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Abstract The aim of the present study was to inves-
tigate the role of EEG mapping as an objective and quan-
titative measure of vigilance in untreated and
modafinil-treated narcoleptics, and compare it with the
conventional neurophysiological method of the Multi-
ple Sleep Latency Test (MSLT) and the subjective Ep-
worth Sleepiness Scale (ESS). In 16 drug-free narcolep-
tics and 16 normal controls a baseline 3-min
vigilance-controlled EEG (V-EEG) and a 4-min resting
EEG (R-EEG) were recorded during midmorning hours.
Thereafter, in a double-blind, placebo-controlled cross-
over design, patients were treated with a 3-week fixed
titration of modafinil (200, 300, 400 mg) and placebo.
EEG-mapping, MSLT and ESS measures were obtained
before and at the end of the third week of therapy. Sta-
tistical overall analysis by means of the omnibus signif-
icance test demonstrated significant EEG differences be-
tween untreated patients and controls in the resting
condition only (R-EEG). Subsequent univariate analysis
revealed an increase in absolute and relative theta
power, a decrease in alpha-2 and beta power as well as a
slowing of the dominant frequency and the centroids of
the alpha, beta and total power spectrum and thus ob-
jectified a vigilance decrement in narcolepsy. Modafinil
400 mg/d significantly improved vigilance as compared
with placebo (p<0.01), inducing changes opposite to
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the aforementioned baseline differences (key-lock prin-
ciple). The MSLT and the ESS also improved under
modafinil as compared with placebo, but changes were
less consistent. Spearman rank correlations revealed the
highest correlations between EEG mapping and the ESS,
followed by those between EEG mapping and the MSLT,
while the lowest correlation was found between the
MSLT and the ESS. In conclusion, EEG mapping is a valu-
able instrument for measuring vigilance decrements in
narcolepsy and their improvement under psychostimu-
lant treatment.

Key words narcolepsy - modafinil - EEG mapping -
MSLT - Epworth Sleepiness Scale (ESS)

Introduction

Narcolepsy is a disabling sleep disorder, which affects
0.03-0.06% of the population in North America and
Western Europe (Hublin etal. 1994). Its hallmark char-
acteristics include excessive daytime sleepiness (EDS),
cataplexy and REM sleep-related abnormalities. The
pathophysiology of narcolepsy involves abnormal
hypocretin (orexin) neurotransmission (Overeem etal.
2001). The condition is associated with undetectable
hypocretin-1 levels in the cerebrospinal fluid (CSF) and
HLA-DQB1*0602 positivity in narcolepsy with typical
cataplexy. The subjectively experienced EDS as the most
disabling feature at the behavioral level is responsible
for the overall disruption of normal daytime function-
ing and at the neurophysiological level is based on a de-
terioration of vigilance. Vigilance has been defined as
the availability and grade of organization of man’s adap-
tive behavior, which is in turn dependent upon the dy-
namic state of the neuronal network (Head 1923). The
latter can be objectified by quantitative EEG analysis
utilizing single-channel (Bente 1977; Saletu and Griin-
berger 1985) as well as multi-channel recording, which
allows topographic mapping (Duffy etal. 1981; Buchs-
baum etal. 1985; Itil etal. 1985; John etal. 1988; Maurer



and Dierks 1991; Gevins etal. 1994; Saletu B et al. 1990a,
1991, 2000).

There are a variety of approaches for the quantifica-
tion of EDS, including subjective behavioral measures,
such as the Epworth Sleepiness Scale (ESS) (Johns 1991),
and objective electrophysiological ones (Cluydts etal.
2002). The Multiple Sleep Latency Test (MSLT)
(Richardson etal. 1978; Carskadon etal. 1986) and the
Maintenance of Wakefulness Test (MWT) (Mitler etal.
1982) are the most widely used polysomnographic tests
in narcolepsy, measuring different aspects of sleepiness.
However, their expense and time requirement of record-
ing and usually visual evaluation have motivated inves-
tigators to develop alternative electrophysiological
methods using quantitatively analyzed EEG and event-
related potential techniques. Regarding event-related
potentials, Sangal etal. (1999) reported prolonged P300
latency in narcolepsy, which reflects slowed information
processing. The Alpha Attenuation Test is another
method of quantitative EEG analysis for measuring
variations in physiological sleepiness. In a validation
study with normals Stampi etal. (1995) investigated the
ratio of eyes-closed to eyes-open EEG alpha power (re-
ferred to as Alpha Attenuation Coefficient, AAC). The
AACwas found to be sensitive to increased sleepiness af-
ter sleep deprivation and to correlate significantly with
the MSLT. In another study, narcoleptics had a smaller
AAC and lower mean eyes-closed alpha power, whereas
their mean eyes-open alpha power did not differ from
the values obtained in normals (Alloway etal. 1997).
However, EEG mapping may be the most suitable
method for measuring vigilance, as it allows objective
and quantitative evaluation of 36 EEG variables all over
the brain with subsequent visualization by mapping
techniques.

In our own studies applying standardized scalp
recordings of the human electroencephalogram (EEG)
and utilizing computer-assisted quantitative analyses,
we indeed described distinct differences between pa-
tients and normal controls in standardized EEG de-
scriptors, such as absolute and relative power as well as
the centroid of the delta/theta, alpha and beta activity
(Saletu B 1997; Saletu B etal. 2002b; Saletu M et al. 2000,
2002). In previous investigations, the quantitative EEG,
as a low-cost, non-invasive, objective and quantitative
high-time resolution method, has been successfully ap-
plied in order to classify psychotropic drugs and deter-
mine their bioavailability at the target organ, the human
brain (Saletu B etal. 2002a; Saletu-Zyhlarz et al. 2002).

Modafinil, 2- [(diphenylmethyl) sulfinyl] acetamide,
is a new central wake-promoting non-amphetamine
with a lower risk of CNS, cardiovascular or gastroin-
testinal adverse events, abuse and dependence (Billiard
1998). As early as in 1986, the first human pharmaco-
EEG studies in normal elderly subjects demonstrated a
vigilance- promoting effect of modafinil (CRL 40476),
characterized by an increase in alpha and slow beta ac-
tivity and a decrease in delta, theta and very fast beta ac-
tivity as compared with placebo, which was indeed
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proven also at the behavioral level by means of psy-
chometry (Saletu B etal. 1986) and confirmed by later
clinical trials in patients with an alcoholic organic brain
syndrome (Saletu B etal. 1990b, 1993).

The efficacy, safety and tolerance of modafinil in nar-
colepsy patients have been demonstrated in controlled
(Besset etal. 1993; Billiard etal. 1994; Boivin etal. 1993;
Broughton etal. 1997; Mitler etal. 2000; Moldofsky etal.
2000; US Modafinil in Narcolepsy Multicenter Study
Group 1998, 2000) and uncontrolled trials (Bastuji and
Jouvet 1988; Laffont et al. 1994).

