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ESTIMATED  PREVALENCE OF OSA in PATIENTS 

WITH CARDIOVASCUAR DISEASES

CV disease

• HT

• CAD

• ACS

• MI

• HEART FAILURE

• ACUTE STROKE

• AF (Requiring DC )

• LONE AF

PREVALENCE(%)

• 50

• 33

• 50

• 50-60

• 30-40

• 50

• 50

• 33
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• Obstructive sleep apnea causes episodic  

hypoxemia and nocturnal sympathetic nervous 

system activation1 and elevates blood pressure 

and markers of oxidative  stress, inflammation, 

and hypercoagulation

• Large negative intrathoracic pressure swings also 

impose mechanical stress on the heart and great 

vessels



• Population-based and sleep-clinic– based cohort

studies have shown an association between

obstructive sleep apnea and cardiovascular

events, particularly stroke



• Meta-analyses of randomized  trials have shown 

that CPAP therapy elicits significant  reductions 

in systemic arterial pressure, and the effect is 

greater with higher adherence

• Observational studies have shown significantly 

fewer cardiovascular events in patients adherent 

to CPAP therapy than in those who are not 

adherent, but the need for large trials has lingered



• Obstructive sleep apnea is a common condition

among patients with cardiovascular disease,

affecting 40 to 60% of such patients.

• Because the risks of recurrent cardiovascular

events among these patients remain high despite

contemporary therapies, CPAP could be a useful

additional treatment for the prevention of these

events.



• Obstructive sleep apnea is associated with an 

increased risk of cardiovascular events;

whether treatment with continuous positive 

airway pressure (CPAP) prevents major 

cardiovascular events is uncertain



• The Sleep Apnea Cardiovascular Endpoints 

(SAVE) trial, the results of which are now 

reported in the Journal by McEvoy et al., is 

therefore an  important and welcome addition to 

the field



SLEEP APNEA PREVALENCE

• Sleep apnea syndrome of moderate to severe intensity 

affects 
– 17%  of 50-70 year-old men 

– 9% of 50-70 year-old women

Peppard PE et al. Am J Epidemiol 2013 







CONVERGENCE OF SLEEP APNEA 

AND STROKE

• Patients with 
recurrent strokes
– 74%  SDB (AHI >10) 
initial strokes
– 57%  SDB (AHI >10) 

• Sleep disordered breathing (SDB) is very common 
in stroke patients irrespective of type of stroke or 
timing after stroke and is typically obstructive in 
nature

• Sleep studies should be considered in all stroke and 
TIA patients

Johnson KG  et al.  J Clin Sleep Med. 2010 15;6:131



CLINICAL ASPECTS OF 

OBSTRUCTIVE SLEEP APNEA

Obstructive sleep apnea is a risk factor for 

cardiovascular disease and stroke.

Culebras A. Overview of sleep and stroke. In: Culebras A, 

editor. Sleep, stroke and cardiovascular disease. Cambridge 

University Press, 2013, p 1.



FACTORS CONTRIBUTING TO 

CEREBROVASCULAR DISEASE IN SLEEP 

APNEA

– Increased sympathetic drive and tone

– Surges in blood pressure

– Atrial fibrillation

– Patent foramen ovale

– Hemodynamic changes

– Autoregulation failure

– Hypoxia

– Systemic inflammation

– Endothelial dysfunction

– Hypercapnia

– Hypercoagulability



SLEEP APNEA AND ATRIAL 

FIBRILLATION

• SA is more prevalent in patients with AF than in 
high-risk patients with multiple other 
cardiovascular diseases (49% versus 32%, 
P=0.0004). 
– Gami AS et al. Circulation. 2004;110:364

• SA is more frequent in patients with permanent 
atrial fibrillation than in age-matched community 
dwelling subjects (81.6% SA versus 60% control, 
p=0.03) 
– Braga B et al. Sleep Med. 2009;10:212



SLEEP APNEA AND ATRIAL 

FIBRILLATION

• Obesity and the magnitude of nocturnal oxygen 

desaturation are independent risk factors for AF in 

individuals <65 years of age.

Gami AS. Sleep apnea and atrial fibrillation. In: Culebras A, editor. 

Sleep, stroke and cardiovascular disease. Cambridge University 

Press, 2013, p 81.

• OSA is a univariate predictor of AF [hazard ratio 2.18, 

(95% CI, 1.34 to 3.54)]

Gami AS. J Am Coll Cardiol. 2007;49:565



TREATMENT 

• Does CPAP/Bilevel PAP prevent strokes?

• Does CPAP/Bilevel PAP prevent cardiovascular  events?





METHODS

• After a 1-week run-in period during which the

participants used sham CPAP, we randomly

assigned 2717 eligible adults between 45 and 75

years of age who had moderate-to severe

obstructive sleep apnea and coronary or

cerebrovascular disease to receive CPAP

treatment plus usual care (CPAP group) or usual

care alone (usual-care group)



• The primary composite end point was death from

cardiovascular causes, myocardial infarction,

stroke, or hospitalization for unstable angina,

heart failure, or transient ischemic attack.

• Secondary end points included other

cardiovascular outcomes, health-related quality of

life, snoring symptoms, daytime sleepiness, and

mood.



Study Design and Oversight

• The SAVE study was an international, 

multicenter, randomized, parallel-group, open-

label , with blinded end-point assessment.



Patients and Procedures

• Patients were recruited at 89 clinical centers in  7 

countries; eligibility criteria included an age 

between 45 and 75 years, a diagnosis of coronary 

artery disease or cerebrovascular disease, and a  

diagnosis of moderate-to-severe obstructive sleep  

apnea. 



