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The dynamics of cognitive processes during sleep onset

W. HOFMAN, K. GROOT and E. VAN ERP

Psychonomics ( Psychology), University of Amsterdam, Amsterdam, the
Netherlands

Introduction: The transition from wake to sleep is not yet fully
understood. We postulate that the process of the transition from wake
to sleep is intrinsic and independent of the individual differences in the
latency to sleep. We studied the dynamics of conscious awareness of
stimuli during the sleep onset process. In order to take the differences
in the duration of the wake-sleep transition into account, the analyses
were normalized over time.

Methods: Ten subjects (mean age = 22.1, SD = 3.6) were recorded
with full PSG during the sleep onset process. An auditory oddball task
was presented during the session where subjects had to respond to the
deviant tones by pressing a button, strapped to the subjects’ preferred
hand. ERP-analysis was performed from Lights Off till the onset of the
first spindle, defined as Sleep onset. The duration between Lights Off
and sleep onset was normalized over time to take individual differences
into account.

Results: After a slight initial increase the amplitude of the Mismatch
Negativity (MMN) decreased during the sleep onset period, resulting
in a significant cubic trend (P < 0.05). The MMN amplitude reached
a minimum plateau shortly before sleep onset. The latency of the
MMN showed an increasing trend after a small decrease in the
beginning (cubic trend, P < 0.05). The amplitude of the P3 showed a
fluctuating, but slowly decreasing trend, indicating the variability in
conscious awareness during that period.

Conclusion: These findings differ significantly from our earlier study,
which did not show an effect. In that study we did not postulate that
the characteristics of sleep onset process are independent of the
duration of that process. The plateau of the amplitude of the MMN,
indicating automatic detection of the stimulus, synchronized with the
start of a rise in the activity of the theta band (presented earlier:
Hofman et al., APSS 2006). Therefore it can be concluded that sleep
onset starts earlier (when MMN amplitude reaches a plateau and theta
starts to rise) than the first sleep spindle.
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The effect of sleep state and sleeping position on baroreflex
sensitivity in term infants

S. R. YIALLOUROU, A. M. WALKER and R. S. HORNE

Ritchie Centre for Baby Health Research, Monash University,
Melbourne, VIC, Australia

Background: The prone sleeping position is a major risk factor for
Sudden Infant Death Syndrome (SIDS). An uncompensated hypoten-
sion may play a vital role during this fatal event, however to date there
is no description of blood pressure (BP) control during sleep in infants.
Aims: To determine the effect of sleeping position and sleep state on
baroreflex sensitivity (BRS) as an index of BP control during sleep in
infants at 2-3 mo of age.

Methods: Polysomnography was performed on 17 term infants studied
at 10-11 weeks PNA and BP was recorded continuously using a
photoplethysmographic wrist cuff (Finometer™) during quiet sleep
(QS) and active sleep (AS) in both the supine and prone positions.
Data were analysed beat-beat for mean arterial pressure (MAP) and

heart period (HP). BRS was assessed from spontaneous sequences of
MAP and HP changes.

Results: In the prone position versus supine, there was no difference
for BRS and MAP, however, HR was higher in both sleep states
(prone, AS: 135 + 2; QS: 131 + 2 supine, AS: 129 + 2; QS:
128 + 2 bpm). In AS compared to QS, BRS was significantly reduced
(AS: 2.23 £ 0.58; QS: 7.71 £+ 1.81 ms/mmHg) only in the prone
position, MAP was higher in both the supine (AS: 75 + 4; QS:
67 £ 2 mmHg) and prone (AS: 135 £ 2; QS: 131 mmHg) positions,
however HR was only higher in the prone (AS: 135 + 2; QS:
131 £ 2 bpm) position.

Conclusions: In the prone sleeping position autonomic cardiovascular
control is altered. Decreased BRS and increased HR during AS in the
prone position may play an important role in the underlying
mechanism of SIDS.
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Macro- and microstructure of sleep: is there a link between cyclic
alternating patterns and sleep quality?

D. MOSER', G. KLOESCH', H. BAUER” and J. ZEITLHOFER'
!Department of Neurology, Medical University of Vienna and > Brain
Research Lab, University of Psychology, Vienna, Austria

Introduction: Cyclic alternating patterns (CAPs) are defined as
periodic EEG activity during NREM sleep that reflect unstable sleep
and represent a marker of instability of the sleep process. The aim of
the present investigation was to examine the stability of both
macrostructural and microstructural parameters of sleep as well as
subjective sleep quality in healthy subjects, with special attention being
paid to CAP variables and their role in determining a potential first-
night effect.

Methods: Twenty-eight healthy subjects, aged between 21 and 86 years
[53.3 + 21.3 years; 20-39 years: n =8, 40-59 years: n = 8§,
> 60 years: n = 12] underwent PSG-recordings over two consecutive
nights. Polysomnographic analysis was performed according to the
standard rules for sleep stages and the scoring rules for CAPs.
Results: Macrostructural analysis showed significant differences be-
tween the first and the second sleep laboratory night only in REM
latency (122.39 + 60.46 95.43 + 36.60 min; F = 9.80,
P = 0.004). However, under control of age this result could not be
confirmed. Concerning sleep latency, sleep efficiency and the percen-
tage of sleep stages no differences between the two nights were found.
Microstructural analysis revealed a significant decrease in CAP rate
(Ist night: 33.29%; 2nd night: 26.34%; F = 10.38, P = 0.004).
Subjective variables (e.g. drive and drowsiness) also demonstrated a
significant decrease (F = 7.933, P = 0.009; F = 5.664; P = 0.025).
Sleep quality, awakening quality and somatic complaints did not differ
between the two nights. In young adults (20-39 years) a negative
correlation between CAP rate and drive was found (Ist night: r = —
0.778; P = 0.023; 2nd night: r = —-0.909; P = 0.002).

