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Therapy

Heart failure (HF) is a clinical syndrome consisting of current or prior 
symptoms and/or signs, such as breathlessness, fatigue, peripheral oedema 
or elevated jugular venous pressure due to functional and/or structural 
abnormality, and corroborated by at least elevated natriuretic peptide levels 
or objective evidence of cardiogenic pulmonary or systemic congestion.1 HF 
affects approximately 1–3% of the adult population.2,3 Globally, it is estimated 
that more than 64 million individuals are living with HF.2 Despite advances in 
therapy, the prognosis of HF remains poor, with 1-year mortality rates 
ranging from 15% to 30%.2 The burden of HF is substantial, characterised by 
high morbidity and mortality, significantly reduced functional capacity, 
impaired quality of life and considerable healthcare costs. The chronic and 
progressive nature of the disease places a considerable strain on patients, 
caregivers and healthcare systems worldwide.2

HF phenotypes can be classified as HF with preserved ejection fraction 
(HFpEF), with impaired ventricular filling and elevated intracardiac 
pressure but normal ejection fraction (EF; ≥50%), or HF with reduced left 
ventricular function, further divided according to EF as either mildly 
reduced (HFmrEF; EF 41–49%) or reduced (HFrEF; EF ≤40%). The fourth 
phenotype, HF with improved EF (HFimpEF), is defined as HF with a 
baseline EF ≤40% that improves by at least 10% over time and is >40% at 
the time of the second measurement.1 Approximately half of HF patients 
present with HFrEF, with the other half having HFpEF or HFmrEF (with the 
proportion varying significantly depending on the study).2 Importantly, the 
incidence of HFpEF is rising and it is believed that it will exceed the 
incidence of HFrEF in the future.4 One reason for this is greater awareness, 

better diagnostic strategies (H2FPEF score) and new, highly effective, 
evidence-based treatment options with sodium–glucose cotransporter 2 
inhibitors.4

Heart Failure Treatment
There have been significant advances in HF treatment in recent decades. 
The multimodal approach results in both symptomatic and prognostic 
improvements, and treatment strategies differ depending on the HF 
phenotype. In HFrEF, robust evidence supports the use of guideline-
directed medical therapy, which includes angiotensin receptor–neprilysin 
inhibitors, β-blockers, mineralocorticoid receptor antagonists and 
sodium–glucose cotransporter 2 inhibitors.3 These pharmacological 
agents have demonstrated significant benefits in reducing mortality and 
hospitalisations, as well as in improving quality of life.3 In addition to 
medical therapy, several device-based and intervention strategies play 
critical roles in select patient populations. CRT is indicated in patients with 
left bundle branch block and reduced EF.3 Mitral edge-to-edge repair, 
particularly in patients with secondary mitral regurgitation, and catheter-
based pulmonary vein isolation for AF are important adjunct treatments 
that can improve outcomes and functional status in appropriately selected 
patients.3
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severe sleep-disordered breathing (SDB).5 In all HF phenotypes, 
obstructive sleep apnoea (OSA) is more prevalent than central sleep 
apnoea (CSA). The reported occurrence of CSA is approximately 76% in 
acute decompensated HF, 44% in HFmrEF/HFrEF and 24% in HFpEF.5,6 
Importantly, the presence of SDB has been associated with increased 
mortality, poor quality of life and higher rehospitalisation rates.7–10

Pathophysiology
OSA is characterised by a cessation or reduction in airflow caused by 
upper airway collapse due to anatomical abnormalities, obesity or 
rostral fluid shift to the neck (Figure 1). OSA leads to intermittent 
nocturnal hypoxia, arousals from sleep and negative intrathoracic 
pressure during inspiration.10,11 Collectively, these pathophysiological 
mechanisms contribute to a cascade of adverse cardiovascular effects, 
including sustained elevation of systemic blood pressure, increased left 
ventricular afterload and repetitive surges in heart rate, all of which 
augment myocardial oxygen demand (Figure 1).11,12 Intermittent hypoxia 
during OSA may further compromise cardiac performance by directly 
impairing myocardial contractility or indirectly lowering cardiac output 
through an increase in pulmonary artery pressure. Together, these 
processes create a mismatch between oxygen supply and demand, 
thereby placing additional stress on an already vulnerable 
myocardium.11,12

CSA, in patients with HF typically with a Cheyne–Stokes respiration pattern, 
is characterised by respiratory instability driven primarily by fluctuations in 
carbon dioxide levels, with circulatory delay playing a central role in its 
pathophysiology (Figure 1).12–14 These fluctuations are triggered by 
hyperventilation caused by pulmonary congestion.12 Oscillations in carbon 
dioxide drive cyclic fluctuations in heart rate and blood pressure via 
autonomic instability. In contrast to OSA, CSA does not generate large 
negative intrathoracic pressure swings.14 However, some pressure 
fluctuations do occur, mainly during phases of hyperventilation. These can 

enhance venous return and temporarily increase left ventricular preload 
and stroke volume, as well as increasing myocardial oxygen demand.14

The sympathetic nervous system is activated in both OSA and CSA due to 
hypoxaemia, hypercapnia and arousals (Figure 1).11,12,14 Sympathetic 
overactivity promotes tachycardia and arrhythmogenesis, raises blood 
pressure and thus increases left ventricular afterload and the cardiac 
workload.11,12,14 In OSA, ventricular afterload is further increased by the 
negative intrathoracic pressure swings.11,12 The resulting ventricular wall 
stress contributes to adverse remodelling, including left atrial enlargement 
and left ventricular hypertrophy, and progression of HF. In both forms of 
SDB, systemic inflammation, endothelial dysfunction and neurohumoral 
activation exacerbate cardiovascular injury.10,15

Conversely, HF itself promotes fluid overload and elevated cardiac filling 
pressures, whereas rostral fluid shifts during recumbency further 
aggravate both OSA and CSA by increasing fluid accumulation in the neck 
and lungs.16,17

