
www.icrj.ir 

 Review 

10                                                                                                                                Iranian Cardiovascular Research Journal    Vol.2, No. 1, 2008      

Sleep Disordered Breathing And Ventricular Arrhythmias: 
Mechanisms and Implications
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Sleep-Disordered breathing (SDB) de-
scribes a group of disorders characterized 

by abnormalities of respiratory pattern (pauses 
in breathing) or the quantity of ventilation dur-
ing sleep.  Sleep disordered breathing, includ-
ing the sleep apnea syndrome, is demanding 
the attention of clinicians and researchers due 
to its high prevalence, detrimental impact on 
quality of life and association with a myriad of 
morbidities in multiple body systems. SDB has 
been associated with an increased risk for car-
diovascular diseases. Life-threatening cardiac 
arrhythmias are of utmost importance because 
of their clinical implications. Atrial fibrillation 
(AF) has received most of the attention and 
its associations with SDB are well character-
ized.1,2  This is in part, due to an increased risk 
of stroke in patients with SDB. Increased AF 
prevalence among patients with SDB is con-
sidered the main physiopathological explana-
tion for this morbid association.  

Recent evidence also aids to establish the 
association between SDB and ventricular ar-
rhythmias. Previous reports have suggested a 
high prevalence of SDB in populations at risk 
for ventricular arrhythmias and sudden cardi-
ac death (SCD). The prevalence of SDB has 

been shown to be 50% or higher in patients 
with symptomatic heart failure and depressed 
left ventricular ejection fraction (LVEF), as-
ymptomatic systolic dysfunction, and diastolic 
dysfunction.3-5  These clinical conditions corre-
spond to the populations of patients currently 
receiving implantable cardioverter defibrillators 
(ICDs) for the prevention of SCD due to ventric-
ular arrhythmias,6 specifically patients having 
survived ventricular tachycardia or fibrillation 
(secondary prevention) and patients with prior 
myocardial infarction (MI) and advanced left 
ventricular dysfunction (primary prevention).7-9 
The pathophysiological mechanisms that link 
SDB to ventricular arrhythmia remain undeter-
mined. The following speculative mechanisms 
are worth mentioning:1,2,10

1-SDB has been linked to increased inci-
dence of non fatal cardiovascular events in-
cluding non-fatal MI, stroke, coronary insuf-
ficiency, revascularization (OR: 3.17, 95% CI 
1.12-7.51, p>0.05).11 This may represent an 
increased risk of post-MI associated arrhyth-
mias and a long-term risk mediated by dete-
rioration of   left ventricular (LV) function.10

2-SDB may have a detrimental effect on LV 
function. It is postulated that this effect could
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be mediated by increased negative intratho-
racic pressure, intermittent hypoxia impairing 
cardiac contractility, and increased pulmonary 
artery pressure and/or myocardial ischemia.



 It is speculated that the deleterious effects 
on LVEF may lead to hormonal and cellular 
changes, which may predispose to SCD. 
Continuous Positive Airway Pressure (CPAP) 
treatment has been shown to improve LVEF 
in a group of 24 patients with SDB over a pe-
riod of one month (25.0 ± 2.8 to 33.8 ± 2.4%, 
P<0.001).12  SDB also has well-defined asso-
ciations with hypertension (HTN) (OR: 2.89, 
95% CI: 1.46 -5.64 for AHI > 15 vs AHI =0) 
and (OR 1.37, 95% CI: 1.03-1.83; P=0.005 
for AHI >30 vs. AHI<1.5).13,14

3-Premature ventricular contractions are com-
mon in hypertensive patients with LV hyper-
trophy (RR 8.9, p < 0.01).15,16 Hypertension is 
significantly associated with SDB.1,2,13,14

4-Intermittent hypoxemia is a consequence 
of SDB.  Acutely severe hypoxemic episodes 
can induce ventricular ectopy,17 a potential 
trigger for more complex ventricular arrhyth-
mia. In the chronic setting, repetitive oxida-
tive stress may induce ventricular remodeling 
predisposing to arrhythmia.10

5-Impaired autonomic control has been dem-
onstrated in patients with SDB,1,2,10 and has 
been proposed in arrhythmogenic mecha-
nisms. Increased sympathetic activity occurs 
with the initiation of central and peripheral 
chemoreflexes by hypoxemia and hypercap-
nea,18 where hypoxemia and apnea contrib-
ute to the imbalance of parasympathetic activ-
ity.19 Together, this imbalance has deleterious 
effects on heart rate variability and coupling 
of cardiac and ventilatory inputs. Fluctuating 
autonomic activity caused by SDB can also 
have effects on beat-to-beat changes in ven-
tricular repolarization, which can predispose 
to ventricular arrhythmia.20 A chronic eleva-
tion of sympathetic tone has also been ob-
served in patients with SDB,18 representing a 