Conclusion: Healthy subjects show hardly any macrostructural differ-
ences between the first and the second night in the sleep laboratory. On
the microstructural level, differences in CAP variables were found and
thus microstructural analysis can be seen as a further approach to the
classification of sleep.

Keywords: cyclic alternating pattern, sleep quality, first-night effect

Versus.
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Information processing during human sleep estimated by the use of
event-related potentials

S. TOMITA, Y. SAITO, O. MANDALI and T. KOBAYASHI

Sleep Research Center, Ashikaga Institute of Technology, Ashikaga,
Japan

The information processing during human sleep is not fully under-
stood. How does human brain accept sensory information during
sleep? We focused on the difference in the Event-Related Potentials
(ERPs) response between REM sleep and NonREM sleep periods.
How the auditory stimulation is accepted by our brain, was examined
through using the methodology of ERPs. Eleven healthy male paid
volunteers (aged 21-22 years) participated in this study. Their sleep
was recorded by polysomnography (PSG). The auditory stimuli were
presented through earphones, and were presented through the night
not to wake up subjects by the stimulus. A ‘standard’ stimulus of
45 dB SPL 1,000 Hz tone burst, was presented in 80% of trials. And
in the remaining 20% of trials, a ‘deviant’ stimulus of 60 dB SPL
2,000 Hz tone burst was presented. These stimuli were delivered in an
oddball paradigm. Stimuli were delivered at an inter-stimulus interval
of 2's to 4 s in a block of 100 trials. Sleep staging for PSG data was
done according to the R and K staging manual. ERPs data were
reconstructed into each epoch, which was corresponded to each trial
of stimulus. Trials were stored and averaged by sleep stage and such
kind of stimulus as deviant or standard. The ground averaged ERPs
waves for eleven subjects were obtained in relation to wakefulness,
NonREM sleep stages, and REM sleep stage. As a result, the ground
averaged ERPs waves were much different by the sleep stages. The
5-30 uV negativity response, which peaks around 600 ms after
stimulation, were elicited during sleep stage 2, stage 3 and stage 4.
These negative responses were not found during stage Wake and stage
1. So, N600 with the amplitude of 5-30 uV was found specific to
NonREM sleep stages. On the contrary there was no response at all
during stage REM. These results suggest that the auditory stimulus is
accepted during both spindle sleep stage and slow wave sleep, and that
the auditory stimulus may be largely attenuated or inhibited during
REM sleep period.
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Effects of aging on polysomnographic findings in ‘good’ sleepers

P. ANDERER!, B. SALETU!, G. GRUBER? M. WOERTZ?,

S. PARAPATICS?, J. ZEITLHOFER*, H. DANKER-HOPFE® and
G. DORFFNER?

! Department of Psychiatry, Medical University of Vienna, Vienna,
Austria, ’The Siesta Group Schlafanalyse GmbH, Vienna, Austria,

3. Austrian Research Institute for Artificial Intelligence, Vienna,
Austria, *Department of Neurology, Medical University of Vienna,
Vienna, Austria and ‘sDepartment of Psychiatry, University Hospital
Benjamin Franklin, Berlin, Germany

The automatic sleep scoring system Somnolyzer 24 x 7 was developed
and validated in 590 polysomnographic (PSG) recordings of healthy
subjects and patients with organic or nonorganic sleep disorders.
Healthy subjects had to fulfill a number of inclusion criteria.
Specifically, they were required to have a Pittsburgh Sleep Quality
Index (PSQI) score < 5, a cut-off score generally used to discriminate
between ‘poor’ and ‘good’ sleepers. PSGs were analyzed by the
Somnolyzer 24 x 7 according to the published standards (sleep stages:
Rechtschaffen and Kales, 1968; cortical arousals: American Sleep
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Disorders Association (ASDA) rules, 1992; apneas, hypopneas and
oxygen desaturations: American Academy of Sleep Medicine (AASM)
Task Force, 1999; periodic limb movements (PLMs): ASDA rules,
1993). The data presented are based on the second PSG night in the
study population of ‘good’ sleepers (90 males and 99 females aged 20—
95 years). With increasing age, wake episodes during sleep occurred
more frequently (r = 0.41) and were of longer duration (r = 0.56).
While light sleep increased (S1: r = 0.42), deep sleep (S4: r = -0.47)
and REM sleep (r = —0.44) decreased. Cortical arousals increased
(arousal index/total sleep time (TST):r = 0.37), specifically in NREM
sleep stages S1 and S2. While the apnea/hypopnea index increased
(AHI/TST: r = 0.51), the number of respiratory events associated
with cortical arousals remained on low levels. Finally, the PLM index
during time in bed (TIB) increased with age (PLMI/TIB:r = 0.62).
However, only few of these PLMs were associated with cortical
arousals. In summary, even in subjects reporting subjectively
experienced ‘good’ sleep, aging significantly affected sleep macro-
and microstructure and the number of respiratory events and periodic
limb movements, resulting in increased sleep fragmentation with
advancing age.
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Scoring of graphoelements in the sleep EEG

P. GEISLER! and the Task Force for PSG Scoring®

Schiaflabor, Psych. Universitaetsklinik, Regensburg and >German Sleep
Society, (DGSM ), Germany

