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- ABSTRACT
A comparison of subjects with normal and pathological sleepi-
ness was carried out with narcoleptic patients as representative of
the la;ter population. Fluctuations of alertness through the day were
observed using both subjective (SSS) and objective measures (reaction

time, P3, CNV). In addition, a comparison of data recorded prior to

REM and NREM naps was carried out.

The harcbleptic group reported subjective feelings of more
intense sleepineés. They also showed significantly shorter sleep
onset times to stages 1B and 2. No between groups differences were
observed in total time spent in these stages. This suggests thégg
healthy subjects, although less subjectively.sleepy than narcoleptics,
have an underlying pressure for sleep that is activated under _condi-
tions that encourage sleep. Narcoleptics reported a larger  increase
of alertness after naps as compared to controls. Thié increase in
alertness might be related to the time spent in REM sleep or to the
release of their larger pressufe for sleep.

No between groups differences were found in the N1 amplitude.
However, a significant time of day by group interaction was observed.
While controls showed a reduction of N1 through the day with a signi-
ficant decfease at 1400, phe N1 for narcoleptics was significantly
attenuated in the morning, increasing in amplitude through the day,
with a significant increase in amplitude being observed at 1400. This
increase was interpreted as an overcompensation of attentional effort:

\
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The amplitude of P3 was significantly attenuated in . narcoleptics.
This may have resulted from a low level of confidence in decision
making, 6: equivocatidn. '

The contingent negative variat;;n amplitide was similar 'in
poth types ;f sleepiness. A significantly -greate; negativity was
observed 1in the slow wave recorded after S2 in-narcolepﬁics, ‘perhaps
reflecting a larger processing effort during the task.

Comparison of; REM vs NREM data showed that narcoleptics who
iater fell into REM sleep were significantly more drowsy than those
later falling into NREM sleep. A significanﬁ‘increase in alertness
was reported after REM naps. A significantly larger ‘P2~was recorded
prior to REM in the P3 paradigm. The interpretation of this finding
is uncertain bhut a slower‘ shift from positivity to negativity is a
possible explaﬁation. the second half of the CNV interval was signi- -
ficantly reducea over - frontal areas prior to REM naps, which might
reflect the lower level of alertness experienced by narcoleptics prior '
to this stage of sleep. It is also possible that a larger degree of
depolarizatioﬁ of the cortex recorded during REM sleep precedes the
actual onset of REM, thus increasing the baseline for maximal cortical

depolarization and resulting in a CNV of smaller amplitude. '
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INTRODUCTION

Sleep and wakefulness are different states of consciocusness.
During wakefulness a person's awareness or consciousnéss of his en-
vironment is very high. . During sleep it is limited to selective and
specific evénts. Thié has 1led to sleep being defined as a state of
unconsciousness. However, research findings suggest that both in-
formation processing and awareness of the environment are present
during sléep.;‘ A series of studies have shown that external stimuli
presented ‘during REM sleep are often incorporated into the dreams
réported by the subject when he is awakeqed from REM sleep (Dement &
Wolpert, 1958;- Berger, 1963; Koulack, 1969) and that sensory stimuli
deliﬁered to the subject cause K complexes to be generated during
stage 2 sleep (Loomis et al. 1938; Roth et al. 1956; Rechtsch&ffén &
Kales, 1968). Some‘subjécts have the ability to awaken themselves at
a chosen hour (Cohen, 1979) and subjects can ﬁe awoken from deep
stages of'sleep when presented with significant stimuli, such as their
name being called kKoella, 1968; Poitras et al. 1973).

From later childhood through adulthood, sleep and wakefulness
interact at two levels. They occur.sequential}y in each succeeding 24
hour period (c':i.rcagiia.n in ciistribution) (Williams & Karacan, 1974;
Williams et al. 1964) and also interact in ultradian fluctuations in
A daytime ﬁlertness (cycié duratign less than.24 hours) (Carskadon &
Dement, 1977, 1979; Broughton 1975). Low levels of alertness, ex-

perienced as sleepiness, are more intensely felﬁ very early 1in the



morningband early in the afterncon (Cdrskadon & Dement, 1977, 1979).
Studies have shown that ‘while'fthe general level of sleepliness  is
directly'related to amount and q;ality cof the priorf night's sleep
(Webb & Agnew, 1974; Carskadon & Dement, 1981) fluéguaﬁions of alert-
ness that occur in a 24 hours period occur independent of these fac—
tors. For example, although sleep deprived subjects report being much
~sleepier Ehan normals, they still show decreases of alertness at
éritical times (early mérnlng and eérly afternoon) (Carskadon & De- °
ment, 1977, 1979; Richardson et al. 1982). Decreased levels of
alertness lead to a state characterized by  a desire  to sleep. This
state known as sleepiness is essentially'a motivatiénal state whose
consummatory response 1s to go to sleep. In situations which are
inapprépriace to sleep, the individual must fight tﬁeir low functional
level and continue to perfomm.
Excessive daytime sleepiness is experienced by ﬁéalthy people
.under certain conditions such as sleep deprivation or jet lag and
during the initial adaptation to a new sleep-waking schedule (Dirken,
1966; Gfénville & Broughton, 1979; Herscovitch & Broughton, 1981,

5

\\\\\\ . Verhaegen et al. 1981). This sleepiness is easily reversible by ade-"

' quate sleep ddfing the accustomed circadian cycle. \

‘-Excessive daytime sleepiness is also the major disabling symptom
of sleep disorders such as narcolepsy, sleep apnea and idiopathic
central ner?ous sfstem hypersomnia (Guilleminault & - Dement, 1974;

.Coleman et al. 1982). It also accompanies the“symptomatology re-

sulting from closed head injury and metabolic disorders (Guilleminault

& Dement, 1974, 1977). Clinical reborts indicate that the sleepiness



experienced by.patienfs with sleep disorders ‘is of a much more lntense
nature than that experienced by healthy people (Ganado, 1958;‘ ment,
1976); However, specific features that differentiate the two types of
sleepiness have not been defined. Tﬁe intense sleepiness experienced
by those with sleep pathology has been described as 'excessive daytime
sleepiness' (EDS) (Guilleminault & Dement, 1974; Dement, 1976, 1979).
However, since healthy people can experience exéessiéé daytime sleepi-
;éss (see above), the term 'pathological sleepiness' (PS) seems to be
more appropriate and will therefore be employed in this thesis.
Pathological sleepiness is distinguiéhed from normal sleepiness
by 1its chronicity and intractable nature (Guilleminault & Dement,
1974; Broughton & Mamelak, -1979, 1980). 'Medication does not seem to
alleviate the intensity of the sleepiness experienced by patients with
PS. Unlike normal sleepiness, the sleepiness experienced by patients
with_sleeﬁ disorders is not solely a function of quantity and quality
of night sleep. Hypersomniacs, for example, sleep for very prolonged
"pericds 6f time (2 to 12 hours) and still feel chrdnically sleepy
(Roth, 1980). The sleepiness of other patient populations, -such as
narcoleptics, decreases for short periods of time following a nap only
to return to its previous intensity shortly afterwards (Ganado, 1958).
In the last decade, clinicians have approached the study of
sléepiness mainly from two perspectives; a clinical one that has
investigated methods for the diagnosis of . sleepiness and the evalua-—
tion of its treatment (Dement et al. 1978, Hartse et al. 1980; Roth
é%:ai. 1980) and a more theoretical one that has studied the nature

-

of sleepiness by establishing its determinants. and fluctuating rhythms
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(Carskadoﬁ & Dement, 1979, 1981, Carkadon et al. 1981, Richgrdson
et al. 1282).

The first measure introduced'to quantify subjective sleepiness
was the Stanford Sleepiness Scale (Hoddes et al. 1972). This scale
has since been widely used in evaluating the sleepiness of healthy
people and that of people suffering from pathblogical sleepiness. In
normal populations, the scale has proven sensitive to the effects of
phasic sleep deprivation (Glenville & Broughton 1979; Carskadon &
Dement, 1975, 1977; Herscovitch & Broughton, 1981). However, its
sensitivity to the effects of chronic sleépiness has been questioned.
(Friedman et al. 1977, Herscovitch & Broughton, 1981). While it was
found to be successful in differentiating normal from pathological
sleepiness by Valley & Broughton (1981), it was sometimes unreliable
in differentiating chronically sleepy patients from controls in the
study of Dement et al. (1978).

’ Dement et al. (1978) found that patients with PS tended to
deny the extent of their sleepiness, rating themselves as alert on the
SSS when visual observation indicated they were falling asleep.
Similarly, Roth et al._(1980) found no difference in SSS ratings
between a population of non-complaining normal subjects and a popula-
tion of upper airway sleep apnea patients with pathological sleepi-
ness. It has been suggested that chronically sleepy people are so
infrequently alert that they no longer have a frame of reférence-fpr,
judging their own lack of wakefulness‘(Dement et al. 1978). While
the SSS.scale provides useful information regarding the phehomenologi-

cal experience of the subjects, there is a need to look for objective



measures to better define their true level of sleepiness énd the
_accompanying functional states.

Performance measures are an objectivé means of assessing the
impairment associaﬁed.yith sleepiness. Few studies have investigated
the difference in performance between normal subjects and those with
PS. Guilleminault et al.'(1975) usihg three different tasks, a signal
detection task (Light Stimulus Vigilance Test), a seriai counting task
{Serial Alternation Test) and an addition task (Wilkinson . Addition
Test) reported that patients with PS made a larger number of errors
than normals, many being errors of omission or non response resulting
from microsleeps. Billiard (1976) reported that perseverative errors
seemed to characterize the performance of pathologically-sleepy people
in the Wilkinson Addition Test. Neither of these studies investigat-

‘}ing performance deficits carried out statistical comparisons.between
the control and patient groups. Valley & Broughton (1981) found that
both a long repetitive task (Wilkinson Auditory Vigilance Test) and a
short test which required mental trac¢king and focused attention (Four
Choice Serial Reaction fiﬁe Test) distinguished between normal and PS
subjects.” However, they observed that short tests such as the Knox
Cube, Digit Span of the WAIS and Paced Auditory Serial Addition Test
were unsuccessfiul in discriminating betweeﬁ the g:éups. The more
challenging and motivating nature of these ﬁésts may hﬁ?e made it ~
easier for ﬁhe patients to sustain alertndss. -

Valley & Broughton (1983) observed that perférmance errois were

not only assoclated with microsleeps but aléo with lower -levels -of

alertness monitored during wakefulness with EBEG methods. Né;goieptics

%



in this study made. a larger ‘number of errors of omission and showed
longer RTs than contrels. This emphasizes the potential usefulness of'
short performance tests in which reaction time and'deteetion 1eve1s
are measured.

More recentlg, reseafchers (Mitler et al. 1982) have employed’
short tests such as the Digit Symbol Substitution of thelWAIS and the '
Wiikinson Addition Task in the evaluatlon of treatment for pathologi-
cal sleeﬁ‘ness. They found that while these tests werersenSLtlve to
the positive effects of treatment,l-they did not alwaﬁs statistically
differentiate between individuals w?th PS and normals,- altuough per-
formance diffetences were observeq.— A large amouutfof variability was
possibly responsibie for the lack of statistical signifieance:

The limitations of the clinical application of performance.
tests are eyident. Short tasks have .proven to be unreliabie in measu-
Ting the effects of sleepiness (Williams et al. 1959, Mitler et al.
1982), possibly as a result of the large.degree ofkvariabi;ity that

has been reported to be assocxated thh them. - A lafge variability in

performance levels is probably related to the fact that motivational

influences affect performance. For example, if the subjects perceive

the task interesting and challenglng they may exert more effort and
thus perform-better than if they percexve it as easy or boring. This
suggests that only long repetltlve,tesps can measure‘the stable ef-
fects of sleepiness after the initial ﬁotivation dies out. However,
the time eonsuming.;nature‘of. such tests and the effects of fatigue

place limitatiens on their usefulness.
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A different approach to the study of sleepiness has been pro-
vided by electrophysiological techniques. The EBEG makes it possible
to measure brain aqtivity through.electrodes -placed on the scalp.
Wakefulness is described as electéic&l wave activity of mixed fast
frequency and low amplitude. Standard procedures ‘have been esta-
blished for thé @easurement of activity during sleep (Rechtschaffen &
Kales, 1968), these include the recording of at least the EEG, muscle
tonus (EMG) and eye movements (EOG).

The EEG pattern has also been used to define sleepiness.
_ Armington & Mitnick (1959) found ‘that alpha rhythm was absent in the
EEG of subjects who had been awake more than 100 hours. These find-
ings were latey_ggnfirmed_by other researchers (Johnson et al. 1965).
The EEG pattern -éf drowsiness ﬁrior to sleep has been described as a
slowing and fragméﬁfétion of the alpha rhy;hm accompanied by the
appearance of medium voltage mixed frequency activity and slow rolling
eye movements (SﬁageilA)(Simon & Emmons, 1956; Oswald, 1962; Gastaut &
Brougton, 1965). As. ;he-arousal level décreases further this pattern
is replaced by &ediﬁmqv¢ltage 4-7 cps theta activity and sharp waveé
(Stage lBAéf Gastaut & ‘Broughton, 1965). Some researchers have clas-
sified this pattern ;asfs£égé'1 and have considered it to be the_onset
of sleep (Recqrscn&ffen-&. Kales, 1968). Others have asserted ‘that
spindles musta be present for unambiguous sleep to occur (Johnson
1973). ..Evidencg which saﬁports this comes from gtudies showing that

peoplé do ' mat normally perceive themselves as asleep until spindles

appeér in the EEG;(Gastaut-& Broughton, 1965). It seems-that stage 1A

o
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> and 1B ﬁatter;s alternate in a moment to moment interchange until
= NS
%alpha disappears.
i électrophysiologiq&} stugies' of subjects with sleep patholo-
gles, 1i.e. nparcolepsy and hypersomnia (Pond, 1952; Gastaut & Roth,
1957; Roth, 1964) have reported that drifting and Qacillatory EEG
states appear in their routine c¢linical EEGs. Studies in which EEG
recordings were done while patients with PS performed a task have
reported that their failure to respond was due to microsleeps con-
sisting of short-lasting bursts of stage 1 (loss of alpha) and/or the
synchronized theta =activity of stage 2 (Guilleminault et al. 19275),
which were recorded during periods of inadequate performance and
inappropriate speech. Valley an&'Broughton.(IQSS), on the other hand,
observed performance deficits associated with higher levels of vigi-
lance in which alternation of stages 1A and 1B were recorded. Neither
Guilleminault et al. (1975) nor Valley & Broughton (1983) ever noted
microsleeps in nérmal alert sﬁbjects. Valley and Broughton did record
stage 1A in normal controls but it appeared with éuch less frequency
than égqparcoleptics. ‘It seems ;pat while extremely low levels of
aroﬁsal (stage 2) do not characterize the drowsiness of normal healthy
people, fluctuations of alertness (alternations of étage 1A and 1B)
accompany the drowsiness state of both normals and patients with PS.
Another EEG procedure employed as a clinical tool in diagnosing
PS is the Multiplé Sleep Latency Test (MSLT) developed at Stanford.

The MSLT records EEG-defined sleep onset latencies at different times

throughout the day. Based on the premise that the sleepier the sub-
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Jject, the faster they will‘fall asleep, the MSLT;provides a measure of

-

sleepiness independent of the patient's subj%étiveqéséimates. Severalfﬁ‘

studies have demonstrated that the i&te§§y to sléep onset during the
day is shortened when subjects are place& on a restrictea sleep sche-
dule (Carskadon and Dement, 1981; Carskadon et al. 1981) or deprived
of sleep (Carskadon & Dement, 1977; Carskadon & Dement; 1979). Con-
vérsely, sleep onset latencigé;gre inéreased wheh the number of houms
of night sleep are increasedi(Carskadon & Dement, 1979). The changes
in sleep latencieé parglléi'changes in subjective estimates of sleepi-
ness as measured by -Ege SSS..-The correspondence between self réported
sleepiness and MSLT sleep latencies that ﬁéve been found in Sleep
deprived .ndfﬁal subjects is not always observed in patients who

. complain of EDS and exhibit mecturnal sleep pathology. While Dement

et al. (1978) reported that sleep apnea patients showed rmch longer

sleep latencies- and described a marked improvement in daytime alert-

ness followiﬁg treatment, Roth et al. (1980) found no difference
between pre- and post-treatment sleep latencies 'despitetéﬁtient re;
ports‘thaﬁ,daytime sleepiness was dramatically reduced. -

It may be that treatment improves the ability of the patient to
remain alert without affecting -their propensify to fall asleep under
adequate conditions. Hartse et al. (1980, 1§§2) modified the MSLT to
test the ability of the subjects to stay awake. Subjects were ins-

tructed to attempt to stay awake while in bed. - This did result in

overall longer sleep latencies, but the test still proved an insensi- -

tive measure of changes in alertness in patients treated for PS (i.e.,
L4

they. were .unable to stay awake longer although they reported increased
- - - - .
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alertness). As can be seen, the'MSLT test has some shortcomings: 1)

A large overlap has been reported between the sleep onset times of

normals and people with pathological sleepiness, 2) The test is unable .

to differentiate between degrees of extreme sleepiness which limits
the information regardiﬁg the intensity of sléepiﬁess and, 3) The MSLT
is not sensitive to increases in alertness resulting from treatment
(Roth et al. 1980; Hartse et al. 1982). These limitations suggest
that other methods for the assessment of sleepiness should be in-
vestigated.

A different electrophysiological approach to the study of alert
ness 1is to measure the latencies and amplitudes of cerebral evoked
potentials recorded during the processing of sensory ;timuli deliyered
to the subject. While the usual EBG records eleétfical activity

related to different events (internal and external), averaging tech-
nigues meke it possible to recora potentials evoked by a specific
stimulus such as clicks and tones (Davis, 1964; Picton et al. 1971).
An auditory stimulus can elicit up to 15 separate wave components
which can be extracted, as menfioned above, ?rom ongoing neocortical
acéivity b§ computer averaging techniqueé (Picton et al. 1971). Of
the 15 waves, the initial components seem to correspond~ to cochlear
nerve, to 5ra§nstem nuclei and to thalamic nuclei activity. These -
- components haye been reported to be insemsitive to levels of alert-
ness, as their amplitudes do not change with level of arousal of the
" subject or the level of attention paié to the stimuii (Mendel & Gold-
stein, 1371; Amadeo @ Shagass, 1973; Picton et al. 1974). Béqause -of

their dépendence on the physical qualities of the stimulus and their

Ay
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indepeﬂﬁence of the psychological state of the subject, theselshort
latency components have often been labeled as "exoglgbus“.‘ Long
latency AEP components appearing 30 to 50 msec. After the preség;i—
tion of the stimuli have been reported to vary with the levef<\of
. .i attention of the subject (Hillyard et al. 1973, Picton et al. 1974,

. Schwent et al. 1976a, Hink & Hillyard, 1976).

