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Sleep Apnea: events definition 

OSA 

Obstructive Sleep Apnea (OSA): 

Apnea with respiratory efforts due to collapse of superior airways 

Central Sleep Apnea (CSA) 

Apnea without respiratory efforts (no CNS control on respiration) 

Cheyne-Stokes Respiration (CSR) is a subset of CSA 

Sleep Apnea: Definitions 

Mixed 
Apnea of central origin evolving into an obstructive form. Often classified as obstructive 
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Sleep Apnea: events definition 

Obstructive Sleep Apnea (OSA): 

Sleep Apnea: Definitions 

Blood oxygen decreases 

Airway opens 

Paradoxing 
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Airway obstructs 
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Sleep Apnea: events definition 

Central Sleep Apnea (CSA): 

Sleep Apnea: Definitions 

Oronasal 

flow 

Chest 

movement 

Abdomen 

movement 

 
SaO2 

Blood oxygen decreases 



• The sleep fragmentation is the first consequence of OSAS and is considered to 
be responsible for hypertension development as it stimulates the renin 
angiotensin system and increases the cytokine production, leading to 
endothelial dysfunction.  

• The intermittent hypoxia induces increased sympathetic activity, which exerts 

effects on blood pressure and heart rate, promotes free radical production and 

adhesion molecules expression and induces insulin resistance and leptin 

resistance. 

• The cyclic airway occlusion also causes the intermittent generation of an 
elevated negative intrathoracic pressure and increases ventricular transmural 
pressure and ventricular after-load with a parallel raise in venous return; this 
latter mechanism leads to a reduction in left ventricular stroke volume.  

• During the apneic event, hypoxia may cause an imbalance between the 
myocardial oxygen demand and supply, which may induce myocardial ischemia 
or arrhythmias. 

Pathogenesis of cardiovascular events in OSAS subjects  



• ApneaScan uses the Respiratory Sensor to monitor breathing patterns 

• ApneaScan identifies events when breathing amplitude is reduced by 26% or more for 10 seconds or more 
(includes full breathing pauses) 

 

Description 

 

1. Program the Respiratory Sensor to On 

 

2. Program the following Sleep Schedule parameters 
(available on the General tab of the Patient 
Information screen): 

 

• Sleep Start Time  time when you expect the 
patient to typically fall asleep each night 

• Sleep Duration  amount of time you expect 
the patient to typically sleep each night 

 

 

• Every 50 ms (20 Hz), the device injects current between the RV Coil and Can.  

• The device detects the resulting voltage modulations between the RV Tip and Can, and 
calculates transthoracic impedance  

• During inspiration, the transthoracic impedance is high, and during expiration it is low 
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The Respiratory Disturbance Event data is 
presented as a trend, which physicians can 
use as a screening tool for severe sleep apnea  

(Respiratory Disturbance Index RDI ≥ 32) 

Case 1 

Case 2 



The DASAP-HF Study 

D’Onofrio A et al. Heart Rhythm 2018; 15: 211-217 

The purpose of this study was to evaluate in pts with ICDs the 
performance of the respiratory disturbance index (RDI) computed by the 
ApneaScan algorithm. 
 
We evaluated the accuracy of the RDI for the prediction of severe SA 
(apnea-hypopnea index [AHI] 30 episodes/h) and the agreement 
between RDI and AHI during the sleep study night 

At an RDI value of 31 episodes/h, 
severe SA was detected with 87% 

(95% CI 72%–96%) sensitivity 
and 56% (95% CI 48%–66%) 

specificity 



The DASAP-HF Study 
D’Onofrio A et al. Heart Rhythm 2018; 15: 211-217 

RDI closely correlated with AHI 

recorded during the same night 

(r 5 0.74; 95% CI 0.57–0.84; 

P< .001), and the Bland-Altman 

agreement analysis revealed a 

bias of 11 episodes/h, with 

limits of agreement being -10 to 

32 episodes/h. 



AIRLESS Study 

Defaye P, Sci Rep 2019; 9(1): 9597 

Validation of an apnea and hypopnea detection algorithm implemented in 
implantable cardioverter defibrillators. 

