
EURoPEan JoURnaL oF MEdIcaL RESEaRcHnovember 4, 2010 193

Abstract
nocturnal cardiac arrhythmias (nca) were analyzed
in patients with sleep apnea/hypopnea syndrome
(SaHS) and controls. occurrence and severity of
nca were compared in 33 SaHS patients and 16
control subjects, matched for cardiovascular risk fac-
tors. continuous overnight polysomnography provid-
ed Ecg, respiratory and sleep parameters for a com-
parative analysis. Various types and severity of  nca
were detected already in moderate SaHS (apnea/hy-
popnea index = 26 ±15.6/h), reflecting the respirato-
ry and atherosclerotic changes. Moderately severe ar-
rhythmias, represented with benign and 2 complex
types were caused by hypoxemia characterized by
aHI, minimal Sao2, and lower values after desatura-
tion. three-time higher prevalence of  complex ar-
rhythmias in SaHS patients was not significantly dif-
ferent by usual statistical comparison, likely due to a
low number of  controls and a joint occurrence of
various types and complex severity of  arrhythmias in
some patients. therefore, a complex assessment of
different types and varying severity of  arrhythmias
would require a scale specifically constructed for their
evaluation.

Key words: cardiac arrhythmias sleep apnea, hypox-
emia, polysomnography, carotid ultrasonography

IntRodUctIon

Several epidemiological studies have indicated a con-
nection between the sleep apnea/hypopnea syndrome
(SaHS) and cardiovascular (cV) diseases, resulting in
increased morbidity and mortality. nocturnal cardiac
arrhythmias (nca) are frequent and represent a po-
tential risk in cases of  severe sleep apnea, particularly
during long obstructive apneic events. there is in-
creased risk for the development of  various malignant
arrhythmias, when sleep apnea is associated with pre-
existing structural cardiac changes [1]. there are con-
flicting data concerning the prevalence and severity of
nca in patients with SaHS. While some authors have
detected an increase in both brady- and tachyarrhyth-
mias, others have found their low incidence in patients
without severe cardiac or pulmonary diseases. no clear
epidemiological evidence for a causal relation between
SaHS and arrhythmias has been found when con-
founders were considered [2]. nevertheless, most ex-
perts agree that cardiac arrhythmias occur more fre-
quently in patients with SaHS and that their incidence
increases with the degree of  arterial oxygen desatura-
tion and the number of  apnoeic episodes [3]. general
mechanisms and cardio-respiratory as well as neuro-
physiological and sleep parameters contributing to de-
velopment of  arrhythmias are illustrated in Fig 1.
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Fig. 1. general mechanisms and cardio-respiratory
and neuro-physiological effects of sleep disordered
breathing.



the aim of  the present study was to assess and
compare the occurrence and severity of  nca in sub-
jects with and without moderate SaHS, matched for
traditional risk factors for atherosclerosis (aS) and cV
pathology. there are many studies analyzing separately
the occurrence and severity of  cardiac arrhythmias in
patients with sleep apnea, but there is no method for a
complex assessment and a quantitative comparison of
different types and severity of  arrhythmias in patients
with SaHS.

MatERIaL and MEtHodS

the study was performed in accordance with the dec-
laration of  Helsinki for Human Research. the proto-
col obtained approval of  the Ethics committee of
Medical Faculty Safarik University in Kosice, Slovakia
and informed consent was obtained from all the sub-
jects enrolled into the study. 