Effects of Heart Failure Treatment on 
Obstructive and Central Sleep Apnoea
It is essential to prioritise the treatment of HF because evidence suggests 
that optimising standard HF therapies can lead to an improvement in 
CSA.16,18,19 For example, after 6 months of optimised medical therapy, 
patients with CSA and HFrEF showed a reduction in pulmonary capillary 
wedge pressure, accompanied by a simultaneous decrease in the 
apnoea–hypopnoea index (AHI).16 Intriguingly, CSA has been shown to 
nearly resolve after heart transplantation or left ventricular assist device 
implantation.20,21 Moreover, interventional treatment options, such as 
mitral edge-to-edge repair for severe mitral regurgitation, also showed 
reductions in CSA and Cheyne–Stokes respiration.22 Comparable results 
have been demonstrated for CRT in HFrEF, including enhanced sleep 
quality and alleviation of depressive symptoms.23–25
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Methods
This narrative review aims to provide a comprehensive and critical overview 
of the current literature on positive airway pressure (PAP) therapy in patients 
with HF. To identify relevant studies published in peer-reviewed journals 
indexed in the PubMed database, the following combination of Boolean 
search terms was used: ‘heart failure’ AND ‘CPAP’ OR ‘continuous positive 
airway pressure’ OR ‘ASV’ OR ‘adaptive servoventilation’ OR ‘auto-
servoventilation’ OR ‘adaptive servo-ventilation’ OR ‘APAP’.

Additional sources were identified through manual searches. Studies 
were selected based on their relevance to the review topic, clinical 
significance and contribution to understanding current practices, 
physiological mechanisms and treatment outcomes. Both randomised 
controlled trials (RCTs) and observational studies, including cohort and 
registry studies, were considered if they were written in English and 
involved human participants. We excluded reviews and case reports.

In line with the narrative review methodology, no formal risk of bias or 
quality assessment was conducted for this review.

Positive Airway Pressure 
Therapies for Heart Failure
There are several types of PAP therapy, including continuous positive 
airway pressure (CPAP), bilevel positive airway pressure (BiPAP) and 

adaptive servo-ventilation (ASV). CPAP is typically the first-line treatment 
for both OSA and CSA. When CSA persists despite CPAP therapy, ASV is 
considered a second-line option.26,27

Positive Airway Pressure Therapy in 
Acute Decompensated Heart Failure
Sleep apnoea is highly prevalent in patients with acute decompensated 
HF, with two-thirds of patients exhibiting SDB at an AHI threshold of ≥15 
events/h.28–30 Importantly, newly diagnosed CSA and OSA during 
hospitalisation for acute HF were shown to be independent predictors of 
post-discharge mortality.29,31 In patients with acute cardiogenic pulmonary 
oedema, non-invasive ventilation modalities such as CPAP or BiPAP are 
safe and effective adjuncts to standard medical therapy.32 Moreover, 
BiPAP appears to be as effective as CPAP in reducing endotracheal 
intubation rates and mortality among patients with acute hypercapnic 
respiratory failure secondary to acute cardiogenic pulmonary oedema.33 
Elevated left ventricular diastolic pressure is a key factor for the increase 
in stroke volume and cardiac output observed with CPAP, even 
independent of improvement in oxygenation. In patients with high 
pulmonary capillary wedge pressure, CPAP has been shown to increase 
both the stroke volume and cardiac index.34 Clinical trials specifically 
investigating sleep apnoea in the context of acute decompensated HF 
remain limited. In one RCT involving patients with HFrEF and OSA who 
received guideline-directed therapy for HF decompensation, those 

Figure 1: Mechanisms and effects of sleep-disordered breathing in heart failure
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randomised to CPAP and adherent to therapy (>3 h/night) experienced a 
60% reduction in rehospitalisation compared with controls; however, the 
trial overall was neutral.35 In the CAT-HF trial, the addition of ASV to 
optimised medical therapy effectively alleviated sleep apnoea but did not 
improve cardiovascular outcomes in patients with acute decompensated 
HF.6 A subgroup analysis suggested potential benefit in patients with 
HFpEF. However, the trial was underpowered and was terminated early 
due to safety concerns raised by the SERVE-HF trial.36 An observational 
trial evaluated data from ASV devices and discovered that both the AHI 
and the inspiratory pressure support provided by the ASV device 
significantly increased 10 days prior to an acute cardiac decompensation.37 
In addition, device usage time decreased during the last 2 days, indicating 
that respiratory data collected by the device may help both predict and 
prevent cardiac decompensations.37

In the TEAM-ASV I trial, patients with first-time acute MI and concomitant 
sleep apnoea were randomised to receive either ASV treatment of SDB or 
standard care only.38 All patients had elevated N-terminal pro B-type 
natriuretic peptide concentrations and preserved to mildly reduced left 
ventricular EF, consistent with acute HF. The trial met its primary endpoint, 
showing a significant improvement in myocardial salvage index with ASV 
therapy.38 In addition, a greater reduction in infarct size was observed in 
the ASV group (−44%) than in the control group (−21%).38 Further research 
is warranted to better define the role of diagnostic screening and targeted 
treatment strategies for sleep apnoea in the acute setting in this high-risk 
clinical population, potentially tailored to specific sleep apnoea 
phenotypes.