The long latency aq?itory evoked potential componedts have beep
classified into mesogenous and endogenous  components. The former
include a ueg&tive-posifive ;omplex (often called N1-P2) haﬁing peak

-~.latencies at approximately 100 and 200 msec respectively. The compo-
" nents are known to be sensitive to the bhysical charactefistics of the
stimuli such as frequency rise and fall time, intensity and rate of
.- presentation of the stimuli. For example, larger amplitudes are
~ obtained with larger intensities and slower Trates of pfesentation
(Bd%ler, 1968;.Callaway, 1973). These components are also seqSitive
to psychological manipulations such as t@e lé;el of attention paid to
the stimulus. FThe N1, fgr example, has been known to incregse in
amplitude whenever the subject attends to the stimuli }n _one ear- and
ignores the stimuli in the other (Picton & " Hillyard, 1974). -TheﬂNl
has been observed to decrease in amplitude dﬁring divided attention
tasks when the subject atten@s to stimpli presented to both ears and
to increase when the subjects attends to stimuli presenied to only one
ear (Hink & Hillyard, 1976). |
Two types of recordings'have been reporﬁed in "the AEP-alertness
1iterature..£h onea_AEPs are recorded when subjecté are detecéing spe-
cific target stimuli. ﬁp the_gthér, subjects listen to the stimuli

with the eyes closed while lying down, or wﬁiié lying or sitting in
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the dark (Weitzman & Kremen, 1965;‘ ‘Hakinnen & Fruhstorfer, ”1967;
Fruhstorfer & Bergﬁtrom, 1969). The AEPs have also been recorded as
the subjects fall asleep, or during_sleep with the récording being
done ‘through the night (Williams et al. 1962; Suzuki & Taguchi, 1968;
WMendel & Goldstein, 18969, 1971, Anch, 1977). Williams et al. (1962)
6bs¢rved that as the EBG changed from wakefulness to sleep the
waveform of the evoked response changed consistently; the amplitude of
wave Pl'-iqcreased, while those of,waves.Nl and P2 decreased. QOther _
studies that have recorded the AEP of subjects Sitting in a dark room
with the eyes open or while 1lying down reported decreases of Pl, N1
and P2 to 25% of their waking.size (Fruhstorfer & Bérgstrom, 1969).
Other researchers have not reported decreases in AEP amplifudes from
wakefulnéss to sleep (Buschaubam et al. 1975).. It is possible that
the différence§ in results among these studies can be explained on the
bas;s of methodological differénces. Exogenous components, as pre-
viously stated, are quite éensiti;e tq stimilus parameters such as
inteasity, frequency, physical characteristics and rate of presenta-
tion. Because the different AFP-alertness studies have psed different
stimulus paraneters, comparison of results is, then, somewhat pro-
blematic.

The interpretation of AEP components in relation to alertness
poses a pgoblem when subjects are asked only to listen to the stimuli.
In view. of the ambiguous instructions in thch a subject is aéked to .

simply lie still or to passively listen to or look at stimuli, one can
never be sure precisely what . the subject was doing. They may have

been almost asleep or they may have been quite attentive. This may .



explaia some differences between studies. For example,. Pressman et
(1982) reported increases in N1-P2 amplitudes in a group of eleep
deprived subjects as they listened to clicks prior to falling- asleep.
They interpreted the N1-P2 augmentation as reflecting increaees in the
amount of attention paid to the stimuli although no specific atten-
tional requirements had been made to the subjects.

Studies that have used signal detection tasks to investigate
the relationship between AEP components and levels of alertness repory
that the N1 and P2 are negatively correlated with reaction times
(Wilkinson & Morlock, 1967; Bostock & Jarvis, 197;'0) with a decrease of
' ampli tude reflecting a low ‘level of alertness and/or 1inability.to
sustain attentlon. However, not all studies have reported decreases
of amplitudes' in these components: Campbell et al. (1980) Héd sleep-
deprived subjects engage in a signal detection task in which suojeots
were asked to detect occasional ‘'targets' occurring infreguently
among a train of regularly presented"standard‘ stimuli.‘{Tpe couat of
the number of hits was used as behavioural evideﬁce~that thezsubject
was attentive. They did not record Ni- P2 decreases in these sﬁbgects.
They suggested that subjects were able to allocate compensatory effort
and hence maintain satisfactory 1evels of attentlon.

| The endogenous auditory evoked potential‘égmponents consist of

a negativity occorrihg at approximately 250 msec (Né) and a'positivity
occurring at approximately SOOJm;ec (P3). The components are called
endogenous because they vary with " the psychologlcal significance that
.the stimulus hds to the subject rather than thh ltS physical charac—

teristics. For example varyving the rate of LntenSLty or. frequency of



the task-relevant stimulus. has no effect on the amplltude of P3.
Slmllarly changlng the modality of the. stlmulus has little effect on
’93. ‘N2 and P3 can also be ellclted in - the absence of any external
sfimulus when a subject 1s asked to detect occasional omissions in a
regular train of stimuli (Hillyard et'al. 1973} Picton et al. 1974;
' Ford et al. 1976; Ruel’ikin & Sutton, 1980). The latencies’ of these
componehts are increased with decreasing stimuli discriminability
‘(Ford” et” al. 1976, Ritter et al. 1979; Naatanen et al. 1980).
Because both components occur 1n sxgnal detection tasks they are often
referred to as the N2-P3 complex.“

[ wTye d;fferent typeés of ‘N2 components can be recorded depending
-on whether “the subjects are only listening to the stieuli or are
deteeting specific'terget signals. The N2 component " recorded under
the former circumstences nas repeatedly been found very sensifive to
.:decreases in alertness. It has been reported to increase consistently
in ampli tude during:the progression from wakefulness to sleep (Ornitz
et el._}967a; Picton et al. 1974; Will{ams et al. 1962). Qrnitz et
a%. (1967Q? determined that increases in N2 amplitudes were related

to onset of sleep. They observed this increase at both the initiation
.oé sleep and at sleep onsets after awakenlng from sleep during the
night. Campbell et al. (1980) observed a tendency for iLncreases in
N2 amplitudes as the number of hours of sleep deprivation increased.
. Pressman et al. (1982) also recorded signficant N2 amplitude in-
creases in. a group of-sleep_ deprived subjects as compared to & group

of normal controls. However, they did not record similar significant
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increases in a group of pathologically sleepy people in whom extreme
- low levels of alertness and difficulties in sustaining attention are
present. Broughton et al. (1981), .however, found significantly
-smaller N2 amplitudes in a group of narcolepﬁic subjects in associa-
tion with low detection levels and significantly longer reaction
times. It appears that failure to record an increase in N2 amplitude
does not necessarily--reflect a high level of alertness, and that the
N2 amplitudelmight behave dlfferentlyv in sleep deprived subjects
(Campbell .et al. 1980) than in people with PS (Broughton et al.
1981). Furthe}more, the N2 recorded in signal detection studies might
be very different from thét in which subjects are not engaged in
decision-making tasks.

* The P3 component is aﬁong the most widely researched endogenous
components (Picton et ai. 1978, Donchin et 2l. 1978). Researchers

have been interested in determining the cognitive processes that

underly changes in its latencies and amplitudes. It 1is difficult to

define the process reflected in the P3 as its ' amplitude has been
manipulated in a variety of paradigns. The P3 has been said to re-
flect active and passive attention processes (Roth & Kopell, 1973;
Roth et al. 1976; Squires et al. 1975; Ford, et al. 1976), stimulus
evaluation (Squires et al. 1977), the hit rate of the subjects
(Squires, et-al. 1975), the information value of a stimulus derived
from its probability of occurrence (Tueting et al.:197i, Campbéll et
al. 1979) and the feedback -value of the stimuluss(Donchin, et al.
-1973). It has also been stated that P3 reflects a comparison with me-

mory models or templates (Hillyard et al. 1973; Donchinwet al. 1978).

—
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P32 has on seﬁarate occasions been reported to reflect active
qnd passive attentional processes: Based on results of stud%es show-
ing P3 of large amplitude when stimuli are detected &nd“an absence of
P3 when they are undetected (Hillyard et al. 1973), it has been
concluded that P3 indexes active attentional processes. On the other
hand, some researchers have recorded P3 under ignbre conditions in
which the subjects are told to ignore the stimulus. However, it is .
difficult to assess- the extent to which the subjects actually ignored
the stimuli (Roth, 1973; Roth et al. 1976). It is possible that they
were in  fact unable, to ignore the low probability target signals.
Squires ¢t al. (1973) have notgd the existence of two different types
of positivities in the la;ency range of the P3 component. A positive
wave can be recorded over frontal areas at shorter latencies when
deviant stimuli (stimuli with different physical characteristics than
the standards) are presented under ignore conditions to the subject.
A positivity of larger amplitude and later latency can be recorded
over - parietal areaé when the subjects are instructed to actively
detect the deviant target signal.

The P3 component has been recorded in a multiplicity of para-
digms. It seems that the common element in all of these paradigms is
the identification of a target. Thus, it can bé stated that in a
target detection task, P3 reflects selective attentional and percep-
tual processes for identification_ggiirelevant stimuli and that this
identification occurs in relation to the subjects expectancies of
different stimulus categories (Hillyard et él. 1973, Hillyard &

Woods, 1979). The P3 appears to represent a common, modality non-
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specific process having a similar scalp distribution for detection of
signals ih auditory, visual an& somatic modalities (Snyder et al.
1980). ' ;

’Recently, Cahpbell et al. (1986) recorded long latency AEP's
in a group of sleep depriveh.snbjects and observed decreased P3 as the
number of hours of sleep depfivation increased. They observed that
the P3 amplitude after sleep deprivation tended to decrease from 0:00
to 8:00 hours and then‘feturn to baseline from 0800 to 1200. Under
control conditions of normal sleep, no significant P3 decrements were
. recorded. The same finding of P3 amplitude reduction was confirmed in
a second experiment in which an easier‘ task and longer interstimulus
interéal.were used. The decline in amplitude of P3 over the sleep
depriv#tion night was observed to bé indebendent of ease of target
deﬁe;tion or rate of stimulus presentation. The authors concluded
that' the decrease in P3 could be interpreted in general terms as
reflecting perceptual and attentional difficulties associated with
sleepineés.

Studies that have been carried out to determine the usefulness
of AEP Eomponents in the evaluation of PS have reported conflicting
results. Pressman et Al. (1982) showed that the amplitudes of the
N1-p2 andfPZ—Nz omponents recorded from norm#l subjects listening to
clicks weie 'similar to those of people with PS. Broughton et al.
(1981), -on the other hand, reported reduced N1, P2, N2 and P3 ampli-
tudes in narcoleptics compared to controls during a one hour vigilance
test. Because normal controls spent most of the time in wakefulness,

it was not possible to record AEP's during drowsiness. It is dif-
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ficult to know if the results of these two studies reflect differences
in the degree of enpagenent of the subjects or simply different sti-
mulus parameters. | In Pressman et al.'s study subjects were asked to
remain alért, while Broughton et al.'s subjects were engaged in a
signal'ﬂdgteétfbn task. Fﬁrther research is needed to determine the
usefulness.of AEPs in meaéuring level of ;iertness. A paradigm re-
quiring an”optimal iévél of attention,. 'such as a signal detection
task, might be helpful since .lower levels of performance observed
during sleep deprivation conditions have been attributed tb the sub-
Jects inablity to sustain attention (Williams et al. 1959; Wilkinson

et al, 19G6; Guilleminault et al. 1975).

L

Another event related potential that is sensitive to“the sub-

Jject's level of atténtion is the contingent negative variétipn (CNV).
‘The C¥V was first reported in 1964 (Walter et a;."“1964) as a slow
negative shift occurring in the EBG. This slow negative wave develops
between a warning stimulus (S1) and @'éﬁﬁsequent imperative stimulus
(82), to which the subject must. respond. The CNV is. most qcnmnnly
recorded with maximal amplitudé from frontocentral scalp electrodes
{Loveless & Sanford, 1974a; 1974b; Gaillard, 1976). As the interval

betweén the warning and the imperative stimelus is increased the
contingent negative variation separates into an early slow negative'

wave following the warning stimuius and a iaﬁer negative wave preced-
ing the imperative stimulus (Loveless and Sandford, 1974a,1974b;
Gaillard, “TQ{?). Loveless and Sandford (1974) have suggested that
these early and late negativé waves represent respectively the orien-

tation to the warning and the expectancy of the required response.

-
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Another two component view has been g@vaﬁééd by Gailiard (1976) who
distinéuishes an early orientation wavé following S1 (O wave) and
having a.frontocentral distribution and a later, pre-S2, expectancy
wave (E wave) recorded pre-centrally. These studies have underlined
the differential iavolvement of vari;ﬁs cortical arvreas during pro—
gressive staées of pégparatory processes. Howéver: Donchin eﬁ- al.
(1978)" warn thaétreplacing one diffuse generalized effect’ with two
localized more specific effects would seem to be of dubious merit
since it implies that the different functions described are subserved
Qy differently 1located neuronal'aggregates, ‘whbse activities overlap
-and summate. They coﬁsider it more likely that cortical slow poten-
tial changes reflect a depqlarizing process in a copplex mosaic of
" neuronal domains that have béen activatéd by subcoréical mechanisms
(Gazzanige & Hii%yard, 1973). -

When Walter et al. (1964) first reported the CNV, they des-
cribed it as an "expectancy wave", which rfesultedufrom the associa-
tion of two stimuli (S1 followed by S2). Later studies showed that
expec?ancy per éé was not the uniqué psychologigal correlate of the
CNV. Experiments in which intention to act (Low et 21. 1966); moti-
vation (Irwin et al. 1966, Rebertr-ét.al. 1967); attention (Tecce &
Scheff, 1969; Tecce, 1972); arousal (Tecce,31972,_Tecce_et al. 1976);
readiness (McAdam 1969); anticip&tbry,response (Lo;”& McSherry, 1968);
and bhasic élertness“(Posner, 15%8) were manipulated all produced CNV§
Hillyard (1973) . classified the different paradigms in which CNV was

recorded into four ;geneféi types: a) holding a motor response in

- readiness, b) preparing for a perceptual judgment, é) anticipation of

- . -
e - -
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a reinforcer ang d) ﬁreparatioﬁ'for a cognitive decision. Attempting
to describe the psycbologiéﬁl—processesf'belng reflected he stated: |

"...either the CNV can be differentiated into a family of task spe-

-.cific event-related - slow potentials each having a different brain

~

-mechanism and functional role_dr it is a manifestation of a unitary

process (e.g. = arousal) common. to all such preparatory acts". HillyQ
ard recognized_fhat the concébt‘of arousal ’ itself is too vaguely
defined and probably too ;mltifaceted fé be precisely understood.

As the éNV appears to reflect an ictivity that iél focal to the
-processing of infgrmation fromiéhe environment,” some researchers have

invoked "selective attention" as the psychological correlate of the

CNV (Tecce & Scheff, 1969;Teccé,_1972; Hillyard, 19733, using RT as an

"external index of attention. Some researchers have reported negative

cofrelazions hetween CNV amélitudes and RT, i.e., larger CNVs, shorter
RTS{ s&gge§bing that larger amplitudes correspdnd to greater degrees
of atteﬁtion (Hillyard:“ 1969). Others reported that increases in the
level 6f difficulty produced a decrease in the amplitude of- the CNV
(Déﬁecﬁér & Desmedt, 1974). This may contradict the selective atten-
tion h?pothesis whicﬂa in difficult tasks should call for greater
§Fteqtion and therefore larger CNV amplitudes. Tecce's proposai
(Tecce et al. 1976) that inéreased task difficulty mféht result 1in
inereased levels of autonomic arouéal (increase heart rate, increased
é}e blinking, etc.) causing distraction and in turn decreased CNV
amplitude (Teccé & Hamilton, 1973) suggests the possibility that the
CNV iges indeed ?eflgct attentional processes. It 1is apparent that

the relationship of the CNV to psychological phenomena --such as RT is
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not 2 simple one. A rigei6f‘faii in the CNV could be -associated with
“either fast or slow RTs, depending on the'experimentaiiéonﬁext.

Posner (1978) :naf@-fécéntly‘has suggested that CNV is one of
.the many physiological indicatprslof'the alert state. He wrote: " .
- . much of the reason for believing in the relationship between CNV
an& alerting is the fact that the CNV appears ia every paradigm where
subjects are told to gééﬂfeady to attend closely to external events.
Thus it appears to be closely.relatéa:to the procéss by which subjects
prepare for externil'éééﬁts“. It can be stated, then, that CNV re-
flects the preparedness of the iﬁdividual _to-attend to a8 specific’
stimuli. It is logical to expect that the CNV is sens;;ive_tﬁ the
level of efficiency of the organism in'attenaihg to the enéirbnmenf.

Naitoh et al. (1971) reported that a reduction in CNV ampli-
tude was observed after one night of sleep deprivdtibn and that after:.

& second night ‘of sleep deprivation, the CNV was almost completély
abolished. A more recent study (Peeke et al. 1980) did not observe
changes din CNV amplitﬁde ifter sleep deprivation conditigns.p This
latér study used a fairly challenging paradigm in which the subject
had to remember data.of the bf;céding trial in order to respond to_the
present one. Therefore, 1t is possible that the demands of the task
were such as to force the subject to compensate for any deficits
_present in their functional efficiency for its successful completion.
"The CNV recorded in a simple RT paradigm might reflect, as Naitoh et
al. (1971) reported, the 1low levels of alertness that accompany
" sleepiness. At the moment, however, very little is known of how
chronic sleepiness -might affect the mechanisms of phasic alertness of

subjects agdjqr how this might be reflected in CNV amplitudes.
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Knott & Irwin (1968) recorded the CNV of* hlghly anxlous and
low anxious controleubjects:-' They found CNV s of lower amplltude ln
highly anxious indivi&uais.l;zihey explalned these data by assuming
that persons with high anxiety have a higher baseline of cortical
negativity than low anxiety groups. Thus, under stress, a max;mum
deiling for cortical depolarization C(hypothetical state) is reached
earlier by the highly anxious group. Subsequently, Low & Swift (1971)
measured the CNV of low and high anxiety subjectd dﬁring easy and
difficult tasks. They found similar results to those of Knott &
Irwin, higﬁlyi§nxious subjects showed CNV of smaller amplitﬁdes than
did‘}gw;dhxietyasubjects;J It was observed that magnitudes for both
high and .Iow anxiety subjects progressivély decreased in the moré.,i
difficult conditions. These data were interpreted as further support
for the existence of aﬁ effective ceiling‘tfor negative slow potential
ghanges within the brain. The CNV is believed to rise toward this
ceiling from a variable baseline, which is partly determined by
anxiety-or stiress. These authoés believed that the ceiling effect
(maximum cofticaljexcitation associated with 'a negative shift in the
baseline DC level) exists and proposed.- that the maximum amplitude
(upper limit) of thé CNV results from an increasing toﬁié cortical
inhibition rather than from a physical incapacity of the cortex to
shift negatively beyond some fixed level. |

Broughton (1975) suggested that the decreased CNV amplitude
recorded in sleep—-deprived subjects gould be the effect of the in-
creased depolarization of the cortex related to contimudus wakeful-

ness. This depolarization would elevate the baseline of cortical
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negativity allowiﬁg “less - opportunity for increase in the CNV Before'

the ceiling of maximal negativity is. reached and would'thﬁs'?esult fn
_ a B B g
decreased CNV amplitude. Neither the "maximunm ceiling- effect" nor

.

