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Abstract: The prevalence and characteristics of sleep-disordered breathing (SDB) in 

patients with ventricular arrhythmias， such as premature ventricular complexes (PVCs) 

and ventricular tachycardia (VT)，訂eunknown. Therefore， we eva1uated the prevalence 

of SDB in patients with severe ventricular arrhythmias and normal left ventricular (LV) 

function. Thirty-five patients (63% men; mean age: 57.4土 13.8yeぽs)underwent a 

sleep study. All patients had VT or frequent PVCs (三300PVCs/h) and had been referred 

to the Cardiology Department for medication， catheter ablation therapy， or implantation 

of a cardioverter/defibrillator. We exc1uded heart failure patients with an LV ejection 

合actionく50%;in the remaining patients， mean LVEF was 63.9土 8.0%.Twenty国one

patients (60%) had SDB with an apnea国hypopneaindex (AHI)三5，and the average AHI 

was 22.7士17.9/h.Twelve patients (34%) had moderate to severe SDB with an average 

AHlof33.6土 16.6/h.Central dominant sleep apnea was evident in 3 patients with SDB. 

Average age and body mass index (BMI) were significantly higher in SDB patients than 

in non-SDB patients (age: 62.0土 12.8vs 50.6土 12.7years; BMI: 26.3土 4.0vs 21.2土

2.0). In conc1usionラ thisstudy found a high prevalence of SDB in patients with 

ventricular arrhythmias and normal LV function. 

Key Words: Sleep-disordered breathingヲventriculararrhythmia， normal left ventricular 

白nction
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Introduction 

Some previously reported studies that analyzed the occurrence of sleep-disordered 

breathing (SDB) with ventricular arrhythmias involved only patients with heart 

failure.1-3 In patients with heart failure， ventricular arrhythmias occur frequently not 

only because of SDB but also cardiac dysfunction itself， resulting in sympathetic nerve 

activity.4 Other studies have reported a high occurrence of ventricular arrhythmias in 

patients with SDB.5，6 We tested the hypothesis that patients with ventricular arrhythmias 

are more likely to have SDB even without heart failure. We studied 35 patients with 

ventricular arrhythmias who did not have m吋orcomorbid disorders that could 

contribute to sleep disruption or desaturation. This study examined the prevalence and 

severity of SDB in patients having ventricular arrhythmias without heart failure. 

Methods 

Study population: We prospectively studied consecutive patients referred to the 

Cardiology Department of the Tsukuba University Hospital， Tsukuba， Japanラ between

December 2005 and September 2007 who had ventricular tachycardia (VT) or仕equent

premature ventricular complexes (PVCs). Patients were referred for the following 

reasons: (1) the need for medication to control VT or frequent PVCs， (2) 
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electrophysiologic study or catheter ablation therapy for VT or frequent PVCs， or (3) 

implantation of a cardioverter/defibrillator for VT. Patients were exc1uded from 

enrollment if they had any of the following conditions: an echocardiographic left 

ventricular (LV) ejection fraction (EF)く50%，prim紅ysevere valvular heart disease， 

obstructive lung diseaseラpharyngealdisease， renal disordersラc1inicalsigns of central or 

peripheral nervous system impairment， or a history of stroke. Thirty-five patients (63% 

men; mean age: 57土 14years; EF: 64土 8%)met the entry criteria. The initial 

assessment inc1uded routine blood tests， 12-1ead electrocardiography， and 

echocardiography. Hypertension was defined as the presence of 1 or more of the 

following conditions: resting systolic blood pressure of at least 135 mmHg， resting 

diastolic blood pressぽ eof at least 80 mmHgラ ortreatment with antihypertensive 

medication. Hyperlipidemia was defined as total cholesterol ofと220mg/dl or 

low皿densitylipoproteinミ150mg/dlラ useof lipid-lowering therapy， or a documented 

diagnosis of hyperlipidemia. The diagnosis of diabetes mellitus and other prevalent 

chronic diseases were recorded according to the c1inical history and use of specific 

medicationラasrevealed by review of the patient chart. 

Written informed consent was obtained from all subjects， and the study protocol was 

approved by the Ethical Committee of the University of Tsukuba. 
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Arrhythmia analysis: Isolated and grouped ventricular ectopic activities were analyzed. 