Introduction: Reliable evaluation of polysomnographic recordings
(PSG) is an essential precondition for good clinical practice in sleep
medicine. A survey among German sleep labs has shown considerable
disagreement in the sleep stage scoring (Penzel et al., Somnologie 7,
2004). Therefore, the German Sleep Society (DGSM) has set up a Task
Force to devise ways to improve scoring reliability in the framework of
their quality management program. The scoring rules of Rechtschaffen
and Kales (1968) are internationally well established. However, in
many details they leave room for different interpretations what may
result in deviant results. To increase scoring reliability, the Task Force
of the DGSM has decided to provide interpretation aids and, where
needed, supplementary rules for the scoring of graphoelements in the
sleep EEG. The intention is not to revise the rules of Rechtschaffen
and Kales but to facilitate their reliable application in visual scoring.
Method: The detection of specific graphoelements (including visually
detected EEG frequencies) in the EEG, EMG and EOG forms the
basis of the sleep stage scoring process. Consequently, the development
of a manual for the scoring of graphoelements was the first activity of
the Task Force.

Results: Relevant features in the EEG for sleep stage scoring are
alpha, theta, and delta waves, sleep spindles, K-complexes, vertex
sharp waves and saw tooth waves. For these EEG features a training
set of examples with explanatory comments was prepared and will be
made available in electronic form. The interpretation aids and
supplementary rules will be published in ‘Somnologie/Somnology’,
the journal of the German Sleep Society.

Future steps: Next, the Task Force will provide similar training
materials for those features of the EMG and EOG, which are relevant
for sleep scoring. Finally, a training set with examples for scoring
respiratory events and leg movements will be accumulated.*Members
of the Task Force are: H. Schulz (Chairman), H. Danker-Hopfe, P.
Geisler, R. Lund, F. Raschke, A. Rodenbeck, E. Werth, and H.-G.
Weess.
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Temporal coupling of parahippocampal ripples and sleep spindles in
humans

Z. CLEMENS', M. MOLLE?, L. EROSS?, P. BARSI', P. HALASZ'
and J. BORN?

! National Institute of Psychiatry and Neurology, Budapest, Hungary,
?National Institute of Neurosurgery, Budapest, Hungary and
3Department of Neuroendocrinology, University of Liibeck, Liibeck,
Germany

Ripples are high-frequency oscillation bursts in the mammalian
hippocampus mainly present during NREM sleep. In rodents they
occur in association with sharp waves and are known to be grouped by
the cortical slow oscillation such that their occurrence is maximal
during the surface positive, up states. Ripples were also shown to be
temporally linked to sleep spindles. Importantly, coordinated spindle-
ripple events have been suggested to provide a framework for
information transfer between the hippocampus and the neocortex
underlying memory consolidation. Our aim was to examine whether
ripples recorded via parahippocampal electrocorticography are also
temporally linked with slow oscillations and sleep spindles in epileptic
humans. Whole-night recordings from seven epilepsy patients im-
planted with foramen ovale (FO) electrodes were analysed. Negative
half waves of the slow oscillation and sleep spindles recorded on the
scalp as well as ripples in FO recordings were detected by an automatic
algorithm. Ripple activity was also measured as root mean square
(RMS) of the 80-140 Hz activity. Compared to baseline both ripple
measures showed a significant increase time-locked to sleep spindles. In
the three patients without temporal structural alterations ripple
activity decreased time-locked to slow oscillation negative half waves.
In the four other patients exhibiting hippocampal sclerosis, modula-
tion of ripple activity by the negative half waves was much less clear.
Ripples significantly increased during NREM sleep and were
consistently associated with interictal epileptic spikes. This suggests
that ripple/spike complexes represent an epileptic exaggeration of
ripple/sharp wave complexes in the human epileptic hippocampus.
Whether ripples are epileptically transformed or not, the present data
provide first evidence for a temporal coupling between hippocampal
ripples and neocortical spindles in humans.

Acknowledgment: This work was supported by a grant (No. 168/04)
from the BIAL Foundation (Portugal).
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Granger analysis of the delta band upper limit

J. LANQUART', M. DUMONT? and P. LINKOWSKI'

! Laboratoire du Sommeil, Psychiatrie, Hopital Erasme, ULB, Bruxelles,
Belgium and ZPhysique Biologique, Université de Mons-Hainaut, Mons,
Belgium

Introduction: Spectral analysis is a common tool for sleep EEG
analysis. Although recent publications analyze the entire spectrum,
most studies collapse the spectrum into several power bands. However,
the band boundaries are not standardized. For example, the delta
upper limit varies between 2.5 and 4.5 Hz, while some authors divide
the delta range into a slow and a fast component (Benoit et al, 2000).
Interdependence between time series may be investigated by a causality
measure. To analyze the effect of the delta upper limit, the Granger
causality was applied on the band powers.

Method: A standard FFT procedure was applied on the 50-Hz sleep
EEG of 10 male subjects. The delta upper limit was arbitrarily
successively varied from 1.5 to 5.0 Hz, resulting in 36 sets of band
powers. A multivariate autoregressive model was applied to the data,

the model order being determined with the Akaike information
criterion. The frequency integrated direct Directed Transfer Function
(fdDTF) values, which is equivalent to the Granger causality, were
computed for each set of bands powers (Korzeniewska et al, 2003).
Results: The variations of f{dDTF as a function of the delta upper limit
are highly variable among the subjects. The results suggest that a band
boundary is present around 2.00 Hz and 3.00 Hz. This second
boundary is however difficult to identify with some subjects. More-
over, the relative power repartition between the sub-bands is subject-
dependant.

Conclusions: The delta division into sub-bands has already been
proposed (Benoit et al, 2000). This study suggests that the subdivision
is more complicated and could be subject-dependant. Further analyses
are required to confirm these results and investigate whether this
subdivision could be age-dependant. Furthermore, the physiological
significance should also be questioned, especially with regard to sleep
disorders.