The aim of the present study was 1) to investigate
daytime brain function of drug-free narcolepsy patients
as compared with age- and sex-matched normal con-
trols by means of a multi-channel 3-min vigilance-con-
trolled EEG (V-EEG) and a 4-min resting EEG (R-EEG)
recorded during midmorning hours, visualized with
subsequent mapping techniques; 2) to objectify vigi-
lance-promoting effects of modafinil in narcolepsy pa-
tients by means of EEG mapping as compared with the
conventional, standardized MSLT in addition to the sub-
jective evaluation by the ESS; and 3) to explore the rela-
tion between EEG mapping, MSLT and ESS by means of
correlation analysis.

Experimental procedures
Demographic data, inclusion and exclusion criteria

A total of 16 drug-free patients (10 males, 6 females;
aged 21-59 years; mean age 39.1+13.3 years) with the
ICD-10 diagnosis of narcolepsy (G 47.4) were included
in the study and for baseline EEG examinations matched
with 16 normal healthy controls according to age and
sex (21-58 years; mean age 37.1 +13.5 years). The wash-
out period for psychopharmaceutical agents was 5 times
their elimination half-life.

Screened patients complaining of excessive daytime
sleepiness first underwent neuropsychiatric, physical
and laboratory examinations (including HLA typing for
DQB1*0602 or DR 2 positivity) and then spent 2 record-
ing nights in the sleep laboratory (adaptation and base-
line night).

Inclusion criteria called for patients of either sex, sat-
istying the classification criteria of the International
Classification of Sleep Disorders ICSD (1997) for nar-
colepsy. In addition, the symptoms were required to
have been stable for 2 weeks before the beginning of the
study.

Exclusion criteria. The following groups were ex-
cluded from the study: patients with evidence of a med-
ical or psychiatric disorder that might account for the
primary complaint; patients with sleep apnea, restless
legs syndrome (RLS) or periodic limb movement disor-
der, pregnant or lactating women; patients with a history
of drug abuse or dependency, including alcohol; patients
requiring psychoactive medication or unwilling to tem-
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porarily discontinue anticataplectic medication or any
other drug that might interfere with the study assess-
ments; patients who were unable or unwilling to comply
with the protocol; patients who worked at night.

The study was performed in accordance with the rel-
evant guidelines of the Declaration of Helsinki, 1964, as
amended in Tokyo, 1975, Venice, 1983, Hong Kong, 1989,
and Somerset West, 1996. Informed consent was ob-
tained. The study protocol was approved by the Institu-
tional Review Committee.

Evaluation of daytime brain function in patients
and controls (EEG mapping)

Subsequent to two polysomnographic all-night record-
ings, a 3-min V-EEG and a 4-min R-EEG were obtained
at 11 a.m. by means of a 21-channel Nihon Kohden
4321-G polygraph (time constant: 0.3 s, high frequency
response: 35 Hertz (Hz); amplification: approximately
20,000 times; maximal noise level; 2 pV peak to peak),
with the patient or control lying in a relaxed position
with closed eyes in an electrically shielded room. Nu-
merous pharmaco-EEG trials have revealed midmorn-
ing hours to be the time of relatively small inter-indi-
vidual variance of vigilance (Saletu B etal. 2002a).
During the V-EEG recording, the technician kept the pa-
tients alert. As soon as drowsiness patterns appeared in
the record, the subjects were aroused by auditory stim-
uli (tapping) to stage wake (Rechtschaffen and Kales
1968). Electrodes were attached to the scalp according to
the international 10/20 system. The EEG recordings
from 19 leads (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4,
T4, T5, P3, Pz, P4, T6, O1 and O2 to averaged mastoids)
as well as the vertical and horizontal electro-oculo-
graphic recordings were digitized on-line with a sam-
pling frequency of 102.4 Hz. Artifact-free 5s-epochs
were selected after minimizing ocular artifacts by re-
gression analysis in the time domain by an automatic
artifact identification method with subsequent visual
control (Anderer etal. 1992). Spectral analyses were per-
formed for 5s-epochs (512 sample points), resulting in a
frequency resolution of 0.2 Hz (Anderer etal. 1987). The
mean spectral curves were averaged over artifact-free
5s-epochs (27.8+9.2 and 30.1+6.9 5s-epochs in nar-
colepsy patients and normal controls, respectively) and
were quantified into 36 EEG variables: total power (TO-
TAL) (1.3 to 35 Hz); absolute (ABS) (in pV?) and relative
(REL) (%) power in 12 different frequency bands such as
delta (D) (1.3-3.5 Hz), theta (T) (3.5-7.5 Hz), alpha-
1(A1) (7.5-10.5Hz),alpha-2 (A2) (10.5-13 Hz), beta-1-5
(B1-B5) (13-15-20-25-30-35 Hz); combined delta and
theta (DT) (1.3-7.5 Hz), alpha (A) (7.5-13Hz) and beta
(B) (13-35 Hz); dominant alpha frequency (DF) (Hz),
absolute (ABS) and relative (REL) power of the DF; fur-
ther the centroids (C) (center-of-gravity frequencies in
Hz) and their standard deviations (CD) of the combined
DT, A and B as well as of the total frequency bands (T).
Relative power refers to the total power and was calcu-

lated for each channel separately. While slow activities
generally reflect inhibitory CNS activity, alpha indicates
normal brain function and beta excitatory CNS activity.

Pharmacological part

The study was designed as a 3-week, double-blind, ran-
domized, placebo-controlled cross-over trial with the
two treatment periods separated by a wash-out phase of
one week. The randomization list was generated by an
individual who was operationally independent from the
study personnel who executed the randomization as-
signment. Two glasses with medication were prepared
for each patient, marked with A (for the first treatment
phase) and B (for the second treatment phase). The code
was broken only after the end of the study.

Drug administration

For the study, 100 mg modafinil and placebo were pre-
pared in capsules that looked identical. According to the
fixed titration schedule, in week 1 patients received one
capsule in the morning and one capsule at noon, in week
2 two capsules in the morning and one capsule at noon
and in week 3 two capsules in the morning and two cap-
sules at noon. At the beginning and at the end of each 3-
week treatment block, EEG mapping and MSLT were
performed and the ESS was completed.

Multiple sleep latency test (MSLT)

The MSLT was performed on the day between the first
and the second polysomnographic all-night recording
to provide accurate documentation of the night preced-
ing the MSLT, as suggested by Carskadon etal. (1986).
For this study there were five 20-minute nap opportuni-
ties at 2-hour intervals during the assessment day: 9:00,
11:00, 13:00, 15:00, 17:00.