Positive Airway Pressure Therapy in 
Chronic Heart Failure with Mildly Reduced 
or Reduced Ejection Fraction
Trials of ASV for central sleep apnoea in HFmrEF and HFrEF were mainly 
driven after neutral results in the CANPAP trial in 2005 and insufficient 
suppression of CSA with CPAP in that trial.39,40 Subgroup analysis of patients 
in which CPAP suppressed AHI to <15 events/h showed improved heart 
transplant-free survival.40 BiPAP with fixed pressure was shown in 2005 to 
worsen CSA, so there are no new trials.41 Notably, even the largest RCT to 
date, the SERVE-HF trial in 2015, failed to demonstrate a benefit of ASV with 
fixed pressure settings on the primary composite endpoint in predominantly 
CSA patients (n=1,325).36 Moreover, both all-cause and cardiovascular 
mortality were significantly higher in the ASV group.36 Since then, few RCTs 
have specifically addressed the treatment of sleep apnoea in patients with 
the HFrEF phenotype. Several trials initiated prior to SERVE-HF were either 
prematurely terminated or modified to exclude patients with an EF ≤45% 
due to emerging safety concerns and hence became underpowered.6,38,42 
One of the more recent studies, the ADVENT-HF trial (n=731), was a 
multicentre, multinational, parallel-group, open-label, phase 3 RCT of peak-
flow triggered ASV that enrolled patients with HF and EF ≤45%, 
predominantly with OSA, and randomised them to receive ASV or standard 
care in addition to optimised medical therapy.42 The mean EF was 33% and 
the AHI was 43 events/h. There was a successful suppression of the AHI to 
2.8–3.7 events/h over the course of the trial.42 The authors concluded no 
significant effect of the addition of ASV to standard therapy on the primary 
endpoint (the cumulative incidence of the composite of all-cause mortality, 
first admission to hospital for a cardiovascular reason, new onset AF or atrial 
flutter and delivery of an appropriate cardioverter defibrillator shock), 
showing 180 events in the control group compared with 166 in the ASV 
group (HR 0.95; 95% CI [0.77–1.18]; p=0.67) or all-cause mortality as a 
secondary endpoint in the entire cohort or in those with OSA or CSA.42 A 
clear explanation as to why there is no effect on ‘hard’ cardiovascular 

endpoints if there is an alleviation of sleep apnoea remains to be determined. 
The compensatory role of CSA on HF with systolic dysfunction has been 
questioned.43 However, data from a larger population have clearly shown 
the detrimental role of CSA or Cheyne–Stokes respiration on HFrEF.44 The 
potential harmful effects of PAP therapy may be related to excessive 
pressures resulting from fixed pressure settings. Physiological studies have 
investigated whether elevated PAP could lead to reduced cardiac output 
and hypotension in HFrEF patients with low cardiac preload, or increased 
right ventricular afterload due to elevated intrathoracic pressures.34,45 
Notably, the ADVENT-HF trial found that ASV was not associated with 
increased mortality in patients with CSA (n=198), indicating a favourable 
safety profile for the use of ASV devices with automated expiratory PAP in 
this population.42 Furthermore, the trial was not entirely neutral, because 
the ASV group exhibited relevant improvements in objectively assessed 
sleep quality, health-related quality of life and symptom burden.42 A recent 
subanalysis of the ADVENT-HF trial evaluated the effects of ASV on left 
ventricular structure and function, but found no improvements after 6 
months of treatment.46

Several factors may explain the neutral outcomes with respect to mortality 
and major cardio- and cerebrovascular events observed in RCTs.47 These 
include the relatively short duration of follow-up, the exclusion of 
excessively sleepy participants due to ethical concerns, suboptimal 
adherence to therapy and a potential overreliance on conventional sleep 
apnoea metrics, such as the AHI, which may not fully capture clinically 
relevant effects.27

Positive Airway Pressure Therapy in 
Patients with Chronic Heart Failure 
with Preserved Ejection Fraction
The current literature on the effectiveness of PAP therapy in patients with 
chronic HF is sparse. This is important because patients with HFpEF and 
SDB share some important comorbidities, such as hypertension, diabetes 
and obesity.15 In one propensity score-matched study there was a reduction 
in healthcare resource use among patients adherent to PAP therapy.48 After 
one small RCT with 36 patients in 2013, which showed a better event-free 
rate in the ASV group and an improvement of symptoms, cardiac diastolic 
function and arterial stiffness, there were no more RCTs to investigate the 
role of PAP therapy in HFpEF.49,50 Future research should prioritise targeting 
modifiable factors, such as SDB, in patients with HFpEF.

Registry-based Studies in Patients with Central 
Sleep Apnoea with and without Heart Failure
Large registry and observational studies can serve as valuable 
complements to RCTs, particularly in evaluating outcomes in sleep clinic 
populations, including excessively sleepy patients who are typically 
excluded from clinical trials.51 The large observational multicentre READ-
ASV registry investigated the effects of ASV therapy in patients with 
CSA, including those with treatment-emergent CSA. In READ-ASV, 
approximately 25% of patients have HF, with vast majority of these 
having HFpEF.52,53 This distribution is attributable to the indication 
restriction for ASV therapy for left ventricular EF ≤45% and predominantly 
central sleep apnoea.36,54 The READ-ASV study demonstrated significant 
improvements in patient-reported outcomes, specifically in Functional 
Outcomes of Sleep Questionnaire and Epworth Sleepiness Scale scores, 
from baseline to the 12-month follow-up in patients with symptomatic 
CSA.52,53 Consistent with these findings, the FACIL-VAA study, a 
prospective multicentre observational cohort study involving 526 
patients with various CSA phenotypes, 16% of whom had HFpEF or 
HFmrEF, reported a significant improvement in sleep quality as 
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measured by the Pittsburgh Sleep Quality Index, with a median change 
of −1 (IQR −3, 0; p<0.001) from baseline to the 6-month follow-up, except 
in patients with drug-induced CSA.55 In addition, in a propensity score-
matched study of patients with HFrEF and OSA, a reduction in healthcare 
resource usage was demonstrated for those with higher adherence to 
PAP therapy.56

Importantly, real-world data from large-scale observational cohort studies, 
such as the FACE trial, have further contributed to understanding the 
heterogeneous effects of ASV therapy across the full spectrum of HF.57,58 
A multicentre study aimed to identify distinct patient phenotypes rather 
than applying a ‘one-size-fits-all’ approach, defining six patient clusters 
based on variations in left ventricular EF, SDB type, age, comorbidities 
and ASV adherence.59 The primary composite endpoint was time to the 
first event, defined as all-cause death, life-saving cardiovascular 
intervention or unplanned hospitalisation due to worsening HF.58 Two-
year follow-up data from the FACE trial revealed that ASV therapy was 
associated with a significant reduction in cardiovascular events and 
mortality in patients with HFpEF and in those with a high hypoxic burden.57 
In contrast, no mortality benefit was observed among patients with HFrEF 
or older individuals with mild SDB.57

