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Abstract

the acute and repetitive nature of overnight cardiovascular
stress associated with OSA, these events likely contribute
to potentially fatal nocturnal cardiovascular events such as
ventricular arrhythmias, myocardial infarction and stroke
[2, 3].
Cardiac activity in OSA patients has been studied
mainly based on RR interval changes (heart rate variability,
HRV) as a maker of autonomic control. HRV has shown
to be an independent predictor of cardiac mortality in different patient populations, including myocardial infarction
(MI) [4], and congestive heart failure (CHF) [5]. It has
been suggested that autonomic heart rate modulation is altered during sleep in patients with OSA [6].
In this study we investigated RR and QT interval changes associated with spontaneous and respiratory
arousal in patients with OSA in order to assess possible
instantaneous changes in the electric activity of the heart.

Obstructive sleep apnea (OSA) is a common disorder
that has been associated with hypertension and ventricular arrhythmias. The aim of this study was to investigate changes in RR and QT intervals after respiratory
and spontaneous arousals in patients with OSA. We conducted overnight sleep studies in 20 patients. The mean
and range of respiratory disturbance index were 49 ± 28
and [17-107], respectively. During stage 2 sleep, ECGs
were analyzed over a period of 30 seconds. From the 187
arousals investigated (120 respiratory vs. 67 spontaneous)
a significant number were associated with a RR interval
shortening (64%). Eighteen percent of the RR intervals
were prolonged, with a significantly higher number during
spontaneous arousals (13% vs. 27%). Similarly, QT intervals shortened after arousal (65%). But there were no
significant differences between spontaneous and respiratory arousals. In conclusion, spontaneous and respiratory
arousals lead to changes in heart rate and ventricular repolarization.

1.

Methods

2.1.

Patients

Overnight polysomnographic sleep studies were conducted in 20 subjects with suspected OSA (12 males). The
average ages was 42 ± 9 years and the average BMI was
35 ± 12 kg·m2 . None of the patients had a craniofacial,
metabolic or respiratory disorder, cardiovascular disease
or diabetes. Further, none of the patients had insomnia
or other forms of sleep disorders. All patients were nonsmokers.

Introduction

The obstructive sleep apnea (OSA) is a common disorder of breathing during sleep affecting more than 4% of
men and 2% of women [1] that is characterized by repetitive partial or complete closure of the upper airway during sleep. Acute physiologic stress occurring during each
obstructive episode leads to dramatic visceral changes, including marked blood gas disturbance/asphyxia; large negative intrathoracic pressure changes that increase cardiac
pre- and afterload, surges in sympathetic neural activity,
alterations in heart rate, surges in arterial blood pressure
and cortical arousals. Obstructive events, which may occur hundreds of times a night, are thought likely to contribute to pre-morbid cardiovascular disease progression
as well as causally to cardiovascular disease itself. Given
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2.

2.2.

Overnight polysomnography

Overnight polysomnography was recorded, using a
Compumedics E series system (Australia). For sleep staging and arousal scoring standard surface electrodes were
applied to the face and scalp, including two-channel electroencephalograms (EEG, C3-A2 and C4-A1), left and

677

Computers in Cardiology 2007;34:677−680.

right electrooculograms (EOG) and a submental electromyogram. Leg movements were recorded from surface
electrodes to tibialis anterior muscle of both legs. Respiratory effort was monitored from chest and abdominal respiratory inductance plethysmography bands. Sleep stages
were assigned to consecutive 30 s epochs. Sleep scoring of all 20 studies was carried out by the same experienced sleep technician according to the standard rules by
Rechtschaffen and Kales (1968) [8].

The number of arousals per hour (spontaneous, respiratory and limb movement) was 26±12. The average oxygen desaturation during respiratory events was 3.8±1.8%.
The mean value and range of respiratory disturbance index
(RDI, number of hypopneas/apneas per hour) were 49±28
and 17–107, respectively (normal range <15; 15–30 mild;
30–45 moderate; and >45 severe OSA according to the
American Academy of Sleep Medicine Task Force (1999)
[9]).