"

the "maximal eortica.l inhibition" are, h_c»wever, easily 'te_sta'b%_e hypo-

Rqﬁe&;phers”ﬁggexﬁlso\Egproached the study of sleeplness from g
biorhythmic perspective. Based‘gaﬁaéta\gzev1ded by the MSLT a pic—
- ture of the diurnal variation of sleeplness\\ESNemerged in ;hlch sleep
tendency exhibits a biphasic-pattern, minimal both ln the morning and
evening and maximal in thes very early C----i_lot,t-rs of the morning and early
afternoon (Carskadon & Dement, 1975, 1977; Richardson et al. 1982).
These same fluctuations in sleep onset latencies have been confirﬁéd

in studies that found sleep deprived subjects to have shorter laten-

cies in the early morning and afternoon. These studies showed de-

creased latencies at certain times and longer latencies at others

independent of hours of sleep deprivation. Richardson et al. (1978)

reported a decrease ‘of sleep onset times in the early  afternoon in
. narcoleptics (patients with PS){’and controls, which suggests that
similar fluctuations may be present in- both normal and pathological

sleeplness. . - -
';_'_ Fluctuations of alertness through the day are accompanied by
' éluctuatlons in ability to sustain attentiop (Froberg, 1975). As
mentioned, the different components (P1, NI, P2, N2, P3) of the audi-
tory evoked potentials have been eenceptualiZed as reflecting both
attentional” and perceptual processes (Hillyard et al.. 1973; Donchln

et al 1978 Ritter> et al. 1979) Fluctuations in biorhythmic pro-

BN
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cesses nax therefore be mirrored in fldctuations in AEP components.
Fluctu&tlons in AEPs have lndeed been reported but no agreement exists °

~'as to the trend that these fluctuations follow over the day. Hen-
B ninger (19693 ‘falled to observe 51gn1flcant changes in AEPs across-
tlme. Dayls et al. (1978) reported lower amplltudes of somatosensory
:,,“-ﬁPsrdurlng the morning than during the afternoon. Others (Browman &
;t_ Sulllvan 1930 Kerkhof , 1982) have reported larger amplitudes in the'
. audltory evoked potentlals in the nbrnlng .compared to the: evenlng.
| Recent studles have considered the possiblity that dlfferences 'in
.amplltude through the day might be related to 1nd1v1dua1 differences
in dlurnal arousal patterns (Kerkhof et al. 1980; Kerkhoff 1982)
I+ has been reported that the Nl—P2 components of morning persons are
larger durlng the moraing than durlng the evening while the opposite -
‘seems to oocur ln evenlng persons. The exlstlng ev1dence suggests
that the AEP technlque might provlde a useful and obJectlve measure of
fluctuatlons of alertness and the ability to sustaln attention through
the day. If dlfﬁerences in fluctuations of alertness through the day
are present in :normnl and PS, they should be mirrored in the AEP

waveforms.

Sleeptness (pressure for sleep) state preceq;ng REM and NREM sleep &

Through *. observation of the EEG, Dement & Kleitman (1957)

. oberved five different and distinctive stages which they subdivided
' in. two fmain.sleep stateS° raptd eYermovement sleep or REM sleep cha-
racterlzed by rapid ocular movements and NREM which includes all sleep

in whlch these eye nnvements are absent.
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REM sleep is qualitatively quite distinct. It consists of an
EEG with ;ow voltage mixed frequencies and occasional superimposed |
bursts of so called "sawtoothed ;ave§". In addition, absence of tone
- ini the midline axial nuscles of the Body, usually monitored by a
submental-EMG; increases Ln‘heirt rate, blood pressure and respiratory
rate and& especially ing;eased variability of au;onanic functions are
noted. Furthermore pbsitive transient motor -phenomeha includLng_.
twitghing'moveménts of the extremities and facial regions and rapid
.léée'mpvements can be recorded. The presence of penile erections in
malesiand:increased vaginal blood flow in females have been recorded.
The mainﬂbiologiéal chazécteristiés of NREM sleep are progreé—
Sive siowing and increase in gmplitude of EBG, decrea$ing muscle tone,
slowing of heart and respirétion and relat;ve body quiescence. The
EEG is ‘gséd to divide . this continuur arﬁitrarily into four stages
according to?the predomina;t brain wave activity in a given time epoch

‘(usually 30 secs). These are’ stage 1 (involving loss of waking 8-12

Hz alpha rhythh, presence of low voltage mixed frequency, mainly 1-7

L

H;'Eheta‘activiiy)ﬁ stage 2 (presence.of 12-15 ﬁi sleep spindléﬁ on a
iow véltgé; baékground gctivity with 1less than 20 per cent of the
epoch containiﬁé high*yoltage (over 75 uV) delta activity of 3 Hz or
less gfrequency;iSQage” 3, (20-50 perceﬂt such delta ﬁctivity) and
:stage _4 (greéter than 50 percenti\delta) (Rechtschaffen &-‘Kales,
1968).“ Stages 3 Qnd 4 are often onsidered'togeéher as "slow wave

sleep"” or "delta siécp“.
Fram later childhood and.'cogtinuing into aduithood, sleep

usually recurs only}ohce a day and thus is circadian in distribution
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(Williams & Karacan, 1974;?Williams et al. 1984). By laté éhildhood,
most of the SWS is present in the first third of the night.' NREM
. sleep normally precedes REM sléep fér 60 to 120 minutes. During ther
night, NRIEM sleep becomes lighter and the REM periods ténd to increase
in length froq-the second to‘the third cycle and then stabilize such .
Lthat Lhé la;t third~ of s;éep is ébout 50 per cent in REM and 50 per-
cent in NREM:sleep. ‘zOf thé usual 6.5-8 hours sleep in young adults,
stage 1 represéqts abqgt S percent of total gleep time; stage 2, 50-55
percent; stage 3, LQ percent; stage 4, 10 pgr cent and REM sleep 20-25
_per cent. Probabl} the most s;able characteristic of sleep for a
‘given individual Sr age group 1is the duration of the NREM/REM
alternationff\phe cycle lengthening from 40-45 min in the neonate to
approximately éO—lOO min in the adult (Roffward et al. 1966).
Andgherldiétipctive characteristic of both types of sleep 1is
tﬁe t&pe_pf mental ativity that accompanies each. Mental activity of
dream type largely occurs within the REM sleep state, peing reported
after some 70-90 percent of awakenings in REM sleep and after only 7-9
percent of NREM awakenings (Goodenough et al. 1965; Cohen, 1974).
Other studies have found. dream . reports following uﬁ to 35 percent
(Goudenough et al. 1965) and 54 percent (Foulkes, 1962) of NREM
awakenings. It is now certain that dream-like reporté can follow
awakening from either type of sleep but are more <comman in relatién to
REM sleep (Cohen, 1974). Although dreaming c#n n¢ longer be eguated
exclusively with REM sleep, there remain impgrtant differences 1in

mental activity during sleep. The dreams repofted after NREM (usually

stage 2) awakenings tend to be less vivid and less bizarre than those
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following REM awakenings. Thought-like mentation is more. frequent in
NREM sleep (Foulkes, 1967, Cohen, 1974; Gardiner et al. '1975).

- Further evidence that REM and NREM are quite distinctive is
provided by the fact that pressures for REM or NREM sleep exist under
different ci:cumstnncés. For example, pressure .for ﬁEM exists when’.
the normal circadian sleep-wakefulness c¢ycle is altered either by
submitting people to short sleep waking cycles (60‘minutes wakefulness
30 minutes sleep) for prolonged periods of time, or by depriving them
selectively of REM sleep (Webb & Agnew, 1974; Vogel, 1975;.McGrath &
Cohen, 1978). Pressure for REM also oceurs when patients are with-
drawn from medication such as trlcycllc antldepressants (Lewis &
Oswald, 1969; Nakazawa et a? 1975). Pressure for NREM, on the other
hand, occurs under conditions of phasic, chronic or total sleep de-
privation conditions (Johnson, 1973; Johnson et al. 1974). An
incréase of NREM sleep is also observed during conditions of starva-
tion. and hyperthyroidism (Oswald, 1973, 1974; Webb & Agnew, 1974)
“‘which provides support .for Fhejhypothesis that NREM sleep is involved
in metabolic restoration (Knracan et al. 1971; Oswald, 1973, 1974).

Eléctropnysiological studies ‘E'ha‘t ha\}e recorded EEG DC poten-
tial shifts, measured by subcortically placed electrodes, during these
sta;es also support the theory "that REM and NREM are distinctive
entities (Kawamura & Sawyer, '1964; Tabushi et al. 1966). DC shifts
during the transition into REM have been shown to vary ln the 9051t1ve
d{rection (Evarts 1965, 1967; Noda & Adey, 1970) while DC shlfts that

occur as the subjects fall into NREM vary in a negative direction -



(Caspers), 1955).i BC ‘shifts -that have been recorded during; REM
sleep are negative-going (Tabushi‘et al. 1966) and.dﬁring NRﬁM sleep
are positive—going (Kawamura ﬁ, Pompeiano, - 1969). iSuch pre-REM or
pre-NREM DC baseline biases may have possible implicﬁtiohé for the
CNV._AS already mentioned, it is subjec? to "ceiling effgcté", perhaps
due éo an already existing negative DC 51&3. ‘

é&sed on the evidence'that REM and NREM sleep are quite dis-
tinctive $tates, Broughton (1982) proposéd that the states preceding
them might also be cénsidered distinctive phyéiologigai states. He
suggested that the sleepiness experienced by a person might reflect
impairment of waking arousal meCh%nisms, p;essure for NREM or pressure
for REM. The electrophysiological processes “and - the qualitative cha-
racteri§tics accompanying pressure for either type of sleep could well
be different. The difficulty in testing this hypothesis stems fr&m
the fact that becaqse;of the order of succession between these states
- (NREM appears prior to REM in natural sleeﬁj it is not possible to
study REM without thé interference of NREM sleep. Caréka&on & Dement
(1575, 1977, 1979) altered the sleep-waking cycles of individuals for
5 and a half days subjecting them to a 60 minutes wakefqlness 30
minutes sleep cycle and observed that REM sieep occurred at onset
instead of following NREM sleep;' Subjects were asked to fill in the

Stanford Sleepiness Scale and rate their level of alertness before and
after their sleep. They observed that pre-sleep SSS ratiné were
directl& correlated with amount of REM sleep (higher scores associated
with more REM sieep) while uncorrelated with SWS. They also observed

that sleepiness decreased more following naps containing greater

f\\
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amounts of REM.sleep. It is possible that the beneficial arousing
effects of REM sleep are related Eo\a larger degree of sleepiness
being present prior to this state. Apart from this study, very littfe
investigation of pre-REM and pre-NREM behaviour has been attempted.
An alternative approach to the study of the qualitative and quantita- -
tive aspects of the states prior to REﬁiand NREM sleep is to study a
group of patients, narcoleptics, who have the characteristic of soée-
times falling directly into REM sleep.

Narcolepsy is a disorder that falls into-the‘'diagnostic clas-
sification of Disorders of Excessive Sleepiness-(DOES) established by
the Assocliation of Sleep Disorders (1979). Narcolepsy, was first
described as a discrete disease eatity by Gelineau in 1880 as a "rare,
little known neurcsis characterized by an imperaELQe need to sleep, of
sudden onset and short duration, recurring over more or less close
intervals" (p. 1156) For many years narcolepsy was synonympus with
hypersomnia. It is now known that the condition rarely, Lf ever, is
characterized by excessive sleep within a 24-hour period (Recht-
schaffen & Dement, 1969; Kales & Kales, 1974). Yoss and Daly (1960)
established the criteria for diagnosis of narcolepsy which included
four major symptoms, termed the narcoleptic tetrad. These are ir-
resistible sleep attacks, usually the first symptoms to appear, and
three auxiliary.symptéms: cataplexy, sleep paralysis and hypnagogic
hallucinations. Of these, 6ne or ?ore usually appears as the disease
progresses {Sours, 1963, Guilleminault &_ Denent, 1974, Carskadon,
197G). The symptdms tend to be unremitting once they océur. A major

complaint in this patient population 1is the presence of chronic

o
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daytime drowsiness.

The incidence of narcoleps} in the general population is not
known with certainty, but it is believed to range from 0.02% to 0.05%
(Bruhova and Roth, 1972). Prevalence studies conducted in the San_
Francisco (Dement et al. 1972) and Los Angeles (Dement et al. 19735
areas, showed that the .incidence may be as high as .09 percent.
Narcolepsy characteristically begins at a point of maturational crisis
such as puberty or pregnancy. The comron age of onset is between 235
and 35 years, although approximately 5% 'oﬂfﬂfhe cases seem to begin
before the age of.IO and 18% after the age of 30 (Roth, 1957; Zarcone,
1973). | '
Narcolepsy can'appear in association with CNS dysfunctions, brain
tunours, metabolic disorders, encephalitgg' or vertebral artery in-
sufficiency (Roth, 1980). Idiopathic narcolepsy is, on the other
hand, unrelated to any of the aﬁove ﬁéntioned disorders. Two types of
sleep attacks have been delineated and are associated with two dif;
ferent categories of narcolepsy (Dement et al. 1966; Roth e; al.
10693 . Independent narcolepsy (characterized by sleep attacks alone)
involves NREM sleep attacks in which the patient gradually goes from
drowsiness .to NREM sleep. Compgundz narcolepsy (characterized 'by
aux;liiary smptoms -cataplexy, sleep paralysis, etc.- most often
involves sleep onset REM periods (SOREMP) which tend to be more abrupt
in onset (Guilleminault & Dement, 19;4).
Narcoleptics in general can have both types of sleep attacks,

those in which they experience REM sleep, either at onset or following

NREM epochs and those in which they spend time exclusively in NREM
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sleep. This population then provides the opportunity to study the

waking state immediately preceding REM sleep without the interference;
of NREM sleep.

Pressman et al. (1982) have recently measured AEP components
in =& gr6up of —nafébleptic patients just prior to an onset of either
REM om@REM sleep. The state prior to NREM naps in ‘narcoleptics was
associated with larger Nl—fz and P2-N2 than that prior to their REM
naps and prior to NREM naps in non sleep-deprived controls. No dif-
ferences were found between the state pre-REM in narcoleptics and
non-sleep deprived controls .br the state pre-NREM in narcoleptics and
sleep deprived controls. These findings suggest that the neu-
rophysiplogical state of narcoleptic subjects just prior to REM sleep
is different from the state just prior to their NREM sleep. These
results, thereforé support the proposal that two diffdrent types of
Sleepiness eggst (Broughton 1982). Research should be rried out to
further investigate the states that appear prior to REM and NREM
steep. That REM and NREM sleepiness (the pressure for sliep priof to
' these states) might be quite distinct should be researched by studying
the diverse aspects of sleepiness; 1its subjective, attentional and

electrophysiological characteristics.
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. PURPOSES AND HYPOTHESES OF THE PRESENT RESEARCH
The purposes of the study deécribed in _ the following. reports
were: ! |
1) To investigate the characteristic differential features of
normal and pathological sleepiness, and the similarities and
differenéés of fluctuations through the day between both
types of sleepiness. _
2) To test the hypothesis that the pressure for sleep preceding
REM and NREM sleep stages constitute two types of sleepiness
' states, each one with specific and distinctive charécteris—
tics. S
Measures were employed that investigated the different aspects
of sleepiness. Subjective aspects were‘measured through a self-rating
sleepineess questionnaire, the Stanford Sleeéiness Scale (8835).
Mental aspects were sStudied through a signal detection task which
required sustained attention. Detection rates and reaction times were
considered indices of attentionél levels. Electrophysiological states
were investigated by measuring sleep onset times through the ddy
using the standard hEEG recording (Multiple Sleep Latency Test).
Another index of the electrophysiological states accompanying tﬁe
different types of sleepiness was obtained by the measurement of brain
potentials evoked by auditory stimuli delivered to the subjects in the
context of paradigms of attention; Auditory evoked potentials and the

contingent negative variation paradigms were employed.°

R



- . ' 33

.
¥
Tk

IIYPOTHESES RELATED TO DIFFERENCES BETWEEN NORMAL AND PATHOLOGICAL

SLEEPINESS

Related to SSS

The clinical liteg;ture spégests that the sleepiness expe-
rienced through the déy 5y people‘wlth PS, is of a much more intense
nature (Ganado,. 1958; Dement, 19755 than that experienced by .
healthy people. On the other ﬁand, some studies have shown that 3888
is nét a particularly sensitive measure for estimating the degree of
subjective sleepiness of this patient population since the chronicity
of their sleepiness cause them to lose'their frame of referéence for
judging their own lack of wakefulness (Dement et al. 1978{{Roth et
al. 1980). Because of the functional level of the patient pépulation
used in the present study (actively employed. and'fem#ining.éctive in
their socia} and family life) it can be assumed that thg degree of
severity of the.i¥ldess in thl§ population was not so extreme to
prevent the patients from subjectively evaluating théir owﬁ level of
sleepiness. Therefore, -

It was hypothesized that PS ;6ulé be characterizéd by.ﬂ

significantly higher SSS scores {greater sleepiness)

compared to normal controls. .

Based on clinic;i-reports (Daniels, 1934; Ganado, '1958; De@gﬁt,

1976) indicating that 'sleepiness is chronically pfesentlln'people -
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? with sleep dis§rders (suffering PS) thereby lesseniné_;heir sensitivi-
~-ty to f%uctuaﬁions of subjective alertness,

o It wag‘expectea that the fluctuations of PS as re-
flected 'in SS8 ratingsn(averaged' scores over differ-

ent periods duri;g the day: morning (0930-1230),

;arly | afterncon (1300-1G30) and late afternoon
(}630-18?9) would be smaller than those observed

- m'in'noréals.