Clinical Implications
According to the 2022 American Heart Association guidelines, patients 
with HF and suspected SDB should undergo a formal sleep study to 
establish the diagnosis and differentiate between OSA and CSA 
(Supplementary Table 1).60 In patients with HF and concomitant OSA, CPAP 
therapy is considered reasonable because it improves sleep quality and 
reduces daytime sleepiness. In contrast, the use of ASV in patients with 
HFrEF, New York Heart Association Class II–IV and CSA is contraindicated.60 
Since the 2022 American Heart Association guideline, new 
recommendations from the American Academy of Sleep Medicine 
guidelines and new statements from the European Respiratory Society 
Task Force, published in 2025, have introduced important changes to the 
previous recommendations on sleep-disordered breathing in heart failure 
(Supplementary Table 1).61,62

Based on pooled estimates of all-cause and cardiovascular mortality from 
RCTs in HFrEF patients, the Task Force of the American Academy of Sleep 

Medicine observed no effect of ASV on mortality and concluded that its 
potential benefits outweigh its potential harms.61 Prior to initiation of ASV, 
patient–provider shared decision-making is recommended, and treatment 
decisions should be based on expectations of improvements in symptoms 
or quality of life. Treatment with ASV in patients with HFrEF should be limited 
to centres with experience, along with close monitoring and follow-up.61 The 
Task Force of the European Respiratory Society evaluated the evidence on 
currently available ASV devices and stated that ASV improves CSA and 
quality of life across different CSA phenotypes, without evidence of adverse 
effects on major cardiovascular outcomes, and with beneficial effects on 
patient-reported outcomes.62 According to the Task Force, ASV is considered 
after optimal treatment of the underlying condition and following an 
unsuccessful CPAP trial.62 In CSA patients with a left ventricular EF of 30–
45%, initiation should be restricted to expert centres. In severe systolic 
heart failure, ASV may also be evaluated within a palliative treatment 
approach for patients with severe symptoms and CSA.62 The European 
Respiratory Society Task Force also underlined that prospective 
observational studies suggest that patient phenotyping is crucial for long-
term outcomes independent of sleep apnoea therapy, with certain HF 
phenotypes potentially benefiting in terms of major adverse cardiovascular 
events. However, these subgroups were not represented in large RCTs, and 
no RCTs have specifically addressed HFpEF.62

Conclusion
Latest RCTs evaluating PAP therapy in patients with HF have not 
demonstrated significant benefits on ‘hard’ cardiovascular endpoints. 
However, consistent improvements in quality-of-life measures have been 
observed. A recent meta-analysis combining data from RCTs and 
observational studies suggested an overall positive effect of PAP therapy, 
although the benefit was predominantly driven by findings from 
observational studies.51 The 2022 American Heart Association guidelines 
recommend a sleep study in HF patients with suspected SDB and support 
CPAP in those with OSA.60 The latest US and European clinical guidelines 
now recommend considering PAP therapy, including ASV, for patients with 
CSA and HF, regardless of EF, to reduce disease severity.61,62 Moving 
forward, clinical trials should consider alternative inclusion criteria, such 
as hypoxic burden, heart rate response or phenotyping via cluster 
analysis, to better identify subgroups of patients most likely to benefit 
from PAP therapy.57,63 

1.	 Bozkurt B, Coats AJS, Tsutsui H, et al. Universal definition 
and classification of heart failure: a report of the Heart 
Failure Society of America, Heart Failure Association of the 
European Society of Cardiology, Japanese Heart Failure 
Society and Writing Committee of the Universal Definition of 
Heart Failure: endorsed by the Canadian Heart Failure 
Society, Heart Failure Association of India, Cardiac Society 
of Australia and New Zealand, and Chinese Heart Failure 
Association. Eur J Heart Fail 2021;23:352–80. https://doi.
org/10.1002/ejhf.2115; PMID: 33605000.

2.	 Savarese G, Becher PM, Lund LH, et al. Global burden of 
heart failure: a comprehensive and updated review of 
epidemiology. Cardiovasc Res 2023;118:3272–87. https://doi.
org/10.1093/cvr/cvac013; PMID: 35150240.

3.	 McDonagh TA, Metra M, Adamo M, et al. Focused update of 
the 2021 ESC guidelines for the diagnosis and treatment of 
acute and chronic heart failure. Eur Heart J 2023;44:3627–
39. https://doi.org/10.1093/eurheartj/ehad195; 
PMID: 37622666.

4.	 Borlaug BA, Sharma K, Shah SJ, Ho JE. Heart failure with 
preserved ejection fraction: JACC scientific statement. J Am 
Coll Cardiol 2023;81:1810–34. https://doi.org/10.1016/j.
jacc.2023.01.049; PMID: 37137592.

5.	 Arzt M, Oldenburg O, Graml A, et al. Prevalence and 
predictors of sleep-disordered breathing in chronic heart 
failure: the SchlaHF-XT registry. ESC Heart Fail 2022;9:4100–
11. https://doi.org/10.1002/ehf2.14027; PMID: 36052740.

6.	 O’Connor CM, Whellan DJ, Fiuzat M, et al. Cardiovascular 

outcomes with minute ventilation-targeted adaptive servo-
ventilation therapy in heart failure: the CAT-HF trial. J Am Coll 
Cardiol 2017;69:1577–87. https://doi.org/10.1016/j.
jacc.2017.01.041; PMID: 28335841.

7.	 Yeboah J, Redline S, Johnson C, et al. Association between 
sleep apnea, snoring, incident cardiovascular events and 
all-cause mortality in an adult population: MESA. 
Atherosclerosis 2011;219:963–8. https://doi.org/10.1016/j.
atherosclerosis.2011.08.021; PMID: 22078131.

