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 Central apnea
≥10 second cessation of airflow, without effort

 Obstructive apnea
≥10 second cessation of airflow, while effort continues

 Hypopnea
30% reduction in airflow for 10 sec with a 4% fall in oxygen 
saturation

 Apnea-Hypopnea Index (AHI)
Number of apneas and hypopneas per hour of sleep
Mild (5-14/hour), Moderate (15-29/hour), and Severe (≥ 30/hour)

 Arousals
 Number of arousals per hour of sleep

 Oxygen Desaturation Index (ODI) 4%
Number of times oxygen saturation drops by 4% or more per hour

2007 AASM Guidelines
3



 Obstructive sleep apnoea (OSA):
 ≥10 second cessation of airflow, while effort continues
 Most common type of SDB
 Caused by recurrent collapse of the upper airway
 Causes intermittent hypoxia, negative intrathoracic

pressure swings, sympathetic activation, systemic 
inflammation, oxidative stress 

Cowie et al. Eur Cardiol Rev 2015. 
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 Central sleep apnoea (CSA):
 ≥10 second cessation of airflow, without effort

 Dysregulation of respiratory control (lack of drive to breathe during sleep)

 Repetitive periods of reduced ventilation

 May manifest at CSR (central apnoeas alternating with periods of crescendo-
decrescendo respiratory tidal volume)

 Causes increases sympathetic nervous system activity, greater cardiac 
electrical instability, low frequency oscillations in heart rate and blood 
pressure

Cowie et al. Eur Cardiol Rev 2015. 
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Floras JACC 2009



CSA 
2.1M

37.5%

OSA
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37.5%
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United States 
Heart Failure Population

5.7 Million

Roger et al.  Circulation 2011;123:e18-209
Oldenburg et al. Eur J Heart Fail;20079:251-7
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7 Bitter et al.  Dtsch Arztebl Int 2009;106:164–707





Javaheri, et. al.: JACC 49(20):2028-34, 2007 

AHI less than 5 per hour

AHI equal or greater than 
5 per hour
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Class II, III Patients Only



Khayat et al.  J Card Fail 2012;18:534-540

50% of heart 
failure 
patients with 
central sleep 
apnea were 
readmitted 
at 6 months

Over 25% of 
heart failure 
patients with 
central sleep 
apnea had 2 
or more 
readmissions 
within 6 
months

at 6 months



Bradley T et al. N Engl J Med 2005;353:2025-2033

Effect of CPAP on the Frequency of Episodes of Apnea and Hypopnea, 
Mean and Minimal Nocturnal Oxygen Saturation, 

and Left Ventricular Ejection Fraction





Bradley T et al. N Engl J Med 2005;353:2025-2033

Heart-Transplantation-Free Survival



CANPAP trial : early suppression of CSA by CPAP
to an AHI below 15/hr may improve LVEF and 

transplant-free survival
Artz M et al Circulation. 2007;115:3173-3180



Stabilises breathing and maintains
upper airway open. 

Continually adjusting inspiratory and 
expiratory pressure with variable, on-
demand, back up rate. 



 ASV is more effective than CPAP for treating CSA/CSR

• HF patients comply better with ASV vs CPAP therapy

• Patients prefer ASV over both CPAP and bilevel PAP

Teschler et al. AJRCCM 2001; Philippe et al. Heart 2006; Kasai et al. Circ Heart Fail 2010. 





Control (n=659) ASV (n=666)
Age, years 69.3±10.4 69.6±9.5
Male 90.0% 89.9%
NYHA class III or IV, n (%) 70.3% 70.5%
LVEF, % 32.5±8.0 32.2±7.9
Ischaemic HF aetiology, n 
(%)

57.0% 59.7%

Implanted device, n (%) 55.2% 54.5%
eGFR, mL/min/1.73m2 59.3±20.8 57.8±21.1
Six-minute walk distance, 
m

337.9±127.5 334.0±126.4

ACEI/ARB, n (%) 91.5% 92.0%
β-blockers, n (%) 92.7% 91.9%
Antiarrhythmics, n (%) 13.5% 19.2%p=0.005

Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 



Control (n=659) ASV (n=666)
AHI, /h 31.7±13.2 31.2±12.7
cAI/total AHI, % 46.5±30.0 44.6±28.9
cAHI/total AHI, % 81.8±15.7 80.8±15.5
Desaturation index (3%), /h 32.8±19.0 32.1±17.7
Average SaO2, % 92.8±2.5 92.8±2.3
Minimum SaO2, % 80.3±7.5 80.7±7.0
Time with SaO2 <90%, min 55.7±73.9 50.5±68.2

Epworth Sleepiness Scale 
score

7.1±4.6 7.0±4.3

Cowie et al. NEJM 2015;373:1095-105. 



 ASV effectively controlled sleep-disordered 
breathing:

 Mean AHI 31.2/h at baseline, decreased to 6.2–6.8/h 
during 48 months’ treatment (p<0.001 vs baseline)

 Mean central AHI 25.2/h at baseline, decreased to 3.2–
4.0/h during 48 months’ treatment (p<0.001 vs baseline)

 Mean ODI 32.1/h at baseline, decreased to 8.6–9.9/h 
during 48 months’ treatment (p<0.001 vs baseline)

 ASV usage for ≥3 h/night in 60% of patients

 Usage rates constant over time (mean 3.9 and 3.7 h/night 
at 3 and 48 months, respectively)

Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 



Device pressures:

Median IPAP 9.7 cmH2O first night, and constant 
at 9.6–10.1 cmH2O during 48 months’ treatment

Median EPAP 5.5 cmH2O first night, and constant 
at 5.5–6.1 cmH2O during 48 months’ treatment

Mask leak:
95th percentile 21.7 L/min first night, and 
reduced over time to 16.1–18.8 L/min during 48 
months’ treatment

Cowie et al. NEJM 2015;373:1095-105. 



Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 

Time to first event of all-cause death, life-saving cardiovascular 
intervention, or unplanned hospitalization for worsening chronic HF



Cowie et al. NEJM 2015, 1 Sep [Epub ahead of 
print]  



Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 



Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 



Cowie et al. NEJM 2015, 1 Sep [Epub ahead of print]. 









The remedē® System is:
 A neurostimulation technology 

(Respiratory Rhythm 
ManagementTM) which provides 
unilateral stimulation of the 
phrenic nerve

Designed to restore normal 
sleep and breathing to patients 
with central sleep apnea by 
stabilizing CO2

 A fully implantable 
transvenous system which 
activates automatically when the 
patient sleeps

CAUTION Investigational device. Limited by Federal (or 
United States) law to investigational use.





Eur Heart J (2012) 33(7): 889-894



Demographics 
(N=16)

Mean ± SD or
% of patients

Age 57 ± 12 years

Male 100%

Heart rate (bpm) 73 ± 17

Atrial fibrillation 19%

BMI 27.5 ± 3.3

NYHA Class I/II/III 19% / 50% / 
31%

LVEF 30% ± 12%

Ischemic 44%

ICD/Pacemaker 25%

Medications % of patients

Beta-blockers 94%

ACE-I/ARB 88%

Diuretic 100%

Aldosterone 
Antagonist 56%

Statin 67%

Digoxin 18%

Anti-coagulant 44%

Anti-Diabetic 25%

Eur Heart J (2012) 33(7): 889-894

CAUTION Investigational device. Limited by Federal 
(or United States) law to investigational use.
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Eur Heart J (2012) 33(7): 889-894 CAUTION Investigational device. Limited by Federal (or 
United States) law to investigational use.











 Both OSA and CSA are highly prevalent in patients with HF and 
significantly increase their morbidity and mortality.

 Screening for SDB should be included in evaluation of all patients 
with HF.

 In HF patients with OSA mask-based therapies have consistently 
improved both clinical signs/symptoms and outcomes.

 In HF patients with CSA CPAP improves symptoms/signs but not 
transplant-free survival.

 Trials of ASV in HF patients with CSA neutral.

 Phrenic nerve stimulation appears safe for the treatment of CSA 
and is currently being evaluated in a multicenter, randomized 
clinical trial.
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