-Reporﬁ;, in the literature (Yoss and Daly, 1960) indicate. that
harco%gptigﬁ report'their day napé to be very refreshing. Consideriné
_;hgt‘tyg relléffprovgded; by sleep would be of much larger magn;tude
whén:k;he -pgeésure for sleep was larger, (as couid be expected in

. - . /
PS) - o~

. It was hypothesized that narcoleptics' change of a-

‘.lertneéé scores after the napéﬁ(SSS scores after naps
. minus” SS8S séqres:hpriof-to naps) would be signifi-
cantly }arger ’compéfed to ;o the chgnges cbserved in

normal control subjechs,'i

Rélated'td Multiple Sleep Latency Test

Asspmiﬁg tﬁat sleepiness 1is a reflection of a very real bio-
"10g1ca1'heed”for.slegp (Carskadon & Dement, 1982) it appears that this
need is partibulérly great in PS:
It .was hypbtheéized that PS would show signifiqantly
shorter sleéb onset latencigs and longer sleep times

than_éontrols.

[
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The literature also suggests (Richardson et al. 1978) that both
narcoleptics and normal control subjects show similar increaseé of
sleepiness, (s expressed by shorter sléep onset.latencies) in the.
afternoon (1400 and 1600 hrs) as compared to the morning (1000 ana
1200) and late afternoon (1800). Therefore,

It was expected‘ that both groups would show
significantly §hprter sleep onset times and longer
sleep times in the 1400 and 1GGO M§LT_recording ses-
sions.

Related to Auditory Evoked Potentials

The latencies and amplitudes of AEP mesogenous coqnponents
(P1,NL,P2) have been reported to be sensitive to levelg of alertnes%
(Weitzman & Kremen, 1965; Fruhstrofer et als 1969) and to the degree
of attention paid to the stimuli (Picton & Hillyard, 1974). Endogen-
ous éomponents (N2-P3) have been shown to reflect discriminatory,
recognition and percéptual processes (Picton & Hil}yard, 1974; anchin
et al. 1978; Ritter et al. 1979). It has long been established that
sleepiness 1is accompanied by difficulties 1in sustaining attention_
(Williams et a.lk 1959), and in lower levels of efficiency Lin per-
ceptual processes (Wilkinson et al. 196G). It could be expected that
a direct relationship exist between intensity of sleepiness and levels .
of difficulty in maintalning atﬁention and mental efficiency. It
is logical to expect that the larger intensity of sleepiness present
"in beople with PS ig acccompanied by laréer difficulties in attentional

and perceptual processes, and that these latter would be differently



éxpregged in the amplitudes of the AEP's recorded during normal and
pathological sleepiness. Therefore:
It was expected that significantly larger decreases
in NI and P3 amplitudes would be recdrded in‘PS pa-—
tients than in controls. |
It has becn reported (Browman & Sullivan, 1980; Kerkhof, 1982)
that fluctuations of alertness are reflected in increases and de-
creases in N1-P2 AEP amplitudes from morning to afternoon. Therefore:
Jt was expected that significant .decreases in ampli-
tudes of P1, N1 and P2 would be recorded from morning
fo aftérnoon in ‘controls and that the already signi-
ficantly decreased AEP components of narcoleptics
.would decrease further through the day. s
Based on sgalp distributlon studies showing that the different
AEP components are maximally recorded over specific areas (Picton et
al. 1974; Simson et al. 1976, 1977a).
It w§s expected that in both.groups N1 and N2 would
be maximally recorded over frontocentral areas (Fz
and Cz), P2 would display a more posterior distribu-
tion, and P3 was expected to be maximal over parieto- -

central areas.

Related to Contingent negative variation

CNV increases ' in amplitude may reflect the larger attentiocnal
level or larger degree of phasic alertness of the subject (Tecce 1972,
Tecce et al.l976; Posner, 1978). Considering that sleepiness is

usually accompanied by lowered levels of alertness,
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It was hypothesized thét. CNV amplltude recordéd ;ﬁ

/
patients with PS would be significantly smaller than e

those of céntrol subjects.

-

StudLeS _have shown that in long inEbrvals, tﬂe early and late
negativities are maximally recordea over different areas (Loveless &
Sanford, 1974; Gaillard, 1976, 1977; Simson et al. 1977). Thereforeh

It was expected that in both groups the average
magnitude in the first-half,(AMFHj Gf the CNV inter-
val would show a maiimal aﬁblitude over frontal areas
(F2)" and the second half (AMSH) would be maximally
;3recorded‘centrally (Cz). with reduced magnitude fron-

tally (Fz) and parietally (Pz). ' v

HYPOTHESES "RELATED TO DIFFERENCES BETWEEN REM AND NREM‘SLEEPINESS

+ -,

Related to SSS . _

lhe‘stu&y of Carskadon & Dement (1975) carried out with normal
control subjects suggested that .the state precediéé REM sleep (from
wakefulness to REM sleeﬁ direcrlyf‘ is accompaniecd by larger pressure
for sleep or larger feellngs of sleepiness. Therbfore,

It was hypothesxzed that pre—REM 388 scores would

be higher than pre-NREM scores.

Related to Multiple Sleep lLatency Test

Based on the premlee that there ks a- large posxtlve correlatlon'

/‘-

bef@een subjective sleeplness and sleep onset thés (Carskadon &

o~

Dement; 1981, 1982)
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It was expected that REM.sleeaness would be ac- .
companied by sxgnlficantly shorter sleep onset times
as compared to sleep latencies recorded prior to NREM

sleep

“Related to AEP s
| As- mentloned above mesogenous components reflect levels ofM
ajlertness (Weltzman & Kremen, 1965), and degree of attentron pald to
.the stimuli (Picton & Hlllyard, 1974). Based on the premise that

‘larger _levels of sleepiness precede REM sleep as compared to NREM and

4

fhar lower. levels of alertness are accompanied by larger difficulties
in sustaining attention. -

it was vaothe’sized that the N1l and P3 _cemponents

recorded prior to REﬁ would be of smaller amplitude

than thr.)se recorded prior to NREM.

No apriori- hypotheses were set regardlng the d1fferent1a1 scalp

distrlbutlon to be recorded prior to REM or NREM sleep.

Related to CNV

Research findings indicate that DC potential shiffs recorded in
tte'transition from REM to NREM sleep are negatire-going (Tabushi et
al;. 1966; Kawamura & Pompeiano, 1969) while those recorded in the
tragsition from NREM to REM sleep are positive—goihg (Tabuéhi et -al.
1966, Kawamura & Sawyer, 1964 Kawamura & Pompeiano, 1969) NEgetive
potentlal shifts have been recorded as the subjects drifts into NREM
sleep * (Caspers, 1965), though these findings have not always been

confirmed (Rossi et al. 1961j.-r Because the CNVs in this study were
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;o be recorded prior to the transition from wakefulness to either REM
or NREM sleep it was assumed that different DC potential shifts might
occur prior to these states. Due to iack of available information in
the literature regarding these states,

_.No apriori hypothesis were established regarding size
¢ . :
and scalp distribution differences of the amplitudes
to be recorded prior to these two sleep states,

although, differences were expected.

~

FORMAT OF THE PRESENT THESIS

The present thesis consists of two separate reports. The first
describes a study carried out to evaluaté tﬁgsgsefulness of AEP's in
defining pathological sleep and differences in the daily fluctuations
of normal and patholeogical sleepiness.' The second. report desqribes
results ofl s;ﬁtistical éomparigdﬁs of the data recorded prior to REM
and NRéM sleep. The format of thé thesis follows the style of  the
Journai of Electroencephalography and Clinical Neurcophysiology to

which a revised manuscript will be submitted.
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EVENT-RELATED pomzm:ms AS A ma'moo OF DIFFERENTIATIM} NORMAL, AND
PATHOLOG ICAL SLEEPINESS , -
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INTRODUCTION

In tﬁe past, the study of sleepinéss has " been of indirect
interest to researchers studying sleép functions - through sleep de-
privation (Froberg et al. 1972;.Dement & Mitlér, 1974; Fried@an et
al. 1974; Glenvillé & Broughton, 1979). Its Study has recently been
pursued more extensively in clinical settings (Cafskadon et al. 1981;
Zorick et al. 1982; Valley & Broughton, 1982), possiﬁly because
excessive daykime sleepiness is now recognized as a primary disabling
symptom (Coleman et alf 1982). . '

Sleepiness seems to result from é combination of amounﬁ of
prior sleep (Carskadon & Dement, 1981; Carskadon et al. 1981) and
circadian effects (Carskadon & Dement, ‘1977, 1979; Broughton, 1975).
HoweQer, there is evidence that other factors affect the sleepinesslof
those with sleep pathologies who expefienéé intense sleepiness in-
dependent‘of the amount of‘nigbt sleep. For example, hypersomniacs
sleep from 10 to 14 hours and still exper;ence excessive daytime?
sleepiness (pathological sleepiness) throughout the day {(Roth et al.
1969; Roth, 1980).

Clinical researchers baveubeen interested in determining the
similarities and differences between normal and pathologicai sleepi-
ness. The greatest difficulty involved in such an undertaking . is'£he
lack of available methods for its quantitative study. A method that

has recently been employed to evaluate the neurcophysiological corre-

lates of the lower alertness 1evels of pathological sleepiness (PS)



involves the use of auditory évoﬁed potentials (AEPS). This technique
consists of the electrqenpephalographic recording of brain responses
to auditory stimuli usually delivered to the subject§ Eﬁrough ear-
'ﬁhones.' AEPs have becen. shown to bé sensitive to levels of attention
(Hillyard et al. 1973; Picton et al. 1974; Schwent et al. 1976a,
1976b), lower levels of arousal (Weitzman & Kremen, 1965; Fruhstorfer
& Befgstran, 1969) and flupﬁuations ofk'alertness through the d&y
(Browman & Sullivan, 1980, kerkhof et al. 1980,.Kerkhof, 1982).
| No definite conclusions hage been made regarding the neuro-
- physiological correlates of PS as reflected by the AEP components
(Pressman et al. 1982, Broughton et al. ‘ 1881, Broughton, 1982). .
Recently,- Pressman et al. (1982) recorded -long latency evoked potén-
tials prior to Multiple Sleep Latency Test (MSL?) naps (Carskadon &
| Dement ) in sleep deprived controls, non-sleep deprived controls, and
narcoleptics. Narcolepsy is a sleép disorder characterized, amongst
other symptoms, by sleep attdcks in which the patient falls directly
into NREM or REM sléep (Guilleminault & Dement, 1974). Pressman and
his colleagues (1982) observed that sleep deprived subjects showed
larger N1-P2 and P2-N2 amplitudes than did_narcoleptics. The AEP
anpli tudes régorded'in narcoleptics did not differ from those recorded
in nonsleep deprived subjects. The data were then analyzed according
to the type of sleep into which narcoleptics subsequently fell (REM or
NREM). Tt was observed that EPs recorded prior to NREM naps in
narcoleptics had significanFly larger 'amplitudeé- tﬁgghgggie of Dboth
non-sleep deprived subjects and those recorded prior to REM naps in

narcoleptics. The pre-NREM nap amplitudes were as large as tnose
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recorded in sleep deprived subjects. Based on these findings, the
authors concluded that due to the presumed influence of an unde;lying
REM pressure during-behavioural wakefulness in narcoleptics, the AEP
would not be useful as an independent measure of sleepiness -in this
patient population.

L

y Broughton et al. (1981), on the other hand, recorded signifi-'
. canﬁly decreased N1, P2, N2 and P3 amplitudes in narcoleptics in the
presence of a waﬁing EEG p&ﬁtern during a focused attention task

(Wilkinson Auditory Vigilance Test). It was not possible to obtg}n a
recording of evoked potentials from controls in a state of drowsiness
since they remained awake most of the time. Broughton and co%leagues
{Broughton et al. 1981; Broughton, 1982) have suggested that the AEP
approach might prove a more sensitive measurement of PS than the
visual analysis of thehEEG.

The differing conclusions of these two ;egé&rch gToups may
perhaps be explained by methodological variances. L.Firstly, there was
Q.differencé in stimulus type, intensity and rate of presentation,
each of which has a marked effect on N1 and P2 morphology. ‘While
‘Pressman and his group delivered clicks just prio: to a nap and asked
the-subjects to_remain alert,“‘Broughton's, group measured " AEP's to
tones during\é 6ne hour.- vigilance task. it appears”'thaﬁ further
research should be done to determine if AEP measures can in fact
identify PS and therefore Qegpsed as a rapid method of quéntiti%ive

assessment. !



It is widely believed that extreme sleepiness will 1lead to
impaired_pefformance (Carskadon & Dement, 1975, 1977; Glenvil;e &
Broughton, 1979). Guilleminaulé et al. (1975) have reported that
performance decrements in narcoleptics take the form of lapseé ac-—
companied by microsleeps consisting-oﬁ shogt bursts of stage 1,
synchronized_theta activity, or stage'é sleep. Valley'& Broughton
(1983) have shown that low performance levels.in, narcoleptics occur
during electroencephalographic wakefulness, but at reduced lgvels'of
alertness. Since performance deficits, in general, seem to be related
to the inability to sustain attention (Williams et al. - 1959; Wil
kinson et al. 1966), the study of attentional engagement can provide
useful information regarding differences between ﬁormal and pathologi-
cgl Sleepiness. Three pres of event related potentials have been |
associated with attention ana may be useful in the evaluation of
Sleepiness. These are the AEP components N1 and P3 (Hillyard et al.
1973; Picton et al.  1974; Ford et al. 1976; Picton et al. 1978),
and Ehe contingent‘ ﬁegative variation (CNV) (Waltér et al. 1964;

Loveless and Sanford, 1974a, 1974b; Gaillard, 1976).

>
»

In an odd-ball paradigm, "target"' stimuli are presented which

differ in some physical charégf:ristics from a train of.nqn—target
stimuli. As the subject liétens to each stimulus, a negative wave is
recorded at approximately 100 msec (hence the label NiOO). This N10O
component‘increases in amplituae wheﬁ a larger degree of attention is
paid to the stimuli (Picton et-al. 1974; ?arasuraman et al. 1980).

-

However, this is highly dependent  on stimulus parameters - such as
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‘intensity and rate of presentatioﬁ (Scwent et al. 1976a, 1976h,
1976¢). When the subject detects the target stimuli a late negative-
positive complex, occurring after approximately 200 msec., is record-
ed. This complex (N2-P3) 1is said to reflect further cognitive pro-
cessing subsequent to the analysis.of the physibal characteristics of
the stimuli (Donchih et al. 1978; Picton et al. 1978). The sensiti-
vity of this paradigm to the effecté of sleepiness associated with
sleep deprivation which has been reported recently (Campbell et al.
1980) suggests it may be useful as a tool in the evaluation of pa-
thological sieepiness.

The CNV is a slow negative potential that can be recorded from
the.scalp after the presentation of a warning stimulus aﬁd prior to
the presentation of‘a second stimulus (imperative'stimulus) which the
subject is asked-to detect (Walter et al. 1964) . Neitoh et al.
(1971) found this paradigm to be more sensitivé than performance
measures (reaction time) to the effects of phasic sleep deprivation.
Peeke et al . (1930) fpund no CNV amplitude differences between sleep
deprivéd and non—#leep deprived subjects in a CNV paradigm which
requlred the subjects to remember Lnf;rmatlon from thé previous trial
and compare lt to S1 Dbhefore belng able to respond to S2. The cogni-
tive demandé'of this paradigm may have fofced the subjects to increase
attentional effort which compensated for their 1qy level of alertness.
The sensitivity of the CNV € the evaluation of pathqflogical sleepi-
ness has yet to be determined. | |

Another issue of 1interest is the fluctuation of sleepiness

through the daﬁ. Carskdaon'and her colleagues (Carskadon et al. 1981,
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1981a) have shown that sleepiness is acceﬁtuated in the very early
hours of the morning and again in the early to mid-aftgrnoon. They
also found thgt sleepiness.is decreased in later hours of the mérning
and early evening independent of the émount of hours of prior sleep
(Carskadon & Dement, 1975, 1977;. Carskadon et al. 198la).

Very.littié is known a2bout the fluctuations of pathological
sleeplness (PS) wnidh'accompany sleep disorders and are experienced by
the patients aé exceésive daytlme'Sléepiness. It seems that normal
sleépiness is felt intensely only at certain times during the day
(Ribhardsonhet al.- 1982), and pathéiogical sleepinesélis chronically
present (ﬁement," 1976, :1979). -Richardson et al. _(1978) showed that
narcolepﬁic patients and their controls had faster éieep onset times
in the early_ afternoon, a time of” day - ﬁt which controls}have been-
known to increase their sleepiness (Blake, 1967; Richardéon et al.
1982). Shortef sleep latencies in the ear}y a}fernoon‘seem to bhe a
commen characteristic of both tfbes of sleeﬁiness (Richardson et al.
1978). These findings suggest that simil#f fluctuations of physiolo-
gical'gleepiness may.exist in normal and pathologicaiAsleepinesg. The
nature of the fluctﬁations'in both tfﬁes of sleep;ness are not known
and should be researched further. |

The purpose of the present étudy_was two-fold: 1) to fufther
rhvestigate the usefu;ness of ERPs (AEPs and CﬁVs) ‘in the,evaluatiqd

5 ’ .
of PS and 2) to determine fluctugtion'drfferences betweenlnormal.and
pathOIOgical sleepiness, which are known to be reflected by AEP's

(Kerkhof, 1982). ,
. ’/" -



METHODS . v _._..~,. .
Thirteen right-handed patients with.a history, ;f'ﬁafcq;eﬁsyf
_cataplexy, with or without further accesébqyﬂsymptoﬁs,.particibéted in
the §tudy;".Data ﬁrom one of thé pétignts.ﬁé;e hé& anquzed; as she”
slept during most of the performance | testing sess;oﬁg{';.af the 12
remainiqg narcoleptics, 5 were female and 7 were haiea' . Their age;
ranged from 22 to 63 years (mean= 46.3 SD= 13.2). Duration of illness
rdnged from l.to 30 yéarsg Because very few narcdleppiés hdﬁ dura-
tions of illness less than 10 (3 subjects) of.beqweenulo and 20 yéars
(2 subjects), it wasr not possible to subdifide-'fhe pépulat;on to
permit aistudy of the effects- of duration .of illngé. Five narcolep-
tics &ére not under treatment at the time of the study. The remainder
were withdrawn froﬁ all tricycl;c medication for at least three wéeks
and frém stimulédts for at least ane week prior to the study. -1
patient who had Eeen taking gamma-hydroxy-butyrate was withdréan from
-the medication three weeks before the study. Although all narcolep-
ficé experienced cataﬁ;exy, all remained‘funct}onal, able to work and
péfticipaté 1n active soclal and family lives. . Each of the_qarcolep—
tics were given a pdlysomnograp in fhe six month period prior to the
| studﬁ. fhey all showed distufbed nocturnal sleep characterized either
by multiple awakenings (11 casés) or leg myoclonus (2;cases). Seven
were found to have coexistent éleep apnea (3 obstructive, 3 cénfral
and 1 mixed type) with an averagé of 2.4 sleep apneas per hour .
Thirteén normal controls were‘récruited from difﬁerent' clubs

and centres in the city. They were interviewed prior to inclusion in

the study. Criteria for exclusion wére'as follows: irregular sleep™
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habits, problems falling or staying asleep, frequent drug or alcohol
ingestioﬁ, habitual dgytime ﬁaps, aﬁd major medical or psychiatric
disorders. During experimentation, one of the controls showed sleep
onset REM periods in 9 of the 10 naps, -despite the absence in his
personal or family history of anf sleep disorders. This subject's
data was replaced by that of anothér normal control. Coﬁtrols were
"paid $50.00 for their participation.
Narcoleptics and controls were matched as élosely as possible

for sex, age, education (narcoiépgics meﬁn 16.8 years, controls 17.1)‘
and IQ (narcoleptics mean 122, controls 124), " as measured by the
Wechsler Adult Intelligence Scale (Wechsler;_ 1955). Recent studies
(Kerkhof et al. 1980; Kerkhof, 1982) show that AEP fluctuations
thfough the day are related to the personality type of the individual
(morning type people éhow'larger EP amplitudes in the morning and
evening type people show larger EP amplitudes ih the e&ening). To
control for this, each narcoleptic was matched to his/her respective
control for their diurnal personality (morning or evenring types),
based on scores from the Horne & Ostberg (1976) version of The Ostberg
Swedish Morningness Eveninéness-Questionnaire (Ostberg 1973). Narco-
leptics obtained on the guestionnaire an average score of 56.9 (SD=
12.5) and contrals 56.6 (SD= 11.30). Each group was comprised of 4
moderately morping type, 3 definitely morning type, 2 moderately

evening type and 3 that did not fit any classification.
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Subjecté were screened for normal hearing at 20 dB ISO for 1000
and 2000 Hz pure tones. All éontrolé*had normal hearing. One of the
narc?leptics had & moderate hearing loss (EE’EEE;,iagh)the 1000 Hz
frequency. Female subjects participaﬁed during the luteal phéée of
their menstrual cycle. -~

Both narcoleptics and controls were requestéd to go to sleep at
their = regular bedtime for at least three nights prior to the experi-
mental beriod. They were told that the purpose of the experiment was
‘to measure their brain activity throughout the day and that it was
ihportant that they should not be unusually tired.