antHRoPoMEtRIc, LaBoRatoRy, and cLInIco-
PHySIoLogIcaL cHaRactERIStIcS oF SUBJEctS

adult males were investigated in this study, because of
the lower prevalence of  SaHS in middle-aged females.
thirty-three males with moderate SaHS and 16 sub-
jects without SaHS, matched for specific cV co-mor-
bidity (apparently healthy adults and patients with ar-
terial hypertension - aH or coronary artery diseases -
cad) were studied. overnight polysomnography in-
cluding simultaneous electrocardiogram (Ecg) was
performed in the sleep laboratory of  P.J. Safarik Uni-
versity in Kosice, Slovakia. the subjects underwent
careful laboratory and clinical examination, including
analysis of  fasting venous blood samples, after their
informed consent in cardiologic outpatient depart-
ment of  the 4th clinic of  Internal Medicine the day af-
ter polysomnographic recording. the medical history,
physical examination and clinical documentation of
subjects were evaluated. current and past dietetic and
pharmacological treatments were also recorded. Ex-
clusion criteria included insufficiency of  vital organs,
severe bronchial asthma, complicated hematological
disorders, endocrinopathy, diabetes mellitus (dM) type
1 or 2 with specific chronic complications or treated
with insulin, malignant diseases, marked neurological
abnormalities, current use of  antiarrhythmic drugs,
and non-compliance. none of  the patients were alco-
holic, nor were treated with nasal continuous positive
airway pressure (ncPaP). 

traditional risk factors for aS (age, positive family
history of  premature cV diseases, hyperlipopro-
teinaemia - HLP, dM, aH, smoking habit, and obesity,
were defined according to international guidelines [4].
Height, weight, waist-to-hip ratio (WHR), and body
mass index (BMI= kg/m2) were measured following a
standardized protocol [5]. cad was based on the
presence of  clinical symptoms, positive exercise Ecg,
thallium scan, and/or the finding of  significant
(>50%) stenosis on coronarography [6].

Intimo-media thickness (IMt) of  common carotid
arteries as a marker of  early aS has strong association
with major cV risk factors. For its high specificity and
negative predictive value, determination of  IMt pro-

vides a useful screening test in population with low
prevalence of  cad at a cut-off  point ≥0.85 mm for
the prediction of  severe cad in symptomatic pa-
tients. a real-time triplex, high-resolution B-mode ul-
trasonography (aU4 Idea, Esaote Biomedica, 7.5 MHz
probe) was used. the IMt was measured from magni-
fied (5x) images at the maximum thickness of  the far
arterial wall during the end-diastole. a plaque was de-
fined as a localized lesion of  the artery (echogenic
structure encroaching into the vessel lumen) with IMt
thickness >1.2 mm. the largest value (IMtmax) out of
4 measurements as well as the occurrence of  IMt
≥0.85 mm were used to detect the earliest signs of  aS.
Finally, all extra-cranial vessels were screened for pres-
ence of  stenotic lesions (advanced aS). More details
are described in a previous paper [7].

SLEEP StUdIES

overnight polysomnographic recording was per-
formed in a sleep laboratory with alice 3 device
(Respironics, Pittsburgh, Pa) using a standard metho -
do logy. More than 20 parameters were continuously
recorded in parallel. Indices calculated per hour of
sleep were as follows: apnea-hypopnea index (aHI), in-
dicating the number of  apnoeic and hypopneic
episodes, arousal index (arI) expressing the number of
arousals lasting 3-15 s. other parameters were: minimal
and average nocturnal oxygen saturation (MinSao2,
avgSao2), mean oxygen saturation after desaturations
by >3% (deSao2), and the time in minutes spent with
Sao2 below 90%. Micro-arousals and macro-arousals
lasting <3 s and >15 s, respectively, were also identified
[8]. the recorded parameters were stored on optical
disc and automatically analyzed by software and cor-
rected by experts after visual analysis to eliminate occa-
sional artifacts. Respiratory events were defined from
polysomnographic records as a decrease in airflow to
amplitude <20% (apnea) or <70% (hypopnea) of  the
baseline lasting >10 s and associated with oxygen de-
saturation by >3%. apneic episodes were identified if
airflow was absent for >10 s and the presence of  >10
apneas or hypopneas/hour of  sleep is characteristic for
SaHS syndrome [8]. Healthy persons present apnea-
hypopnea episodes occasionally (<5/h). More details
are given in a previous publication [7].

