NIGHT SLEEP ELECTROENCEPHALOGRAM POWER SPECTRAL
ANALYSIS IN EXCESSIVE DAYTIME SLEEPINESS DISORDERS

RUBENS REIMAO *

SUMMARY — A group of 53 patients (40 miades, 13 females) with mean age of 49 years,
ranging from 30 to 70 years, was evaluated in the. following excessive daytime sleepiness
(EDS) disorders: obstructive sleep apnea syndrome (B4a), periodic movements in sleep (B5a),
affective disorder (B2a), functional psychiatric non affective disorder (B2b). We considered
al adult patients referred to the Center sequentially with no other distinctions but these
three criteria: (@) EDS was the main complaint; (b) right handed; (c) not using psychotropic
drugs for two weeks prior to the all-night polysomnography. EEG (C3/Al, C4/A2) samples
from 2 to 10 minutes of each stage of the first REM cycle were chosen. The data was re-
corded simultaneously in magnetic tape and then fed into a computer for power spectral
analysis. The percentage of power (PP) in each band calculated in relation to the total EEG
power was determined of subsequent sections of 204 s for the following frequency bands:
delta, theta, alpha and beta. The PP in all EOS patients sample had a tendency to decrease
progressively from the slowest to the fastest frequency bands, in every sleep stage. PP dis-
tribution in the delta range increased progressively from stage 1 to stage 4; stage REM
levels were close to stage 2 levels. In an EDS patients interhemispheric coherence was high in
every band and sleep stage. B4a patients sample PP had a tendency to decrease progressively
from the slowest to the fastest frequency bands, inj every sleep stage; PP distribution in the
delta range increased progressively from stage 1 to stage 4; stage REM levels were between
stage 1 and stage 2 levels. B2a patients sample PP had a tendency to decrease progressi-
vely from the slowest to the fastest frequency bands, in every sleep stage; PP distribution
in the delta range increased progressively from stage 1 to stage 4; stage REM levels were
close to stage 2 levels. B2b patients sample PP had a tendency to decrease progressively
from the slowest to the fastest frequency bands, in every sleep stage; PP distribution in
the delta range increased progressively from stage 1 to stage 3; stage 4 levels were close
to stage 3 levels; stage REM levels were close to stage 2. B5a patients sample PP had a
tendency to decrease progressively from the slowest to the fastest frequency bands, in every
sleep stage; PP distribution in the delta range increased progressively from stage 1 to
stage 3; stage REM levels were close to stage 2 levels, Interhemispheric coherences of B4a,
B2b, and B5a groups were high in, every band and sleep stage. B4a, B2a, B2b, and Bba
power spectral analysis comparison showed higher PP in B2b stage 1 alpha band, as well as,
higher PP in B5a stage 2 theta band. The B4a versus. B2a power spectral analysis compa-
rison showed higher PP in B4a stages 1 and REM apha bands, as well as higher PP in
B2a stage REM delta band.

Andlise do espectro de poténcia do detroencefalograma durante o sono: estudo de pacientes
com sonoléncia excessiva diurna.

RESUMO — Foram avaliados 53 pacientes (média de idade — 49,0 anos; variagcdo de 30-70
anos) com o objetivo de analisar o espectro de potencia do EEG durante o sono nos seguintes
distarbios que provocam sonoléncia excessiva diurna: sindrome de apnéia do sono tipo obstru-
tivo, movimentos periddicos do sono, distdrbios afetivos, distirbios psiquiatricos funcionais
nao afetivos. Os dados obtidos indicam primeiramente que os diversos estagios do sono po-
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dem ser distinguidos quantitativamente entre o0s pacientes com sonoléncia excessiva diurna.
Evidenciam, em segundo lugar, que o0s grupos diagnésticos tém padrbdes proprios de distri-
buicdo do espectro de poténcia. Em terceiro, mostram a auséncia de assimetrias mantidas.