" General Paradigm

/'-'-‘
Each subject was tested over two consecutive agsb// SSS forms

were completed at intervals of approximately 30 mln. throughout both

days. Subjects were‘asked to take naps 5 times a day, at 1000, 1200,
1400, 1600 and- 1800 as part of the MSLT (Richardson et al. 1978).
Prior to each MSLT, one of two different ERP paradigms was appligd.
On one day, the P3 paradigm was emploved and on the other, the CNV
(ﬂglter et al. 1964) was rgcorded. Half of the nmarcoleptic patients
and their respective .controls were randémly selected tS-receive.the P3
. paradigm during the first day, and the other half during the second.
During phe testing’ sessions EEG, EOG and submental EMG were monitored
to assess.the subjeéts' sleep/waking state. | |

The subjects arrived at the laboratory at 0800 hrs. and

electrodes were applied. At approximately 0900 hrs they gere,given a
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short practice trial of the paradigm they would receive that day.
They sbent the time between ERP tests and MSLT naps reading or talking
to the experimenéer. After the 1800 testing' session, the electrodes
were removed and the subjects @ent home, returning thé next day at
0800 hrs. Due to equlpment problems two of the control: subgects and
one narcoleptic were not studxed on consecutlve days. One of the
controls -and the narcoleptxc were tested for the second time one week
later; the other control was tested after a three week interval.

SubJects were not permitted to ingest alcohol or coffee during --

the day. They had lunch at approximately 1230 hrs.

MSLT

Following the ERP testing session, subjects were asked to lie
down on the bed and to try .to fall asleep. Elgctroencephalographic
signals weré&'fecorded from the stagdard Cz and 01 locations of the
International 10-20 System (Jasper: 1958), using Beékman Ag/AgCl
electrodes which were connected to the scalp with Beckman saline
paste, .collodion, gauze and adhesive collars. Right and left mastoid
electrddes were linked and served as reference for the EiG recordings.
Vertical and horizon;al eye movenments (eiectroculogram EQG) .were
recorded from electrodes placed directly above‘and below the left eye
and on the outer canthi of the eyes, respectlvely. The interelectrode
impedances were below 3 kOhms The EEG, EMG and EOG signals were
amplified by a Beckman R-611 polygraph. Due to the 8—channel oscil-"
lograph limitation of the Beckman ‘polyéiaph. the output of these .

Signals as well as stimulus and response indicators were fed ig;o the
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chart drlve ‘of 3 13—channel Nihon Kohden polygraph. ) Chart speed was
set at 15 mm/sec -and callbrated at 70 uV/cm for EEG, 106 uV/cm for
EOG, and 20 uV/cm for EMG. o |

The MSLT was termlnated after a maxlmum of .20 mrnutes in bed or
following 10 consecutlve mlnutes of sleep. The data were scored by
one person in 20 sec epochs using standard crlterla (Rechtschaffen and
Kanesq l968}, Twenty percent of the records were scored by a second
person in orderts” geta c_:/oefficient of reliability. Fluctuations in
EEG activity during the naps were investigated by scoring a state
designated by Gastaut-& Broughton (1965) as stage 1A. This stage was
scored when more than 5Q§gﬂef an epoch contained elther or both of the
following -EBG events . a) slower alpha rhythm (defined as at least 1
cps slower than the lnleldu&IS waklng or baseline alpha rhythm)éyand
b) alpha rhythm havxng an irregular or fragmented appearance i.e.
ihtennlxed.with 2 medium voltage mized frequency pattern. Eye move-
ments-sere important cues for scoring. During th}s stage they often
occurred as. low amplitude. or definite slow rolling eye movements

lasting at least 3 secs. |

. Sleep onset latency was consrdered to be the interval between
the beglnnlng 0of the test and either six consecutlve'epochs (2 minu-
tes) of stage 1B or one epoch of stage 1B followed by stage 2 or REM.
Stage 1B corresponded to stage 1 according‘torRechtschaffen & Kales
(1968) scoring criterial The REM latency was taker as the interval
between the start of the test and the flrst epoch of REM sleep. Sleep

effzclencles (total sleep tlme/total time in bed) were calculated

together with number of- arcusals and time awake after’sleep onset.
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To determine if there were any differences in the degree of
sleepiness experienced between day 1 and 2, as expressed in sleep
onset times and total sleep times, an analysis‘was done of latencies
to siages 1B and 2 and sleep time spent in these stages.

" Sleep latenéies and total sleep times were subjected ﬁo a .two
factdr (groups bf sessions) ANQOVA with repeated measures on the ses-

sions factor. Alphd level was set at p < .05.

sSs o .

Toﬁobtain a measure of subjective sleepiness, all subjects
filled in $3S forms at approximately 30 minutes intervals. They also
completed the forms before gnd after each ERP testing. session (just.
prior to each MSLT nap) and within 2 minutes following the MSLT ses-
sion. |

In order to assess subjective diurnal fluctuations of alert-
ness, SSS ratings of narcoleptics and controls were averaged over 3
time periods, morning (0900-1230), early afternoon (1300-1630) and
late afternoon (1630-1830). - n

| Changes of alertness resulting from both ERP testing a;;? nap-
gigg, were ﬁeasured by subtracting the SSS scores prior to ERP testing
sessions from those after the sessions and by subtracting those prior
to MSLT naps from those after the nabs. The resultant change of
alertness score would indicate a decrease in the level of alertness if
negative and an increase in alertness 1; positiéé.

The comparisons between narcoleptics and controls avera%%d 35S

scores and change of alertness scores were done by using the Mann-
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Whitney Test (Spiegel,_ 19566). SSS fluctuations of alertness .scores

were analyzed by a Friedman two-way analysis of variance by Tanks

(Spiegel, 1956). S

D3 ERP Study

All subjects had long latency auditory evoked responses re—
corded during wakefulness immediatel§ prior to each of the 5 naps of
the day. Each recording session lasted about 6 min. The subjects sat
on & bed in a sound-attenuated and electrically shielded room. Their
backs were supported by a removable wood back rest placed against a
wall. During the recording, they were instructed to keep their eyes
fL;ed on -a poiht approximately 1.5 m in front o{ them and to bliﬁk as
little as possible.. i
L ERG signgls were recorded from standard Fz, Cz and Pz locations
and referred to linked mastoids. EOG derivations were the same a;gin,

-

the MSLT recording.

The inter-electrode impedances were below 3 kOhms. The EEG and
EQG signals were passed to the computer for ‘averaging following ampli-
fication by the Beckman R-611 lpolygraph. The amplified EBEG and EOG
signéls were digitized‘_by a MINC-11 computer using dwell times of 4.5
msec ‘'over a 900 msec-sweep timé 5eginning 50 msec prior to stimulus
onset. Digitized single triel data we;ekéoded'and stored on a disk or
magnetic tape for subsequent off-line averaging.

The magnitudéjiﬁnd vector contributions of eye movement poten-’
tials were measured on each day just prior to the 1200 Efs ERP testing

session. Subjects were instructed to blink and move their eyes verti-

«
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";“ cally and horizontally. The mbhements were recerded on the different
* EEG and EOG channels and were stored by a MINC PDP-11 computer.
Later, these data were used h;ﬁsubtract the effects of eye movehents
from the ERPs.
The stimuli were 50 msec tome bursts with rise and'fall times
“of 5 msec. They were delxvered through Telephonics TDH-49 headphones
to the right ear at an LntenSlty of 90 dB.SPL and at a rate of l/l 1
-.sec. Ninety percent of the stimuli were "standard" tones of 1000 Hz
and the remaining ten percent were "target" tones of 2000 Hz. The
- targets were randomly interspersed during each trlal. The subJects
were asked to press a button with their preferred hand in response to,
‘ each target stimulus. One block of 300 stimuli was presehted in each
session. Reaction times (RTs) 1in msec were recorded-ehdrstered auto-
ﬁefieallﬁ hx the computer.
| During stimulus presentation, the experlmenter monitored the
electroencephalographlc activities on the polygraph. If the EEG (Cz
and Ol) actxvxty showed a stage lB pattern for three consecutlve
epochs (60 secs) and the subject also failed to respond .  to target
sthulL durlng that period, the experlmenter would stop the program
dellverlng_;he st;mull‘and awaken the subject. The program would_ﬂhen
be reinitiated and stimulus delivery would continue. ~ This .Qas ne-
cessary for-only one subject, a'narcoleptic who'fell asleep in the

<

1400 hrs session.
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Data Analysis

Five separate peaks of the ERP were identified in the vertex

-~
’

recordings: Pl was the maximum positive ﬁeak between 30 and 7d msec,
N1 was the maximum negative peak between 50 and 150 msec; P2 was the
maximum positive peak between 120 and 250 msec; N2 was the maximum
negative'peak-betﬁeen 150 and 350 msec; and P3 was the maximum posi-
tive peak'between 250 and 700 msec. Once the component peak latency
was defined 2t Cz, the amplitude at that latency was measured at all
electrode sites using a baseline-to-peak appreach. T |

The averaged EEG data were corrected for eye movement artifacts
using an eye movement compensation program. The EEG and EOG data
collected prior to e 1200 testing session (see above) were used}
For each EEG chanmel, ratios .measuring the effects of vertical and
porizonta%/movemggés‘gsffjcalculated. The deviation of the EEG chan-
nel from’its b&s;IIHé=§aé divided by the deviation of each of the 'ECG
channels from their baselines dufing the various eye movement periods..
The ratio .Jfor horizontal eye movement was derived from periods of
horizontal eye movement. ?he ratio for.verticéi eye movement was
derived from both blinking and vertigal eye_movemegt periods. Cor- .
rection of eye movement effects on the EEG data was ﬁ%en accomplished
by subtractihg from each EEG channel the horizontél eye movenment ratio
times the horizontal EOG data plus thé vertical eye movement ratio;
times the vertical EOG data.

The latencies, performance levels (targets missed and number of

signals :falsély detectéd) and RT's were submitted.to a two factor

(sessioné_xﬂgfoup) ANOVA with repeated measures on the sessions factor
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- (Kirk, 1968). The amplitudes were submitted to a three way ANOVA,
. t
with sessions“ énd electrodes as the within group tactors and groups

(narcoleptics, controls) as the between group factor. The alpha level

was .set at p <.05.

: . ' : .
CNV_ERP Study - ' .

;s This ERP was recorded prior to each nap on the alternate dey;
In ordér to later subtract the contribution of eye movements, the
o measureﬁent of eye movement potentials was done prior to the’ 1200 hrs -
session. (see above).

Subjects were tested in the same environment as described

before. They were trained to suppress eye movements durxng the inter- ”'

stimulus Lnterval. In order to further reduce eye movements, subgects
were instructed ‘éo flxate thelr 'Vlston on a p01nt sxtuated ap-
proxlmately 1.5 m in front of them. Because of excessmve eye move--
ments, the data of one of the narcoleptic subjects- and hlS respectlve

-

control were omitted from & 1ysms. R o -

Two auditory sthull were delivered b;n&urally‘ through the.
TDH-49 earphones. The first stlmulus (Sl) a 90 dB SPL 2000- Hz tone -
had a duration of 50 msec with a 5 msec rise and fall the. This
stimulys was followed 3 sec later by a 90 dB SPL buzzer (82), with a
duration of 3 secs. | ";Z ) fr . o .

Both stxmuli (Sl and S2) werevgeperated by a Wavetek 159.weve; .
form functlon generator. The tr;gger and timiﬁg.oﬁ signais and the

measurement of reaction time in msec was done by a MINC PDP-11 com-

puter. Each subject received ?0 computer initiated trials at random.

.
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8-10 sec intervals. Subjects were instructed to turn off the buzzer

by pressing a button.

The EBG and EOG derlvatlons vere Ldentlcal to those- used in the.
P3 ERP recording. EEG and EOG signals were_ampllfled by a Beckman
R-611 polygraph set for a 6.6 sec time constant and a high frequency
cut-off of 30 Hz. The ampllfled EEG and EOG signals were digitized
‘over a 5000 msec sweep time beginning 500 msec prior to the 31 sti-
mulus. A/D conversion was 100 saﬁples/sec. Those trials in which the
subjects did not press the button to turn off the buzzer were not
recorded and were reméved-automatically. Data that were not rejected

were saved on disk or magnetic tape and averaged off-line.

Data Analysis
The following measureé were obtained:

1) lLatencies and amplitudes of N1 (range 60;150‘msec) after Sl‘
(N1S1) and S2 (N1S2).

2) - Latencies and a;piitﬁdés of P2 (range 120-250 msec) after Sl
-(P281) and ‘S2 (P252).

3) AMFH, the average magnltude in the period 55051500 msec after
Si. This early component of the CNV has been interpreted as
reflecting an orienting or reactive response to.Sl. It appears
to have a frontal dominant distribution whgnever auditory
stiﬁuli is used (S1) .(Loveless and Sanford, 1974;— Gaillard,

1976; Simson et al. 1977).

2,
i



4) AMSH, the average magnitude in the period 1500<3000 msec after
Sl. This late component has been associated with anticiﬁgtion
processes involving S2. Its amplitude has been seen to in-
crease with motor responses. I1t-.is recorded maximally centrel—
ly with reduced magnitude frontaiiy and parietally (Loveless
and Sanford, 1974, Rohrbaugh et al 1976).

5) Post-CNV,; the average magnitude between 3300-4500 msec after
S1. . , ’ . .

All measures were with respect to the pre-él baseline, which
2‘{was the avethge'poteﬂt;el within the period 0-500 msec beﬂo;e éil"j
Since. the records'of narcoleptic subjects contained'fa latge _
‘:‘amount of eye movements whlch are usually present in perlods of Ln;”

' tense sleeplness it was decided to use 2ll the trlals of the SeSSLOHS _

_ and - to compensate for eye movement artlfact through an eye movement{;

3
P

, compensatlon program (see above). ".:,g‘ﬂln?- wlft . “a

ERP latencles as well as: performance data (antloipatory re-
sponses‘and no responses) and reactlon tlmes were subgected to a two
factor (group x sesslons) repeated measﬁ%es~ANOVA. Amplltudesu were
Subjected to a 3 way ANOVA (time of day x| groups X electrodes)‘

Results were consxdered sxgnlficant at the p <.05 alpha 1eVe1.

FURTHER STALLSEIGMs~aNALYSIS

Significance levels for all the interactions were deteﬁnined

using the conservative‘Geisser;Greenhouse.method (Kirk, - 1968). Ana-

lysis- of interaction comparisons was carried out using simple main

- ’
—_—
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: . -~
effects procedures. Post-hoc comparisons were made using Tukey's Test

~(Kirk,. 1968): ~Correlations‘ weré calculated between ERP change of -

S

alertness scores and reaction times of both ERP paradigms and between

ERP changé'of aleftness and N1 and P3 latencies -and amplitudes.

RESULTS
Raw data of each of the variables described below is found

in Appenqices 1 to 13.

MSLT

Interjudge reliability was established with a second - rater
based on twenty percént of the records, choseﬂ{pseudorandomly to
include difficult to scbre“recbras. ‘An overall 89% agreement - was.
;eached (narcoleptics 82%, coﬁtpols 96%).: _ | |

Two of the 12 narcoleptibs had only sleep onset REM naps, one
had only NREM naps aﬁd the remainihg 9 had both REM and NREM naps.
Narcoleptics experienced ﬁ.total of 35 REM and 25 NREM nap; the first
day an& 36 REM-and 24 - NREM naps the second daf. . M;re detaileq find-

ings regarding REM naps will bg reportedhsebarately (see next report).

Intraéroup Comgarisdns

No differences emerged among narcoleptics or among controls in
sleep onset latencies or total sleep time in day 1 as compared to day

2 (Tables I to IV).
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Narcoleptics showedlglsignificant session effect in stage 2
latency (Table I)i‘v-lt”fook them longer (Figure 2) to fall into stage
2 in nap 1000 then it did in nap 1400 (F=2.71, df=4,88, p <.04). They
also showed a session éffe¢t for time spent in stage 1B (Table II).
They spent significéntiy less time in this stage in nap A1800 than in
nap 1400 (F=2.48, df=4,88, p <.09).