References:

1. Benoit et al, Clinical Neurophysiology 2000, 111:2103-2106.

2. Korzeniewska et al, Journal of Neuroscience Methods 2003, 125:
195-207.
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Heritability of the sleep EEG fingerprint: a study in twins

L. DE GENNARO, G. CURCIO, F. FRATELLO, C. MARZANO,
F. MORONI, M. PELLICCIARI, S. COSTA and M. FERRARA
Department of Psychology, University of Rome ‘La Sapienza’, Rome,
Italy

Objectives: We have recently shown that a stable, frequency-specific
(8.0-15.5 Hz) pattern of EEG topography along the A/P cortical axis
during NREM sleep distinguishes each individual like a ‘“fingerprint’.
The high within-subject stability of spindle activity in NREM
supported the view of a genetic control of sleep-related oscillations
also in humans. Here we report preliminary findings from a larger
genetic study on sleep and response to sleep deprivation in twins. In the
present study, we compared the sleep EEG topography of dizygotic
(DZ) and monozygotic (MZ) twins in a frequency range including
sigma activity, to assess the influence of genetic factors.

Methods: Ten pairs of DZ and ten pairs of MZ twins have been
recorded. Here we show preliminary data from the baseline sleep of 16
subjects, 8 DZ and 8 MZ. EEG power from three derivations (Fz-Al,
Cz-Al, Pz-Al) during NREM sleep were computed by a FFT routine
in the 8.0-15.5 Hz range with a 0.25-Hz resolution. For each
derivation and for each twins pair, the intraclass correlation (ICC)
between the mean power of each bin was computed, and then
compared by one-way ANOVAs, separately for each derivation.
Results: Mean ICCs were higher in MZ than in DZ twins. In particular,
in the frontal site MZ showed a mean ICC of 0.95, while DZ’s ICC was
0.48; ANOVA showed that the difference between ICCs is significant
(F = 15.17; P = 0.008). Similarly, the MZ’s ICC was 0.92 in the
central derivation, the DZ’s ICC was 0.27; again, the difference between
the ICCs is significant (F = 7.78; P = 0.03). Finally, MZ showed a
mean ICC of 0.95 in the parietal derivation, while DZ’s ICC was 0.28;
also this difference is significant (F = 8.79; P = 0.02).

Conclusions: The similarity of the topographic distribution of EEG
power in the 8.0-15.5 Hz range in NREM is significantly higher in MZ
than in DZ twins. The maximal difference between MZ and DZ was
found on Fz. It is concluded that the NREM sleep EEG fingerprint
(i.e., the quantitative features of sleep EEG in the frequency range
including sigma activity) has a significant genetic contribution.

© 2006 European Sleep Research Society, JSR 15 (Suppl. 1), 1-253
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Decoupling of thalamic and cortical activities during human
paradoxical sleep

H. BASTUJI', C. HERMAND? and M. MAGNIN®
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Paradoxical sleep (PS) is characterized by preponderant high frequency
activity at cortical level. However, a recent study (Magnin et al. 2004)
using intracranial recordings in epileptic patients, has demonstrated
that a posterior region of the thalamus, the medial pulvinar nucleus
(PuM), presents a delta activity during this sleep stage. This finding is
against all odds with the current belief that thalamic and cortical
activities are tightly coupled whatever the vigilance state considered.
As this PS delta activity did not occur continuously and was
interrupted by periods with high frequency activities, the aim of the
present study was to investigate its temporal evolution. Sixteen nights
in 12 patients were studied. PS delta activity was recorded in PuM,
ventral posterior lateral, central lateral and lateral posterior nuclei. It is
present during 70.36 = 7.3% of the PS stage. Furthermore, its
duration increased significantly throughout the different PS episodes
during one night (linear correlation: r2 = 0.87, P = 0.02). This
progressive increase of PS delta activity could be related to the
increasing pressure of PS during the second part of the night. As PS is
characterised by phasic and tonic periods, we also checked the
relationship between delta activity and these two PS phases. From
preliminary analysis, the delta waves seem to appear indifferently
during the phasic and tonic activities. This suggests that the PS
thalamic activity, delta as well as high frequency ones, is not
specifically related to a particular PS component. Low frequencies at
the thalamic level are considered to impede transfer of information to
cortex. However, thalamic activity during PS and wakefulness is
supposed to be similar, an assumption difficult to reconcile with the
elevated awakening thresholds observed during PS. Our results may
explain why, during PS, cortical activity can be erratically influenced
by information issued from the external world.
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Wavelet detection of sleep spindles
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"Physics, Wroclaw University of Technology, Wroclaw, Poland, *Sleep
Disorders Center, Institute of Psychiatry and Neurology, Warsaw,
Poland and > Mathematical and Information Science Directorate, Army
Research Office, Research Triangle, NC, USA