Sleep was recorded using 3 EEG channels (C4-A1,Cz-
02,and C3-A2) according to the international 10/20 sys-
tem, 2 electro-oculogram (EOG) channels (left/right),
and submental electromyogram (EMG). Patients were
instructed to lie quietly in the dark and try to fall asleep.
The nap opportunity was terminated after 20 min if
sleep onset did not occur, or after 15 minutes of sleep.
The MSLT was performed at baseline and at the end of
each cross-over sequence. Mean sleep latency to sleep
stage 1 across the five tests was calculated (maximum
score, 20 minutes). For sleep staging, 30 s epochs were vi-
sually scored according to the criteria of Rechtschaffen
and Kales (Rechtschaffen and Kales 1968). EEG mapping
was carried out on another day to avoid interference of
the two vigilance test procedures.



Subjective evaluation of sleepiness and sleep
and awakening quality

Epworth Sleepiness Scale (ESS). The ESS is an 8-item
questionnaire in which the probability of falling asleep
is assessed for 8 different everyday life situations (Johns
1991). The majority of questions capture involuntary
sleep episodes. Each answer is rated by the subject
on a scale from 0 to 3. The original questionnaire refers
to “recent times”, which, however, in our study was
replaced by “the last few weeks” to be more specific
and in line with the temporal design of the study.
The ESS has been shown to be sensitive to treatment
effects.

Statistical analysis

In the exploratory statistical analysis of the EEG data,
absolute power variables were log-transformed, while
relative power variables were transformed by log
(x/(100-x) in order to achieve normal distribution
(Gasser etal. 1982), where x is the power in percent.

To display the differences between narcolepsy pa-
tients and controls in the distribution of the 36 V-EEG
variables, significance probability mapping, based on
independent samples t-test, was used (Anderer etal.
1987). For correction of the alpha-inflation due to the
multiple tests in the inter-group comparisons (36 EEG
variables x 19 electrodes = 684 tests), an omnibus signif-
icance test based on the binomial theorem was per-
formed. Even though this test is exact only for indepen-
dent test situations, at least an upper limit for rejection
of the overall null hypothesis is obtained when r signif-
icant test results are used to reject a set of n hypotheses
when the tests are dependent to an unknown extent
(Cross and Chaffin 1982). Thus, to reject the global null
hypothesis, more than 13 out of 684 tests had to be sig-
nificant (p <0.01).

In order to show differences between modafinil- and
placebo-induced EEG changes significance probability
mapping based on paired samples t-tests was used. Data
on sleep latencies in the MSLT and ESS were analyzed by
Wilcoxon’ s signed rank tests as they were not normally
distributed. Normal distribution was tested by means of
the 1-sample Kolmogorov Smirnov Test. The null hy-
pothesis was: there are no differences between
modafinil and placebo (error probability =0.05). To ex-
plore the relationship between the EEG and sleep la-
tency in the MSLT as well as the ESS score, Spearman
rank correlations were calculated and visualized by cor-
relation maps.

Results
The ICSD diagnostic criteria of narcolepsy were fulfilled

by 16 patients. Fifteen were HLA-DQB1*0602 positive,
one was negative, and 6 patients fulfilled the Honda cat-
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aplexy criteria (Honda 1988), while 5 patients had at
least 2 SOREMPs.

Of the 16 patients included, 15 completed the phar-
macological part of the study. One patient had to be ex-
cluded at the end of treatment block one because of in-
compliance with the protocol requirements (did not
appear for scheduled visits).

EEG-mapping results

Baseline EEG-mapping differences between narcolepsy
patients and normal controls

Statistical overall analysis by means of the omnibus sig-
nificance test demonstrated significant differences in
the R-EEG between untreated patients and controls, as
31 out of 684 tests [36 EEG variables x 19 elec-
trodes = 684 tests] showed significant findings (p <0.01)
(Fig.1). In the V-EEG no significant inter-group differ-
ences were found, as only 7 out of 684 tests were signifi-
cant (Fig. 2).

Subsequent univariate analysis of the R-EEG data re-
vealed a decrease in absolute total power over the left
frontopolar region and an increase in theta power over
the left frontotemporal and occipital as well as the mid-
line frontal and central region in narcoleptic patients as
compared with normal controls, while absolute alpha-2
power was decreased right frontotemporally, centrally
and parietally as well as left temporally (Fig. 1). Absolute
beta power was decreased over various regions in all five
frequency bands, which was significant in the total beta
band over both frontopolar and temporal as well as the
right frontotemporal to central regions.

Relative delta power showed an increase over the
right central, parietal, occipital and occipitotemporal re-
gion as well as the left temporal and high frontal region,
while relative theta power was significantly augmented
over the whole brain. Relative alpha-2 power was atten-
uated over both parietal and beta power over both tem-
poral regions.

The dominant frequency was slowed over the vertex
and the left temporal and temporofrontal cortex. More-
over, the absolute and relative power of the dominant
frequency was significantly attenuated over the right
central and occipitotemporal areas.

In regard to center-of-gravity measures, narcoleptics
showed a slowed alpha centroid bitemporally, a slowed
beta centroid bifrontopolarly, as well as a slowed cen-
troid of the total power spectrum over both frontopolar,
temporal, occipital and right frontotemporal, central
and temporo-occipital regions as compared with nor-
mals.
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Fig.1 Maps of EEG differences between narcolepsy
patients and normal controls in the resting condition
(n=2x16). Omnibus significance based on binomial
test (test prop. 0.01; 1-tailed) Ngq = 31 out of 684 (p
< 0.01). Statistical probability maps on intergroup
differences regarding measures of the resting EEG (R-
EEG) are demonstrated (bird’s eye view, nose at the
top, left ear left, right ear right; white dots indicate
electrode positions). 13 absolute (ABS.) power vari-
ables are shown in the upper part of the figure (TOTAL
total power; ABS.D absolute delta power; ABS.T ab-
solute theta power; ABS.A1-2 absolute alpha-1 and
alpha-2 power; ABS.B1-5 absolute beta-1 to beta-5
power); 12 relative (REL.) power variables are shown
in the middle part of the figure and 11 dominant fre-
quency and centroid (center of gravity) variables are
shown in the lower part of the figure (HZ DF dominant
frequency measured in Hertz; C DT centroid of delta
and theta power; CA centroid of alpha power; CBcen-
troid of beta power; C T centroid of the total power;
ABS.DF absolute power in the dominant frequency;
(D DT deviation of the delta and theta centroid; CD A
deviation of the alpha centroid; CD B deviation of the
beta centroid; CD T deviation of the total centroid;
REL.DF relative power in the dominant frequency).
Orange, red and purple colors indicate increases at
the p<0.1, 0.05 and 0.01 level; light blue, dark blue
andviolet decreasesat thep <0.1,0.05and 0.01 level
as compared to normal controls. Statistical overall
analysis by means of the omnibus significance test
demonstrated significant EEG differences between
untreated patients and controls. Subsequent univari-
ate analysis revealed an increase in absolute and rel-
ative theta power, a decrease in alpha-2 and beta
power, a slowing of the dominant frequency and the
centroids of the alpha, beta and total power spec-
trum, objectifying vigilance decrements in nar-
colepsy