Ecg anaLySIS

Ecg records from a complete overnight polysomno-
gram monitored continuously before and during sleep
were analyzed by a cardiologist in a blinded fashion to
the clinical data and classification of  SaHS. We as-
sessed the occurrence, type, and frequency of  arrhyth-
mias in each subject and compared the results ob-
tained in SaHS patients with the values of  healthy
controls and patients without SaHS, matched for vari-
ous cV risk factors and diseases. Each arrhythmia was
determined in relation to the apnea, sleep stage, oxy-
hemoglobin saturation, as well as minimum and maxi-
mum heart rate and R-R interval (during a ≈30 s peri-
od before and after the onset of  arrhythmia). apnea-
related arrhythmia was defined, when the arrhythmia
occurred at the onset, during, or till 10 s after termina-
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tion of  apnea. non-apnea-related arrhythmias have
been evaluated separately. the results of  a complex es-
timation of  3 different types and various degrees of
severity of  nca have been described elsewhere [9].

StatIStIcaL MEtHodS

the results were expressed as means ±Sd and ana-
lyzed by usual statistical methods from a package
StatIStIca 1999. the significance of  the mean dif-
ferences in characteristics between the SaHS and non-
SaHS subjects was determined by using the nonpara-
metric Mann Whitney U test for continuous parame-
ters. chi-squared test was used for an assessment of
proportions. If  the number of  a variable was less than
5, the Fisher exact test was used. the difference was
considered as significant at P<0.05.

RESULtS

our patients with moderate SaHS did not differ from
subjects without SaHS in various cV risk factors, dis-
eases, and their therapy (table 1). the mean values of
polysomnographic parameters demonstrated a much
higher aHI (P<0.0001) by definition in SaHS pa-
tients, compared with practically normal nocturnal
breathing in the control group, including subjects with
some cV pathology (table 2). SaHS patients had
more severe nocturnal hypoxemia with lower MinSao2
(P<0.0005), and deSao2 (P<0.05), and a tendency to

longer time spent with Sao2 <90% (P = 0.14) and to
lower values of  avgSao2 (P = 0.505). 

Such intermittent hypoxemic episodes caused by
apnea-hypopnea events resulted in more severe nca
already in moderate SaHS patients (aHI 26 ±15.6/h)
than in non-SaHS subjects. With regard to the char-
acter of  arrhythmias, benign types predominated and
no malignant arrhythmias were found in our subjects.
the most severe types of  arrhythmias had complex
forms as follows: 1) supraventricular (SV) tach-
yarrhythmia: a short run of  SV tachycardia in one of
the 8 patients in a subgroup with SaHS and cad; 2)
ventricular tachyarrhythmia: bigeminy  in 2 of  the 14
patients with SaHS and aH, 3 of  the 8 in a subgroup
with SaHS and cad, and only in one person 
from the non-SaHS group, who had cad. the oc-
currence of  complex arrhythmias was 6 of  the 33
(18.2%) in SaHS patients vs. 1 of  the 16 (6.25%) in
non-SaHS group (P>0.05). a nearly 3 times higher
prevalence of  complex forms of  arrhythmias was de-
tected in our SaHS patients, compared with non-
SaHS subjects. 

dIScUSSIon

PREVIoUS data on aRRHytHMogEnESIS In SaHS

the present study provides insights into the compli-
cated relationships between SaHS and development
of  various nca, which are common [10], but general-
ly benign [11]. Bradycardic forms, such as sinus brady-
cardia, sinus pauses up to 2 s in duration, and second
degree atrio-ventricular block (aVB) type 1 are com-
monly observed during normal sleep, and are deemed
benign [12]. However, patients with SaHS had more
nocturnal and diurnal St-segment depression as well
as sinus bradycardia, sinus tachycardia, premature
supra-ventricular complexes (PSVc), supra-ventricular
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Table1. Baseline, anthropometric, laboratory, and clinical char-
acteristics of subjects. 