A signifié?nt session effect was "ggserved in controls in
latencies to stage 1B and 2 (Table III). The latency to stage 1B in
- the last ﬁap (1800 hrs) was significantly longer (F=3.65, df=4,88, p
<.02) than the latencies in the naps at 1200, 1400 and 1600 hrs (Fig-

ufe 1). The latency to stage 2 in the nap at 1800 hrs was also signi-
ficantly longer (F=6.60, df=4,88, p <.001) than the latencies in the

1200, 1400 and 1600 hfs naps (Figure 2). A session effect also ap-
pearedlin controls for total time spent in stage 2 (Table IV). Ig the
1800 hrs nap, they spent significantly less time~ in this stage
(F=6.28, df=4,88,. p < .0067) tpan they did in naps at 1400 and 1600
hrs (Table IV). No REM sleep wa# recorded in controls.

e

Intergroup Comparisons

Latencies There were no.sighificant differegces A latencies to -
‘stage 1A between narcoléptics-and controls (Table V). A significant
difference between groups appeared in MSLT latencies to stage 1B and
stage 2 (Table V). It t6ok narcoleptics a mean of nly 5.1 min to
fall ihto'stage 1B whilg it took controls 10.3 min (F=14.86, df=1,22,

p <.001). ' There was a significant mein effect of session. Post-

hoc ' analyses indicated that the latency to stage 1B at 1800 was much
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'longer than at 1000 (F=4.5§, df=4,88, p <3006j (Figuré 1s

A significant bq&yeeg groups difference was observed in stage 2
latency. It tock na}coleppics 11.5 min to fall .into stage 2 while it
took controls 15.5 min (F=5.26, df=1,22, p <.04). A Stgnificant
session é;fect was observed iﬁ botp narcoleptics and contfols. (Fi -

gure 2). Post-hoc analyses revealed that thefgfoups entered stage 2
much faster at'1400 than they did at 1800 (F=5.09, df=4,88, p <.00l).

Sleep Time inEStiées Controls spen; significantly more time in
stage 1A (F=9.50, df=1,22, P <.005) than narcoléptics (Table VI).
This was due to the fact that the controls took longe} to fall asleep
and spent more £:;e awake after sleep énset. Stage lA—was not con-
sidered a sleep stage but it is described in tgble VI Dbecause it
occurred intermixed opher stages of sléep;. Both groups spent about
the same amount of time }n-stages 1B and 2 (Figure 3). A significant
session effect was observed in stage 2. Both groups spent less total
Sleep time in stage 2 at 1800 than at 1400 and 1600 (F=6.16, df= 4,88
p <.0004). The longer time spent in S%aée 2 in these early aftérnoon
MSLT naps was expected, since the shortest latenciés to stage 2 were
observed at these times (Figure 2).. ‘

Twé narcoleptics spent some time in stage 3 (40 sec) and stage
4 (120 sec). Controls' longer sléep latencies and longer times spent
X .4f~a§£¥e after sleep onset resulted in their ha#igg lower sleep ef-
ficiency (.40) than narcoleptics (.81) duriqglghe nab sessions.

‘\

sss
~\

Subjectiﬁe sleepiness of narcoleptics as reflected by SSS$
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scores was significantly greater than thet of the coantrol group (U=25:7~“é%

p <.02)§" There were np_eigniffEant differences between narcoleptics
SSS sceres in the morning (0900-1230), -early afternoon (1306—1630),
- and late afternoon (1630-1800) (F=.79; dsz,lb <.70). Although con-
trols’' subjective reports fiuctuated more through the day, (late-

afternoon scores were smaller than in the morning) no significant

diff{erences among sessions were observed (Table VII).
SS scores taken before and after ERP and MSLT sessions re-/
vealed significant deﬁerences. Reductlon of alertness after ERP
Sessions was much greeter in narcoleptics (-.69, SD= 52) than in con-— :
trols C—.ZB{;SD= 1.59) (U=28, P <.01); MSLT nap periods were assoei_
ated'with increases En subjective alertnees. “This effect was greater
in narcoleptics (.63 SD= .31) than in controls (.09, SD= .29) (U= 17, °
p <.002). ‘ |

A eomparison of'bhange of alertness scores after REM naps (naps
containing REM and NREM sleepi er only REM sleep) versus NREM -naps
(containing\only NREM sleep) showed that narcoleptics reported éigni—
ficantly larger increases of alertness (+.87) after REM naps as com-

.pared to NREM naps (+ .39) (t=3.48, d£=58, p <.Ol).

P300 ERP Study
\_-‘_‘/

Performance k

Stimuli Detected No significant differenceés between groups

~emerged in the number of targets nmissed or in the number of false .



. 63
positives (Table VIII), although narcoleptics made more errors than

)

controls.

Reaction Time There were no significant differences ' between

narcoleptics and controls (Table VIII), although narcoleptics showed
lower reaction times than controls ‘in every séssion {Appendizx ViI).
Non-significant low correlations were found between hit rates and Pé
amplitudes in both groups.

Intergroup Comparisons

The different AEP componegts.dcross the day can.be obserfed.for
both grodps in Figure 5.

N1 (latency= 108 msec)- was largest at Fz, declining by 0.05%
i.e. effectively no attenuation at all gt Cz and 44% at Pz. -Pé
(latency 179 msec) showed a central locus, declining by 1.4% at Fz and
36% at Pz. N2 (latency= 235 msec) was maximum at Fz and was attenua-
ted Dby 0.06%, hardly nothing at Cz and 21% at Pz. The distribution
of P3 (latency = 353 msec)-'wgs different between qarcolebtics and
.controls. For controls, it showed a parietal maximum being reduced by
15% at Cz and 31% at Fz. For narcoleptics, P3 was maximum éé Cz and
' was attenuated by 18% at Pz and 40% at Fz. - o

Latencies and Amplitudes There were'essgntially no differences

between groups in Pl, N1, N2 and P3 latencies (Table IX). There were
nao inte;group differences in N1, P2 and N2 amplitudes (Tablé . P
&mpiitude was significantly larger in narcoleptics than controls.
(F=5.03, df=1{22, p <104). However P3 amplitude was significantly
-smaller in narcoleptics (F=4.69, df=1,22, p <.04$ (Figure 6).
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A significant group x session interaction effect was observed

- for Nl amplitudé (Figure ?). At 1000, contfols showed a significantly
larger Nl amplitude than narcolgptics at this session (F=3195,
d£=1,22, p <.05) whereas at 1400 controls showed a significantly
smaller Nf amplitﬁde ‘than narcoleptics at 1400 (F=6.48, df= 1,22,
p <.02). There wa§ a fluctuetSon of N1 amplitude through the day in
both groups. The amplitude of Nl in controls at 1400 was signifi-_

, cantly smaller than at 1000 (F=6.48, df=4,44, p <.000l). In narcolep-
‘ties, NI amplitudes at 1400, 1800 and 1800 were all significantly
larger than at 1000 (F=$.77, df= 4,44, p <.0001) (Figure 7): ' "

- Apart from the N1 interaction, there was no significant time of
day effect, it was therefore decided to collapse all the data, géross
sessions and submit them to a two way ANOVA (gzoup b eleéfrode) to
increase the power of our test. The Pl'ampli£ude of~narcoléptics was
found to bé significantly ~larger tgpn controls at p <.004 (F=8;58,
df=1,118). P3 émplitude remained significantly smaller in narcolep-
tics at p <.001 (F=18.99., 'df=1,11.8), but a significant electrode x
group interaction was observed (F=4.09, ﬁf¥2,236; p <.02). This
indicated that while the P3.amplitudes of. narcolep;ics and controls
were similar at Cz, the narcoleptic P3 at both Fz and Pz was signifi-
cantly attemated (F=12.89, df=1118, p < .001) and (F=15.84, df=1,

118, p < .00l respectively). In addition, it was also observed that

7>

the N2 amplitude of -narcoleptics was sxgnlfxcantly smaller than that

of controls (F=9.31, df=1,118, p < .003).

~CNV_ERP Study .-

Performance

Narcoleptics showed overall significantly slower reaction times
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(F=6.68, ,df=1,20, p <.02). No session differences were .observéd
(Table XI). Narcoleptics also made a 1arge;? number of anticipatory
responses (responses before S2 presentation) than controls (F=6.11,
df=1,20, p <.02). Only 2 narcoleptics made errors of omission (no
response)

The average magnitude of the second half of the CNV lnterval
did not correlate smgnlfzcantly with RT at aay of the electrode sites
in either nﬁrcoleptics or controls. The latency and amplitude_of N1

after S2 also did not correlate with reaction time in either group.

———

Intergroup Differences

a

NiSl (lafency=117 msec) was largest at Cz declining by 19% at
Fz and 5%% at Pz. P132 (iatenby=220 msec) wﬁs largest at Cz declining
'by 26% at Fz and ;7% at Pz. NI182 (laténcy=113 mSec) was largest at Cz
' décréhsing by 25% at Fz and 50% at Pz. P2S2 (latency=232 msec) was
largest at Pz declining by 18% at Cz and 56% at Pz. The distribut;on
of AMSH was‘d;fferent between narcoleptics and controls. For controls
it showed a central maximum,-being reduced byisoﬁ’é% Fz and 62% at Pz.
%n narcoleptics;AMSﬁ_wa§ mgximumf at Pz dgcliqing by 7% at Cz and 48%°
at Fz. Pbsé-éﬁv Was .FEcordeé ,negﬁkively at Fz and positively pa—
rietally. | { '

‘
i . =

-

Latencies The only sxgnlflcant i;tergroup dlfférences were
“found in N1 latencles ta both Sl (p K. 0003) and P (p <.0007) (Table-
XII) A session by. group interactlon was obserqu in P2 lateppies.-
Controls had longer P2s1 latencles than_narcoleptlcs‘iﬁ the 1096 hrs- -

session (F=7.02, df=1,22, p <.02 The P2S1 of controls showed 2
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longer latency at 1000 t}:n.n at" 1200 1600 and 1800 hrs (F=5.23,
d4f=4,40, p <.002) (Table XII).
Amglltudes No significant differences between groups were

observed in e:.the:: the EP ccmponents (Table XIII) or in the CNV amp‘ll-

tude measures (Figure 8).~ Opposite trends were observed in N\SE/\l

amplitude variations through the day. The N1S2 amplitude decreased
through the day in narcolef)tics and increased in controls which re-
sulted in a signifz:.cant grc;up x session interaction. The narcoleptic-
s' NIISZ amplitude at the 1000 hrs session was larger then at 1800 hrs
(F=3.5, df=4,40, p <.05). Controls' N1S2 amplitude at 1000 was signi-
fican.tly smaller than at 1800 (F=2.5, df=4,40, p <.01) (Figure 9).

. Narcoleptics showed a significantly greater Post-CNV negativity
in the 33004500 msec period after S$2 than controls (F=4.86, df= 1,20,
p <.04). The\gpattern of resolution of this c'ombonent was quite dif-
ferent in both groups. N&rcelepti.cs sho?ed a much larger negativity
a.t Fz (-2.5 uV) tban controls (-.4 uV) and showed & nega.t:.vn.ty at both
central (-1.9 uV), and parietal sites (-.2 uV) whereas controls showed
a positivity_a.t both the C:_: (1.27 uv) and Pz (3.82 uV¥) electz;odes.'

' A sigpifica.nt group x electrode interaction was observed in.the
average maénitude- ‘of the second m.lf of the CNV‘ interva.l (AMSH) .
While narco}.eptxcs ¢AMSH amplitude at Cz « was szgr{.\.f icantly smaller
£Lan the Cz amplltude of controls (F—-—G 27, df 1, 20 p’ .<03). ?m AMSH
-akplitude of na.rcolept:.cs at Pz was" SLgm.fJ.ca.ntly la.rger than con-
. trols’ amplitude at Pz (F=8.02, df=i,20,lp'§.01). Tp; meximal negativi -
ty recorded ‘at Cz in the seeond ‘malf of the interval in controls -
agrees with pa.st t'eports gf amplitude dis\‘trz.butiohs of this lagxe’ CNV

negativity (Ga.l.lla.rd, 19764 1977, Rohrba.ugh,__et al. 1976)..

i @ - . ' A



DISCUSSION

¢

-

MSLT and SSS
. As there were no significant differences between day 1 and
day 2 in the sleep latencies or total sleep times of either the
narcoleptics or the controls, the data of both qeys were collapsed.
:We recorded significantly shorter sleep latencies ih narcolep--
tics that have beem reported in ihe past (Richardson et al. 1978,
"Hartse et al, ;982). This is congruent with the significantly larger
degree of subjective sleepinese narcoleptics reported (higher SSS
scores). We did nof_observe a marked reduction of sleep onset times
at 1400 and 1600 hours in either groﬁp (Figure 1) even thouqua mOfe
lax sleep onset criteria was used (first epoch of stage’ iB) '(Ri-
chardson et al. 1978). Shorter ;sleep latencies in the early ef—
ternoon (Carskadon & Dement, 1975, 1977; Richardson et al. 1982)
have been interpreted as reflecting an increase in sleepiness intensi-
ty as part of the circadian rhythm. In our study, the indexes of
circadian f%gctuations of 'sleepiness (increaee)' were shorter sleep
latencies to stage . 2 and loﬂger times spent in this stage in both
groups. These similarities suggest that both types of sleepiness,
. normal and PS may be affected by the same blologlcal clock which
controls fluctuatlons of alertness.
‘ Shorter sleep latencies and longer sleep tlmes in stage 2 1n
.the early afternoon have been reported prev1ously in people without'

sleep-dlsorders (Webb & Agnew, 1977, Lavie & Sche;son, 1981). An



ultradian effect on deeper stages of sleep might explain these find-
ings (Agnew-et al, 1968), as would the proposal for a 12 hour slow
-wave sleep rhythm with pressure for NREM sleep in the e;riy afternoon
(Broughton; 1975; Gaghon & de Koninck, 1984). The number of REM naps
in narcoleptics at looq/ars'was much larger than at any other session.
The appearance of REM éleép in normal subjects in the early morning
has been considered a prolongation into wakefulness of a circadian
effect (Webb et al. 1966; Wepb & Aéﬁew, 1966, 1977). Thi;-circadian
'di§tribution characterized our narcoleptic group, although it was not
found by Mitler et al. (1979). Our results provide’ additional sup-
port for the presence of relatively rormal distribution of sleep
stages in narcoleptics in 24 hou; periods (Baldy-Moulinigr et al.

1976; Hishikawa et al. 1976).

Coﬁtrols'occasionally showed nap latencie; that were @&s short
or even shorter than those of narcoleptics. This great variabiiiéy
and overlgp in' sleep omnset latency méasures for both patients with
sleep disoyders and normal controls has been reported in the past-
(Hishikawg et al. 1976; Zorick et al. 1982; Hartse et al. 1982).
However, controls rarely reported exceésive day;imefsleepiness (8SS
scores). There thus appeared t6 be a dissobiation between subjective -
(SSS) and objective (MSLT) measures of sleepiness in controls. 1In
qargolepticé ﬁigher 8SS scores (greater subjective sleepiness) cor-
responded with shorter sleep onset latencies (greater objective slee-
piness). Disééciation of objeétivé and subjective measures of sleepi-

ness in narcoleptics, though, wé}e observed in relation to fluctua-

tions of their sleepiness. Narcoleptics rated themselves as equally

-

Ry
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sleepy throughout the day' despite the fact that their sleep latencies

in | the latter part of the afternoon were significantly longer than at

'otherktimes:_. Although controls' SSS scores also showed non signifi-

‘cant ‘fluctuations of sleepiness, they did tend to rate themselves as

more alert at the end of the afternoon, which was consistent with
themr longer sleep latencies at that tume.

” The longest sleep latencies . were present in both groups at
1800. Tnis has been repérted in the last session in other studies
(Dement et al. 1978; Hartse et -al. 1980, 1982; Zorick et al. 1982)
and has been interpreted as either a reduction of the circadian sleep

tendency in the early evening (Carskadon & Dement;'1975; Richardson et
e ’ — .
al. 1982) or as an-improvement effect.of the preceding naps (Cars-

kadon & Dement, 1979). However, the longest latencies have also been

recorded --in studies (Hartse et al. 1983, Zorick et al. 982) where

the last nap was at a time (1600) when others have reported much

. 4

1ater‘naps were to follow. This suggests that increased sleep latency

-

in the last gession might 1@sult from an interaction between the
physiologicalctendenc? t0 sleep and-the alerting effect of psychologi-
al. factors related to the relief . of knowing that the experiment

o

, : . - T , .
would soon be over (Carskadon & Dement, 1982). It is interesting to

note that in controls both the subjective feeling of sleepiness and
the .physiological state were affected. | In narcoleptics, subjective
. _ ¢ .

sleepiness did not change although’ the ability to stay awake longer

did increase This suppor suggestlons that the chron1c1ty of PS

makes those that experience it 1less sensitlve to fluctuations of

shorter latencies (Richardson et al. 1978; Mitler et al. 1078) when’ ..

.
et
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;sleepiness (Dement et al."1978' Roth et al. .1982).

Narcoleptics spent less time than controls in stage 1A.‘lh1s is
in part due to their short sleep onset latencles which’allowed for
fewer fluctuations of v1g11ance.before “descent into sleep. While

narcoleptics showed a much larger mean r of awakenings after

falling'asleep than tontrols, they spent sSignificantly less time awake.

after sleep onset, tending to fall asleep immediately after each
arousal. Fragmentation of sleep has been previously reported in the
nocturnsl sleep of narcoleptics (Montplsisir, 1976; Broughton &
Mamelak,_.1979, 1980). Toe narcoleptics' sleep fragmenéation during
MSLT'naps did not affect their sleep efficiency during MSLT naps (time
asleep/time in bed) which was much higher (.Bl) than that of controls
(.40).

The significant decrease of alertness in narcoleptics after ERP
sessions confirms clinical reports that their sleepiness is signifi-
cantly increased,in non-stimulating circumstances (Genado, 1958). It
could also be that the demaods for constant vigilance during the ERP

-

tests caused'lercessive fatigue in the narcoleptics.J Narcoleptics
showed significantly'greater‘incre&se of alertness after MSLT sessions
than controls which ‘confirms'past reports on the refreshing effect
naps have upon narcoleptics (Yoss & Daly, 1960; Rechtschaffen & De-

ment, 1969; Zarcone, 1973). A comparison of changes of alertness in

[N

narcoleptics following either REM or NREM neps showed that fhose who

spent some time in REM sleep increased their alertness much more than

their respectlve controls whlle fﬁ\be who spent time ln NREM sleep

did not. The presence of REM-sleep appears.to be the element that

; . R . . o
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contributes to the larger recnperative quality of narcoleptlcs slech.
The 3SS scores did not correlate signlficantly ‘with the detec-

tlon levels, RTsdj;atencles or amplitudes of the,PS or CNV components.

A lack of correlat on between performance levelq.pnd Subjective alert— .

ness ratings of narcoleptics has been previously reported (Valley &

Broughton, 1981;. A lack of significant correlation has also been

reported for studies of subchronic sleep deprivation in _normals -

(Friedman et al. 1977; Herscovitch & Broughton, 1981). This may

reflect. the many factors that can affect performance independent of
<

the state of alertness of the subject, ‘i.e. motivation, ~over-

compensation ete. (Naitoh 1976). It may also be that in subchronic
.or,cbronlc forms of sleeplness, subgects lose the abillty to accurate-
'ly self-assess their 1mpa1nnent (Dement et al. 1978; Roth et al.
1982).