2.3.

3.2.

RR and QT interval analysis

Altogether, ECG data from 67 spontaneous and 120 respiratory arousals during stage 2 sleep were included in the
analysis. Figure 1 and 2 show the group averaged RR and
QT time series before and after the onset of spontaneous
and respiratory arousals, respectively.
A significant number of RR intervals (64%) shortened
after arousal (55% during spontaneous and 68% during
respiratory arousal). Eighteen percent of all RR intervals
were prolonged, whereas there were significantly more
prolongations during spontaneous arousal (27% during
spontaneous versus 13% during respiratory arousal).
Similarly, a significant number of QT intervals (65%)
shortened after arousal (58 % during spontaneous and
68 % during respiratory arousal). Only 13% were prolonged (16% during spontaneous and 12% after respiratory
arousal).

The ECG signal (lead II) was band-pass filtered (0.3-30
Hz), digitized at 512 Hz and stored for subsequent off-line
analysis.
The R waves were automatically detected, using a signal
processing algorithm. To obtain beat-to-beat QT intervals,
we applied the algorithm proposed by Berger et al. (1997)
[7]. Here, the operator defines a template QT interval by
selecting the beginning of the QRS complex and the end of
the T wave for one beat. The algorithm then finds the QT
interval of all other beats by determining how much each
beat must be stretched or compressed in time to best match
the template. In this way, a relatively robust estimation
of QT intervals is achieved that takes into consideration
the whole T wave instead of commonly applied threshold
techniques that are based on determining the end of the T
wave and are therefore sensitive to artifacts and noise. For
a more detailed description of the algorithm, see [7].
To assess RR and QT changes associated with spontaneous and respiratory arousal during stage 2 sleep, we automatically extracted 30 second long ECG segments starting 15 seconds prior to the onset of spontaneous or respiratory arousals, respectively, as identified in the EEG according to the standard arousal scoring rules [8]. RR and QT
intervals were subsequently interpolated at 500 ms to obtain equidistant samples and consequently a common time
base.

2.4.

4.

RR, QT and PR responses for each arousal were categorized as significant shortening, lengthening or no significant change using Cusum analysis, i.e. according to
departure of cumulative changes from a baseline beyond
the baseline’s confidence limits. The time interval 15–5
seconds prior the arousal was considered baseline.

Results

3.1.

Polysomnographic findings

Discussion and conclusions

Cortical arousals have been associated with changes in
the RR and QT interval. In agreement with previous studies [10], our data suggest that heart rate increases during
arousal. Furthermore, the RR interval graph (Fig. 1) indicates that the shortening precedes the cortical arousal, as
measured in the EEG, by a few seconds. This supports
the theory of a hierarchical arousal response from subcortical up to cortical levels [11]. Comparing the heart rate responses caused by spontaneous arousals with those caused
by respiratory arousals, the latter ones appear to be more
pronounced than those to spontaneous arousals.
Besides the changes in heart rate, cortical arousals are
also associated with alterations in repolarization, as reflected in the significantly increased occurrence of QT interval shortenings. This may reflect an altered temporal
pattern of neurotransmitter release in the ventricular myocardium of OSA patients. In contrast to the RR interval,
we found no difference in the QT interval responses between spontaneous or respiratory arousals. A shortening
in QT interval has been previously described in healthy
subjects in response to auditory evoked arousals [12].
In conclusion, cortical arousals are associated with cardiac changes including heart rate and ventricular repolar-

Statistics

3.

Arousal ECG analysis

The total sleep time was 347±58 min and the average
duration of wake periods during sleep was 63±48 min.
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Figure 1. Averaged RR interval ± SD before and after cortical arousal onset (vertical line) during stage 2 sleep.
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Figure 2. Averaged QT interval ± SD before and after cortical arousal onset (vertical line) during stage 2 sleep.
ization. Possibly, the high prevalence of arousals in the
OSA population might trigger cardiac events, perhaps explaining the increased the occurrence of nocturnal cardiac
death.
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