VT was defined as three or more PVCs in a row at a rate >100 beats/min. Frequent 

PVCs were defined as PVCs >300/h on 24-hour Holter electrocardiogram. Day-night 

pattems of ventricular arrhythmias were evaluated by 24-hour Holter 

electrocardiograms or bedside monitoring records in the hospital. Day was defined as 

06:00-21 :00 and night as 21 :00-06:00 hours. 

Polysomnography: Sleep evaluations of all 35 subjects were conducted by a sleep 

specialist at the Tsukuba University Hospital sleep disorder center. All subjects had 

undergone standard sleep studiesラ which were performed by monitoring of 

electroencephalogram， electrooculogramラ electromyogram， electrocardiogram， 

thoracoabdominal excursions， pulse oximetryヲ andnaso圃oralairf10w with an Alice 4 

(Respironics; Pittsburgh， PA). 

Apnea was defined as cessation of inspiration for at least 10 seconds. All such 

events were counted irrespective of the degree of oxygen desaturation or presence of組

arousal. Obstructive apnea was defined as the absence of airf10w in the presence of rib 

cage and/or abdominal excursions. Central apnea was defined as the absence ofrib cage 

and abdominal excursions with absence of airf1ow. Hypopnea was defined as a 

reduction in airf10w by at least 30% with a decrease in oxygen saturation (Sa02) by 4% 
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or more for at least 10 seconds in the presence of thoracoabdominal ventilatory efforts. 

The apnea-hypopnea index (AHI) was calculated as the sum of apneic泊ldhypopneic 

events per hour of sleep.7 The diagnosis of central sleep apnea required an AHI三5/h，

with more than 50% of the events determined to be central rather than obstructive. We 

used an AHI of 5/h as the threshold. Mild SDB was defined as 5/hく AHIく 15/h，

moderate SDB was defined as 15 :S AHIく 30/h，and severe SDB was defined as AHI 

>30/h. 

Epworth Sleepiness Scale: The Epworth Sleepiness Scale (ESS) is a frequent1y used， 

8-item， self-administered subjective measure of sleepiness. The subject rates， on a scale 

of 0-3ラ thelikelihood that he or she will doze off or fall asleep during 8 different 

situations commonly encountered in daily life. Scores are tallied across the 8 items to 

compute an ESS score; an ESS score泣 1is considered indicative of subjective 

sleepiness. This scale has previously shown a high level of intemal consistency among 

its 8 itemsラ hightest -retest reliabilityラ andthe ability to distinguish patients with 

excessive daytime sleepiness企omnormal subjects. 

Statistical analysis: Results are expressed as mean土 SD.Comparisons of continuous 

variables between groups were made with unpaired t-tests where appropriate and 

otherwise with the Mann圃Whitneytest. Categorical variables were compared by 
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Fisher's exact test or theぽtest， depending on which was more appropriate. A value of p 

く0.05was considered significant. 

Results 

The企equencydistribution of the AHI in 5/h-to 15/h-unit intervals for the 35 patients 

with ventricular arrhythmia is depicted in Figure 1. Twenty-one of 35 patients (60%) 

had SDBラwithmild SDB noted in 26% of patients (mean AHI: 8.2 + 2.5/h)， moderate 

SDB in 14% (mean AHI: 21.8 + 3.7/h)， and severe SDB in 20% (mean AHI: 45.5 + 

16.0/h). The c1inical characteristics of both groups are summarized in Table 1. The 

difference in sexes between patients with and without SDB was not statistically 

significant. Patients with SDB were older than those without SDB， and their BMI and 

waist circumference were significantly higher than those of patients without SDB. No 

statistical di妊erenceswere noted in rates of obesity (BMIお0)ラhypertension，diabetes 

mellitusヲhyperlipidemiaヲ andcardiac disease between the 2 groups. Mean ESS score 

wasく11in both groups and was not statistically different between the 2 groups. There 

was no difference in the type of ventricular arrhythmias and the day-night pa抗emofthe 

arrhythmias between the groupsラasshown in Table 2. The results of the sleep study are 

presented in Table 3. Comparison of patients with and without SDB showed that SDB 
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patients had significantly increased arousal index and percent Sa02 く90%and 

significantly decreased mean and lowest Sa02・Thec1inical characteristics of the 12 

patients with moderate to severe SDB are shown in Table 4. Three ofthese patients had 

predominantly central sleep apnea: mean central apnea AHI was 17.0土 6.6/h.Three 

patients had ventricular arrhythmia occurring during night rather than day. 