. : ' - S
P3 . . ' s/

r

The EEG pattern recorded in both narcoleptlcs and controls
during perﬂormance of the P3 paradigm was that of wakefulness." In
other test s:tuatlons, brlef mlcrosleeps (Gulllemlnault et al. 1975)
or fluctuatlons of alertness descrlbed as stage 1A (Valley b3 Brought-
on, 1983y have been recorded in narcoleptlcs. ﬁ; observed neither of
these patterns. The ‘briéfness of our tests (about 6 myé; may not have

_allowed suiflcient”tlme for fluctuatlons of alertness to occur (Malmo
1959). Simllar sustained waking patterns were observed for the
shorter tests in the Valley & Broughton (1981) study.f

No sign#icant intergroup latency differences were ot'lserved for

\
S ‘ . . !
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the different components. Thié is similar to the findings of Pressman
et al. (1982) and (for Pi, N2; P2 and N2) of Broughton et al. 1981,
1982). No latency fluctuations were observed as a function of time of
day elther in narcoleptics or in controls. Similar findings have been
reported in normal subjects (Heninger gt al. 1969).. Canmpbell et al.
(1980; also observed no latency fluétuations in a gréup of sleep
deprived qonnals. Browman & Sullivan (1980), on the other hand, have
reported an increase in N1-P2 latency from the morning tqQ the evening.

Our mixed sample and differencesﬁin\reéording times might explain the

.differences in findings. :

The narcoleptics' N1 amplitude generally increased through the
day, while controls'decreased. This opposxtsg—fttern of fluctuation
resulted in an lnteractlon effect in which narcoleptics' N1 amplitude
at 1000 was significantly smaller than controls' at this seséion.
Conversely, narcoleptiés' N1 amplitude recorded at 1400 was sggqifi-
cantly larger than that of controls at this time. o .

We. observed a reduction of.Nl amplitude in' controls in the

middle of the day, as reported by Kerkhof (1982). The smaller N1

" amplitudes recorded in controls in the afternoon session suggest a

decrease 1in the level of alertness in this group over the course of .
the. day (Browman' 1979; Kerkhof et al. 1980; Browman & Sullxvan
1980). This reductlon rnight alsg- represent what has been descrxbed as

slow h&bltuatLon (Callaway, 1973 chton/gf/gl.‘ 1976; Ohman & ‘Ladder,

1972) rebultxng from test repetttlon.- The fact that N1 amplitude

anreaseg‘we:e'recorded';n narcoleptics in the afternoon suggests that

‘factors other thatd habituation prodhded the.decreﬁsed N1 amplitude of -
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controls. Controls' decreased'sleep onset ‘latencies to stage 2 in_the
afternoon suggest that the smaller NI -amplltude reflects a lower
ability to Sustain phaszc alertness related to a reduced tonic arousal
level (Kerkhof, 1982; Browman é Sullivan, 1980).

The Iarge number of errors made by narcoleptics Ln the-
afternoon,_.their slower reaction times at 1600 end 1800 and the
shorter sleep onset times and longer total sleep times in stage 2 at
1400 and 1600; indicate that they were sleeplier in the afternocon than
in the morning, . although this was notireported subjectively. These
data do not agree with: their significantly larger® N1 recorded in the
afternoOh,zes an increase in N1 amplitude has been reported to reflect
a greater level of alertness aod higher-ettentional level (Schwent et
al. 1976Ga). We éuggesthtﬁat the increased N1 of narcoleptics in_tﬁe
afternoon, paftlculerly at 1400, reflects tﬁe overcompensatlon made to
offset thelr lowef levels of arousal and greater dlfflcultxes in
sustalnlng attentxon (Naitoh, _71976). The sxgnlflcantly increased Pl
recorded in narcoleptlgs ls also congruent with our interpretetion
that narcoleptics were:making ‘a lerge etteotional effort in order to
perform (Wilkinson & Morlock, . 1967). Ah increase in mhscle tension
caused by the effort to remain alert ﬂa.s been found to affect very
early components (Davis, 1964; Picton et al. 1971) and may be res-

popsﬁhleﬂﬁgg,the enlarged Pl1. = That nercoleptics were making e great .

attentionl effo5t is supported clinical reports»which'emphgsize the -

‘constant struggle of narcoleptics to. overcome sleepiness in order to

'£ugstlon (Ganado 1958; Zarcone, 1973). Our iesults,,ﬁfpfﬁl amplitude _ .

/ '0 .
. dlfferences between narcoleptlcs and controls) agree with those of

\



Pressman et al. (1982). The absence of N1 amplitude differences may
be the result of a cancellation effect of amplitude.fluétuations

during the day that results when all data are collapsed, as it was the

case in Pressman et al's. study. The statistical analysis we "per-

formed (3-way ANOVA éroup x session x elecfrode) allowed to consider
possible amplitude fluctuations over the course of the day. We
observed that ghe lack of N1 differences between groups was due to the
latter. : Broughton et al S. (1981) decreased N1 and P2 amplitudes
could be related to their long testing time (one hour)-ewhich allowed
for a true reflection of the difficulties in sustaining at}ention
experi;nced by people with PS (Valley & Broughton, 1983).

The lack of dgréement between the behavioral (detection le-
vels) physiodpgical (sleep onset latencies and time asleep) atten-
tional "(reaction times) and electrophysiological (AEP amplitudes)
measurements reflects the dissociation that dan occur between differ-
engbindices of alertness or attention. As a result of this dissocia~
tion, different conclusions can be arrived at depending on the measure
or index of attention employed (Lacey & Lacey, 1970). In this par-
ticular study, the dissociation may have occurred under conditions
in which an lfort was exerted to susta,ln a high 1evel of a.lertness
when a low tonic arousal level was overriding (Gostnell, 19?6; Naitoh,
1976) . _ y |

‘Comparison of our N2 amplitude measures to those Teported by

Pressman et al. (1982) is probably inappropriate due to procédural

]

dLiferences. Pressman et al. recarded AEPs in subjects who were .

passively llstenlng to stlmuli while we recorded then in subJects who
RO

I

b0

——
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were actively engaged in -2 signal detection task. The N2 recorded
during signal detection is probably related to task d%fficulty and
subjective effort, whercas the N2 observed by Pressman et al. (1982)
may.be related to alertness. ‘
We did n;t record in either group the enlarged N2 amplitudes
previously recorded in normal subjects (Wilkinson et al. 1966; Wil-
kinson & Horlock, 1967) and in sleepideprived sdbjecis (Campbell et
al. 1980), duf&ng signal détéction task#._vrpis cenlarged N2 has been
previously associated with ;low levels of alertness (Wilkinson et al.
.1966; Wilkinson & Morlock, 1967) and, more recently, with increased
cognitive effort (Fitzgerald & ?icton, 1983). We also diﬁ not find
the'gignificantly décreased N2 that has been recorded in the past in
&qggeleptic subjects during prolonged signal &etecéion tasks
(Broughton et al. 1981). However, when the data ﬁere co;lapsed
8CCross Eime significant N2 ambiitude differences ;éemerged{
ﬁarcoleptics showed much smaller Nzhamplitudes than contfols (figure
10). Similar fluctuations were observed in N1 and Né amplitudes. If
the fluctuations in N1 amplitude reflect biorhythmic charges 1in
alerthéss (Kerkhof,-.1982)-then the aecreased N2 amplitude iﬂrcontrols
at 1400 could be explained by a decrea§ed cognitive effort due to a
lower level of alertness. In the narcoleptic group, tﬁe augnentation
of N2 may be a manifestation.of increased effort. The_overali smaller
N2 amplitude in narcoleptics coapared to controls sugggegts thgg in

general less cognitive effort was being made by tbié group (Fitzgerald-.

--\ . -
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and Picton;, 1983).

We recorded\asisignificantly smaller P3 amplitude in narcolep-
A h .

tics. P3 has been found to be directly related to hit rate (Squires et-

al. 19735) ‘and to the level of confidence with which a decision

is made (Squires et al. 1973; Parasuraman et al. 1980). In our para-

aigm, ‘the P3 amplitude does not correlate in either group with  hit

rates. The smaller P3 amplitude of darcoleptics may reflect a lower

- level of confidence in decision making (Squires et al. 1973) or

eduivocation (Ruchkin & Sutton, 19783. The generally smaller P3
amplitudes observed in narcoleptics might be interpreted as reflecting
the narcoleptics' greater- difficulty in nakLng signal dlscerLnatLons
due to & relatxvely low level of effort (low N2 amplitude). Tth in

turn mx~ht lead to a lack of coofxdence or equrvocatron with respect

‘to target dis?rimination (attenuated P3).

It is qdite important to note, as well, that there were no

significant group differences in P3 latency, although a 100 msec.
12 -

difference was noted in RT. Kutas et al. (1977)- and Duncan-Johnson &

—-Don‘chm (1982) have pointed out that while both RT and P3 latencies

are affected by processes involved Ln the evaluatlon of the stxmulr

N processes involved in response selection.and execution affect only RT

‘and not -P3. Pachella (1974) has observed that when accﬁracy is rela—

tively high, Avery. small individual or group differences in error rates-

nay be assoc1ated wfth smgnlfésant RT deferences. Although RTs of

narcoleptic patLents were abo?t 100 msec longer thang the controls

‘their accuracy re;es tdlided to be very high (nearly 1q9$)._-_The;PSTRT

" . 4 . . " <, .- N -
- - . .
. » " - . 9
.
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results therefore suggest that the groups primarily differed in pro-

- cesses involved in response selection and execution. gAmongst the

+

possible response,biaseS' are equivocation (as reflectediin P3 ampli-

tude) and/or an emphasis on accuracy rather than speed. The important .
consideration isA that stimulus evaluation processes occurred at es-
eentihlly the same” time in both groups (simil;r P3 letencies). , Tcus,
even if narcolepticsz‘ in genera;, made less effort, .this had little
detrimental effect on their performance.of this relatively easy task
(accuracy rates were high, P3 latency was similar to controle).
Finelly, the smaller_PSqamplitude in narcoleptics might be a
result of averaging individual P3's varying in time ('jitter'), rather
than a true amplitude 'decrease. . Tt@%lnstablllty of alertness of
narcoleptics, which was not necessarily recorded in the normal EEG
. record, might eccentuate'tqe pﬁédomenon (jitter) and lead to lower P3
amplitude._; Ruchkin and Sutton (1978) recorded significantly smaller
P3 amplitudes when subjects were uncertain of correct detections of
stlmulus omissions as ca;;ared to when they were certaln., After using -
correctlon procedures ln«ﬂWthh P3 amplitudes were adjusted for
latency varlatlons, it was observed that the P3 ‘ampli tude related to
uncertain trials increased in amplitude but this amplitude was still
emaller than those recorded in trials in whicglsubjects*were certain
about correct detection of stimégz omissions. Ruchkin and Sutton
b ( .79) have-shcwn,that reduction in P3 amplitude connot‘be entirely
&scribed - to jitter effects. Thds,--while our results may‘iﬁlpart be

‘ﬁ".

due to this phenomena, other factors must also be involved.

-

While similar P3 amplitudes were recorded at Cz in both of our
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groups., 51gn1f1cant1y smaller amplltudes were recor%ed in narcoleptics
"at Fz and Pz. ‘Studies on topographic distributlon.o¥ AEP ‘components
have .reported P3 to be maximally recorded in' areas overlying = the
parietal 1obes.‘ Simson. et al. (1977a) .suggested that the P3 dlS—’

trlbutlon is compatible w;th elther a single source extending into a

S
distinct parietal and frontalv sourcesg Our - own results favor the

b

existence of two dlstlnct frontal and par1etal sources (Slmson et al.
€-1976, 1977a, Squires et al. ‘1975). '

Subcortlcgl-cortlcal connections have been found " between
mese;cephallc retléglar formation structures and frontal and parietal
lobes_(French et al. 1955; Astrue, 1971)- Electroencephalographlc--
arousal are mediated by such connections. Cortico-cortical connec-
"tions have also been reported between the inferior parietal lobule "and
frontal regiohs (Nauta, 1964; Pandya & Kuypers, 1969) whose lesions
can result in the ihattentioe syndrome (Brain, 1944; Critehlé§, 19§6f
Heilman & Watson, 1977; Damasio et al. 1980) in which impairment of -
the arousal and orienting system is present éHeilman_ & Vaiens%ein,
1972; Watson et al. 1973, 1974, 1977). It is possible that a low
level of efficiency of the arocusal and oéze;¥ing system, ‘in wh;ch
frontal anﬁ pdrietal lobes seeﬁ to be involved, are reflected’inrthe 
decreased P3 recorded at .the Fz and Pz electrodes in our group with
PS. The bilateral distribution of ‘the P3 component and its modality
nonspecificipy ‘Hhs led some authors to suggest Ehe meeencephalic-

reticular formation (MRF) as its source generator (Desmedt et al. .

1979). 'Feedback control of the MBF by the efferent comnectigns of the

i -;JJ'.‘.
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prefrontal granular cortex has been documented in cats (Bremer, 1977;
éugelin and Bonvallet,, 19573. It might be possible that the reduced
P3 in narcoleptics is reflecting the inhibitory effects of the frontal
cortex over MRF which in turn inhibits transmi531on to parietal areas,
resulting in a decreased P3. The decreased P3 over frontal areas is
ithe result of either decreased transm1531on through anatomical con-
nections from parietal associatiou to'frontal cortex (Nauta, 19645 or
of the same inhibitory mechanlsms of MRF by frontal cortex (Hugelln'
and Bonvallet, 1957). Recent evidence suggests that limbic struct-j:
‘ures, specifically the hlppocmmpus are possible source generators{_of
the P3 component (Halgren et al. 1é80-~Wood et al. 1980; Perrault &

Picton, 19845:‘ MRF—Septo—blppocampal connectlons have been reported

(Valenstein & Nauta, 1959; Ralsman, 1966, 1969) " Slngle neuronal

-

discharge studies have documented ”tbe'existe ce Sof xcltatory and
inhibitory dlscherges between these structures (Grantyn et al. . 1972;

Mok & Mogenson, 19?4;,McLennan eta l. 1974, 1975). The hippocamuus
is known to be interconneéted with the temﬁoral lobes (Hjorth—Simonsen
et al. 1971a 1971b; Deadwyler et al. 1975). Temporal and fromtal "
lobes are rectbrocaliy connected with, ‘each other and with the in-
ferior parietal.lobe (Nauta, ,1964;;Paudya & Kuypers, 1969). It might
well be;possitle that all these ’structures-influence each other and
form'oart,of a circuit invo}véd in the generation of the P3 component.

The significantly«’decreased PS.emplitude may not be exclusive
ito‘nircolepsy. This“is suggested by the findings of Campbell et al
. (1980) that showed a 51milar P3 decrease in subjects during a 24 hour
sleep deprlvatlon'paradlgm. Decreased P3 amplitudes ‘have also been
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ﬁ“'rep0rted 4in  patients sufferlng from- hyperactlv1ty (Loiselle .et al.

1980) and schizophrenia (Berlbeau-Braun et al. 1983) in whom atten-

tlonel deficits are,péesent._‘A.decreased P3 has also been reported to

."‘"

.bé;present in the aged (Picfon et al. 1984), =

Past research has reported 51gn1f1cantly lower performance in
narcoleptics (Bllll&rd 1976; Valley & Broughtgn, 1983; Guilleminault
et al.J1975). An attentional ‘déficit has been proposed as the cause
of their lower detection‘ efficiency. It can be hypothesized that

narcoleptics' lower performance in attention tasks could be due to

either: a) a low level of sustained alertness, b) a deficit in the

~evaluation of stimuli or ¢) a defiecit in the processes related to

selection of responses. The evidence suggests that, in general,
narcoleptics had a similar level of sustained alertness as controls

-

(everage N1 amplitude) although they were less able to compensate
their lower.level of ifousal in thefhoruing whieh reduced their abil-
ity to sustain high phasic alertness. ﬂOur reegits strongly suggest
that narcoleptics' lower;performance levels are not related to de-
f1c1ts 1n evaluatlon of stimulj (narcoleptlcs and controls showed

similar N2 and ‘P3 latencxes) but to uncertalnty and to deficits in the

processes related to selection dnd.mobili;ation of responses (slower

RTs of narcoleptics).

The CNV amplitude in the present study did not reveal differ-
ences between narcoleptics and coantrols. Peeke et al. (1980) alsd“

found the CNV to be insensitive to the effects of sleep deprivation.‘
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Naitoh and colleagues *(1971), however, repggzéd'a decrease in the CNV
amplitude after one night of sleep deprivation and abolition of the
CNV after 2 nights. Our negative results could be due again to a
compensatory effort on the part- of the narcoleptic patients to sustain
attention. . ' T
Narcoleptics showed significgntly longer N1 latencies following
both S1 and S2. Similar results were reported ‘by Peeke et al. (1980)
with sleep dqprived subjects. Eﬁese researchers aléo observed a
significantly longer P2 latency. Longer latencies havé been recorded
with increased difficulty in stimulus 6iscriminability (Schwent et al.
1976a.). The possibility that increﬁsed latencies in narcoleptics are
related to an increase in the subgectlve berception of task dlfflculty
" should be considered. The 51gn1f1cantly longer Nl latencies of narco-
' .leptics in the CNV paradigm contrast with the lack of N1- latency
differencies in the P3 paradigm. The slower rate of stimulus pre-
sentation in the CNV paradigm might explain these N1 latency‘differ—
ences (Campbell et al. ' 1980). An interaction between the stimuli

being delivered and the different psychological processes involved in

the CNV and P3 paradigms might also explaln the different Vl latencies

-

recorded (Peacock, 1965).
| A time of day effect was observed for the amplitude of N1S2.
_‘Thg &@plitude in controls at 1000 was much smaller than at 1800 and in
narcoleptics it was much,iﬁréer in fhe morning than it was at 1800.
An opposite pattern was observed fof the Nli measures in the P3 para-
digm. The narcoleptics' Nl- was much smailer in the morning than it

was 1in the afternoon and the controls' N1 amplitude decreased
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throughout the day. This’dec?ease of N1 amplitude in controls was
interp:eted as expressing reddééion of alertness and the incrgase'in
narcoleptics as reflecting higher phasic alertnéss. The CNV results
. would contradict this interprétation. - Both groups showed a signffic-
ant positive correlation (Table XV) betweenl Ehe aﬁplitudes of the
second half of the CNV interval (1500- to 3000 msec) and N1S2 during
the test session wheh the amplitude of N1S2 was the largest (narcolep-

-

tics at 1000, controls at 1800). This could well be due to a super-
imposition of the already existing negativity onto N1S2. It should be
recalled that N1S2 was measured relativer to the baseline established
- prior to 81 (not:$2) and wpuld thus be affected bx the DC shift as-
sociated with the TNV. - -

. *

Both groups showed maximal negativity in the first half of the
CNV interval (350 to 1500 msec.) over the frontocentral areas as has
beer reported in -the past (Neatanen and Gaillard, 1974; Gaillard,
1976; Grunewald et al. 1979). However, a shift towards maximal
central negativity in the second half of the interval was recorded
only in controls (Sanford & Loveless, 1974b Galllard 1976; Simson et
al. 1977b). Narcoleptics showed their largest amplltude equally
Spread over parietal and central electrodes, while maximal negativity
was recorded in controls over ceniral areas. These results agree with
past reports (Gaillard et al. 1976; Rohrbaugh, 19786). The equal
sﬁfead of negativity over central and parietal areas in narcoleptics
resulted in an interaction effect in which negativity over central
areas was 51gn1f1cantly smaller in narcoleptlcs tﬁgi controls an&ﬂover

parletal regions was signlflcantly larger in-- narcoleptlcs than con-

\
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i:kols. This cogld be related to a later motor poteantial (related to
later RTs) in‘narcoleptics. This more poster%gr spread in narcolept-
icé in the presence of a significantly smaller P3 over these regions
gives support to éﬁé theory éﬁ independént geherators of NV and
vertex evoked potentials (ﬁonchin, gglal."1975).