EEG mapping differences between modafinil
and placebo after three-week therapy

Multivariate analysis

Since out of a total of 684 tests (36 EEG variables x 19
electrodes), 17 tests in the V-EEG and 29 tests in the R-
EEG were significant at the p <0.01 level, the global null
hypothesis that there is no difference between modafinil
and placebo was rejected under both conditions
(nsig> 135 p <0.01, binomial test). Only the R-EEG find-
ings based on univariate analysis will be described in de-
tail below (Fig. 3).

SPHs BASED ON t-VALUES
RESTING EEG (EYES CLOSED)

t>2.46:
t>1.70:
t>1.31:

Univariate analysis

As compared with placebo, modafinil increased total
power over the left frontal, temporo-occipital, central
and parietal as well as the right central, temporal and oc-
cipital cortex (Fig. 3).

While absolute delta and theta power showed only
minimal findings, fast alpha power was widely increased
bifrontally, bicentrally and left temporo-occipitally, and
all beta bands demonstrated a global power increase,
with a maximum over the left frontal to temporal and bi-
parietal to right occipital regions.

Concerning relative power, modafinil attenuated



Fig.2 Maps of EEG differences between narcolepsy
patients and normal controls in the vigilance-con-
trolled state (V-EEG): For a technical description of the
maps see Fig. 1. Statistical overall analysis by means
of the omnibus significance test demonstrated no
significant EEG differences between untreated pa-
tients and controls. Univariate analysis revealed only
few differences between patients and controls
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and right parietally after modafinil as compared with
placebo.

The relative power of the dominant frequency was
slowed over the left temporal and right occipitotempo-
ral cortex. Moreover, the centroid deviation of the total
power was accelerated bitemporally, along with
delta/theta power occipitotemporally and beta power
midline centrally, whereas the centroid deviation of the
alpha band was slowed over the right frontotemporal
cortex.
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Fig.3 Pharmaco-EEG maps on differences between
modafinil (400 mg) and placebo after three weeks of
therapy in narcolepsy patients (n = 15). Omnibus sig-
nificance based on binomial test (test prop. 0.01; 1-
tailed) Nyjg = 29 out of 684 (p < 0.01). Statistical prob-
ability maps (SPMs) depicting differences between
modafinil and placebo, based on independent sam-
ples t-values in 13 absolute power measures (upper
part of the figure), 12 relative power measures (mid-
dle part of the figure) and 11 frequency measures
(lower part of the figure) are shown (bird’s-eye view,
nose at the top; white dots indicate electrode posi-
tions). Orange, red and purple colors represent signif-
icant (p <0.10,0.05 and 0.01, respectively) increases;
light blue, dark blue and violet indicate significant
(p<0.10, 0.05 and 0.01, respectively) decreases as
compared with placebo-induced changes. Modafinil
increased total power, alpha-2 and beta power and
accelerated the centroid as compared with placebo,
which reflects a vigilance improvement

Differences between modafinil and placebo
in the MSLT and the ESS

In the MSLT, sleep latency to sleep stage S1 significantly
increased from a median of 3.2 min after three weeks of
placebo to 6.6 min after three weeks of modafinil
(p<0.05) (Fig.4). The ESS score decreased from a me-
dian of 14.5 after three weeks of placebo to 12.5 after
three weeks of modafinil (p <0.05) (Fig.4).

SPHs BASED ON t-VALUES
RESTING EEG (EYES CLOSED)

Correlations between EEG-mapping,
MSLT and ESS findings

Investigating correlations between EEG-mapping and
MSLT findings at all time periods by means of a Spear-
man rank correlation analysis (Fig. 5), a significant rela-
tionship between the two data sets was found, as the om-
nibus significance test showed that the number of
significant correlations (p < 0.01) was 35 out of 684 tests
(nig> 135 p<0.01, binomial test).

In detail, the greater the total power, absolute alpha
and beta power, the longer the MSLT sleep latency to
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Fig.4 a Multiple Sleep Latency Test (MSLT) and b Epworth Sleepiness Scale (ESS) results in narcoleptic patients after 3 weeks of therapy with placebo and modafinil
(400 mg/d). Results are presented as box plots. The upper and lower limit of each box represents the 75" and 25t percentile, and the line through each box is the median
(50t percentile). Extension bars represent the 90t and 10t percentile. Modafinil is significantly superior to placebo concerning both subjective and objective measures of

sleepiness

sleep stage S1 (Fig.5). Furthermore, the less relative
delta/theta power, and the more relative alpha power, the
longer sleep latency in the MSLT. Finally, the faster the
delta/theta centroid, the slower the alpha and beta cen-
troid and the faster the centroid of the total power spec-
trum, the longer MSLT latency. Topographically, the
highest correlations were generally found over posterior
brain regions, with correlation coefficients reaching up
to £0.47.

Investigating correlations between objective EEG-
mapping and subjective ESS findings at all time periods
by means of a Spearman rank correlation analysis
(Fig. 6), a significant relationship between the two data
sets was found, as the omnibus significance test showed
that the number of significant correlations (p <0.01)
was 51 out of 684 tests (ng; > 13; p <0.01, binomial test).

In detail, the less total power, the more delta and the
less alpha and beta power, the higher the ESS score, re-
flecting subjective daytime sleepiness (Fig. 6). Moreover,
the slower the centroids of the delta/theta power and of
the total power spectrum, the slower the dominant fre-
quency (Hz) and the less absolute and relative power of
the dominant frequency, the higher the ESS. Topograph-
ically, these correlations were generally found all over
the brain, with correlation coefficients reaching up to
+0.48.

Investigating correlations between objective MSLT
and subjective ESS findings at all time periods by means
of Spearman rank correlations, a correlation coefficient
of -0.37 (p < 0.05) was found.

Side-effects

Side-effects were only mild and did not differ signifi-
cantly between the two treatment regimens. Under
modafinil and placebo therapy, headache was reported
by 8 and 7 patients, respectively; dry mouth by 4 and 9;
dizziness by 4 and 6; coordination difficulties by 1 and 4;
nausea by 2 and 2; back pain by 1 and 2; feeling dazed by
1 and 1; menstrual complaints by 1 and 1, respectively.
Furthermore, under modafinil, influenza, tenseness,
cardiac pain and tachycardia were reported by one pa-
tient only; under placebo, otitis externa, paresthesia and
toothache occurred. In no case did side-effects lead to
withdrawal from the study.