The AIRLESS study shows that a transthoracic impedance 
sensor implemented in the ICDs for SA detection is a 
reliable tool to identify patients suffering of severe sleep 
disorders.  
The availability of this new technology might improve the 
clinical management of this patient population. 
Larger and long-term prospective studies are needed to 
collect data on the clinical impact. 



Sleep Apnea and cardiac rhythm abnormalities 

• Severe Sleep Apnea is associated with an increased prevalence of arrhythmias 

 

The prevalence of arrhythmias was compared in 2 samples of participants from the Sleep Heart Health Study frequency-
matched on age, sex, race/ethnicity, and body mass index:  
(1) 228 subjects with sleep-disordered breathing (respiratory disturbance index>or=30) and  
(2) 338 subjects without sleep-disordered breathing (respiratory disturbance index<5). 

Sleep Disordered Breathing patients 

Non Sleep Disordered Breathing patients 

Mehra R et al. Am J Respir Crit Care Med 2006 Apr 15;173(8):910-6. 



Obstructive Sleep Apnea and the Risk of Sudden Cardiac 
Death: A Longitudinal Study of 10,701 Adults 

Gami AS et al. JACC 2013 ; 62(7) 

Independent predictors of SCD in OSAS 

(results of multivariate regression) 



Obstructive Sleep Apnea 
associated with increased risk 
of nocturnal sudden death 

Gami AS et al. N Engl J Med 2005 ; 352 : 1206-14 

Death certificates of 112 Minnesota residents who had 
undergone polysomnography and had died suddenly 



Staniforth AD et al. Heart 2005 ; 91: 1418-1422  



N=22 
17 ICD pts showed SDB 

Sleep disordered breathing is frequent in ICD 

recipients due to left systolic ventricular 

dysfunction and may increase the risk of 

ventricular arrhythmia and appropriate ICD 

discharges.  

Tomaello L et al. Clin Cardiol 2010 ; 33: E27-E30  



Sleep Apnea associated with increased life 
threatening arrhythmias in HF 

Bitter T et al. Eur Heart J. 2011 ; 32 : 61-74 

• In patients with HF, CSA and OSA are independently associated with an increased risk 
for ventricular arrhythmias and appropriate cardioverter-defibrillator therapies 

• Increased appropriate therapies (AHI ≥15):  

• CSA: by 3.4-fold 

• OSA: by 2.1-fold 

 

 POPULATION: 255 CRTD pts 
 
FU: 4 years 
 
Primary  Endpoint: event-free survival time period to 
first appropriate cardioverter-defibrillator therapy 
 
PROTOCOL excluded patient undergoing CPAP 



Grimm W et al. Europace 2013 ; 15: 515-522  

P= NS P= NS 

The hypothesis that CSA apnoea is merely a marker but not an independent risk factor 
for an adverse prognosis in patients with heart failure. 



Usefulness of Sleep-Disordered Breathing to Predict Occurrence of Appropriate and 
Inappropriate ICD Therapy in Pts With ICD for Primary Prevention of SCD 

Kreuz J et al. Am J Cardiol 2013 ; 111: 1319-1322 

N=133 (primary prevention) 
These results indicate that a preimplantation sleep study will identify patients with HF prone to receive appropriate 

and inappropriate ICD therapy 



Effect of Sleep-Disordered Breathing on Appropriate ICD 
Therapy: Meta-Analysis 

Kwon Y et al. Circ Arrhythm Electrophysiol. 2017 February ; 10(2): e004609  

High risk of bias 

Medium risk of bias 

Low risk of bias 



Kwon Y et al. Circ Arrhythm Electrophysiol. 2017 February ; 10(2): e004609  

Appropriate ICD Therapy  
Meta-Analysis 

SDB 

OSA CSA 

N= 1274 

SDB was present in 52% of the participants 
  
SDB was associated with a 55% higher risk of appropriate 
ICD therapies  
 
The risk was higher in both and obstructive sleep apnea. 



Khan SU et al. Eur Heart J 2018; 39: 2291-2297  



Bitter T et al. J Cardiovasc Electrophysiol 2013; 24: 1132-1140  



Conclusions 

SDB seem to be associated with an increased risk of 
appropriate ICD therapy in patients with heart failure and 
reduced ejection fraction. 

SDB are marker for an adverse prognosis in patients with 
heart failure.  

Treatment of SDB could reduces arrhythmic events and 
consequently ICD therapies   