Sleep spindles are characteristic signature of stage 2 sleep and
consequently play a fundamental role in polysomnographic analysis.
We developed the automatic spindles detection software. Our
algorithm is made up of two independent main stages: spindle
detection and verification. The detection of sleep spindles employs
the continuous wavelet transform of EEG signal. We find that the
complex Morlet wavelet faithfully capture the wave-packet nature of
sleep spindles. The appearance of sleep spindle is marked by the peak
in the complex Morlet continuous wavelet transform. However, the
selectivity of detection may be strongly affected by the presence of
various artifacts. To eliminate spurious detection, in the verification
stage we again apply the continuous wavelet transform, but this time,
with the different choice of the mother function. We find that the
Mexican hat and Haar continuous wavelet transform coefficients take
on high values for most prevalent artifacts and remain low for sleep
spindles. The performance of the detection software was validated
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using the 19-channels EEG sleep recordings of 40 juveniles and
children. The visual inspection of the data indicates very good overall
sensitivity and selectivity of the presented wavelet approach.
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Subthalamic nucleus activity during human REM sleep: the
PGO-like waves
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Human sleep studies are habitually performed as scalp recordings. The
mechanisms and brainstem structures involved in the generation of
sleep stages in animal models have been very well studied. Human
sleep needs further investigation. Combining deep brain tetraelectrode
recordings with polysomnographic recordings allows for a closer
characterization of REM-related changes in brain activity. The aim of
our research is to elucidate the oscillatory characteristics and patterns
that can be recorded during sleep through therapeutic tetraelectrodes
implanted in deep brain regions. 53 bradicinetic Parkinson disease
patients were implanted with tetraelectrodes in the subthalamic
volume bilaterally. The IOM was performed by microrecordings to
identify the top and bottom of subthalamic nucleus and its cartesian
coordinates. After 84 h of postchirurgical period, standard polysom-
nograpy and subthalamic recordings by bilateral tetraelectrodes were
made. Data were analyzed by pattern recognition, spectral analysis
and coherence. Here, we show data from 48 patients with an excellent
clinical outcome after one year follow up. This clinical course and
MRI image are indicative of positive subthalamic localization of the
tetraelectrode contacts. A total of seven subjects showed REM
without atonia. In four cases scalp recordings were highly artifacted,
in two cases agitation during polysomngraphy recording was detected
and two subjects showed only NREM sleep, all these recordings were
excluded from analyses. In all cases a pattern of 2-3 Hz bursts of
subthalamic sharp waves was detected preceding EOG saccades of
REM sleep. This pattern was followed by an increase of the beta and
gamma band subthalamic oscillations. Subthalamic recordings of
PGO-like activity during human sleep implicates a new field for a
possible link between basal ganglia and processes of dream imaginary,
memory consolidation, motor control and plasticity changes during
REM sleep.
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Individual and time-varying model between sleep and
thermoregulation
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and D. BERCKMANS'

!M3-Biores, Catholic University of Leuven, Heverlee, Belgium and
2Cognitive and Biological Psychology, Vrije Universiteit Brussel,
Brussel, Belgium

Over the years, several efforts are made to grasp the existing
knowledge regarding the sleep process in mathematical models.
However, existing models for the regulation of sleep are population-
based models, which are at the moment unaccountable of handling
intra- and inter-individual differences. Recently, Van Dongen and
Dinges (2003) started with integrating inter-individual characteristics
in the S-C process for sleep regulation. This paper presents results from
a study where an individual and time-variant mathematical model for
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the functional link between thermoregulation and sleep is constructed.
Eight men and six women aged between 20-35 years participated in
the experimental phase, which consisted of 42 driver simulator
experiments. During simulator driving, Core Body Temperature
(armpit), proximal temperatures, distal temperature, environmental
temperature, ECG and EEG were continuously recorded. Applying the
modern model identification technique of Systems Biology allows
identification of individual and time-variant model features and
parameters based on real-time measurements of the dominant
variables. The developed model (R?> = 0.92) builds on the recently
suggested positive feedback connection between thermoregulatory
changes and sleep onset at a population level (Gilbert et al., 2004). The
intra- and inter-individual features of the model are contented in the
derivation of an individual and time-variant biological meaningful
parameter. This parameter enables calculation of the error signal for
the human thermoregulatory system which is the difference between
hypothalamic temperature Tyy,, and the temperature setpoint for
thermoregulatory responses Tg. The developed model enables
calculation of this individual and time-varying error signal for
thermoregulation Tyypo-Tse in @ non-invasive manner by simple real-
time measurement the dominant variables peripheral heat loss and
sleepiness (derived from raw EEG data).
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Directional information flows between brain hemispheres during
presleep wake and early sleep stages
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Introduction: Neuroscientists’ efforts to better understand the under-
lying processes of human consciousness are growing in a variety of
multidisciplinary approaches. Relevant within these are the studies
aimed at exploring the physiological substratum of the propagation
and reduction of cerebral — namely cortico-cortical — communication
flows. To date, there is little knowledge on the dynamics of the
information exchanges between hemispheres at transition between
wakefulness and sleep.

Objectives: The main aim of the present research is to study the
directionality of the interhemispheric flows of information and their
possible variations both as regards regional areas and in the transition
from presleep wake to early sleep stages.

Methods: Scalp EEGs were recorded in 10 normal volunteers from
wakefulness to early sleep stages (namely, resting wakefulness and first
sleep stages 2, 4 and REM). EEG rhythms of interest were delta (1—
4 Hz), theta (5-7 Hz), alpha (8-11 Hz), sigma (12-15 Hz) and beta
(16-30 Hz). The direction of the inter-hemispherical information flow
was evaluated by computing directed transformation function (DTF)
from these EEG rhythms.

Results: Across wake to sleep states, we found that delta and beta
rhythms convey inter-hemispherical signals with opposite directions:
preferred Right to Left hemisphere direction for delta and Left to
Right for beta rhythms. A log correlation showed that increasing
frequencies of EEG rhythms — traditionally associated with an
increasing state of vigilance — were significantly related to a trend of
increasingly left-to-right direction of the communication flow.
Significant regional and state dependent variations were also found.