The all-night polysomnogram study is usually made by visual inspection, fol-
lowing standardized parameters 16. This is an accurate tool for clinical purposes.
However, the computerized study of the electroencephalogram (EEG) during sleep
revealed new aspects and details not visually detectable. The power spectral analysis
was the first system utilized for quantitative EEG research during sleep, by Grass
& col.8 in 1938, followed by Knott & col.10 in 1942. The power spectrum (also
called auto-spectrum of variance) shows the distribution of average intensity (mean
square value or variance) of the EEG in relation to its frequency 5. It may be
studied in its original unit (¢£éV?) but, more often, due to its methodological and
statistical advantages™, it is applied as the percentage of power (PP) in a given
frequency in relation to the power of a given spectrum. Sleep discorders accompanied
by excessive daytime sleepiness (EDS) form the main group of patients who look for
Sleep Disorders Centers, comprising 36.0 ot 42.2% of those’. In this respect, it is
remarkable the lack of literature in connection with the use of this quantitative tool
(the EEG power spectral analysis) in such pathological group.

The objective of this paper was to determine the EEG power spectrum during
sleep in the following EDS disorders: sleep apnea syndrome (B4a), periodic move-
ments in sleep (B5a), affective disorders (B2a), functional psychiatric non affective
disorders (B2b). This nomenclature and codes follow the international classification i.

METHODS

We evaluated 53 consecutive patients (40 men and 13 women) with EDS (Table 1).
Mean age was 49.0 years (range 30 to 70 years). The selection criteria systematically applied
were: (a) EDS was the main complaint; (b) right handed; (c) not using psychotropic drugs
for two weeks prior to the polysomnography.

All-night standard polysomnography recordings included EEG (C3/Al; C4/A2) accor-
ding to 10-20 System 9 criteria; electrooculogram using common reference (L.E/FP; FP/RE);
electromyogram of submentalis and anterior tibialis muscles; buccal and nasal airflow mea-
sured by thermocouples; respiratory effort detected by thoracic and abdominal pneumograms;
continuous transcutaneous oxygen saturation monitoring. EEG sensitivity of 7.5 “V/mm, high
frequency filter of 90.0 Hz, and low frequency filter of 1.0 Hz were used.

EEG samples of each sleep stage of the first REM cycle were obtained. Sample dura-
tion varied from 2 to 10 min. An effort was made to obtain the longest possible time for
each stage without the interference of artifacts, however, we established a maximum limit
of 10 min. Sesep staging followed the standardized criteria of Rechtschaffen, & col. 16. Data
was simultaneously tape recorded, and liater fed into a computer (Med-80, Nicolet Inst. Co.),
using a power spectral analysis software 15. Each BEG frequency band PP was calculated 19
in relation ot the total power for 20.4 s consecutive) segments, for the following bands: delta
(0-3 Hz), theta (4-7 Hz), alpha (8-12 Hz) land beta (13-20 HZz).

The analyzed samples did not include awakenings, arousals, artifacts, apneas nor pe-
riodic leg movements. Such a selection was obtained employing three distinct quality controls:
(1) during the visual scoring on the paper EEG records; (2) during visual scoring of the
computer screen; (3) by means of computer filters for excessively high amplitude waves 11.

The evaluation of obtained data was performed in five steps: (a). The power distribu-
tion for the total sample of 51 patients with EDS, with meani values and a standard deviation
(SD) were determined (Table 2), the interhemispheric differences for this group was calcu-
lated (Table 3). (b). The total sample was separated according to diagnostic categories;
As Bda, B2a, B2b and B5a were the most frequent diagnosis, only they were taken for
further analysis in steps (b), (c¢), and (d); mean PP, and SD were determined for each
diagnostic group, in each stage and frequency band; interhemispheric differences were cal-
culated for each diagnostic group, stage, and frequency band. (c). In order to determine
PP distribution differences between sleep stages, for each band and each diagnostic group,
Analysis of Variance test was applied (Tablet 4); furthermore, whenever the variance allowed



Case Name Age Sex Diagnosis Diagnostic code Case Name Age Sex Diagnosis Diagnostic code