• The diagnosis of moderate-to-severe obstructive  

sleep apnea, which was defined as an oxygen 

desaturation index ( number of times  per hour 

during the oximetry recording that the oxygen 

saturation level drops by ≥4 percentage points 

from baseline) of at least 12, was  established 

with the use of a home sleep-study screening 

device (ApneaLink, ResMed) and was confirmed 

by review of the data at a central core sleep 

laboratory



Randomization and Interventions

• After eligibility was confirmed, the patients were 

randomly assigned, at a central location, to 

receive  either CPAP therapy plus usual care 

(CPAP group) or usual care alone (usual-care 

group).



Results

• Study Participants

• A total of 15,325 patients were assessed for

eligibility; 5844 met the initial eligibility criteria

and underwent ApneaLink testing, and 3246

entered the 1-week run-in phase (Fig. 1). The

2717 patients who were eligible for participation

after the run-in phase were enrolled in the study

from December 2008 through November 2013

and were randomly assigned to receive CPAP

plus usual care (1359 patients) or usual care

alone (1358 patients)



Screening, Randomization, and Follow-up Analyses.



Intervention Adherence, Medications, and

Lifestyle Factors

• The mean duration of use of the sham CPAP 

device during the 1-week run-in phase was 5.2  

hours per night (Table 1). 

• Among the participants  in the CPAP group, the 

mean duration of adherence to CPAP therapy in 

the first month of treatment was ~4.4 hours per 

night, which decreased to ~3.5 hours per night by

12 months and remained relatively stable 

thereafter.



• No significant  differences were observed 

between the  CPAP group and the usual-care 

group in the use of medications for diabetes 

mellitus and cardiovascular conditions, in 

lifestyle factors including diet and smoking, and 

in body-mass index from  baseline to the end of 

the study. 



Primary End Point

• A primary end-point event was confirmed in 436

participants — 229 (17.0%) in the CPAP group

and 207 (15.4%) in the usual-care group (hazard

ratio with CPAP, 1.10; 95% confidence interval

[CI], 0.91 to 1.32; P = 0.34) (Table 2 and Fig. 2).

• No significant effect of CPAP was found in the

adjusted analysis or in the analyses that were

based on total event rates and on primary

endpoint events reported by the investigators.



Secondary and Other End Points

• No significant between-group differences were

observed in any of the cause-specific or

composite secondary cardiovascular end points

in the primary analysis (Table 2) or in the

subsidiary analyses, except for a higher rate of

total hospital admissions for transient ischemic

attack among the patients in the CPAP group



Cumulative Event Curve of the Primary End Point.

McEvoy RD et al. N Engl J Med 2016;375:919-931



Baseline Characteristics of the Study Participants



Primary and Secondary Cardiovascular End Points



Other Outcomes.



Serious Adverse Events and Other Conditions of Interest.



Discussion

• This secondary prevention trial in adults with

cardiovascular disease and obstructive sleep

apnea showed that the risk of serious

cardiovascular events was not lower among

patients who received treatment with CPAP in

addition to usual care than among those who

received usual care alone

• Rx with CPAP was associated with  greater 

reduction in symptoms of daytime sleepiness

& with improved health-related quality of life,  

mood, and attendance at work



• Three other randomized trials have investigated 

the effect of CPAP on cardiovascular end points  

in patients with obstructive sleep apnea



• One important potential limitation of our  trial is 

that, for several of the participating countries,  the 

diagnosis and treatment of sleep apnea were not 

well established in clinical practice when  the trial 

began.



Study Overview

• In a randomized trial, over 2700 patients with 
obstructive sleep apnea and cardiovascular 
disease were assigned to CPAP plus usual 
care or to usual care alone.

• At a mean of 3.7 years, the rate of adverse 
cardiovascular events did not differ 
significantly between the groups.



Conclusions

• Therapy with CPAP plus usual care, as 
compared with usual care alone, did not 
prevent cardiovascular events in patients 
with moderate-to-severe obstructive sleep 
apnea and established cardiovascular 
disease.



This trial raises several issues

• One major issue is whether the results were

negative because obstructive sleep apnea does not

have clinically significant adverse cardiovascular

effects — and thus any treatment would be

ineffective in reducing cardiovascular events —

or because the patients did not use CPAP for a

long enough duration each night to derive

cardiovascular benefits



• In the SAVE trial,

the mean duration of CPAP adherence was  only 

3.3 hours per night, which is probably less  than 

half the time the patient was asleep

• This dose of CPAP may not be adequate to 

prevent   cardiovascular events



• Another related issue may be the timing of  

CPAP; when used in the beginning of the night,

CPAP may be less effective than when used later

in the night



• To maximize enrollment, the investigators 

recruited  participants from a variety of 

geographic  locations that had limited resources. 

• They took  a pragmatic approach and performed a 

diagnostic test for obstructive sleep apnea (using 

a home  sleep-study screening device 

[ApneaLink; ResMed])  that is much simpler to 

perform than polysomnography



What do these results mean for clinical practice?

• We believe that for symptomatic patients  with 

obstructive sleep apnea, a trial of CPAP should be 

offered. 

• It would also be prudent to offer CPAP to patients 

with obstructive sleep  apnea and severe 

hypoxemia during sleep regardless of symptoms 

— these patients were excluded  from the SAVE 

trial.



• However, on the basis of the results from the 

SAVE trial, prescribing CPAP with the sole 

purpose of reducing future cardiovascular events 

in asymptomatic patients with OSA & established 

cardiovascular disease cannot be recommended.

• Whether increased adherence to CPAP therapy 

can lead to better cardiovascular outcomes 

requires further investigation. 

• Ongoing clinical trials such as the ISAACC study 

will shed further light on the effect  of CPAP in 

nonsleepy patients with obstructive  sleep apnea

and acute coronary syndromes.



THANKS !


