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ABSTRACT Neurophysiological assessment through the electroen-

) , cephalographic (EEG) signal provides an objective method
Obstructive Sleep Apnea Syndrome (OSAS) is a very COMg,; getecting changes in cortical activity. The EEG signal

mon sleep disorder that is associated with several neurocogp, s patterns of electrical activity, each one charazteri
nitive impairments. The present study aims to assess the eleDy a typical frequency band and émplitude. The normal

troencephalographic (EEG) power before, during and aftef;man EEG shows activity over the range of 1-30 Hz with
obstructive apnea episodes, in four frequency bands: @/ta amplitudes in the range of 20-106V [3]. The lowest am-

theta (), alphaa and beta §). For that propose, Continuous 4 waves and highest frequency, 18-30 Hz, are named
wavelet transform was applied to the EEG signals obtainef}q, @) rhythm. Alpha @) rhythm lies between 8-12 Hz
with polysomnography, and topographic EEG brain mapping;it, amplitude of 50uV. Larger regular waves of frequency
to visualize the power differences across the whole bréie. T range 4-7 Hz called thet@) rhythm have been recognized
results demonstrate that there is a significant decreagein talong with a slow wave of less than 4 Hz called the defja (
EEG power during OSAS that does not totally recover im-y, 1hm [3]. The EEG spectral analysis was found to be a very

mediately after the episode. Sintwaves are linked tolearn- sl tool to assess the EEG power in the four stated EEG
ing and plasticity processes, it is hypothesized that dsee frequency ranges [3].

6 power during the episode may contribute to the cognitive _
deterioration in patients with OSAS. In the current study, obstructive sleep apnea (OSA)

. episodes were carefully selected and segmented in three
Index Terms— Obstructive Sleep Apnea, Electroen- hars the OSA eventifir), a certain period immediately pre-
cephalogram, Spectral Analysis,Continuous Wavelet rangeding pre) and a time interval afteppst) the event in order

form, Brain Mapping to assess the dynamic EEG power changes. The analysis of
the EEG signal in the four bands is performed by using the
1. INTRODUCTION continuous wavelet transform (CWT) and topographic EEG

brain maps for visualization of the power in the whole brain.

Obstructive Sleep Apnea Syndrome (OSAS) is a very com-  As far as the authors know this is the first study where
mon sleep disorder affecting 4% of men and 2% of womernlata segmentation ipre, dur and post was performed in

[1] and is sometimes undiagnosed. It is is characterized bydult OSAS patients to study the EEG power changes. The
recurrent apneas during sleep, which are caused by thalpartstudies that analyzed the EEG power during apnea are usu-
or complete collapse of the upper airway, resulting in repetally ocused in the detection of non-visible arousals (ezlab

itive hypoxemic and hypercapnic episodes, and interraptio autonomic activation). Furthermore, topographic EEGrbrai

of the normal sleep pattern. mapping is introduced as a powerful tool to better visualize
OSAS contribute to the development of not only respira-spectral changes during OSA episodes across the whole brain
tory and cardiovascular disorders but also neurocogriitive  in a local basis.
pairments. Indeed, neuropsychological investigationgeof

tients with OSAS have shown impairments in functions as

memory, attention and executive control [2]. The pathophys

iological mechanisms underlying the morbidity of OSAS are

not completely understood, which make the research on the

OSAS an important issue.

2. METHODS

Partially supported by project the FCT (ISR/ST pluriantading) In this se_ctlon the data used in this study is described and
through the PIDDAC Program funds. and FCT project "Detectof Brain C_hara(_:ter'zed as well as the methods for analyse them and
Microstates in Fibromyalgia™ (PTDC/SAU-BEB/104948/2(08 visualize the results.



2.1. Experimental Setup and Data Acquisition 31. All the signal processing analysis explained next was pe
L . formed for the three groups. It was concluded that group (1
A total of 15 male individuals with OSAS, mean aged-£5 grotp group (1)

o . presented very similar results to those obtained in groip (3
?ﬁ;gs(ri?]zzxrﬁ(slt\jl‘lr;dzagdgtegztflsolz,gsrr?)z aggr\tl;ltlztizaaten(;eiﬁr:hki)gdyGrOUp (2) presented similar results to the other two groaps f
: ) S Il EEG spectral bands except fdband, where meapost
study. They underwent overnight polysomnographic (PSG P xcep W pos

. ower was much higher and presented an huge standard de-
gssessment through a computgnzed PSG sysgemmifolog- viation. Therefore, we concluded that it was reasonable to
ica 5.0.1 Emblg during approximately 8 hours. EEG elec

trodes were positioned according to the International Q0 '2remove these subcortical arousal artifacts.
P 9 In order to obtain the power i, 6, o and 3 bands, the