Discussion 

The novel findings of the present study are that approximately 60% of patients with 

ventricular arrhythmias had SDB. This is the first report to show a strong association 

between SDB and ventricular arrhythmias in patients without heart failure. Among such 

patientsラmildSDB was diagnosed in 26% and moderate to severe SDB in 34%. To our 

knowledge， no data are available regarding the prevalence of SDB in patients with 

ventricular arrhythmias occurring without heart failure， although several prior studies 

showed a relation between SDB and ventricular arrhythmia complicated by heart 

failure.1-3 Because impaired heart function increases sympathetic activityラresultingin 

ventricular arrhythmia，4 heart failure is thought to exacerbate ventricular arrhythmia. 

Howeverぅthecontribution of SDB to sympathetic activity in patients with ventricular 

arrhythmia and normal cardiac function has not been extensively discussed. In this study， 
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all participants had clinically severe ventricular紅白ythmiaswithout heart failure. 

Interestingly， there was no difference either in ESS score or number of patients 

with ESS scoreと11.This result showed that patients had no symptoms of daytime 

sleepiness even with SDB. Among subjects participating in the Sleep Heart Health 

Study， although there was a strong association of AHI with self-reported sleepiness， the 

m得orityof subjects with an AHIと5did not report excessive sleepiness，8 indicating that 

self-reporting measures may underestimate the severity of sleepiness in the setting of 

hypersomnolence. 

Another novel finding of this study involved BMI in the patients with SDB; our 

patients had a mean BMI 26.3土 4.0kg/mヘwith19% having a BMI >30. Compared 

with previous reports9・11from Western nations， data企ompatients with SDB in the 

present study revealed a lower BMI and low rate of obesity. One report has estimated 

the prevalence of obstructive sleep apnea (OSA) in an Asian population.12 Kim et al13 

reported the prevalence of SDB in Korea was 27% in men and 16% and women， and 

mean BMI was 26.5土 2.9in men and 26.9士 4.1in women. These are provocative 

results because obesity， a strong risk factor for SDBラisprevalent in white populations， 

but is relatively uncommon in Asian countries. 

In addition， 3 of the SDB patients experienced ventricular arrhythmia more often 
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at night than during the day， suggesting that conditions associated with SDB may lead to 

ventricular arrhythmias. Gami et al14 reported that people with SDB have a peak in 

sudden death from cardiac causes during the sleeping hours， which contrasts strikingly 

with the nadir of sudden death from cardiac causes during this period in people without 

SDB. In the present study， one of the patients without SDB was also found to have 

ventricular arrhythmia more often at night than during the day. This patient showed an 

arousal index of 28.1/h and an AHI of 18.1/h when we estimated hypopnea as the 

occurrence of at least 50% reduction in airf10w lasting at least 10 seconds with an 

arousal. Interestinglyラ PVCs in this patient stopped synchronizing with arousal. N 0 

previous report has shown a relation between nocturnal occurrence PVCs and arousal. 

This finding suggests that not only arterial desaturation but also arousal may be related 

to the occurrence of ventricular a汀hythmias.

Previous reports showed a relation between repetitive intermittent hypoxia and 

ventricular arrhythmias.15， 16 Alexanderl7 reported that at high altitudeラnormalelderly 

persons experienced increased heart rate and greater frequency of PVCs and VT when 

arterial Sa02 reached 70%. Shepard et all8 reported that in SDB patients with Sa02 

く60%，a significant increase in PV C frequency was detected with decreasing Sa02・h

patients with SDB， they suggested that repetitive obstructions to normal breathing 
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during sleep induce hypoxemia and hypercapniaラ which (acting through the 

chemoreflexes) elicit increased sympathetic activity that induces ventricular 

arrhythmias. 