major disturbance linked to an increased risk 
of SCD.21  

The initial clinical analyses of the relation-
ship between SDB and ventricular arrhythmia 
were contradictory, with the first studies sup-
porting an association and subsequent work 
refuting associations between SDB and cardi-
ac arrhythmia.22  Interesting findings of a sub-
study of the Sleep Heart Health Study have 
shown a significant association between SDB 
and ventricular arrhythmia. Mehra et al. com-
pared a group of 228 patients with SDB to a 
group of 338 patients without SDB and found 
that over 25% of the patients with SDB experi-
enced ventricular ectopy and 5% experienced 
Non-Sustained Ventricular Tachycardia (NSVT) 
during sleep while establishing that overall, ad-
justing for confounders, SDB is associated with 
a three-fold increase in the risk of NSVT (OR 
3.40; 95 % CI 1.03-11.20, p=0.004).23

SDB has been linked to SCD through a 
study showing that CPAP decreased the inci-
dence of SCD in patients with SDB. In a long-
term study of 107 patients (mean follow-up 7.5 
years), 0% of the CPAP-compliant patients 
experienced SCD compared to 7% of patients 
who were not treated with CPAP.24 Gami et al. 
also demonstrated that patients with SDB who 
experienced SCD, were more likely to die dur-
ing the night ,between 12 AM and 6 AM (RR 
2.57, 95% CI 1.87-3.52, p=0.01), contrasting 
with a nadir in sudden death from other car-
diovascular causes in the general population 
during the same time period. It is speculated 
that this peak in nocturnal SCD among SDB 
patients can be attributed to exposures to hy-
poxemia, hypertensive surges and autonomic 
imbalances occurring during the sleep of SDB 
patients.25

In patients with ICDs, ventricular arrhythmias

www.icrj.ir                                                                                   WF McIntyre, et al

Iranian Cardiovascular Research Journal Vol. 2, No. 1, 2008                                                                                                                                   11



Sleep Disordered Breathing And Ventricular Arrhythmias                                                 www.icrj.ir  

have been shown that occur significantly more 
often in patients with SDB compared to those 
without (Arrhythmia Index (AI) = 20.9 ± 18.8/
h vs. non-apnea-associated Arrhythmia Index 
(NAI) = 4.9 ± 3.3/h).26

Our group recently reported on a retrospec-
tive analysis of 147 patients with ICDs to de-
termine the impact of SDB on ICD therapy. We 
found that SDB was more frequently associ-
ated with appropriate ICD therapy (31% vs. 17 
%; p=0.09) and that the time to first appropri-
ate therapy was shorter (8 vs. 12 months; p= 

0.12).27 These preliminary data establish the 
need for further validation in a larger prospec-
tive series (Fig. 1,2).

Although information on the association be-
tween SDB and ventricular arrhythmia is limit-
ed, it is clear that they are associated and phy-
sicians need to recognize SDB in every patient 
to limit the risk of SCD, particularly in patients 
with structural heart disease. Special consid-
eration should be given to patients receiving 
an ICD. Assessment of SDB is important to re-
duce unnecessary therapies from the ICD and 
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Figure 1. Snapshot of a polysomnography recording of a patient with an ICD. Note the the 
severe apneic episode.

Figure 2. Intracardiac electrogram of an episode of ventricular fibrillation of a patient with severe sleep apnea, 
successfully treated by the ICD



1	 Baranchuk A, Simpson CS, Redfearn DP, et al. It’s time to wake 
up! Sleep apnea and cardiac arrhythmias. Europace 2008;10:666-7. 
[18390984]

2	 Baranchuk A, Simpson CS, Redfearn DP, et al. Understanding 
the association between sleep apnea & cardiac arrhythmias. REA 
2008;1:5-6. 

3	 Lanfranchi PA, Somers VK, Braghiroli A, et al. Central sleep apnea 
in left ventricular dysfunction: prevalence and implications for ar-
rhythmic risk. Circulation 2003;107:727-32. [12578876]

4	 Sin DD, Fitzgerald F, Parker JD, et al. Risk factors for central and 
obstructive sleep apnea in 450 men and women with congestive heart 
failure. Am J Respir Crit Care Med 1999;160:1101-6. [10508793]

5	 Chan J, Sanderson J, Chan W, et al. Prevalence of sleep-disor-
dered breathing in diastolic heart failure. Chest 1997;111:1488-93. 
[9187161]

6	 Baranchuk A, Morillo CA. Guidelines for the prevention of sudden 
cardiac death: Filling the gap. In Emerging Pathologies in Cardiol-
ogy, Gulizia M (Ed), Springer, Milan; 2005. p. 223-230.