8.	 Marshall NS, Wong KKH, Cullen SRJ, et al. Sleep apnea and 
20-year follow-up for all-cause mortality, stroke, and cancer 
incidence and mortality in the Busselton Health Study 
cohort. J Clin Sleep Med 2014;10:355–62. https://doi.
org/10.5664/jcsm.3600; PMID: 24733978.

9.	 Young T, Finn L, Peppard PE, et al. Sleep disordered 
breathing and mortality: eighteen-year follow-up of the 
Wisconsin Sleep Cohort. Sleep 2008;31;1071–78. 
PMID: 18714778.

10.	 Javaheri S, Barbe F, Campos-Rodriguez F, et al. Sleep 
apnea: types, mechanisms, and clinical cardiovascular 
consequences. J Am Coll Cardiol 2017;69:841–58. https://doi.
org/10.1016/j.jacc.2016.11.069; PMID: 28209226.

11.	 Bradley TD, Floras JS. Sleep apnea and heart failure: Part I: 
Obstructive sleep apnea. Circulation 2003;107:1671–8. 
https://doi.org/10.1161/01.CIR.0000061757.12581.15; 
PMID: 12668504.

12.	 Arzt M, Bradley TD. Treatment of sleep apnea in heart 
failure. Am J Respir Crit Care Med 2006;173:1300–8. https://

doi.org/10.1164/rccm.200511-1745PP; PMID: 16528015.
13.	 Flinta I, Ponikowski P. Relationship between central sleep 

apnea and Cheyne−Stokes respiration. Int J Cardiol 
2016;206(Suppl):S8–12. https://doi.org/10.1016/j.
ijcard.2016.02.124; PMID: 26961739.

14.	 Bradley TD, Floras JS. Sleep apnea and heart failure – part 
II: central sleep apnea. Circulation 2003;107:1822–6. https://
doi.org/10.1161/01.CIR.0000061758.05044.64; 
PMID: 12682029.

15.	 Cowie MR, Linz D, Redline S, et al. Sleep disordered 
breathing and cardiovascular disease: JACC state-of-the-art 
review. J Am Coll Cardiol 2021;78:608–24. https://doi.
org/10.1016/j.jacc.2021.05.048; PMID: 34353537.

16.	 Solin P, Bergin P, Richardson M, et al. Influence of 
pulmonary capillary wedge pressure on central apnea in 
heart failure. Circulation 1999;99:1574–9. https://doi.
org/10.1161/01.cir.99.12.1574; PMID: 10096933.

17.	 Yumino D, Redolfi S, Ruttanaumpawan P, et al. Nocturnal 
rostral fluid shift: a unifying concept for the pathogenesis of 
obstructive and central sleep apnea in men with heart 
failure. Circulation 2010;121:1598–605. https://doi.org/10.1161/
CIRCULATIONAHA.109.902452; PMID: 20351237.

18.	 Tamura A, Kawano Y, Naono S, et al. Relationship between 
β-blocker treatment and the severity of central sleep apnea 
in chronic heart failure. Chest 2007;131:130–5. https://doi.
org/10.1378/chest.06-0919; PMID: 17218566.

19.	 Costanzo MR, Khayat R, Ponikowski P, et al. Mechanisms 
and clinical consequences of untreated central sleep apnea 

https://doi.org/10.1002/ejhf.2115
https://doi.org/10.1002/ejhf.2115
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1016/j.jacc.2023.01.049
https://doi.org/10.1016/j.jacc.2023.01.049
https://doi.org/10.1002/ehf2.14027
https://doi.org/10.1016/j.jacc.2017.01.041
https://doi.org/10.1016/j.jacc.2017.01.041
https://doi.org/10.1016/j.atherosclerosis.2011.08.021
https://doi.org/10.1016/j.atherosclerosis.2011.08.021
https://doi.org/10.5664/jcsm.3600
https://doi.org/10.5664/jcsm.3600
https://doi.org/10.1016/j.jacc.2016.11.069
https://doi.org/10.1016/j.jacc.2016.11.069
https://doi.org/10.1161/01.CIR.0000061757.12581.15
https://doi.org/10.1164/rccm.200511-1745PP
https://doi.org/10.1164/rccm.200511-1745PP
https://doi.org/10.1016/j.ijcard.2016.02.124
https://doi.org/10.1016/j.ijcard.2016.02.124
https://doi.org/10.1161/01.CIR.0000061758.05044.64
https://doi.org/10.1161/01.CIR.0000061758.05044.64
https://doi.org/10.1016/j.jacc.2021.05.048
https://doi.org/10.1016/j.jacc.2021.05.048
https://doi.org/10.1161/01.cir.99.12.1574
https://doi.org/10.1161/01.cir.99.12.1574
https://doi.org/10.1161/CIRCULATIONAHA.109.902452
https://doi.org/10.1161/CIRCULATIONAHA.109.902452
https://doi.org/10.1378/chest.06-0919
https://doi.org/10.1378/chest.06-0919


PAP Therapies for HF: What Do the Trials Tell Us?

CARDIAC FAILURE REVIEW
www.CFRjournal.com

in heart failure. J Am Coll Cardiol 2015;65:72–84. https://doi.
org/10.1016/j.jacc.2014.10.025; PMID: 25572513.

20.	 Mansfield DR, Solin P, Roebuck T, et al. The effect of 
successful heart transplant treatment of heart failure on 
central sleep apnea. Chest 2003;124:1675–81. https://doi.
org/10.1378/chest.124.5.1675; PMID: 14605034.

21.	 Vazir A, Hastings PC, Morrell MJ, et al. Resolution of central 
sleep apnoea following implantation of a left ventricular 
assist device. Int J Cardiol 2010;138:317–9. https://doi.
org/10.1016/j.ijcard.2008.06.072; PMID: 18752859.

22.	 Paulus MG, Liedtke T, Hamerle M, et al. Impact of 
transcatheter edge-to-edge mitral valve repair on central 
sleep apnoea. Clin Res Cardiol 2023;112:594–604. https://doi.
org/10.1007/s00392-022-02139-3; PMID: 36507943.