Conclusions: This evidence, appearing for the first time in the
literature, might represent a cornerstone for a variety of research
issues on different psychophysiological and pathological conditions.
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Previous sleep-wake history invariably determines the level of
SWA after sleep deprivation in the light or the dark period in the
rat

V. VYAZOVSKIY, P. ACHERMANN and I. TOBLER

Institute of Pharmacology and Toxicology, Ziirich, Switzerland

A homeostatic Process S and a circadian process determine sleep
architecture and sleep intensity, reflected in EEG slow wave activity
(SWA, EEG power 0.75-4.0 Hz) in NREM sleep. A succession of
sleep and waking episodes and their timing determine the global SWA
time course. The two-process model of sleep regulation enabled the
simulation of various experiments in several mammalian species. We
investigated the effects of two different sleep-wake histories on
recovery sleep in the rat by scheduling 6 h sleep deprivation at light
onset (SDL, n = 7) or at dark onset (SDD, n = 8). Time constants of
increase (Ti) and decrease (Td) of the sleep-wake dependent Process S
were estimated based on the vigilance states and time course of
empirical values of EEG power in individual frequency bins within the
delta band of individuals. An increase of sleep intensity and sleep
consolidation was apparent after both SDs. The magnitude of SWA
increase and its level in the 3-h interval preceding the SD were
negatively correlated. Despite the different sleep propensity immedi-
ately preceding SDL and SDD, similar levels of SWA in NREM sleep
were attained in the first 2-h recovery interval. Consistently, Ti and Td
derived from the low SWA frequency bins were above the time
constants based on higher SWA frequencies pointing to a slower
process in the low delta frequency range. Td in the lowest delta
frequency bin did not differ between SDL and SDD, whereas the
decline was slower in SDL in higher delta frequencies. The data show
that the level of SWA in NREM sleep is determined by the sleep-wake
history before SD, as well as by the SD, and is represented by an
exponential saturating homeostatic process. The differential dynamics
of the low and high SWA frequencies in the NREM sleep EEG is
consistent with distinct thalamic and cortical mechanisms of the
generation and synchronization of slow oscillations (< 1 Hz) and delta
waves in NREM sleep.

Acknowledgment: This work was supported by EU LSHM-CT-2005-
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Event-related potentials (ERPs) are a useful tool for investigating
information processing in the sleeping brain. During REM sleep, rare
stimuli elicit a late positive, P400 potential. Takahara et al. (2004) have
demonstrated that long inter-stimulus intervals of approximately 35 s
enabled the observation of the P400 in the phasic period of REM sleep
that includes rapid eye movements (REMs), because this period indices
relatively low level of responsiveness to external stimuli in comparison

© 2006 European Sleep Research Society, JSR 15 (Suppl. 1), 1-253



to the tonic period of REM sleep that includes no REM. This suggests
the possibility that longer stimulus intervals increase ERP amplitudes
during REM sleep.

Method: Healthy university and graduate students participated in the
study. A 2000 Hz pure tone (50 ms, 60 dB/SPL) was presented
binaurally through inserted earphones. Stimulus intervals (Stimulus
Onset Asynchrony, SOA) were set at 1.5, 3, 6, 12, 24, and 48 s, and these
intervals were pseudo-randomized. Electroencephalography recordings
was conducted for 28 scalp sites. ERP calculations were made for each
SOA. REM sleep periods were further divided into the tonic and phasic
periods of REM sleep by 3 s depending on the REMs occurrence.
Results and discussion: In the tonic period of REM sleep (without
REM), P400 increased in amplitude depending on the stimulus
intervals. The longer the SOA, the larger were the observed P400
amplitudes. On the other hand, a similar increase in P400 amplitudes
was not observed in the phasic period of REM sleep (with REMs).
Apparently, P400 was constantly elicited to stimuli until the SOA was
prolonged for 24 s and the SOA amplitude was increased to 48 s.
These results suggest that the responsiveness to external stimuli in the
phasic period of REM sleep may have a threshold that does not change
in response to a certain degree of stimulus saliency.

Keywords: REM sleep, event-related potentials, stimulus intervals,
auditory processing
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Introduction: The aged are a high-risk group for residential fire
fatalities. Possible reasons include not waking to the current smoke
alarm. Our previous research has found lower arousal thresholds for
mixed frequency beeps and a voice alarm, compared to high pitched
beeps (as in current smoke alarms), in children, sober adults and adults
after alcohol intake. Beeps are presented in a Temporal 3 pattern, T-3
(ISO 8201).

Aim: The aim was to compare arousal thresholds in older adults for
the following four signals; (a) high pitched T-3 signal (3000-4000 Hz,
as in most smoke detectors), (b) low T-3 signal (500 Hz), (c) mixed T-3
signal (500-2500 Hz), and (d) male voice (200-2500 Hz).

Methods: Thirty-five participants aged 65 to 85 were recruited. Initial
inclusion criteria were; independently mobile, not on medication
affecting sleep, cognitively capable, no reported sleep difficulties,
report hearing as normal for their age. The hearing of all potential
participants was subsequently professionally screened and those in the
lowest 16% (for any frequency between 500 Hz and 4000 Hz in either
ear) compared to US norms were excluded. Testing was in their own
homes using portable sleep monitoring equipment over two non-
consecutive nights with two signals presented each night. Signals were
presented in stage 3 sleep, starting at 35 dBA and increasing by 5 dBA
every 30 s until a bedside button was pressed. Maximum volume was
95 dBA.