7	 The Antiarrhythmics Versus Implantable Defibrillators (AVID) In-
vestigators: A comparison of antiarrhythmic-drug therapy with im-
plantable defibrillators in patients resuscitated from near-fatal ven-
tricular arrhythmias. N Engl J Med 1997;337:1576-83. [9411221]

8	 Moss AJ, Zareba W, Hall WJ, et al. Prophylactic implantation of a 
defibrillator in patients with myocardial infarction and reduced ejec-
tion fraction. N Engl J Med 2002;346:877-83. 

9	 Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable 
cardioverter-defibrillator for congestive heart failure. N Engl J Med. 
2005;352(3):225-37. [15659722]

10	Gami AS, Somers VK. Implications of obstructive sleep apnea for 
atrial fibrillation and sudden cardiac death. J Cardiovasc Electro-
physiol 2008;19:997-1003. [18373598]

11	 Marin JM, Carrizo SJ, Vicente E, et al. Long-term cardiovascular 
outcomes in men with obstructive sleep apnoea-hypopnoea with or 
without treatment with continuous positive airway pressure: An ob-
servational study.  Lancet  2005;365:1046-53. [15781100]

12	Kaneko Y, Floras JS, Usui K, et al. Cardiovascular effects of 
continuous positive airway pressure in patients with heart failure 
and obstructive sleep apnea. N Engl J Med 2003;348:1233-41. 
[12660387]

13	Peppard PE, Young T, Palta M, et al. Prospective study of the as-
sociation between sleep-disordered breathing and hypertension. N 
Engl J Med 2000;342:1378–84. [10805822]

14	Nieto FJ, Young TB, Lind BK, et al. Association of sleep-disordered 
breathing, sleep apnea, and hypertension in a large community-
based study. JAMA 2000;283:1829–36. [10770144]

15	Messerli FH, Ventura HO, Elizardi DJ, et al. Hypertension and sud-
den death. Increased ventricular ectopic activity in left ventricular 
hypertrophy. Am J Med 1984;77:18-22. [6234799]

16	Levy D, Anderson KM, Savage DD, et al. Risk of ventricular ar-
rhythmias in left ventricular hypertrophy: the Framingham heart 
study. Am J Cardiol 1987;60:560-5. [2957907]

17	Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep 
apnea: Implications for cardiac and vascular disease.  JAMA  
2003;290:1906-14. [14532320]

18	Somers VK, Dyken ME, Clary MP, et al. Sympathetic neural mech-
anisms in obstructive sleep apnea. J Clin Invest. 1995;96:1897-904. 
[7560081]

19	Somers VK, Dyken ME, Mark AL, Abboud FM. Parasympathetic 
hyperresponsiveness and bradyarrhythmias during apnoea in hyper-
tension. Clin Auton Res 1992;2:171-6. [1498563]

20	Roche F, Gaspoz JM, Court-Fortune I, et al. Alteration of QT rate 
dependence reflects cardiac autonomic imbalance in patients with 
obstructive sleep apnea syndrome. Pacing Clin Electrophysiol 
2003;26:1446-53. [12914620]

21	Zipes DP, Rubart M. Neural modulation of cardiac arrhythmias and 
sudden cardiac death. Heart Rhythm. 2006;3:108-13. [16399065]

22	Lüthje L, Andreas S. Obstructive sleep apnea and coronary artery 
disease. Sleep Med Rev. 2008;12:19-31. [17936040]

23	Mehra R, Benjamin EJ, Shahar  E, et al. Association of nocturnal ar-
rhythmias with sleep-disordered breathing: The Sleep Heart Health 
Study. Am J Respir Crit Care Med 2006;173:910-6. [16424443]

24	Doherty LS, Kiely JL, Swan V, McNicholas WT. Long-term effects 
of nasal continuous positive airway pressure therapy on cardiovas-
cular outcomes in sleep apnea syndrome. Chest 2005;127:2076-84. 
[15947323]

25	Gami AS, Howard DE, Olson EJ, et al. Day-night pattern of sudden 
death in obstructive sleep apnea. N Engl J Med 2005;352(12):1206-
14. [15788497]

26	Fichter J, Bauer D, Arampatzis S, et al. Sleep-related breathing dis-
orders are associated with ventricular arrhythmias in patients with 
an implantable cardioverter-defibrillator. Chest 2002;122:398-9. 
[12171806]

27	McIntyre WF, Campbell D, Kim JW, et al. Sleep apnea in patients 
with implantable cardioverter defibrillators (ICD) Electrocardiology 
2008. Proceedings of the XXXV International Congress of Electro-
cardiology (in Press).

www.icrj.ir                                                                                   WF McIntyre, et al

Iranian Cardiovascular Research Journal Vol. 2, No. 1, 2008                                                                                                                                  13

to reduce triggers of ventricular arrhythmia.  
Research priorities in the field include further 
characterization of the association between 
SDB and ventricular arrhythmia, understand-

ing the pathophysiological mechanisms and 
developing guidelines for physicians. 
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