Discussion

To our knowledge the present study is the first to show
differences in brain function between drug-free nar-
coleptic patients and controls by means of EEG map-
ping, which - as compared with neuroimaging tech-
niques - is a readily and widely available, low-cost,
non-invasive, high time resolution multi-lead analysis
method for objectively and quantitatively studying the
neurophysiology of neuropsychiatric disorders and
their treatments. The differences observed were charac-
terized by a significant increase in absolute and relative
theta power, a decrease in alpha-2 and beta power, a
slowing of the dominant frequency and the centroids of
the alpha, beta and total power spectrum, which demon-
strates a deterioration of vigilance in narcolepsy. Inter-
estingly, in the multivariate analysis the differences
reached the level of statistical significance in the resting
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Fig.5 Brain maps showing correlations between 36
R-EEG variables and MSLT sleep latency in narcolepsy.
For abbreviations see Fig. 1. The color key indicates
correlation coefficients (warm colors = positive corre-
lations, cold colors = negative correlations). A signifi-
cant relationship between the two data sets was
found by means of a Spearman rank correlation
analysis, as the omnibus significance test showed
that the number of significant correlations (p < 0.01)
was 35 out of 684 tests (ngq>13; p<0.01, binomial
test). The greater the total power, absolute alpha and
beta power, the longer MSLT sleep latency to sleep
stage S1. Furthermore, the less relative delta/theta
power, and the more relative alpha power, the longer
MSLT latency. Finally, the faster the delta/theta cen-
troid, the slower the alpha and beta centroid and the
faster the centroid of the total power spectrum, the
longer MSLT latency. The better vigilance in the EEG,
the longer the time to fall asleep
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condition, but not in the vigilance-controlled record-
ings. This neurophysiological finding reflects clinical ex-
perience, since narcoleptic patients suffer from their
vigilance decrements predominantly in monotonous
situations.

An attempt to utilize quantitative EEG methods for
assessing EDS in narcolepsy had been made previously
by Alloway etal. (1997), who applied the Alpha Attenua-
tion Test (AAT). Participants were recorded for 8 min-
utes while seated in an illuminated room with their eyes
alternately open and closed. Power spectral analyses of a
single EEG lead (02-A1-10 second epochs) were calcu-

RESTING EEG (EYES CLOSED) (r>.191:p<0.10)

lated using fast Fourier transformations (FFT) within
the alpha frequency range (8-12 Hz) to obtain ratios of
mean eyes-closed to mean eyes-open alpha power (i.e.
the alpha attenuation coefficient, AAC). It was found
that, as predicted, mean eyes-closed alpha power was
significantly reduced in narcoleptics as compared to
normals. However, mean eyes-open alpha power did not
differ between narcoleptics and controls. It appears that
in the more vigilance-controlled state the task of focus-
ing on a target on the wall acted as an alerting stimulus
for the narcoleptic patients. In our V-EEG recording the
technician kept the patients alert and as soon as drowsi-



Fig.6 Brain maps showing correlations between
objective EEG mapping and the subjective ESS in nar-
colepsy (For the color key see Fig. 5. For abbreviations
see Fig. 1). Asignificant relationship between the two
data sets was found by means of a Spearman rank
correlation analysis, as the omnibus significance test
showed that the number of significant correlations
(p<0.01) was 51 out of 684 tests (ngg > 13; p<0.01,
binomial test). The less total power, the more delta
and the less alpha and beta power in the EEG, the
higher the ESS score, reflecting subjective daytime
sleepiness. Moreover, the slower the centroids of the
delta/theta power and of the total power spectrum,
the slower the dominant frequency (Hz) and the less
absolute and relative power of the dominant fre-
quency, the higher the ESS. Thus, the lower vigilance,
the greater sleepiness

ness patterns appeared in the record, the subjects were
aroused by auditory stimuli (tapping), thereby enabling
the suppression of the latent physiological sleepiness.

In the psychopharmacological part of our study,
modafinil significantly improved daytime sleepiness,
measured at the behavioral level by the ESS and at the
neurophysiological level by the MSLT and EEG map-
ping.

EEG mapping made it possible to visualize signifi-
cant vigilance improvements under modafinil 400 mg/d
(p<0.01), as total power, alpha-2 and beta power in-
creased and the centroid became accelerated. These vig-
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ilance improvements are in line with the first human
pharmaco-EEG data obtained in normal elderly subjects
(Saletu B etal. 1986), as well as with findings in patients
with vigilance decrements. As compared with placebo,
modafinil augmented the spontaneous restitution of the
alcoholic organic brain syndrome in doses of 200 mg per
day given over six weeks (Saletu B etal. 1990 b), which,
however, became even more evident after a higher dose
of 400 mg (Saletu B etal. 1993). In the latter study, the
drug caused an increase in total power, an acceleration
of the centroid of the total power spectrum and a de-
crease in relative delta/theta power as compared with
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placebo, while alpha and beta power increased. This vig-
ilance-promoting effect was accompanied at the behav-
ioral level by a significant improvement of the noopsy-
che, i.e. mental performance, while the thymopsyche
and psychophysiological measures were not affected.
Thus, the drug differed considerably from the classical
psychostimulants, such as amphetamines, which had
been demonstrated earlier by all-night sleep studies in
young and elderly volunteers (Saletu B etal. 1989 a, b).

The efficacy, safety and tolerance of modafinil in nar-
colepsy patients has been demonstrated in controlled
(Besset etal. 1993; Billiard etal. 1994; Boivin etal. 1993;
Broughton etal. 1997; Mitler etal. 2000; Moldofsky et al.
2000; US Modafinil in Narcolepsy Multicenter Study
Group 1998, 2000) and uncontrolled trials (Bastuji and
Jouvet 1988; Laffont etal. 1994). In two large 9-week,
multi-center, placebo-controlled, fixed-dose trials, daily
treatment with 200 or 400 mg of modafinil resulted in
significant improvements of the MSLT, the MWT, the
ESS and the Clinical Global Impression of Change (CGI-
C) scores (US Modafinil in Narcolepsy Multicenter
Study Group 1998, 2000).