Altered cardiovascular variability affects predominantly patients with n10derate to 

severe sleep apnea.19
・

24 In SDB patients， ventilation and blood pressure increase 

substantially during hypoxic breathing. Peripheral chemoreceptorsラ whichprimarily 

respond to blood oxygen， are detected with high sensitivity in SDB. In SDB patients， 

the chemoreflex appears to be a potent mechanism for sympathetic activationラ

overriding the combined restraining influences of increased blood pressure and 

increased ventilation. Enhanced chemoreflex sensitivity in SDB may explain the 

exaggerated sympathetic response during hypoxemic episodes resulting in autonomic 

activity四dependentarrhythmias.24-26 

Our study had several limitations. First， due to technical limitationsラ oxygen

saturation monitoring results of the patients with frequent PVCs were exc1uded because 

these data were thought to be underestimated. However， hypopnea could be analyzed by 

the occurrence of at least 50% reduction in airflow lasting at least 10 seconds with an 

arousal. Secondラthediagnosis of sleep apnea was provided by a study based on a single 

night in a sleep laboratorγ. However， this is the standard procedure followed for the 
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diagnosis of sleep apnea in the clinical setting. Thirdラ thereis no control group. 

However， compared to the previous epidemiologic studies， 12，13 prevalence of SDB was 

revealed to be significantly high in this study. 

Acknowledgments 

This study was supported in p訂tby a Research Grant for Cardiovascular Disease 

(17C-5) from the Ministry of Health， Labor and We1fareラJapan.

12 



References 

1. Fichter J， Bauer D， Arampatzis S， Fries R， Heisel A， Sybrecht GW. Sleep-related 

breathing disorders are associated with ventricular arrhythmias in patients with an 

implantable cardioverter-defibrillator. Chest 2002; 122:558・・561.

2. Javaheri S. Effects of continuous positive airway pressure on sleep apnea and 

ventricular irritability in patients with heart failure. Circulation 2000; 101 :392田397.

3. Ryan CM， Usui K， Floras JSラ BradleyTD. Effect of continuous positive airway 

pressure on ventricular ectopy in heart failure patients with obstructive sleep apnoea. 

Thorax 2005;60:781-785. 

4. Pogwizd SM， Schlotthauer Kラ LiLラ YuanW， Bers DM. Arrhythmogenesis and 

contractile dysfunction in heart failure: Roles of sodium-ca1cium exchangeラ inward

rectifier potassium current， and residual beta-adrenergic responsiveness. Circ Res 

2001;88:1159-1167. 

5. Guilleminau1t Cラ ConnollySJ， Winkle RA. Cardiac arrhythmia and conduction 

disturbances during sleep in 400 patients with sleep apnea syndrome. Am J Cardiol 

1983;52:490-494. 

6. Mehra R， Benjamin EJ， Shahar E， Gottlieb DJ， Nawabit R， Kirchner HL， Sahadevan J， 

Redline S. Association of noctumal arrhythmias with sleep-disordered breathing: The 

13 



Sleep Heart Health Study. Am J Respir ClゴtCare Med 2006;173:910-916. 

7. Meoli AL， Casey KR， Clark RW， Coleman JA， Jr.， Fayle RW， Troell RJ， Iber C. 

Hypopnea in sleep-disordered breathing in adults. Sleep 2001 ;24:469-470. 

8. Gottlieb DJラWhitneyCW， Bonekat WH， Iber C， James GD， Lebowitz M， Nieto FJ， 

Rosenberg CE. Relation of sleepiness to respiI・atorydisturbance index: the Sleep Heart 

Health Study. Am J Respir Crit Care Med 1999;159:502-707. 

9. Marin JMラCarrizoSJ， Vicente E， Agusti AG. Long-term cardiovascular outcomes in 

men with obstructive sleep apnoea-hypopnoea with or without treatment with 

continuous positive airway pressure: an observational study. Lancet 

2005;365: 1 046-1053. 

10. Kanagala Rラ MuraliNS， Friedman PA， Ammash NM， Gersh BJラ BallmanKV， 

Shamsuzzaman ASラ SomersVK. Obstructive sleep apnea and the recurrence of atrial 

fibrillation. Circulation 2003; 1 07 :25 89四2594.