23.	 Sinha AM, Skobel EC, Breithardt OA, et al. Cardiac 
resynchronization therapy improves central sleep apnea 
and Cheyne–Stokes respiration in patients with chronic 
heart failure. J Am Coll Cardiol 2004;44:68–71. https://doi.
org/10.1016/j.jacc.2004.03.040; PMID: 15234409.

24.	 Kara T, Novak M, Nykodym J, et al. Short-term effects of 
cardiac resynchronization therapy on sleep-disordered 
breathing in patients with systolic heart failure. Chest 
2008;134:87–93. https://doi.org/10.1378/chest.07-2832; 
PMID: 18403662.

25.	 Skobel EC, Sinha AM, Norra C, et al. Effect of cardiac 
resynchronization therapy on sleep quality, quality of life, 
and symptomatic depression in patients with chronic heart 
failure and Cheyne–Stokes respiration. Sleep Breath 
2005;9:159–66. https://doi.org/10.1007/s11325-005-0030-1; 
PMID: 16283229.

26.	 Aurora RN, Bista SR, Casey KR, et al. Updated adaptive 
servo-ventilation recommendations for the 2012 AASM 
guideline: ‘the treatment of central sleep apnea syndromes 
in adults: practice parameters with an evidence-based 
literature review and meta-analyses’. J Clin Sleep Med 
2016;12:757–61. https://doi.org/10.5664/jcsm.5812; 
PMID: 27092695.

27.	 Patil SP, Ayappa IA, Caples SM, et al. Treatment of adult 
obstructive sleep apnea with positive airway pressure: an 
American Academy of Sleep Medicine systematic review, 
meta-analysis, and GRADE assessment. J Clin Sleep Med 
2019;15:301–34. https://doi.org/10.5664/jcsm.7638; 
PMID: 30736888.

28.	 Khayat RN, Jarjoura D, Patt B, et al. In-hospital testing for 
sleep-disordered breathing in hospitalized patients with 
decompensated heart failure: report of prevalence and 
patient characteristics. J Card Fail 2009;15:739–46. https://
doi.org/10.1016/j.cardfail.2009.05.005; PMID: 19879459.

29.	 Khayat R, Jarjoura D, Porter K, et al. Sleep disordered 
breathing and post-discharge mortality in patients with 
acute heart failure. Eur Heart J 2015;36:1463–9. https://doi.
org/10.1093/eurheartj/ehu522; PMID: 25636743.

30.	 Padeletti M, Green P, Mooney AM, et al. Sleep disordered 
breathing in patients with acutely decompensated heart 
failure. Sleep Med 2009;10:353–60. https://doi.org/10.1016/j.
sleep.2008.03.010; PMID: 18614398.

31.	 Uchôa CHG, Pedrosa RP, Javaheri S, et al. OSA and 
prognosis after acute cardiogenic pulmonary edema: the 
OSA-CARE study. Chest 2017;152:1230–8. https://doi.
org/10.1016/j.chest.2017.08.003; PMID: 28823814.

32.	 Vital FMR, Ladeira MT, Atallah AN. Non-invasive positive 
pressure ventilation (CPAP or bilevel NPPV) for cardiogenic 
pulmonary oedema. Cochrane Database Syst Rev 
2013;2013:CD005351. https://doi.org/10.1002/14651858.
CD005351.pub3; PMID: 23728654.

33.	 Faqihi BM, Trethewey SP, Morlet J, et al. Bilevel positive 
airway pressure ventilation for non-COPD acute hypercapnic 
respiratory failure patients: a systematic review and meta-
analysis. Ann Thorac Med 2021;16:306–22. https://doi.
org/10.4103/atm.atm_683_20; PMID: 34820018.

34.	 Bradley TD, Holloway RM, Mclaughlin PR, et al. Cardiac 
output response to continuous positive airway pressure in 
congestive heart failure. Am Rev Respir Dis 1992;145:377–82. 
https://doi.org/10.1164/ajrccm/145.2_Pt_1.377; PMID: 1736745.

35.	 Khayat RN, Javaheri S, Porter K, et al. In-hospital 
management of sleep apnea during heart failure 
hospitalization: a randomized controlled trial. J Card Fail 
2020;26:705–12. https://doi.org/10.1016/j.
cardfail.2020.06.007; PMID: 32592897.

36.	 Cowie MR, Woehrle H, Wegscheider K, et al. Adaptive 
servo-ventilation for central sleep apnea in systolic heart 
failure. N Engl J Med 2015;373:1095–105. https://doi.
org/10.1056/NEJMoa1506459; PMID: 26323938.

37.	 Fox H, Rudolph V, Munt O, et al. Early identification of heart 
failure deterioration through respiratory monitoring with 
adaptive servo-ventilation. J Sleep Res 2023;32:e13749. 
https://doi.org/10.1111/jsr.13749; PMID: 36222010.

38.	 Arzt M, Fox H, Stadler S, et al. Treatment of sleep apnoea 
early after myocardial infarction with adaptive servo-
ventilation: a proof-of-concept randomised controlled trial. 
Eur Respir J 2024;64:2302338. https://doi.
org/10.1183/13993003.02338-2023; PMID: 38991707.

39.	 Bradley TD, Logan AG, Kimoff RJ, et al. Continuous positive 
airway pressure for central sleep apnea and heart failure. N 
Engl J Med 2005;353:2025–33. https://doi.org/10.1056/
NEJMoa051001; PMID: 16282177.

40.	 Arzt M, Floras JS, Logan AG, et al. Suppression of central 
sleep apnea by continuous positive airway pressure and 
transplant-free survival in heart failure: a post hoc analysis 
of the Canadian Continuous Positive Airway Pressure for 
Patients with Central Sleep Apnea and Heart Failure Trial 
(CANPAP). Circulation 2007;115:3173–80. https://doi.
org/10.1161/CIRCULATIONAHA.106.683482; PMID: 17562959.

41.	 Johnson KG, Johnson DC. Bilevel positive airway pressure 
worsens central apneas during sleep. Chest 2005;128:2141–
50. https://doi.org/10.1378/chest.128.4.2141; PMID: 16236867.