In our present study the MSLT and the ESS improved
as well under modafinil as compared with placebo
(p<0.05), but not to the same statistical extent shown
for EEG mapping (p<0.01). Therefore, EEG mapping, as
a computer-assisted objective and quantitative method
to document EDS, may be considered an easily and
quickly applicable technique that can be used in addi-
tion to the very time- and staff-consuming methods of
the MSLT/MWT. As is known, in the MSLT paradigm pa-
tients are initially asked to fall asleep (Carskadon etal.
1986), in the MWT to stay awake in a resting position
during a recording period of up to 20 minutes (Mitler
etal.1982),which is repeated 5 times during the day with
intervals of 2 hours in between. The MWT measuring
the strength of the arousal system is able to discriminate
between highly increased levels of sleepiness, while it
has problems in discriminating lower levels of sleepi-
ness, as a result of a ceiling effect clumping the alert sub-
jects together (Cluydts etal. 2002). The MSLT, on the
other hand, focuses on the role of sleep drive and is bet-
ter at showing differences between people who are more
alert, while sleepy patients are clumped together as a re-
sult of a floor effect (Cluydts etal. 2002). Both tests are
based on visual Rechtschaffen and Kales criteria
(Rechtschaffen and Kales 1968) with all their shortcom-
ings (the scientific basis is poor, because the standard is
based on a committee decision; the rules are meant for
young healthy adults and are not validated in patients
suffering from various diseases; inter-scorer reliability is
poor; it is meant to be a reference method, not a gold
standard; temporal resolution is poor; no attention is
paid to spatial information; sleep is not a discrete phe-
nomenon, but continuous (e.g. delta sleep); some
epochs cannot be attributed to any sleep stage, and oth-
ers may belong to several sleep stages; no attention is
given to the microstructure of sleep) (Himanen and
Hasan 2000).

The above-mentioned three most widely used tests of
daytime sleepiness, the MSLT, the MWT, and the ESS,
give results that are significantly correlated in a statisti-
cal sense, but are not closely related (U.S. Modafinil in
Narcolepsy Multicenter Study Group 1998). Spearman
rank correlations revealed the highest correlations be-
tween EEG mapping and the total score of the ESS
(r==0.48), followed closely by those between EEG map-
ping and mean sleep latency in the MSLT (r==%0.47).
Correlations were found in the total, alpha, beta, and
delta/theta power as well as in all important centroid
variables. Interestingly, the lowest correlation was found
between the MSLT and the ESS (r=-0.37).

Though a great number of reports on the correlation
between ESS scores and mean sleep latencies in the
MSLT have been published, none of them revealed a high
correlation (e.g. r=-0.27, n=522, p<0.001) (Mitler
etal. 1998). The mean of nine correlation coefficients
published so far is -0.3. Most - but not all - were statis-
tically significant. In a more detailed analysis of this re-
lationship, Chua etal. (1998) showed a higher correla-
tion (r=0.57, p<0.001) between ESS scores and mean
MSLT sleep latencies for tests in which the subject fell
asleep at each opportunity than for those in which the
subject did not always fall asleep (r=0.009, p >0.1). Pa-
tients with EDS often describe dozing off inadvertently
in monotonous situations. In a large survey, adults in
New Mexico were asked about their frequency of falling
asleep in five situations (Schmidt-Nowara 1989). The au-
thor derived a score from the three questions referring
to the most soporific situations, i. e. falling asleep while
“inactive in a public place”, “at work”, and “in a moving
vehicle as passenger or driver”. MSLTs in 116 of these
subjects showed a significant correlation between their
sleep latency and their answers to these three questions.
The ESS is based on questions referring to eight situa-
tions, some known to be very soporific, others less so
(Johns 1991). The ESS is dependent on subjects’ aware-
ness of falling asleep. A linear regression model of Van
Ert showed that the ESS score only correlated with the
MSLT results when it was completed by significant oth-
ers, not when subjects themselves answered it (Van Ert
etal. 1999). This offers an explanation for the poor cor-
relations between the ESS and the MSLT. One study that
tested subjective responses to the ESS item that asks
about ‘lying down to rest in the afternoon when circum-
stances permit’ failed to show any robust association
with objective measures in this specific situation,
namely the afternoon naps in the MSLT (Chervin etal.
1997).

The search for a gold standard for the assessment of
sleepiness seems meaningless at this time, as sleepiness
cannot be considered a universal phenomenon. Differ-
ent assessment tools for sleepiness are always opera-
tionalizations reflecting the theoretical framework the
investigator has on sleepiness. While the MSLT is a stan-
dardized and internationally widely used method for
the diagnosis of narcolepsy, EEG mapping turned out to
be a valuable instrument for objectively and quantita-



tively measuring the vigilance decrement in narcolepsy
and its improvement under treatment.

In the context of the differences shown between
quantitative EEG analysis, polygraphic tests and the ESS,
itis important not to rely exclusively on either subjective
or objective indices of sleepiness. A combination of
these methods has to be used when making clinical de-
cisions.

Further studies in narcolepsy patients will be neces-
sary in order to confirm correlations between objective
quantitative EEG measures and subjective clinical rat-
ings. Specifically, it may be of interest to utilize advanced
methods of brain electric source localization such as
low-resolution brain electromagnetic tomography
(LORETA) (Pascual-Marqui et al. 2002), since this mod-
ern electrophysiological neuroimaging method may
help to elucidate not only the complex pathophysiology
of narcolepsy, but also the mode of action of its treat-
ment of choice with modafinil. Last but not least, elec-
trophysiological neuroimaging techniques may be uti-
lized in the diagnosis of neuropsychiatric disorders and
their treatment with neuropsychopharmacological
agents according to a key-lock principle (Saletu B etal.
2002 b). The present study indeed shows that vigilance
decrements in narcolepsy can be counteracted by the
vigilance-promoting effect of modafinil. Thus, by con-
sidering differences between neuropsychiatric disorder
patients and normal controls and between psychotropic
drugs and placebo in normal subjects it may be possible
to choose the optimum drug for a specific patient ac-
cording to a key-lock principle, since the drug should
normalize the deviant brain function.

Acknowledgement The authors would like to express their thanks
to Cephalon for supporting this project; further to the entire staff of
the Section of Sleep Research and Pharmacopsychiatry, Department
of Psychiatry, University of Vienna, the Sleep Laboratory Rudolfiner-
haus as well as to Mag. Elisabeth Gratzhofer for her valuable editorial
assistance.