11. Gami AS， Pressman G， Caples SM， Kanagala R， Gard JJ， Davison DE， Malouf JF， 

Ammash NMラ FriedmanPA， Somers VK. Association of atrial fibrillation and 

obstructive sleep apnea. Circulation 2004; 11 0:364圃367.

12. Ip MS， Lam B， Tang LCラ LauderIJ， Ip TY， Lam WK. A community study of 

sleep-disordered breathing in middle-aged Chinese women in Hong Kong: prevalence 

14 



and gender differences. Chest 2004;125:127-134. 

13. Kim J， In KヲKimJ， You S， Kang KラShimJ， Lee S， Lee J， Lee S， Park C， Shin C. 

Pre、ralenceof sleep四disorderedbreathing in middle-aged Korean men and women. Am J 

Respir Crit Care Med 2004; 170: 11 0ふ1113.

14. Gami ASラHowardDE， Olson EJラSomersVK. Day-night pattern of sudden death in 

obstructive sleep apnea. N Engl J Med 2005;352:1206司 1214.

15. Jyothula SS， Ramachandran S. Reversible ventricular a汀hythn1iain REM sleep 

associated with hypoxic sleep四disorderedbreathing. Sleep Med2006;7:81-82. 

16. O'Connor PJ， Merrill GF. Ventricular arrhythmias caused by repeat exposure to 

hypoxia are dependent on duration ofreoxygenation. FASEB J 1995;9:387-391. 

17. Alexander JK. Cardiac arrhythmia at high altitude: the progressive e旺ectof aging. 

Tex Heart Inst J 1999;26:258帽263.

18. Shepard JW， Jr.ラGarrisonMW， Grither DAラDolanGF. Relationship of ventricular 

ectopy to oxyhemoglobin desaturation in patients with obstructive sleep apnea. Chest 

1985;88:335-340. 

19. Aytemir K， Deniz A， Yavuz B， U gur Demir A， Sahiner L， Ciftci 0， Tokgozoglu L， 

Can 1， Sahin A， Oto A. Increased myocardial vulnerability and autonomic nervous 

system imbalance in obstructive sleep apnea syndrome. Respir Med 2006. 

15 



20. Harbison 1， O'Reilly P， McNicholas WT. Cardiac rhythm disturbances in the 

obstructive sleep apnea syndrome: effects of nasal continuous positive airway pressure 

therapy. Chest 2000; 118:591-595. 

21. Usui K， Bradley TD， Spaak 1ラRyanCM， Kubo T， Kaneko Y， Floras 1S. Inhibition of 

awake sympathetic nerve activity of heart failure patients with obstructive sleep apnea 

by noctumal continuous positive airway presslぜe. J Am Coll Cardiol 

2005;45:2008-2011. 

22. Aydin Mラ AltinRラ OzerenA， K訂tL， Bilge M， Unalacak M. Cardiac autonomic 

activity in obstructive sleep apnea: time-dependent and spectral analysis of heart rate 

variability using 24闇hourHolter electrocardiograms. Tex Rωrt Inst J 2004;31: 132・136.

23. Roche F， Xuong AN， Court -F ortune 1， Costes FラPichotVラDuvemeyDヲVergnon1M， 

Gaspoz 1M， Barthelemy 1C. Relationship among the severity of sleep apnea syndrome， 

cardiac arrhythmiasラ and autonomic imbalance. Pacing Clin Electrophysiol 

2003 ;26:669-677. 

24. Phillips BG， Somers VK. Neural and humoral mechanisms mediating cardiovascular 

responses to obstructive sleep apnea. Respir Physiol2000; 119: 18ト187.

25. N arkiewicz K， Montano N， Cogliati C， van de Bome P 1ラDykenME， Somers VK. 

Altered cardiovascular variability in obstructive sleep apnea. Circulation 

16 



1998;98: 1071-1077. 

36. N arkiewicz Kヲvande Bome P JラPesekCAヲDykenME， Montano N， Somers VK. 

Selective potentiation of peripheral chemoreflex sensitivity in obstructive sleep apnea. 

Circulation 1999;99:1183-1189. 