System and 21 recordings were acquired, at a sampling fr%'WT method was applied to each epoch

ggerllzy I?;lgg HFZZ’ fg):;n (t;ze fé)ilo;vgngpljag:: grilonpZO;:png The wavelet transform has been considered over the re-
T4' 5 ‘and'TG ‘in rc’eferénce’to Ii’nkec,i ea;s (Ayl ar;d Aé) E’Iec_dent years as a powerful time-frequency analysis for the ma-
tro;:ardiogram’ thorax and abdominal efforts, airflow, cixyg hipulation of complex nonstationary signals, such as fhysi
. ’ : ’ ' logical signals [5]. This technique decomposes a signal int
saturation (Sp¢) and electromyographic channels were aISOa giet of lgasic f[ur]10tions calledqwavelets \E)vhich are ?Jbtained
reC(l)Er:cer?.recording was visually examined and sleep stagebsy dilations, contractions and shifts of a unique functithre
were scored manually at 30 seconds intervals, according {ﬁgt&%rl\g?}frﬁtﬂﬂ’ (tjheeflitnlgdtr;es-case of the present study was
the criteria of theAmerican Academy of Sleep Medic[A¢ ' '
An oxygen desaturation event was detected when the oxy- 1 , wd .2
gen saturation fell by at least 4%. P(t) = 7 ( twot _ e_2> ez 1)
A sleep apnea event was detected when a 10 second in-

terval of the airflow signal dropped below 20% of the ref-\yhereq, is the central frequency of the mother wavelet (fre-
erence amplitude. Only episodes that obeyed to some Cry ency at the center of a Gaussian curve), the term in bracket
teria were considered: obstructive apnea-type eventsroccys known as the correction term (it corrects the nonzero mean
ring in NREM-2 sleep stage, lasting up to 60 seconds and bgs ihe complex sinusoid of the first term) [5].

preceded and followed by at least 30 seconds of continuous g, o practical implementation, CWT is computed over a

breathing, since it was intended to to analyze data not OnIMiscretized time-frequency grid, which involves an approx
during an OSA {ur) but also beforexre) and after post) mation of the transform integral

the event. Eachre andpos have a duration of 30 seconds. In
total, 171lisolatedOSA and without artifacts, extracted from
the 15 mentioned patients, were available and 10773 epocRs3. Brain Mapping
(171 episodes3 periods<21 channels) were analyzed. The

mean duration of these episodes is 1458.43 s. In order to have a better insight of the EEG power changes

across all brain regions, a topographic EEG brain mapping
was performed using theEGlabtoolbox forMatlab.

After determining the mean power of each ERfts, dur
The recordings were exported fBuropean Data Format @andpost epoch of each EEG signal (the 21 channels), each
(EDF) files in order to be analyzed Matlab 7.5.Q in which  dur andpost epoch power was normalized by simply divide

2.2. Data Processing

all the signal processing was performed. it by the correspondingre power. These mean power values
First of all, a median filter of orden = 10 as well as a formed a vector with lengtii21x1), which was posteriorly
moving average filter were applied to the signal. analyzed irEEGlah

Each signal sample value was then normalized as a func- The brain mapping was first based on the approximation
tion of the signal total power of the corresponding person irof the head to a semi-sphere. This simplification allows the
order to be possible to compare across various subjects. ~ Spherical interpolation of the vector with the respectivepr

It was decided to exclude bursts of K-complex andior Values. Ferree [6] described that spherical splines areebe
activity (lasting between 3 and 7 seconds) occurring at éie b Splines to fit to the superior surface of the head.
ginning of post EEG epochs, since they influenced the mean Let?j denote the location of an electrode on the spherical

& power of those epochs and, thus, would conduct to misleadscalp surface, withi = 1, ..., 21, 7 the location of an arbitrary

ing fresults. Thisdrgmotion yvaz carefullt)]/ test(_ad.dThe arbusgyrface point, and (7 ) the potential at that point. Spherical
artifacts occurred in 31 episodes, so the episodes were seps o o i ave the potentidl 7' by:

arated into 3 groups: (1) one containing those that did no
present the arousal artifact (140 episodes), (2) one congpi N
the episodes with the artifact (31 episodes), (3) one contai V(?) =co+ Z Cigm (7 - 75) (2)

ing all the 171 episodes and with the artifact removed inghos =



wherec, andc; are constants fit to data. The dot productfirst one remotes to 1993 and had a very poor resolution [7].

77 is the cosine of the angle between the interpolation poinFig. 1 displays the brain maps for normalized méa#i, «
7 and electrode Iocatior?. The functiong,,, () is given by: ~ andj power, during and after the 171 OSA episodes, and the
corresponding maps of SD. With this technique, we can easily
1 — 2n +1 visualize which specific region is affected during an apneic
~an Z n(n+1)) m Pn (@) (3) event and, thus, we consider a promising method for studying

n=l neurophysiological aspects of brain function during OSA.
where theP, (x) are the ordinary Legendre polynomials.

2.4. Statistical Analysis l
Powers corresponding tore, dur andpost for each EEG ' ‘
(d)

frequency domain were compared by a tailed two—sample ()
test This test considers as null hypothesis the independenc N '

of two samples from normal distributions and that the mean a . .