References

1. Alloway CE, Ogilvie RD, Shapiro CM (1997) The alpha attenua-
tion test: assessing excessive daytime sleepiness in narcolepsy-
cataplexy. Sleep 20(4):258-266

2. American Sleep Disorder Association (1997) The International
Classification of Sleep Disorders, revised. Diagnostic and Cod-
ing Manual, Rochester

3. Anderer P, Saletu B, Kinsperger K, Semlitsch H (1987) Topo-
graphic brain mapping of EEG in neuropsychopharmacology -
part I Methodological aspects. Meth Findings in Experimental
Clin Pharmacol 9:371-384

4. Anderer P,Semlitsch H, Saletu B, Barbanoj M (1992) Artifact pro-
cessing in topographic mapping of electroencephalic activity in
neuropsychopharmacology. Psychiatry Res 45:79-93

5. Bastuji H, Jouvet M (1988) Successful treatment of idiopathic hy-
persomnia and narcolepsy with modafinil. Neuro-Psychophar-
macol & Biol Psychiatry 12(5):695-700

6. Bente D (1977) Vigilanz: psychophysiologische Aspekte. Verh
Deutscher Gesellschaft fiir Innere Medizin 83:945-952

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31

Besset A, Tafti M, Villemin E, Billiard M (1993) The effects of
modafinil (300 mg) on sleep, sleepiness and arousal in narcolep-
tic patients. Neurophysiologie Clinique/Clin Neurophysiol 23(1):
47-60

Billiard M, Besset A, Montplaisir ], Laffont F, Goldenberg F, Weill
JS, Lubin S (1994) Modafinil: a double-blind multicentric study.
Sleep 17(8 Suppl):S107-S112

Billiard M (1998) The pharmacological treatment of narcolepsy.
Eur Neuropsychopharmacol 8(Suppl 2):90-91

Boivin DB, Montplaisir J, Petit D, Lambert C, Lubin S (1993) Ef-
fects of modafinil on symptomatology of human narcolepsy.
Clin Neuropharmacol 16(1):46-53

Broughton RJ, Fleming JA, George CF, Hill JD, Kryger MH, Mold-
ofsky H, Montplaisir JY, Morehouse RL, Moscovitch A, Murphy
WE (1997) Randomized, double-blind, placebo-controlled
crossover trial of modafinil in the treatment of excessive day-
time sleepiness in narcolepsy. Neurology 49(2):444-451
Buchsbaum MS, Hazlett E, Sicotte N, Stein M, Wu ], Zetin M
(1985) Topographic EEG changes with benzodiazepine adminis-
tration in generalized anxiety disorder. Biol Psychiatry 20(8):
832-842

Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR,
Keenan S (1986) Guidelines for the multiple sleep latency test
(MSLT): a standard measure of sleepiness. Sleep 9(4):519-524
Chervin RD, Aldrich MS, Pickett R, Guilleminault C (1997) Com-
parison of the results of the Epworth Sleepiness Scale and the
Multiple Sleep Latency Test. ] Psychosom Res 42(2):145-155
Chua LWY, Yu NC, Golish JA, Nelson DR, Perry MC, Foldvary N,
Dinner DS (1998) Epworth sleepiness scale and the multiple
sleep latency test: Dilemma of the elusive link. Sleep 21(Suppl):
184

Cluydts R, De Valck E, Verstraeten E, Theys P (2002) Daytime
sleepiness and its evaluation. Sleep Med Rev 6(2):83-96

Cross EM, Chaffin WW (1982) Use of the binomial theorem in in-
terpreting results of multiple tests of significance. Educ Psychol
Measurement 42:25-34

Duffy FH, Bartels PH, Burchfield JL (1981) Significance proba-
bility mapping: an aid in the topographic analysis of brain elec-
trical activity. Electroencephalogr Clin Neurophysiol 51:455-462
Gasser T, Bacher P, Mocks ] (1982) Transformations towards the
normal distribution of broad band spectral parameters of the
EEG. Electroencephalogr Clin Neurophysiol 53(1):119-124
Gevins A, Le J,Martin NK, Brickett P, Desmond J, Reutter B (1994)
High resolution EEG: 124-channel recording, spatial deblurring
and MRI integration methods. Electroencephalogr Clin Neuro-
physiolog 90(5):337-358

Head H (1923) The conception of nervous and mental energy. II.
Vigilance: a physiological state of the nervous system. Br ] Psy-
chol 14:125-147

Himanen SL, Hasan ] (2000) Limitations of Rechtschaffen and
Kales. Sleep Med Rev 4(2):149-167

Honda Y (1988) Clinical features of narcolepsy: Japanese experi-
ences. In: Honda T, Juji T (eds) HLA in narcolepsy. Berlin-
Springer Verlag, pp 24-57

Hublin C, Partinen M, Kaprio J, Koskenvuo M, Guilleminault C
(1994) Epidemiology of narcolepsy. Sleep 17(8 Suppl):S7-S12
Itil TM, Shapiro DM, Eralp E, Akmann A, Itil KZ, Garbizu C
(1985) A new brain function diagnostic unit, including the dy-
namic brain mapping of computer-analyzed EEG, evoked poten-
tials and sleep (a new hardware/software system and its applica-
tion in psychiatry and psychopharmacology). New Trends in
Experimental Clinical Psychiatry 1:107-177

John ER, Prichep LS, Fridman J, Easton P (1988) Neurometrics:
computer assisted differential diagnosis of brain dysfunctions.
Science 239:162-169

Johns MW (1991) A new method for measuring daytime sleepi-
ness: The Epworth Sleepiness Scale. Sleep 14(6):540-545
Laffont F, Mayer G, Minz M (1994) Modafinil in diurnal sleepi-
ness: a study of 123 patients. Sleep 17(8 Suppl):S113-S115
Maurer K, Dierks T (1991) Atlas of brain mapping. Topographic
mapping of EEG and evoked potentials. Springer-Verlag, Berlin-
New York-Wien



32

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Mitler MM, Gujavarty KS, Browman CP (1982) Maintenance of
wakefulness test: a polysomnographic technique for evaluation
treatment efficacy in patients with excessive somnolence. Elec-
troencephalogr Clin Neurophysiol 53(6):658-661

Mitler MM, Walsleben JA, Sangal RB, Hirshkowitz M (1998) Sleep
latency on the maintenance of wakefulness test (MWT) for 530
patients with narcolepsy while free of psychoactive drugs. Elec-
troencephalogr Clin Neurophysiol 107:33-38

Mitler MM, Harsh ], Hirshkowitz M, Guilleminault C (2000)
Long-term efficacy and safety of modafinil (PROVIGIL®) for the
treatment of excessive daytime sleepiness associated with nar-
colepsy. Sleep Med 1(3):231-243

Moldofsky H, Broughton RJ, Hill JD (2000) A randomized trial of
the long-term, continued efficacy and safety of modafinil in nar-
colepsy. Sleep Med 1(2):109-116