17 



Figure Legends 

Figure 1. Frequency distribution of AHI in 5-to 15-unit intervals in 35 patients with 

ventricular arrhythmias. Fourteen patients (40%) showed no evidence of SDB， whereas 

21 patients (60%) had SDB with AHI三5.
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Table 1 

Patient characteristics 

Variable Sleep-Disordered Breathing p Value 

Yes No 

(n = 21) (n = 14) 

Age (yrs) 62土13 51土13 0.01 

Men 15 (71%) 7 (50%) 0.4 

Body mass index (kg/m2) 26.3土4.0 21.2土2.0 0.0003 

Number with body mass index ~30 4 (19%) 。(0%) 0.1 

Waist circumference (cm) 91土12 78土8 0.003 

Systolic blood pressure (mmHg) 122土12 118士13 0.2 

Diastolic blood pressure (mmHg) 69土10 66土10 0.2 

Heart rate (beats per minute) 64士10 69土11 0.09 

Echocardiographic characteristics 

Left ventricular ejection fraction (%) 64.0土8.2 63.6土8.0 0.4 

Mitral valve E/ A ratio 0.9 ::!: 0.4 (n = 19)* 1.2 ::!: 0.5 (n = 13)* 0.09 

Deceleration time (ms) 253 ::!: 62 225 ::!: 38 0.09 

Cardiovascular Disease Risk Factors 

Hypertension 6 (29%) 2 (14%) 0.4 

Diabetes mellitus 1 (5%) 0(0%) 

Hyper1ipidemia 2 (10%) 2 (14%) 

ミ20pack-year smoking history 10 (48%) 6 (43%) 0.9 

Cardiac Disease Manifestations 

Myocardial infarction 3 (14%) 2 (14%) 

Angina pectoris 3 (14%) 1 (7%) 0.6 

Atrial fibrillation 4 (19%) 1 (7%) 0.6 

Medications at discharge 

Amiodarone 4 (19%) 2 (14%) 

s-Blockers 10 (48%) 4 (29%) 0.3 

Disopyramide 0(0%) 1 (7%) 0.4 

Apridine hydrochloride 1 (5%) 0(0%) 

Mexiletine hydrochloride 1 (5%) 0(0%) 

Sotalol hydrochloride 1 (5%) 0(0%) 

Epworth Sleepiness Scale 7.1土3.6 6.0土4.5 0.2 

Number with Epworth Sleepiness Scale score ~ 11 6 (29%) 2 (14%) 0.4 

*MitraI valve A velocity could not be measured in 2 ofthe patients with sleep-disordered breathing and 1 

patient without sleep-disordered breathing because of chronic atriaI fibrillation. 



Table 2 

Relation between ventricular arrhythmias and sleep-disordered breathing 

Variable Sleep-Disordered Breathing p Value 

Yes No 

(n = 21) (n = 14) 

Type ofventricular arrhythmia 

Premature ventricular complexes ~300/h 16 (76%) 10 (71 %) 0.9 

Couplet 3(10%) 1 (7%) 0.6 

Ventricular tachycardia 19(91%) 14 (100%) 0.5 

Day-Night pa仕ernof ventricular arrhythmia 

Day > Night 12 (57%) 7 (50%) 0.7 

Day = Night 6 (29%) 5 (36%) 0.7 

Day < Night 3 (14%) 2 (14%) 



Table 3 

Polysomnographic characteristics in 30 ventricular arrhythmia patients with or without 

sleep-disordered breathing 

Variable SIeep-Disordered Breathing 

Yes No 

(n = 21) (n = 14) 

Apnea-hypopnea index (n/h) 22.7土 17.9 1.3土1.0

Central apnea (n/h) 3.3土6.2 0.3士0.4

Obstructive apnea (nJh) 7.5士9.7 0.2土0.4

Arousal index (nJh) 26.8土 12.0 12.3土6.1

N octumal Sa02 (n = 18)* (n = 14) 

Mean Sa02 (%) 93土3 96土2

Lowest Sa02 (%) 81土9 89土3

Percent Sa02 <90% 9士16 。

* Sa02 could not be detected in 3 patients with sleep-disordered breathing because of frequent PVCs 

with bigeminal cycle through most of the night. Therefore， these patients were excluded from Sa02 

calculation. 
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