SAH (+) SAHS (-) P
n = 33 n = 16

age (yr) 52 ±8 48 ±11 nS

BMI (kg/m2) 28.9 ±4.4 29.7 ±4.4 nS

Waist circumference (cm) 102 ±10 100 ±12 nS

total cholesterol (mmol/l) 5.5 ±1.01 5.1 ±0.8 nS

triacylglyc (mmol/l) 2.6 ±3.9 1.9 ±0.9 nS

HdL-chol (mmol/l) 1.2 ±0.3 1.2 ±0.3 nS

LdL-chol (mmol/l) 3.7 ±1.2 3.1 ±0.7 nS

glycemia (mmol/l) 5.6 ±0.8 5.6 ±1.2 nS

age risk (≥45 years) (n/%)  28/85 9/56 nS

Positive family history (n/%) 7/21 2/13 nS

aH (n/%) 21/64 7/44 nS

dM (n/%) 2/6 3/19 nS

HLP (n/%) 18/55 9/56 nS

obesity (BMI) (n/%) 9/27 6/38 nS

central obesity (Waist) (n/%) 14/42 7/44 nS

Smoking (n/%) 19/58 10/63 nS

acE inhibitors (n/%) 11/33 5/31 nS

Beta-blockers (n/%) 11/33 9/56 nS

ca-channel blockers (n/%) 10/30 4/25 nS

BMI – body mass index, RF-aS - risk factors for atherosclero-
sis, aH – arterial hypertension, dM – diabetes mellitus, HLP –
hyperlipoproteinemia, use of antihypertensive drugs in subjects
with and without SaHS, matched for risk factors.

Table 2. carotid ultrasonographic data and cardiovascular dis-
eases as well as respiratory and sleep parameters in subjects
with and without SaHS.

SAHS (+) SAHS (-) P

IMtmax (mm) 0.91 ±0.21 0.77 ±0.18 <0.05

IMt>0.85mm (n/%) 18/54.5 4/25 <0.05

Sten 1 (n/%) 10/30 4/25 nS

Sten 2 (n/%) 2/6 0/0 nS

cad (n/%) 8/24 5/31 nS

Previous MI (n/%) 5/15 3/19 nS

aHI (n/h) 26.0 ±15.6 4.1 ±2.6 <0.001

arousal index (n/h) 22.2 ±13.7 14.9 ±13.3 nS

MinSao2(%) 76.7 ±10.5 87.0 ±6.5 <0.001

avgo2 (%) 90.5 ±4.8 91.8 ±2.4 nS

deSao2 (%) 85.7 ±4.9 88.4 ±4.8 <0.05

total sleep time (h) 5.4 ±1.98 5.7 ±2.0 nS

Sao2<90%  (%) 18.8 ±19.5 14.9 ±13.7 nS

IMt – intimomedia thickness, Sten – stenosis 1 =  up to 40% ,
Sten – stenosis 2 = 40-60%, cad – coronary artery disease,
MI – myocardial infarction, Sao2 – arterial oxygen saturation.



tachycardia, and couplets than the snoring and control
groups [11].

Most experts agree that arrhythmias occur more
frequently in patients who have sleep apnea and that
the incidence increases with the number of  apneic
episodes and the degree of  arterial oxygen desatura-
tion [13]. In 88% of  patients referred for pacemaker
therapy with asymptomatic bradyarrhythmias occur-
ring during sleep, apnea episodes were documented by
overnight polysomnography [14]. Mild SaHS was de-
tected in 26% and moderate to severe SaHS in 34%
of  patients with ventricular arrhythmias, but without
heart failure [15]. 

Most severe arrhythmias, such as persistent SV
tachycardia, atrial fibrillation (aF) or flutter, and
paroxysmal ventricular tachycardia seem more likely to
occur in the setting of  pre-existing structural heart
disease [10]. Sleep disordered breathing was found in
approximately half  of  patients with aF, which preva-
lence is substantially greater than the occurrence of
SaHS in patients with established cV disease but
without past or current aF [16]. 

