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Central sleep apnoea (CSA) is characterised by cycles of apnoea, 

hypopnoea and hyperpnoea during sleep due to abnormalities in the 

regulation of breathing within the respiratory centre in the brainstem. 

CSA, defined as an apnoea–hypopnoea index (AHI) of ≥15 events/h, 

is common in patients with heart failure (HF), with a prevalence of 

20–45 %.1, 2 Its presence is reported to be a marker of severity of HF. It 

is also described in some studies to be independently associated with 

increased morbidity and mortality rates in patients with HF.3

Improving the underlying HF has often resulted in resolution of 

CSA. Cardiac resynchronisation therapy,4 ventricular assist device 

implantation5 and cardiac transplantation6 have led to reduction of 

AHI to normal levels (i.e. <5 events/h). During CSA, the recurrent 

cycles of oxygen desaturations and autonomic arousals (elevation in 

sympathetic activity with rise in heart rate and blood pressure) may 

contribute to worsening HF, thus targeting CSA may be a potential 

treatment option that could slow the progression of HF and improve 

outcomes. Treatment modalities targeting CSA have included drugs 

such as theophyllines, opiates, carbonic anhydrase inhibitors, oxygen 

and various forms of positive pressure ventilation.

To date, the most extensively studied modalities of positive pressure 

treatments are continuous positive airway pressure (CPAP) support 

and adaptive servo-ventilation (ASV). CPAP delivers constant and 

continuous pressure throughout both inspiration and expiration 

through a nasal or face mask. ASV is a form of positive pressure 

ventilation with variable pressure algorithm that delivers back-up 

breaths and high pressures during apnoea and lower pressure during 

hyperpnoea, resulting in resolution of AHI to normal levels in most 

cases. ASV has been shown to treat CSA more effectively than CPAP. 

In small studies, both CPAP and ASV have shown a fall in AHI levels 

coinciding with improvement in surrogate markers of HF,7–9 such as 

biomarkers (e.g. brain natriuretic peptide), exercise capacity, ejection 

fraction and symptoms.

The enthusiasm generated by these small studies of CPAP and ASV for 

the treatment of CSA in patients with HF with reduced ejection fraction 

(HFrEF), led to larger outcome studies. The first outcome study, the 

CANPAP (Canadian Continuous Positive Airway Pressure for Patients 

with Central Sleep Apnea and Heart Failure) trial (N=203), assessed 

the effectiveness of CPAP versus medical therapy on transplant-free 

survival in patients with HFrEF with CSA.10 The findings from this study 

showed that the use of CPAP, which resulted in a drop in mean AHI 

level from 40±16 events/h to approximately 19±16 events/h, did 

not improve survival rates. However, a post hoc analysis of this trial 

suggested that those patients who had their CSA suppressed by CPAP 

(to an AHI level <15 events/h) had a significantly better survival rate 

compared with those in whom CPAP did not suppress CSA effectively. 

However, the number of events in this analysis were low – five in the 

CPAP-suppressed versus 13 in the CPAP-unsuppressed group;11 thus 

interpretation of these data, as with most post hoc analyses, requires 

cautious interpretation.

Subsequently, the SERVE-HF (Treatment of Sleep-disordered Breathing 

by Adaptive Servo-ventilation in Heart Failure Patients) study (N=1325) 

assessed the effectiveness of ASV versus optimal medical therapy 
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on survival in patients with HFrEF with CSA.12 This trial unexpectedly 

demonstrated that ASV, despite effectively treating CSA (with a drop 

in mean AHI levels from 31.2 events/h at baseline to 6.6 events/h 

at 12 months), had no impact on the primary endpoint of the trial, 

which was a composite endpoint of time-to-event analysis of first 

event of death from any cause, lifesaving cardiovascular intervention 

(cardiac transplantation, implantation of a ventricular assist device, 

resuscitation after sudden cardiac arrest, or appropriate lifesaving 

shock) or unplanned hospitalisation for worsening HF (54.1 % in the 

ASV group versus 50.8 % in the medical group; hazard ratio 1.13; 

95 % CI [0.97–1.31]; P=0.10). Surprisingly, ASV was associated with 

harm with increased all-cause mortality rate (hazard ratio 1.28; 

95 % CI [1.06–1.55]; P=0.01), predominantly due to an increased 

risk of cardiovascular death (hazard ratio 1.34; 95 % CI [1.09–1.65]; 

P=0.006). The latter was driven by an increased number of sudden 

cardiac death events; the mechanism by which this occurred is 

unclear. Results for further analyses from SERVE-HF study are  

eagerly awaited. 

The surprising results of the SERVE-HF study have caused a 

reassessment of the way we construe CSA, such that this adaptation 

may in fact be favourable in HF and perhaps treating it may not 

be beneficial, as was argued by Naughton in 2012.13 The cycles of 

apnoea and hyperventilation may in fact have several benefits. An 

apnoea may prevent respiratory muscle fatigue that develops with 

continuous tachypnoea in the context of pulmonary congestion. 

Stroke volume and circulation may increase in the presence of swings 

in intrathoracic pressure with alternating hyper- and hypoventilation. 

Furthermore, the hyperventilation phase may reduce sympathetic 

and increase vagal activity, and the development of hypocapnia and 

respiratory alkalosis may aid cardiac function during hypoxaemia 

by improving oxygen delivery (via Bohr and Haldane effects). In 

addition, hyperventilation leads to a larger end-tidal volume that 

may act as a reservoir of oxygen-counteracting hypoxaemia in the 

context of pulmonary oedema. Thus correcting CSA and the loss 

of these protective mechanisms may in part explain the increased 

cardiovascular mortality rates observed in the SERVE-HF study. 

Another factor that should be considered as a potential mechanism 

of increased cardiovascular mortality rates in the SERVE-HF study is 

the impact of positive pressure ventilation in patients with HF who 

have low left ventricular (LV) filling pressures and poor LV systolic 

function, considering that positive pressure may reduce both the LV 

preload and afterload, predisposing such patients to the development 

of haemodynamic instability.14

In light of the unexpected results of the SERVE-HF study, the optimal 

treatment of CSA remains controversial. Whether CSA should be 

interpreted merely as a marker of severity of HF or as a target for 

treatment remains unknown. Further adequately powered studies 

are required to determine whether ventilatory or non-ventilatory 

therapies (e.g. phrenic nerve stimulation, acetozlamide) are beneficial 

before we can conclude that we should let sleeping dogs lie. ■
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