1 DD 47 M OSAS B4a 27 JV 45 F AD Bia
2 LB 38 M OSAS B4a 23 LC 66 F AD B2a
3 WM 45 M OSAS B4a 29 BW 58 F OSAS B4a
4 PW 41 M OSAS Bda 30 GN 59 M OSAS Bda
5 JL 53 M Narcolepsy B6 31 LR 3¢ M 0OSAS Bda
6 PR 55 M OSAS Bda 32 GF 37 M PMS Bba
7 FH 40 M OSAS B4a 33 oJ 54 M PMS Bba
8 HB 65 M OSAS B4a 34 RE 34 M FPNAD B2b
9 LN 55 M FPNAD B2b 35 Jp 48 M NOF B%bh
10 MR 42 F AD B2a 36 LG 41 M QOSAS Bda
1 Jw 64 M OSAS B4a 37 TB 70 M PMS B5a
12 IM 50 M FPNAD B2b 38 JW 43 M FPNAD B2b
13 JF 37 F AD B2a 39 DC 32 F AD B2a
14 BD 47 M OSAS B4a 40 KM 68 M OSAS Bda
15 GD 51 F AD B2a 11 LG 59 F PMS Bba
16 RB 40 M OSAS B4a 42 WJI 57 M OSAS B4da
17 JR 34 F AD B2a 43 JT 47 M AD B2a
18 CK 44 M OSAS Bda, 44 JG 59 M OSAS B4a
N IP 52 M OSAS Rda 45 GE: 51 M OSAS B4a
P ] EH 65 M Narcolepsy Bé6 46 cc 48 M 0SAS Bia
P} RG 49 M OSAS B4a 47 WP 3 M FPNAD B2b
o9 AB 42 - AD B 48 VR 68 F OSAS Bda
49 SL 50 M OSAS Bda
23 PG 35 M OSAS Bda 50 BS 55 M AD B2a.
2 DV 48 F PMS B5a 51 ID 64 M OSAS Bda
25 DC 43 F NOF B10b 52 JB 61 M OSAS Bda
26 MH 30 M AD B2a 53 wJ a3 M OSAS B4a
Table 1 — Identification duta of 53 patietns with excessive daytime sleepiness.

M, male; F, female; age in years; FPNAD, functional psychiatric mon affective disorder; OSAS, obstructive sleep apnea syndrome; AD, affec.
tive disorder; PMS, periodic movements in sleep; Diagnosis and Diagnostic code: see reference 1.



1 2 3 4 REM

N-=5b3 N=51 N=33 N=9 N=53
Delta R 32.5+13.2 50.8+12.3 65.5+-13.2 70.1+ 8.9 45.6+12.5
L 35.0+13.6 52,3+12.3 66.9+14.0 72,0+10.5 47.2+12.1
Theta R 229+ 6.9 20.3+ 3.7 16.4+ 4.2 15.2+ 5.8 24.7+ 6.2
L 22.5+ 7.2 19.8+ 4.0 16.0+ 4.3 14.4+ 6.4 247+ 6.4
Alpha R 22,8+4+10.2 16.3+ 6.3 11.8+ 6.5 11.2+ 5.2 16.2+ 6.8
L 21.7+ 9.8 16.1+ 6.9 11.2+ 6.8 10.0+ 4.4 15.8+ 7.2
Beta R 13.6+ 6.1 8.9+ 4.5 4.7+ 4.3 2.5+ 1.4 9.3+ 4.6
L 13.1+ 6.2 8.5+ 4.6 4.1+ 3.6 2.3+ 1.8 8.7+ A7

Table 2 — EEG percentages of power (PP) means and standard deviation distribution according
to sleep stages and frequency bands, for both hemispheres (R, L), in 53 patients with
excessive daytime sleepiness,

1 2 3 4 REM

N—53 N==51 N—=33 N=9 N =53

Delta —2.4+7.2 —1,4+4.2 —1.3+3.6 —1.8+4.2 —1.6+5.1
Theta 0.3+4.8 0.5+1.6 0.3+1.4 0.7+1.1 0.5+2.0
Alpha 1.0+3.6 0.2+2.5 0.5+1.8 1.2+2.1 0.34-2.6
Beta 0.4£5.5 0.4+2.0 0.6+27 0.1+1.1 0.6+2.1
Table 3 —— EEG percentages of power (PP) means and standard devialion interhemispheric

differences, according to sleep stages and frequency bands, im 53 patients with excessive
daytime sleepiness.