—
—

one is higher than the other. A p-valke0.05 was considered
statistically significant.

.
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3. RESULTS & DISCUSSION '
3.1. Demographic, respiratory and polysomnographic
variables iii
; = .
The resume of the polysomnographic characteristics of$he 1(i) (I) :
male patients considered in this study are shown in Table 1. I '
Table 1. Polysomnographic characteristics in 15 OSAS patients. . m
Parameter Mean+ SD .
AHI (hours™T) 30.87+13.04 '
*TST (min) 411.87+ 109.46
?lse_?ri)ne’zﬂRCE&?(gjﬁ%f ST Bféozﬁtlslfg Fig. 1. Topographic brain maps of the normalized power vgith
0 . . . .
TST in NREM2 (% of TST) 5891 9.03 apnea as reference. The sections of the first row (a, b, ¢ and d)
TST in NREM3 (% of TST) 12.63 6.87 represent the mean power valuesdofr apnea ford, 6, « and 3,
TST in REM (% of TST) 12.23+ 5.88 respectively, and the third row (i, j, k and I) the standard deviations.
Number of arousals 105.6% 78.23 The second row (e, f, g and h) represent the power megosif
SpO; baseline (%) 94.1% 1.32 apnea for, 6, o and 3, respectively, and the forth row (m, n, o and
Nadir SpQ (%) _ 78.67+8.79 p) for the respective standard deviations. Each brain map has a gauge
Number of desaturations 82.4164.34

with a color range from dark red, the highest energy content, to dark
blue, the lowest energy content, according to the respective scale.

*TST - total sleep time

As it is shown, these OSAS patients had low percent- The results shovy a statistica!ly s_ignificant generalized
ages of NREM-3 and REM sleep, higher percentages of sta wer degrease during OSA,. which is not fully recovered af-
NREM-1 and NREM-2 sleep, and a high number of arousald€" the episode for all the brain spectra.
which show a clear disturbed sleep pattern. In terms of hy- For 6 waves, there is a statistically significant power de-
poxemia, the patients included in the study were severely af"€@se only in frontal (F3 and F4) and temporal (T3 and T4)
fected: they were characterized by a mean Spayir of less ~ regions during OSA, and in part of the occipital (O1 and 02),
than 80% and a high number of dessaturations. temporal (T3 and T4), Central (C3 and C4) and frontal (F3,
F4, Fpl and Fpz) regions pst.

The topographic brain maps for theand g frequency
bands during OSA show a statistically significant power de-
Applying the CWT method to the referred 10773 epochsgcrease in occipital (O1 and O2), temporal (T3 and T4), céntra
mean normalized EEG power far, 0, o and 8 frequency (C3 and C4) and frontal (F3 and F4) regions of the brain, and
band was computed for each EEG channel. an increase in all the parietal are for theband. Inpost,

This is the second study applying topographic EEG brairihere is an overall slight power increase, which is stromger
mapping to assess spectral power changes during OSA. Tltee frontal and occipital brain regions. However, stataty,

3.2. EEG analysis



only channels F3, T5 and P4 are significant foband, and 4. CONCLUSION

Fpl, P4 and Oz fowr band. Thes anda increases after the

OSA episode, specially in the frontal (motor area) and ocA new approach was carried out for assessing EEG changes
cipital (visual area) regions, are probably due to an afousd&luring an OSA episode: topographic EEG brain mapping.
mechanism that often accompanies the termination of an ag-his technique was proved to be very useful, since it allowed
neic event, which are responsible for sleep fragmentag8pn [ tO draw new conclusions about the visualization of the brain

The SD maps validate the results above described No{éas a whole. It is a reliable tool for the assessment of EEG
that areas with a higher SD for all frequency bands are thoseP€ctral power changes, of each region, resulted from an ob-

representing pre-motor, motor and visual areas of the brain Structive event.

. . | . The present study confirms that the majority of OSA,
Decreases i power preceding arousal and termination,pich can be or not terminated by visually scored arousals,

of apneic events in both REM and NREM sleep are reported, o ,qqqciated with significant spectral power changesjynai
[7, 9]. However, the opposite conclusions were also address in § frequency band, where there is a clear decreaspawer

[10, 11]. Perhaps the difference between their resultsla@d t 4, ing OsA It is hypothesized that these fluctuations con-

ones obtained in the current study are due to the faCt&haFtribute to the patient's daytime symptoms, including meynor
power was assessed only near or even at the apnea term'%‘pairments, since a decreasedower could prevent down-

tion, so subcortical arousals, including K-complexes and gq4jing of increased learning related synaptic strengt to
bursts, might occur and, thus, contribute to the repaited baseline level, occurring a "cerebral overloading”.

creases. In this work, all OSA episodes were visually exam-
ined andj bursts were removed at the end of OSA episodes, 5. REFERENCES
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