42.	 Bradley TD, Logan AG, Lorenzi Filho G, et al. Adaptive servo-
ventilation for sleep-disordered breathing in patients with 
heart failure with reduced ejection fraction (ADVENT-HF): a 
multicentre, multinational, parallel-group, open-label, phase 
3 randomised controlled trial. Lancet Respir Med 
2024;12:153–66. https://doi.org/10.1016/S2213-
2600(23)00374-0; PMID: 38142697.

43.	 Naughton MT. Cheyne–Stokes respiration: friend or foe? 
Thorax 2012;67:357–60. https://doi.org/10.1136/
thoraxjnl-2011-200927; PMID: 22318163.

44.	 Oldenburg O, Wellmann B, Buchholz A, et al. Nocturnal 
hypoxaemia is associated with increased mortality in stable 
heart failure patients. Eur Heart J 2016;37:1695–703. https://
doi.org/10.1093/eurheartj/ehv624; PMID: 26612581.

45.	 Naughton MT, Rahman MA, Hara K, et al. Effect of 
continuous positive airway pressure on intrathoracic and left 
ventricular transmural pressures in patients with congestive 
heart failure. Circulation 1995;91:1725–31. https://doi.
org/10.1161/01.CIR.91.6.1725; PMID: 7882480.

46.	 Yatsu S, Woo A, Horvath CM, et al. LV structure and function 
in HFrEF with and without peak-flow-triggered adaptive 
servo-ventilation-treated sleep-disordered breathing. JACC 
Heart Fail 2025:102434. https://doi.org/10.1016/j.
jchf.2025.02.016; PMID: 40310326.

47.	 Iftikhar IH, Randerath W, Khayat RN. Adaptive servo-
ventilation and cardiovascular mortality in patients with 
central sleep apnea with heart failure: a meta-analysis and 
trial sequential analysis. Sleep Med 2025;131:106492. https://
doi.org/10.1016/j.sleep.2025.106492; PMID: 40209658.

48.	 Cistulli PA, Malhotra A, Cole KV, et al. Positive airway 
pressure therapy adherence and health care resource use 
in patients with obstructive sleep apnea and heart failure 
with preserved ejection fraction. J Am Heart Assoc 
2023;12:e028733. https://doi.org/10.1161/JAHA.122.028733; 
PMID: 37421282.

49.	 Yoshihisa A, Suzuki S, Yamaki T, et al. Impact of adaptive 
servo-ventilation on cardiovascular function and prognosis 
in heart failure patients with preserved left ventricular 
ejection fraction and sleep-disordered breathing. Eur J Heart 
Fail 2013;15:543–50. https://doi.org/10.1093/eurjhf/hfs197; 
PMID: 23250911.

50.	 Yamamoto S, Yamaga T, Kawachi S, et al. Cochrane corner: 

positive airway pressure therapy for the treatment of central 
sleep apnoea associated with heart failure. Heart 
2021;107:heartjnl-2020-317888. https://doi.org/10.1136/
heartjnl-2020-317888; PMID: 33568432.

51.	 Benjafield AV, Pepin JL, Cistulli PA, et al. Positive airway 
pressure therapy and all-cause and cardiovascular mortality 
in people with obstructive sleep apnoea: a systematic 
review and meta-analysis of randomised controlled trials 
and confounder-adjusted, non-randomised controlled 
studies. Lancet Respir Med 2025;13:403–13. https://doi.
org/10.1016/S2213-2600(25)00002-5; PMID: 40118084.

52.	 Arzt M, Munt O, Kubeck R, et al. Adaptive servo-ventilation 
for treatment-emergent central sleep apnea: the READ-ASV 
registry. Ann Am Thorac Soc 2025. https://doi.org/10.1513/
AnnalsATS.202502-210OC; PMID: 40359269.

53.	 Arzt M, Munt O, Pépin JL, et al. Effects of adaptive servo-
ventilation on quality of life: the READ-ASV registry. Ann Am 
Thorac Soc 2024;21:651–7. https://doi.org/10.1513/
AnnalsATS.202310-908OC; PMID: 38241012.

54.	 Randerath W, Verbraecken J, Andreas S, et al. Definition, 
discrimination, diagnosis and treatment of central breathing 
disturbances during sleep. Eur Respir J 2017;49:1600959. 
https://doi.org/10.1183/13993003.00959-2016; 
PMID: 27920092.

55.	 Tamisier R, Philippe C, Prigent A, et al. Change in sleep 
quality associated with adaptive servoventilation for central 
sleep apnea: six-month follow-up of the multicenter 
nationwide French “etude de cohorte observationnelle 
multicentrique française de patients ayant un syndrome 
d’apnées du sommeil central ou combiné avec SAS Central 
Prédominant, traités par ventilation auto-asservie (FACIL-
VAA)” cohort. Chest 2025;167:1204–17. https://doi.
org/10.1016/j.chest.2024.12.015; PMID: 39710250.

56.	 Malhotra A, Cole KV, Malik AS, et al. Positive airway 
pressure adherence and health care resource utilization in 
patients with obstructive sleep apnea and heart failure with 
reduced ejection fraction. J Am Heart Assoc 
2023;12:e028732. https://doi.org/10.1161/JAHA.122.028732; 
PMID: 37183861.

57.	 Tamisier R, Damy T, Bailly S, et al. FACE study: 2-year follow-
up of adaptive servo-ventilation for sleep-disordered 
breathing in a chronic heart failure cohort. Sleep Med 
2024;113:412–21. https://doi.org/10.1016/j.sleep.2023.07.014; 
PMID: 37612192.

58.	 Tamisier R, Damy T, Bailly S, et al. Adaptive servo ventilation 
for sleep apnoea in heart failure: the FACE study 3-month 
data. Thorax 2022;77:178–85. https://doi.org/10.1136/
thoraxjnl-2021-217205; PMID: 34230094.

59.	 Randerath WJ, Arzt M. Central sleep apnoea in heart failure: 
one size does not fit all. Thorax 2022;77:108–9. https://doi.
org/10.1136/thoraxjnl-2021-217694; PMID: 34301739.