Results: One measure of arousal threshold was the decibel level at
which subjects pressed their beside button indicating awakening (called
arousal-dBA). The arousal-dBA for the mixed frequency T-3 signal
was significantly lower than for all other signals. The highest arousal-
dBA was for the high frequency T-3 (current signal).
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Conclusions: In an older population, as in other age groups previously
tested, the current high frequency T-3 smoke alarm signal required a
louder volume to produce awakening than the alternatives tested. To
date, the signal that consistently produces awakening at a lower
volume is mixed frequency beeping in a T-3 pattern.
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Arousal from sleep in younger people is associated with a transient
increase in heart rate and blood pressure (BP). The effect of age on the
arousal-related BP response has not been examined. We tested the
hypothesis that the cardiovascular response to arousal from sleep is
reduced in older people compared with younger people.

Methods: With informed consent, 16 healthy older volunteers (12
male) (mean (SEM); Age, 65.1 (1.2) years) and 15 younger males (25.2
(1.4) year) were studied. All individuals were free from medication.
Arousals from stage 2 sleep (> 10 s) were induced by a | s auditory
tone (85 dB). Older subjects breathed on continuous positive airway
pressure to reduce airway resistance. The effects of time (seconds post
arousal), and age (young versus older people) on the cardiovascular
response to arousal were tested using a 2-way ANOVA with repeated
measures (P = 0.05).

Results: Arousals were associated with an increase in mean BP
(P = 0.001), and a decrease in R-R interval (P = 0.001) in both
groups but age did not significantly affect the magnitude of the
cardiovascular response (BP, P = 0.62; R-R interval, P = 0.83).
There was a significant interaction between time and age for the
arousal-related increase in mean BP (P = 0.01) and the decrease in
R-R interval (P = 0.001). Post hoc analysis revealed that the arousal-
related cardiovascular response had a different time course for young
compared with elderly subjects (BP peak; Young, 86 (3) to 104
(3) mmHg at 4 s; Elderly, 85 (3) to 98 (3) mmHg at 6 s. R-R interval
nadir; Young, 1.12 (0.03) to 0.89 (0.04) s at 3 s; Elderly, 1.08 (0.04) to
0.98 (0.04) s at 4 s).

Conclusions: The cardiovascular response to arousal from sleep in
healthy older people is delayed, and somewhat reduced, compared with
healthy young people. Arousal; blood pressure; heart rate.
Acknowledgement: This study was supported by Wellcome Trust.
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Many studies have investigated the relationship between dreaming
and rapid eye movements during REM sleep (e.g. Hobson &
McCarley, 1977). These studies have suggested that rapid eye
movements are followed by a brain potential known as the
lambda-like response that is similar to the lambda response, which
is related to visual information processing after saccades during
wakefulness. This finding suggests that rapid eye movements might
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trigger visual imagery associated with dreaming during REM sleep
(Ogawa et al., 2005). Although post-rapid eye movement cortical
activities have been reported, it remains unclear whether any specific
cortical activity is associated with the onset of the rapid eye
movements in REM sleep. In the present study, we investigated
event-related potentials time-locked to the onset of rapid eye
movements during REM sleep. Nine healthy students participated
in the study. Saccades were recorded during a visually-triggered
saccade task during wakefulness. Rapid eye movements during REM
sleep were recorded during natural nocturnal sleep. Electroencepha-
logram (EEG) was recorded at 26 scalp sites. The EEG from 400 ms
before to 400 ms after the onset of eye movements was averaged.
The cortical sources of brain potentials were estimated by using
LORETA (Pascual-Marqui et al., 1994). Results indicated that
during REM sleep, a positive potential (P200r) occurred about
200 ms after the onset of rapid eye movements with the maximal
amplitude over the central region, which was not observed during
wakefulness. The sources of P200r were estimated to be in the
cingulate gyrus, which is known to be related to emotional imagery
(Rainville et al., 1997) and attention (Grosbras et al., 2005), as well
as in the premotor region, which is known to be related to motor
imagery (Grosbras et al., 2005). Emotional and motor imagery
during dreaming may be generated with the onset of rapid eye
movements during REM sleep.
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Introduction: The aim of the study was to establish the best body
position(s) for measuring changes in skin temperature, and to
determine whether typical temperature changes occur around sleep
onset and during different sleep stages.

Methods: All subjects were normal volunteers, who had slept normally
the night before the investigation. 16 full night polysomnograms were
made in a sleep laboratory. Recordings were made of skin surface
temperature (thermistors) glued on cheeks, wrist and supraclavicular
fossa. These signals, EEG, EOG and chin EMG were recorded
continuously in a digital polysomnograf (Embla, Medcare). On five
occasions, thermography of the upper body with a high-resolution
camera (NEC) was also performed simultaneously. The temperature in
the sleep laboratory was maintained at a constant level.

Results: Brief decreases in skin temperature were seen in conjunction
with turning out the light. Before sleep onset there was a significant
increase in temperature (from a mean of 33.9 C0O 10 min before to 35.0
CO0 in the hand at the exact time of sleep onset, P = 0.02). For the all-
night data, nose and hand temperatures were well correlated
(R2 = 0.3), whereas there was no significant correlation to chest
temperature. In the whole group of subjects, there were no significant
or constant changes between different sleep stages in skin temperature
at any location. Some subjects had a decrease in skin temperature from
stage 1-4, some had virtually no change and some had increases. The
trend was a gradual decrease of skin temperatures during the course of
the night, irrespective of sleep stage.

Conclusion: Skin temperature increases before sleep onset in normal,
non-sleep deprived subjects, but then gradually decreases during the
course of the night. There were no significant correlations to sleep
stage.
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Introduction: In the present study, the effects of age, gender and sleep
stage on EEG power spectra were assessed in a large population of
healthy controls of all adult age groups, collected within the European
multi-center project SIESTA.