Some studies have demonstrated objective benefits
from cPaP therapy on cardiac rhythm disturbances,
especially bradyarrhythmic forms [14, 17-20]. Even se-
rious and potentially fatal arrhythmias occurring dur-
ing sleep in patients with SaHS were attenuated by ef-
fective treatment [18, 20]. Electrophysiological studies
detected no sustained or structural conduction system
abnormalities in most of  patients with significant
bradycardia caused by SaHS, but impaired initiation
of  impulses by the sinus node [18]. When treated with
cPaP, these patients have an excellent prognosis with
regard to five year risk of  syncope or cardiac arrest,
strongly supporting a causal relationship between
SaHS and at least this form of  cardiovascular morbid-
ity [18]. We documented more frequent, more severe,
and longer duration of  hypoxia in our SaHS patients
with more severe arrhythmias. 

Most of  cardiac rhythm disturbances in patients
with SaHS showed a significant correlation with noc-
turnal minimum Sao2, sleep fragmentation, and uri-
nary catecholamine excretion. Moreover St-segment
depressions were related to sleep fragmentation and

the sympathetic tone [11]. accordingly, cardiac ar-
rhythmias were related to the level of  sleep-disordered
breathing and oxygen desaturation in a morbidly obese
population [21], in patients with severe SaHS (aHI
>30), prolonged periods of  arterial oxyhaemoglobin
desaturation, and in patients with low diurnal awake
Pao2 [22], and particularly during REM sleep [19]. an
analysis of  factors involved in the pathogenesis of
heart blocks in patients with sleep apnea indicated that
almost 90% of  these episodes occur during REM sleep
and during an oxygen desaturation of  at least 4% [17]. 

anaLySIS oF oUR RESULtS

our study documented a low prevalence of  complex
forms of  arrhythmia in moderate sleep apneics (aHI
<30/h) with normal left ventricular (LV) function.
the prevalence of  rhythm disturbances in SaHS pa-
tients was found not significantly different from that
in non-apneic snorers or in the general population [2].
Such discrepant results can be explained in terms of
selection bias. Moreover, the different cV co-morbid-
ity of  study population and the methodology used for
detection of  SaHS, as well as discrepancy in the as-
sessment of  the severity of  both SaHS and  arrhyth-
mias further enhance the difficulty to compare vari-
ous studies [2]. However, a significant difference be-
tween the groups with and without SaHS, matched
for various risk factors, could not be proved by a sep-
arate analysis of  3 different types and various severi-
ties of  nca induced by intermittent hypoxemia using
simple statistical comparison. this can be explained
by a low prevalence, a moderate severity of  arrhyth-
mias, a small number of  subjects, various structural
and functional cV changes, but mainly by a joint oc-
currence of  various types and severity of  arrhythmias
in some subjects. therefore, a complex estimation 
of  varying severity of  nca using a special 7–grade
scale was tested and various structural and functional
cV changes have been analyzed in a parallel publica-
tion [9]. Fig. 2 illustrates the great importance of
REM sleep and the accompanying apneic episodes
and hypoxemia for the induction of  nca in one of
our patients.
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Fig. 2. Recorded: oxygen sat-
uration (Sao2), HR – heart
rate, types of apnea, sleep
stages: Wake – wakefulness,
REM – rapid eye movement
sleep, S1-S4 – stages of non-
REM sleep, EMg – limb
electromyogram.



SUMMaRy

Moderate SaHS in our patients proved to generate se-
vere nca by modifying the heart function and/or
even the structure, which was a result of  an action of
potent triggering mechanisms. However, more materi-
al collected from strictly selected subjects in a
prospective study with the evaluation of  a large num-
ber of  confounding factors is needed for a complex
analysis of  the causal relationship between SaHS and
the severity of  nca. Such a complex analysis requires
the use of  a method with a multi-grade scale for a
quantitative assessment of  various types and different
degrees of  the severity of  nca.  
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