Overeem S, Mignot E, Gert van Dijk J, Lammers GJ (2001) Nar-
colepsy: clinical features, new pathophysiologic insights, and fu-
ture perspectives. ] Clin Neurophysiol 18:78-105
Pascual-Marqui RD, Esslen M, Kochi K, Lehmann D (2002) Func-
tional imaging with low-resolution brain electromagnetic to-
mography (LORETA): a review. Methods and Findings in Exper-
imental Clinical Pharmacology 24(Suppl C):91-95
Rechtschaffen A, Kales A (1968) A manual of standardized ter-
minology, techniques and scoring system for sleep stages of hu-
man subjects. Brain Information Service, Los Angeles
Richardson GS, Carskadon MA, Flagg W, Van den Hoed J, De-
ment WC, Mitler MM (1978) Excessive daytime sleepiness in
man: multiple sleep latency measurement in narcoleptic and
control subjects. Electroencephalogr Clin Neurophysiol 45(5):
621-627

Saletu B, Griinberger ] (1985) Memory dysfunction and vigi-
lance: Neurophysiological and psychopharmacological aspects.
Ann N'Y Acad Sci 444:406-427

Saletu B, Griinberger J, Linzmayer L, Stéhr H (1986) Pharmaco-
EEG, psychometric and plasma level studies with two novel al-
pha-adrenergic stimulants CRL 40476 and 40028 (Adrafinil) in
elderlies. New Trends in Experimental Clinical Psychiatry 2:5-31
Saletu B, Frey R, Krupka M, Anderer P, Griinberger ], Barbanoj
M]J (1989 a) Differential effects of a new central adrenergic ago-
nist - modafinil - and d-amphetamine on sleep and early morn-
ing behaviour in young healthy volunteers. Int J Clin Pharmacol
Res IX (3):183-195

Saletu B, Frey R, Krupka M, Anderer P, Griinberger ], Barbanoj
M]J (1989 b) Differential effects of the new central adrenergic ag-
onist modafinil and d-amphetamine on sleep and early morning
behaviour in elderlies. Arzneimittelforschung - Drug Research
39(10):1268-1273

Saletu B, Kiifferle B, Anderer P, Griinberger ], Steinberger K
(1990a) EEG-brain mapping in schizophrenics with predomi-
nantly positive and negative symptoms. Comparative studies
with remoxipride/haloperidol. Eur Neuropsychopharmacol 1:
27-36

Saletu B, Saletu M, Griinberger J, Frey R, Zatschek I, Mader R
(1990b) On the treatment of the alcoholic organic brain syn-
drome with an alpha-adrenergic agonist modafinil: double-
blind placebo-controlled clinical, psychometric and neurophys-
iological studies. Progr Neuro-Psychopharmacol Biol Psychiatry
14:195-214

Saletu B, Anderer P, Paulus E, Griinberger J, Wicke L, Neuhold A,
Fischhof K, Litschauer G (1991) EEG-brain mapping in diagnos-
tic and therapeutic assessment of dementia. Alzheimer Disease
and Associated Disorders 5(suppl 1):57-75

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Saletu B, Saletu M, Griinberger J, Frey R, Anderer P, Mader R
(1993) Treatment of the alcoholic organic brain syndrome: dou-
ble-blind, placebo-controlled clinical, psychometric and elec-
troencephalographic mapping studies with modafinil. Neu-
ropsychobiology 27:26-39

Saletu B (1997) Visualizing the living human brain. The tech-
niques and promise of EEG and event-related potentials map-
ping. In: Judd L, Saletu B, Filip V (eds) Basic and Clinical Science
of Mental and Addictive Disorders. Bibliotheca Psychiatrica
(167). Karger, Basel, pp 54-62

Saletu B, Anderer P, Pascual-Marqui RD (2000) Pharmacody-
namics and EEG II. From EEG mapping to EEG tomography. In:
Saletu B, Krijzer F, Ferber G, Anderer P (eds) Electrophysiologi-
cal Brain Research in Preclinical and Clinical Pharmacology and
Related Fields - An Update. Facultas Universitéitsverlag, Wien, pp
157-163

Saletu B, Anderer P, Saletu-Zyhlarz GM, Arnold O, Pascual-Mar-
qui RD (2002a) Classification and evaluation of the pharmaco-
dynamics of psychotropic drugs by single-lead pharmaco-EEG,
EEG mapping and tomography (LORETA). Methods and Find-
ings in Experim Clin Pharmacol 24(Suppl C):97-120

Saletu B, Anderer P, Saletu-Zyhlarz GM, Pascual-Marqui RD
(2002b) EEG topography and tomography in diagnosis and
treatment of mental disorders: evidence for a key-lock principle.
Methods and Findings in Experim Clin Pharmacol 24(Suppl D):
97-106

Saletu M, Hauer C, Anderer P, Gruber G, Oberndorfer S, Mandl
M, Popovic R, Saletu B (2000) Tagesmiidigkeit korreliert mit
nichtlichen Atmungs- und Arousal-Variablen bei Schlafapnoe-
patienten: Polysomnographische und EEG-Mapping Unter-
suchungen. Wiener Klinische Wochenschrift 112(6):281-289
Saletu M, Anderer P, Saletu B, Lindeck-Pozza L, Hauer C, Saletu-
Zyhlarz GM (2002) EEG mapping in patients with restless legs
syndrome as compared with normal controls. Psychiatry Res
Neuroimaging 115:49-61

Saletu-Zyhlarz GM, Anderer P, Linzmayer L, Semlitsch HV, As-
sandri A, Prause W, Hassan Abu-Bakr M, Lindeck-Pozza E, Saletu
B (2002) Visualizing central effects of S-adenosyl-L-methionine
(SAMe), a natural molecule with antidepressant properties, by
pharmaco-EEG mapping. Int ] Neuropsychopharmacol 5(3):
199-215

Sangal RB, Sangal M, Belisle C (1999) Longer auditory and vi-
sual P300 latencies in patients with narcolepsy. Clin Electroen-
cephalogr 30(1):28-32

Schmidt-Nowara WW, Wiggings CL, Walsh CK, Bauer C (1989)
Prevalence of sleepiness in adult population. Sleep Res 18:302
Stampi C, Stone P, Michimori A (1995) A new quantification
method for assessing sleepiness: the alpha attenuation test. Work
& Stress 9:368-376

Thorpy M (2001) Current concepts in the etiology, diagnosis and
treatment of narcolepsy. Sleep Med 2(1):5-17

US Modafinil in Narcolepsy Multicenter Study Group (1998)
Randomized trial of modafinil for the treatment of pathological
somnolence in narcolepsy. Ann Neurol 43(1):88-97

US Modafinil in Narcolepsy Multicenter Study Group (2000)
Randomized trial of modafinil as a treatment for the excessive
daytime somnolence of narcolepsy. Neurology 54(5):1166-1175
Van Ert PM, Gapinski JP, Fuller MJ (1999) The predictive value of
the Epworth Sleepiness scale: patients’ versus significant other
assessments of patients sleepiness. Sleep 22:48