60.	 Heidenreich PA, Bozkurt B, Aguilar D, et al. AHA/ACC/HFSA 
guideline for the management of heart failure: a report of 
the American College of Cardiology/American Heart 
Association joint committee on clinical practice guidelines. 
Circulation 2022;145:E895–1032. https://doi.org/10.1161/
cir.0000000000001062; PMID: 35363500.

61.	 Badr MS, Khayat RN, Allam JS, et al. Treatment of central 
sleep apnea in adults: an American Academy of Sleep 
Medicine clinical practice guideline. J Clin Sleep Med 2025. 
https://doi.org/10.5664/jcsm.11858; PMID: 40820608; epub 
ahead of press.

62.	 Randerath WJ, Schiza SE, Arzt M, et al. European 
Respiratory Society and European Sleep Research Society 
statement on the treatment of central sleep apnoea with 
adaptive servo-ventilation. Eur Respir J 2025;66:2500263. 
https://doi.org/10.1183/13993003.00263-2025; 
PMID: 40571320.

63.	 Azarbarzin A, Sands SA, Taranto-Montemurro L, et al. 
Hypoxic burden captures sleep apnoea-specific nocturnal 
hypoxaemia. Eur Heart J 2019;40:2989–90. https://doi.
org/10.1093/eurheartj/ehz274; PMID: 31071210.

https://doi.org/10.1016/j.jacc.2014.10.025
https://doi.org/10.1016/j.jacc.2014.10.025
https://doi.org/10.1378/chest.124.5.1675
https://doi.org/10.1378/chest.124.5.1675
https://doi.org/10.1016/j.ijcard.2008.06.072
https://doi.org/10.1016/j.ijcard.2008.06.072
https://doi.org/10.1007/s00392-022-02139-3
https://doi.org/10.1007/s00392-022-02139-3
https://doi.org/10.1016/j.jacc.2004.03.040
https://doi.org/10.1016/j.jacc.2004.03.040
https://doi.org/10.1378/chest.07-2832
https://doi.org/10.1007/s11325-005-0030-1
https://doi.org/10.5664/jcsm.5812
https://doi.org/10.5664/jcsm.7638
https://doi.org/10.1016/j.cardfail.2009.05.005
https://doi.org/10.1016/j.cardfail.2009.05.005
https://doi.org/10.1093/eurheartj/ehu522
https://doi.org/10.1093/eurheartj/ehu522
https://doi.org/10.1016/j.sleep.2008.03.010
https://doi.org/10.1016/j.sleep.2008.03.010
https://doi.org/10.1016/j.chest.2017.08.003
https://doi.org/10.1016/j.chest.2017.08.003
https://doi.org/10.1002/14651858.CD005351.pub3
https://doi.org/10.1002/14651858.CD005351.pub3
https://doi.org/10.4103/atm.atm_683_20
https://doi.org/10.4103/atm.atm_683_20
https://doi.org/10.1164/ajrccm/145.2_Pt_1.377
https://doi.org/10.1016/j.cardfail.2020.06.007
https://doi.org/10.1016/j.cardfail.2020.06.007
https://doi.org/10.1056/NEJMoa1506459
https://doi.org/10.1056/NEJMoa1506459
https://doi.org/10.1111/jsr.13749
https://doi.org/10.1183/13993003.02338-2023
https://doi.org/10.1183/13993003.02338-2023
https://doi.org/10.1056/NEJMoa051001
https://doi.org/10.1056/NEJMoa051001
https://doi.org/10.1161/CIRCULATIONAHA.106.683482
https://doi.org/10.1161/CIRCULATIONAHA.106.683482
https://doi.org/10.1378/chest.128.4.2141
https://doi.org/10.1016/S2213-2600(23)00374-0
https://doi.org/10.1016/S2213-2600(23)00374-0
https://doi.org/10.1136/thoraxjnl-2011-200927
https://doi.org/10.1136/thoraxjnl-2011-200927
https://doi.org/10.1093/eurheartj/ehv624
https://doi.org/10.1093/eurheartj/ehv624
https://doi.org/10.1161/01.CIR.91.6.1725
https://doi.org/10.1161/01.CIR.91.6.1725
https://doi.org/10.1016/j.jchf.2025.02.016
https://doi.org/10.1016/j.jchf.2025.02.016
https://doi.org/10.1016/j.sleep.2025.106492
https://doi.org/10.1016/j.sleep.2025.106492
https://doi.org/10.1161/JAHA.122.028733
https://doi.org/10.1093/eurjhf/hfs197
https://doi.org/10.1136/heartjnl-2020-317888
https://doi.org/10.1136/heartjnl-2020-317888
https://doi.org/10.1016/S2213-2600(25)00002-5
https://doi.org/10.1016/S2213-2600(25)00002-5
https://doi.org/10.1513/AnnalsATS.202502-210OC
https://doi.org/10.1513/AnnalsATS.202502-210OC
https://doi.org/10.1513/AnnalsATS.202310-908OC
https://doi.org/10.1513/AnnalsATS.202310-908OC
https://doi.org/10.1183/13993003.00959-2016
https://doi.org/10.1016/j.chest.2024.12.015
https://doi.org/10.1016/j.chest.2024.12.015
https://doi.org/10.1161/JAHA.122.028732
https://doi.org/10.1016/j.sleep.2023.07.014
https://doi.org/10.1136/thoraxjnl-2021-217205
https://doi.org/10.1136/thoraxjnl-2021-217205
https://doi.org/10.1136/thoraxjnl-2021-217694
https://doi.org/10.1136/thoraxjnl-2021-217694
https://doi.org/10.1161/cir.0000000000001062
https://doi.org/10.1161/cir.0000000000001062
https://doi.org/10.5664/jcsm.11858
https://doi.org/10.1183/13993003.00263-2025
https://doi.org/10.1093/eurheartj/ehz274
https://doi.org/10.1093/eurheartj/ehz274

