fibrillation population 
are wanted and feasible. 
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