Interhemispheric difference — R PP — L PP.
Diagnostic Band DF F P
B4a Delta F4, 95 20.7 0.0000
Theta F4, 95 8.5 0.0000
Alpha F4, 95 6.1 0.0002
Beta F4, 95 8.2 0.0000
B2a Delta 4, 38 9.3 0.0000
Theta 4, 38 5.5 0.0013
Alpha F4, 38 1.2 0.3046
Beta ¥4, 38 5.9 0.0008
B2b Delta F4, 15 9.9 0.0004
Theta F4, 15 2.1 0.1289
Alpha 4, 15 4.8 0.0104
Beta F4, 15 4.0 0.0210
Bba Delta F4, 18 6.5 0.0020
Theta F4, 18 2.2 0.1015
Alpha F4, 18 2.7 0.0596
Beta F4, 18 4.4 0.0117
Table 4 — Compurison between sleep stuges EEG percenluges of power (PP}, uccording to

frequency bands and diagnosis.
Analysis of variance was applied. DF, degrees of freedom; F, F distribution of Snedecor.



and statistically applicable, pairs of variables were compared using the Newman-Keules test;
thé Analysis of Variance was only applied after considered adequate by homogeneity tests
of Cochrans and Bartlett. (d). PP distribution differences between diagnostic groups were
compared using the Analysis of Variance test, for each stage and band (Table 5); Newman-
Keules test was also used when statistically adequate, (e). The t test, for each stage and
frequency band was also used to establish a detailed comparison between diagnostic groups;
this test was only applicable to B4a and B2a groups; groups B2b and Bb5a did not have
sufficient sample size to use thel t test at its best.

RESULTS

Data obtained follows the siame five steps described above:

a. The PP distribution in, the whole 53 EDS patients sample, showed a progressive decrease
of PP from the highest to the lowest frequency bands, in every sleep stage (Table 2). PP
in delta band increased progressively from stage 1 to 4, and the REM values were close to
stage 2. PP in theta band decreased progressively from stiage 1 to 4, and the values of stage
REM were higher than stage 1. PP in alpha band decreased progressively from stage 1 to
4, and the values of stage REM were close to stage 2. PP in beta band decreased progressi-
vely from stage 1 to 4, and the values of stiage REM were close to stage 2. The SD varied
from 1.4 to 14.0 with a tendency of the higher SD to occur in the lowest frequency bands.
The PP interhemispheric differences varied from —2.4 to 1.2, with a tendency of the higher
differences to occur in the lowest frequency bands (Table 3).

b. PP distribution in each diagnostic group was determined in this second step. The B4a
group showed PP distribution similar to the whole EDS patients sample, with a progressive
increase from the highest tor the lowest frequency bands, in every stage. PP in each fre-
quency band also showed distribution similar to the whole EDS sample except for the REM
values in delta band that were between stages 1 and 2 values. SD varied between 0.8 and
18.8, with a tendency of the higher SD to occur in the lowest frequency bands. The PP
interhemispheric differences varied from —3.8 to 1.5 With a tendency of the higher diffe-
rences to occur in the lowest frequency bands.

The B2a group showed PP distribution similar to the whole EDS patients sample,
with a progressive increase from the highest to the lowest frequency bands, in every stage,
except for the values of stage 4 theta and alpha bands that were close together. PP in each
frequency band also showed distribution similar to the whole EDS sample except for: (1)
stages 3 and 4 delta band were) close together; (2) stages 1 and 2, as well as, stages 3 and
4 alpha bands were close together; (3) stage REM alpha band was close to stages 3 and
4. SD varied between 0.5 and 13.2, with a tendency of the higher SD to occur in the lowest
frequency bands. The PP interhemispheric differences varied from —7.4 to 3.9, with a ten-
dency of the higher differences to occur in the lowest frequency bands.

The B2b group showed PP distribution similar to the whole EDS patients sample, with
a progressive increase from the highest to the lowest frequency bands, in every stage, except
for the stage 1 delta and theta bands values that were lower than the alpha band values.
PP in each frequency band also showed distribution similar to the whole EDS sample except
for: (1) stages 3 and 4 delta bands were close together; (2) stage 2 theta band was slightly
higher and stages 1, 3, and 4 were close together; (3) stages 3 and 4 beta bands ad well as
alpha bands were close together. SD varied between 0.4 and 17.4 with a tendency of the
higher SD to occur in the lowest frequency bands. The PP interhemispheric differences va-
ried from —2.5 to 4.2, with a tendency of the higher differences to occur in the lowest
frequency bands.