Methods: Sleep stages were automatically identified by means of
Somnolyzer 24x7 in 189 healthy volunteers (90 males, 99 females, 20—
95 years). Power spectra were computed at C3-A2 for 4-s epochs with
an overlap of 2 s. After automatic artifact identification 4-s epochs
were averaged per 30-s epoch and the averaged spectra were smoothed
into 0.5-Hz bins. Correlations between EEG power and age were
determined for the stages W, S1, S2, SWS (S3 + S4) and for phasic and
tonic REM.

Results: In SWS and S2 spectral power decreased predominantly in
the delta (males:R = —0.74/females:R = —0.67 at 1.5 Hz) and sigma
band (males:—0.56/females:—0.38 at 13.5 Hz). In addition, fast beta
power increased significantly in females during S2 (f:0.45 at 22 Hz). In
S1 - and similarly in tonic REM - spectral power increased in all
frequency bins above 7.5 Hz, specifically in the fast alpha band
(m:0.33/f:0.48). During phasic REM, delta-power decreased (m:—0.46/
f:=0.31 at 2 Hz) and beta power increased in females (f:0.40). In
wakefulness, fast alpha decreased in males (m:—0.30 at 10.5 Hz), while
power above 13 Hz increased (m:0.27/f:0.40 at 14.5 Hz).

Conclusion: Normal aging is obviously not associated with a general-
ized decrease of EEG amplitudes. Depending on frequency band and
sleep stage, increases, decreases, or no changes in EEG power were
observed with advancing age. Interestingly, while decreases were more
pronounced in men, increases were more pronounced in women,
independent of frequency band and sleep stage.
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Background: Because of its ability to synchronize, trigger and group
other sleep oscillations, delta waves and spindles, slow cortical
oscillation (<1 Hz) can be considered fundamental cellular phenom-
enon underlying NREM sleep (1,2).

Objectives: To investigate between-sleep episodes and age-related slow
oscillation topography in healthy subjects.

Material and methods: A total of 35 well-screened, drug-free healthy
subjects (13F, 22M; mean age: 36.91 £9.90 years; range: 22-57 years),
divided in three age groups, underwent all-night polysomnography
(PSG) for two consecutive nights. Only second night recordings were
analyzed. For description of slow cortical oscillations, iterative
algorithm for isolated slow wave detection in each of 21 EEG channels
was applied. The criteria for the detection were the same as those used
in Massimini et al. (2). Analysis of spatiotemporal dynamics of slow
oscillation was based on delay of single wave measurements at the
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location of each electrode. Mean delays were analyzed using repeated
measures analysis of variance (rANOVA) procedure with ‘age group’
and ‘sleep cycle’ as independent variables (SAS 9.1).

Results and conclusions: Significant topographical differences of mean
delays were found (F = 6.33; df = 20; P = 0.0015). The lowest delay
values were seen in frontal regions, the highest in postero-temporal
regions. There were no significant age and sleep cycle effects. This
pattern extends the observation by Massimini et al. (2) that each cycle
of the slow oscillation originates at a definite site, most frequently in
frontal regions, and propagates in an anteroposterior direction.
Keywords: slow oscillation, NREM sleep
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Examination of heart rate variability on sleep onset period and
alternation of NREM-REM sleep stages were studied. The poly-
somnogram and electrocardiogram were continuously recorded before
lights out until the termination of the first REM sleep in 14 young
healthy subjects. The masking artifacts with movement and the effects
of circadian rhythm were controlled. Heart rate variability was
calculated using the MemCalc method from electrocardiogram R-R
intervals. The heart rate variability was analyzed in time course
changes before and after sleep onset. The LF/(LF + HF) and LF/HF
declined clearly prior 30 min to sleep onset. The HF increased prior to
sleep onset in consecutive phases. The LF/(LF+HF) and LF/HF
changed preceded slow wave sleep and REM sleep. There was no clear
stage dependency after sleep onset in HF. The cardiac autonomic
nervous system, especially LF/(LF+HF) and LF/HF may possibly
anticipate sleep and each sleep stage onset.
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The amount of slow wave sleep (SWS) during a sleep depends largely
on the length of wakefulness prior to a sleep. In order to study the
relationship between the thermo regulation before a sleep and the SWS
distribution, effects of Capsaicin upon the nightly distribution of SWS
was studied for a human sleep. It is well known that Capsaicin is the
main substance contained for Hot peppers, and that we have the
experience with a large amount sweat after taking a meal with
Capsaicin. So it is understand that Capsaicin has a large heat loss
effect. Effects of the heat loss process before a sleep upon the nightly
distribution of the delta-band (0.5 Hz4.0 Hz) EEG power were
investigated. Four healthy male paid volunteer’s university students
(aged 20-23 years) participated in this study. This study was
performed after obtaining informed consent from all subjects. Their
sleep was recorded for three consecutive nights from Monday to
Wednesday, the first two nights were for adaptation, and the third
night was for the base line night. And they took a pill of 0.5 mg
Capsaicin at 19:00 on Friday night, went to bed around 23:30, and
took 8 h sleep to around 07:30 on Saturday morning. Their sleep was
recorded by polysomnograpy (PSG), and the rectal body temperature
was also recorded every night from Monday to Friday. Sleep EEG was
analyzed by FFT method and SWS was estimated by the delta band
EEG power density. After their oral administration of the Capsaicin,
the rectal body temperature more quickly declined before their sleep in
compared with the base line night. And the large amount of the delta
band EEG power appeared in the first and second sleep cycles. There
was a significant positive correlation between the falling slope of body
temperature before sleep onset and the amount of the delta band EEG
power found in the first and second sleep cycle. These results suggest
that the heat loss process before the sleep onset is closely related to the
nightly distribution of SWS, particularly is contributed to SWS
concentration in the early part of sleep.