The B5a group showed distribution similar to the whole EDS patients sample, with a
progressive increase from the highest to the lowest frequency bands, in every stage, except
for the stage 1 theta band that had a tendency to be lower than the alpha band. PP in each
frequency band also showed similar distribution to the whole EDS sample except for: (1)
stages 3 and 4 delta bands werel close together, with a slight tendency to be lower in, stage 4;
(2) stages 1 and 2, as well as, stages 3 and 4 theta bands were close together; (3) stage 4
alpha band was slightly higher than stagei 3; (4) stages 1 and 2, as well as, stages 3 and 4
beta bands were close together. SD varied between 1.3 and 16.6, with a tendency of the
higher SD to occur in the lower frequency bands. The PP interhemispheric differences va-
ried from —3.1 to 2.6, with a tendency of the higher differences to occur in the lowest fre-
quency bands.



Stage Band DF ¥ D

1 Deilta F3, 45 0.9 0.4027
Theta F3, 45 1.7 0.1709

Alpha F3, 456 4.3 0.0091

Beta F3, 45 0.7 0.5053

2 Delta F3, 44 1.0 0.3639
Theta F3, 44 3.4 0.0308

Alpha 3, 44 0.3 0.8243

Beta F3, 44 0.0 0.9724

3 Delta 3, 27 0.4 0.7407
Theta 3, 27 0.5 0.6649

Alpha F3, 27 0.0 0.9946

Beta ¥3, 27 1.0 0.3751

4 Delta K3, 5 3.1 0.1226
Theta. F3, 5 0.4 0.7027

Alpha 3, 5 1.7 0.2689

Beta 3, b6 14 0.3288

REM Delta F3, 45 1.9 0.1397
Theta F3, 456 0.7 0.5308

Alpha ¥3, 46 2.4 0.0799

Beta F3, 45 1.3 0.2750

Table 5 — Comparison between diagnostic groups EEG percenltages of power (PP) according

to frequency bands and sleep stages.
Analysis of variance was wapplied. DF, degrees of freedom; F, F distribution of Snedecor.

c. PP was compared between, the sleep stages, for every frequency band, according to the
diagnostic groups (Table 4), showing significant differences in every comparison, except for:
(1) B2a alpha band; (2) B2b theta band; (3) B5a theta and alpha bands.

Submitting only the B4a group to Newman-Keules test, based on all 4 frequency bands,
all the sleep stages were significantly different from each other, except for the distinction
beween stages 3 and 4.

Submitting only the B2a group to Newmian-Keules test, based on all 4 frequency bands,
all the sleep stages were significantly different from each other, except for the distinctions
between stages 2 and 4, as well as, stages 3 and 4. There were no significantly different
PP pairs in the alpha band, at the p<[0.05 level.

Submitting only the B2b group to Newman-Keules test, based on all 4 frequency bands,
only stage 1 could be differentiated from the others. There were no significantly different
PP pairs in the theta band, at the p<0.05 level.

Submitting only the B5a group to Newman-Keules test, based on all 4 frequency bands, all
the sleep stages were significantly different from the others, except for the distinctions
between the following pairs of stages: 1—2, 1—REM, 2—REM, 3—4, 2—4 and 4—REM, in

the delta band; 1—2, 1—£, 1—REM, 3—4, 3—REM land 4—REM, in the beta band. There
were no significantly different PP pairs in theta and alpha bands, at the p<0.05 level.

d. PP in every, band and stage was compared between the four diagnostic groups (Table 5).
They showed significant differences restricted to stage 1 alpha and stage 2 theta bands;
When taking exclusively stage 1 alpha band -and comparing the diagnostic groups, it became
evident that the significant difference was between B2a and B2b. When taking exclusively
stage 2 theta band and comparing the diagnostic groups, it became evident that the signi-
ficant difference was between Bb5a and all the others.

e. B4a PP was compared with B2a for each stage and frequency band. There were signi-
ficant differences between these diagnostic groups in stage 1 alpha band, as well as, stage
REM alpha and delta bands. In these; differences, the B4a diagnostic group had higher
alpha band values; the B2a diagnostic group had higher delta band values.



COMMENTS

The power spectral analysis methodology is particularly adequate for studying
sleep due to its capacity of detecting a consistent oscilation, phasic or tonic, in a
limited time period, even if this activity has small amplitude”. Gasser & col.” have
demonstrated that the relative potency, such as we have used in this study, gives
more reliable results than the use of absolute potency, which is subject to individual
variations. M atousek®' also recommends to present it as PP in each band, as it was
done in this report. In this research, the EEG derivations followed the classical ones
that have been used in sleep for the last two decades®™. The option to register
the spectrum potency without common reference was due to the smaller distortion
of the potentials, as recommended by Fein & colA

The literature reveals a lack of studies with similar methodology, utilizing the
power spectral analysis in EDS patients. The PP distribution pattern in our total
EDS patients sample showed PP reduction from the lowest to the highest frequency
bands, in all sleep stages. This pattern was previously described in normal
adults 5.8.10. The same pattern was found in our subgroups, when divided according
to the diagnosis.

Our total EDS sample showed increase of the PP in delta band from stage 1
to 4; this band values in stage REM are similar to stage 2. This increase was
also previously described in normal adults5. Such finding indirectly shows the sleep
stages (particularly stages 2,3 and 4) definition criteria, which takes into conside-
ration the proportion of high amplitude delta waves in a given time-limited sample 16.

In the total EDS sample, theta band had progressive decrease from stage 1
to 4, with REM values higher than stage 1. In the alpha band, there was also a
progressive reduction from stage 1l to 4, with stage REM values similar to stage 2.
In the beta band, there was a decrease from stage 1l to 4, and the stage REM values
were similar to stage 2. The difficulty in distinguishing between stage REM and
stage 1, by this method”, ,.s usually attributed to the similarity of ther power
spectral distributions. However, our data suggests that the differentiation between
these two stages, or between stage REM and stage 2 should be considered in a
dynamic perspective, as it changes according to the frequency band, as well as, the
pathology taken into consideration. Stage REM is heterogeneous in its time course,
e.g. showing sawtooth waves that are detected in the power spectral analysis as a PP
increase in theta band. These irregularly distributed waves along REM sleep change
the PP in a given sample and so does the comparison with stages 1 and 2.

The beta band peak in stage 2, around 13-15Hz, corresponding to sleep
spindles 5, can not be detected by the method we have used as the potency is distri-
buted for the whole beta band. The absence of peaks does not prevent the compa-
rison between stages because the beta band potency will tend to elevate reflecting
the spindles. It also should be considered that the increase in sigma band in
non-REM sleep does not always correspond to spindles, and an increase in this band
may occur even without visually detectable spindles®»*.

The progressive increase in delta band PP, from stage 1l to 4 allows a quan-
titative distinction between these stages and is partially related to the definition

criteria that considers the percentage of delta contingent 16. However, the power
spectral analysis determines the delta potency in a given time and not the duration
of delta waves in this given sample. In spite of being distinct parameters, some

previous data suggests that the power spectral analysis may be utilized for sleep
staging with the usual visual standardization 16. The two methods show an agreement
of 85-92% in normal adults records17.

Tanguay & col.20 described the EEG power spectrum in normal children. In the
34-56 months old, the 11-15Hz band had PP of 3.3 in stage 2 and 1.8 in the same
band in stage REM. Comparing with our results, beta band PP are respectively 8.9
at right and 8.5 at left hemispheres, as well as 9.3 at right and 8.7 at left. Regarding
the 0-3 Hz band, those children 20 had stage 2 PP of 66.5 and stage REM PP of
73.6. In our sample, delta band PP was 50.8 at right and 52.3 at left in stage 2;
45.6 at right and 47.2 at left in stage REM. This comparison supports and objecti-
vely quantifies the well known decline of delta band from infancy to adulthood.

The interhemispheric coherence was elevated in our sample. This high cohe-
rence in every frequency band and sleep stages is in agreement with normal popu-
lation data, from children to adults except for the first three months of life 34,618



Our power spectral analysis data of the four major EDS diagnostic groups
points out that the sleep stages may be quantitatively distinguished by this method.
Second, it shows that different diagnostic groups have distinct power spectral patterns.
Third, it gives quantitative support to the lack of marked sustained asymetries concept,
in every diagnostic group. Finally, it suggests that broader use of quantitative EEG
power spectral analysis could help differentiating and understanding the EDS diseases.
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