The only significant aﬁplitude difference between groups was‘
obser%ed for the post-CNV interval averaged over the 3300 to 5000 msec
'period. ﬁarcolepg}cs showed greater negativity than controls. The
larger negativity recorded in -narcoleptics seems to differ from the
post-imperative negative variations (PINV) that have been recorded in
diversé groups ofipsychiatric patients (Timsit-Berthier et al. . 1973;_
.Abraham et al. 1974, 1976; Dubrovéky and Dongier, 1976) and in normals -
when a difficult distracting task hég been superimposed between S1 and
S2 while subjects had to attend to the imperative stimuli (S2) (Tecce
& Hamilton, 1973). In the latter case the PINV seems to reflect
sustained cogni;ive activity. While the negativity associated with
PINV seems to result from a slow return to saseline (Abraham et al.
i974, 1976) the negativity of our narcoleptic group is more associated
with the.almost absence of pésitivity at the éarietal location. While
?ﬁ both groups this - measure was recorded as a negative potential at
Fz,‘ in narcoleptics the negativity spread to both Cz and Pz. In
controls, . a positivity pogéntial waétreéorded centrally and parietal-
ly,. with the maximum positivity being recorded at Pz. Controls'
post-CNV frontal negativity and central and parietal positivity
correspond to the topographical description reported iﬁhthe past . for

the slow wave component (SW) reported by Squires and colleagues (1975)
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in the P3 paradigm (Ruchkin et al. 3980) which was interpreted as
reflecting larger effort in processing_or uncertainty. Narcoieptics
absence of positivity at the parietal regions could again be related
to their slower motor response. The lack of norhal formation of the
slow wave compoﬁent in narcoleptics might reflect differences in
post-stimulus cognitive resolut%pn or procegging. The larger néeﬁ:
gativity recorded in ﬁarcoleptiés might .also reflect their 1arger‘
effort related to maintaining alertness and “to the cogﬁi%EVe-
ﬁ;;tentional requirements of the'task itself. Furthermore, it can élso.
;‘bé interpreted as reflecting a state of continuous éxpectancy or
readiness to respond .that accompanies the effort to perform and
maintéiq'alertnesg (Wurt3 1966). )

Posner (1978) has considered the CNV to reflect the phasic
alertness level of the individual with an increased alertness level
being accompanied by ; higher:jCNV amplitude and faster motor output
(shorter reaction time). Ge observed a dissociation of the CNV and
RT. The CNV of both groups were of similar amplitude, but the RTs_ of

%— narcoleptics were significantly longer. In 'both groups we OGéerved
i ‘low correlations between the amplitude of the second half of the CNV
and RTs. This agrees with the studies that showed no consistent
“‘relation (Mc.éallum & Papakostopoulos, 1973j”or complete dissociation
(Timsit-Berthier et al. 1980) Dbetween neurophysiological activity
underlying the CNV and ‘RTs. We believe that our findings tend to
support the Rebert & Tecce (1973) conclusioﬁ that the CNV aﬁd RT are
me&sgres of different psycholbgical processes. It 15  also possible

-

that as reported by Papakostopoulos & Fenelon (1975) the summation of .
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positive and negative intra-individual correlations, related to dii-
iuse scatter of reaction times, associated with short reaction times
tasks, had résultéd inr absence of correlations between CNV and RT in
controls. in narcoleptics, the absence of CNV-RT correlations night
have also resulted from the summagiﬁﬁ"of different intra-individal
cgrrelations (REM and KREM). —

Narcolepﬁics significantly longer RT's and greater nunber of an
ticipatory responses in Athe CNV paradiém contrast with the lack of
siénifigant differenbes.rin reaction times and detection & levels
observed ih the~P3 test. Differences in paradigms might explain these
results. Tfrgef fpr;gentafion of unpredictable stimuli in the P3
paradigﬁ whereas thislfas not the case ;igh.the CNV paradigm.

In summary, our results indicate that the CNV itself is not a
sensitive ﬁeasﬁre of.the fluctuations 6f alertness which occur‘through

the day in either narceleptics or controls. However, the existence of

such fluctuations is reflected in the Nl component in the P3 paradigm

~ aid. the amplitude of the N1S2 in the CNV paradigm. While the ampli-

tude éifthe CNV did not reflect the lower level of alertness "'of narco-
lepti&s. The relative a@sence of positivity in post-CNV activity over
parietal areas may provide a better index of the effects of pathologi-

¢al sleepiness.

Conclusion: Evidence for Differences between Normal and Pathological

Sleepiness -
Cur resultég in general, confirm previous repeorts with respect

to differences “between normal and pathological sleepiness. 885 scores

confirm the‘gfeater‘intensity of subjectively rated sleepiness (De-

-
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ment, 1976, Zarcone, 1973) in nﬁrcoleptics. Dement's (18979) sugges-
tion that narcoleptics might be locked into a "sleepy state" seems to

be true. Our patients claimed to be sleepier than controls regardless

of the time of testing. Naps had a greater recuperative effect on

narcoleptics although a comparison of absolute values showed that even

after naps they were still sleepié;);han controls.

The greater physiological tendency to éleep that is present in

_ patients with PS (Zorick et al. 1982, Richardson et al. 1978) was

confirmed by the short sleep latency times that were observed.
Although statistically significantly ,longer reaction times were obta-
ined only in the CNV paradigm and not in the P3, the RTs associated
with PS were always slower thgn those of normals, which agrees with
the findings of Valley and Broughton (1981) and Guilleminault et al.
(1975) Slower bobilization of responses seems to be the factor under-
lying slow RTs. ¥hile ©both types of sleepiness show & reduction in
the level of arousal in the afternoon, the gfeater intensity of PS is
reflected by slower RTs, longer times spent in deeper stages of sleep
and lower detéction 1évels. Both types of sleepiness show similar
fluctuation cycles through the day, with the main difference being the

larger intensity of sleepiness experienced in PS at the crest of the

cycles.

The detection levels of narcolebfi;s in the P3 paradigm were
lower,‘though nonsignificantly, than thoée of controls. Narcoleptices'
performance efficieqcy was significantly lower in the CNV paradigm, as
expressed in their; greater number of premature button presses. This

suggests that greater difficulties in sustaining attention can be

4
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observed in nafcoleptics when they must withhold responses until a
critical time (between S1 and S2 in the CNV pafadigm) than when con-
tinuous monitgring is required (during P3 b;;;digm).

The AEP data suggests gome differences between normai and patho
logical sleepiness: PS appears fo be characterized by: 1) a lower
ability o sustain phasic_ alertneés in the morning, as reflected by
the smaller N1 éﬁplitudes in narcoleptics; 2) an ability to coﬁpensate
for this low level "of alertness during the afternoon in order to
remain functional, as reflected by the narcoleptics' enlargeé NL*
amplitude in the afternoon; 3) a deficit in the deéision processes
occurring before the selection of responses,‘ as reflected by the
smaller P3; and 4) a significantly larger'spread of negativity over
"parietal areas after the imperative stimuli has beeﬂ:attended to, as

reflected in the CNV.

The results of this study provide evidence that pathological

sleepiness . differs from normal sleepiness in aspects other than.the.

intensity with which it is subjectively felt. However, before any
generalizatién can be made, it is‘necessary to compare the results.of
this study with those obtained in populations of patients suffering
from forms of pathological sleepiness other than narcolepsy.

Qur findings indicate that the auditory evoked potentials
recorded during a short signal detection task are useful in the
guantitative evaluation of sleepiness. Indices such as the Ni, N2 and
P3 amplitude can be used. The N1 amplitude,. though, should be con-
sidered together with RT, i.e, a large N1 amplitude recorded in the

presence of 2 slow RT might indicate.an attempt to compensate for a

i .,
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low arousal level (Wilkinson & Morlock, 1967). The usefulness of AEPs
in the c¢clinical studquﬁ PS remains-to be proven as there exists the
possibility of misinterﬁretation of results. For é%ample, while a
deérease ifi P3 amplitude is associated with PS it may aigp be charac-
teristic of ﬁhe sleepiness 'present in sleep deprived subjéé;s {Camp~
bell et al. 1980). However, other indices, such as N2 amplitude

night be able to differentiate between these two types of -sleepiness

(Campbell et al. 1980; Pressman et al. 1982). These. findings dre of
"~

a'preliminary nature and should be researched further.

87a
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SUMMARY

Differences between normal and pathological .sleepiness were,
investigated in a group of twelve narcoleptlc—cataplectlc patients and
-‘twelve be&lthy control SubJectS. Event-related potentials were re-
corded from the scalp five times a day ‘on two consecutive days of
testing (P3 one day, CNV the other) prior to MSLT naps at 1000, 1200
1400, 1600 and 1800 hrs. 1In the P300" paradigm, the subjects received
instructions to respond to target stimuli (10% probebility of occurr-
ence by pressing a button.. In the CNV paradiém they were presented-'
with a warning tone (S1) followed 3 sec later by a buzzer (82) whlch_
they were 1nstructed to turn off by pressing a button. Subjects
‘filled.out 58S forms' approximately every 30 minutes, Jjust prior to and
following the ERP sessions, and a few minutes_after each MSLT. SSS
Scores were significantly higher in narcoleptics than in controls =
throughout the day. No significant'fluctuitions of subjective sleepi—;'
ness were observed in either group. Change of alertness scores (SSS
scores before ERP and MSLT sessions minus scores after the se331ons)
1ndlcated that narcoleptics\felt thelr alertness decreased 31gnf1-:
cantly more than controls a T ERP ses31ons and found their alertness-
-lncreased more than controls after MSLT sessions. Tbe MSLT data
showed 31gn1ficantly shorter sleep latencies to stage 1B and 2 1n
narcoleptlcs..‘ No differences appeared between groups in sleep times -

in these stages. In the early afternoon session both groups showed

shorter latenc1es to and- longer sleep times in stage 2. L \
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In the’éﬁ paradigm narcoleptic subjects showed significantly

-larger Pl amplitudes and significantly smaller P3 amplitudes. A time
of day effect was observed in both groups' N1 amplitude. - As.a.result
nf opposite Nl ampliiudé fluctuations through the day . (narcoleptics
increased, controls decreasedj narcolepﬁics' Nl amplitude was signifi-

cantly smaller than controlé at 1000, ‘while their N1 amplitudes in the

__‘-'.

afternoon were significantly ldrger ‘than controls, N1 amplitude
showed a significant decrease in controls and a significant increase
in narcoleptics at 1400 as cdﬁpared'to the other testing sessions.

" Differences in NI ampli tude flﬁétﬁation through the day were inter-
ﬁreted as reflecﬂlng a biorhythmicuiariagion in the level of alertness
and ability to sustain attentian. While both narcoleptics and con-
trols experienced low levels of alertness in the afternoon, ﬁ%arcolep—
tics, who frequently must struggle to remain at a functional level,
compensated for their low levéivof arousal with a high-,phasic alert-
ness. |

. P3 was signifféantly attenuated in narcoleptics. This might be
due’ to' a deficit in stfmulus evaluation processes, perhaps related to
equivocation. P3 showed no fluctuations through the day. Although
the CNV amplitude was ;}milar between groups, a different pattern of
distribution across the scalp was observed in the second half of the
Cﬁv interval. ‘A‘larger gpread‘ of negativity over parietal areas was
recorded in narcoleptic subjects as compared to controls. This could
be related to a later motor potential, which 1is suggested by the
longer RTs Ln. narceleptics. A significantly larger negativity was

recorded in nargeleptics after the presentation of the second stimuli.
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This larger spread of negativity in narcoleptics was interpreted as

- reflecting a state of continuqus' expectancy or readiness to respond
that accompanies effort to maintain alertmess. It may also reflect

the attentional and cognitive requirements of the t%§kritself. Re—

sults were discussed in the context of the potential usefulness of

ERP's in the evaluation and differentiation of normal and pathélogical

W

sleepiness.

ot
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TgHE‘ v I

2-Way ANOVAS campering day 1 and day 2 sleep coset latencies in narcoleptics

Sleep Stage  Source of Variance

Geisser—

2-Tailed Greenhouse
F Value df Prombility Protmbility

iB

ey of Testing
Session -
Day x Se;:‘n.on
Dy of Testing
Session

Day x Session
Day of Testing
Session

Day x Session

0.10
0.68
0.95
1.88
2.7
0.99
0.82
1.
0.51

1,22
4,88
4,88

1’22
4,88 .

4,88
1,22
4,88

4,88 -

797
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TAHE II

2-Way ANOVAS conpering day 1 and day 2 sleep time in narcoleptics

Geisser-
2-Tailed Greenhouse

Sleep Stage Source of Varisnce F Value af Protebility Prokebility

1B - Dy of Testing
- Day x session
2 . Dy of Testing
- - Session
" Dey x session
REL;!“- my'of"lést'i.ng
Session ]
Pay x session

3.01
2.48
2.21
0.80
1.9

074

1.38

‘ 0-78
0.99

1,22
4,88
4,88
1,22

AB

4,88

1,22

4,88

4,88

.10 ‘
04 05 %
07 084
381
~—~183 ) .193
(g~ 8
/252
543 .522
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2-Way ANOVAS camering day 1 and day 2 sleep ooset latencies in controls

Gelsser-
. 2-Tailed Greenhouse
Sleep Stage  Source of Variance FValue df Protebility Protability
1B Ly of Testing 0.26 1,22 613 -

© Sessico 3.65 4,88 .00 02 *

Dey x-Session 0.72 4,88 .581 535

2 Dy of Testing 0.09 1,22 767 B
Session | 6.60 4,88 .0001 .001 *

Day x Session 0.18 4,88 948 388




TAHLE IV

2-Way ANOVAS camaring day 1 and day 2 sleep time in coatrols

L

Sleep Stage Source of Variance F Value

e

2—'I'ailed_
df  Proebility

1A

1B

Dey of Testing
Session

Day x Session
ey of Testing
Sessicn

Day x Session
Cey of Testing
Session

Day x session

0.0

1.14
0.% .

OUm

1.24

1.95
0.07
6.28
1.06

- 4,88

1,22
4,88

1,22
4,88
4,88,
1,22
4,88
4,88




TAHE V
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'zmy,amms camparing narcoleptics and controls sleep anset latencies

2-Tailed

Ceisser-
Greenhuse

Sleep Stage  Source of Variance- F Value df Prombility Prombility

14 Graap
Session
- Session x Grasp
1B Grap
Session
Session x graup
2 Group
' Session
Session x Grap

0.28
1.78
1.17
14.86
4.56
1.91

5.2

5.09
0.95

1,22
4,38
4,88

1,22

4,88
4,88
1,22
4,88
4,88

608
141
32
O0L *

.115
04 *
001

329

.(XB %
AD

001 *
4B
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2-Way ANVAS campering narcoleptics and controls sleep time

Geisser-
2-Tailed ~ Greenlouse

Sleep Stage  Source of Variance FValue df Prombility Proability
14 Graup 9.50 1,22 005 *
Session 1.31 4,8  .3% . .30
Graup x Session 1.91 4,88 115 1%
18 Graip 0.3¢ 1,22 564 )
Sessicn 0.59 4,88 671 603
Graup x Session 191 4,88 g5 144
2 ' Graup 0.08 4,88 781
: Session 6.16 4,88 .0002 0004%
.Grap x Sesssion  0.61 4,88 654 834
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TAHLE VII .
Meen alertness (S33) over different periods of time through the day.
Intragroup camparisons across the day. The second row is the standerd
deviation. _ b
Morning Barly Afternoon Late Afternoon FValue P

(0900-1230) ~  (1300-1630) (1630-1830)

Nercoleptics 3.4 3.3%. 3.1 |
1.0 1.0 1.2 - TR o .
Controls 2.2 2.1 1.8
83 : .7 -7 3.7 15
. 4 A
~ & b ‘\
. :



CTARCE VIII ( | .
-2 Way ANOVAS camaring namoleptm and controls detection levels ard

RT's in the P3 paradign”®

I,

Gelsser-
2-Tailed  Greemhouse
Source of Varidnce F Value df Prombility Protability

Detection Rate  Group S om 1,2 .44

Session .0.37 4,88 828 . T72
Group x Session 1.04 4,88  .389 .378
False positives Graup : 3.00 - 1,22 .097
_ Session 135 4,88 .26 . 268
,,,,, " Group x Session 1.18 4,88 .35 321
Reection Times Group 152 . 1,2 .23 |
Session 0.88 4,88 .64 422
Graup x session 0.18 4,88 .49 883

98
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TARE IX
2 Way ANONAS cmpanng namoleptm ard controls AEP latencies (nsec)
in the P3 paradigm (measured at Cz)

-

Geisser—
o Tailed Greent .
Camponent Source of Variance F Value df Probability Prokability .

Pl Group .16 1,22 .28
Session 1.89 4,8 .19 ST -
Group x session 1.98 4,8  .105 121

N - Growp 0.42 1,22 524
Session ' 1.10 4,88  .360 351
Group x session 0.34 4,88  .851 70

P2 Group . 3.80 1,22 064
Session 0.47 4,88  .754 727
Group x session 0.85 4,88  .498 485

2 Graup 0.13 1,2 .74
Session . 0.6l 4,88 .6 - 5%
Group x session . 0:64 4,88  .632 .52

P Graup , 0.75 -1,22 .39
Session U 0dz 488 .9 209

Group x session 0.15 4,88 961 * 885

o




TAHE X

3 Way-ANOVAS camparing narcoleptics

in the P3 Paradigm

Shd controls AEP amplitudes (uV)

_ _ Geisser—

Campooent  Source of Variance FValue df Proebility Protebility
Pl Group 5.03 1,22 .04 *
Session 0.65 4,88 625 658
Electrode 8.19 2,4 001 003 (D)
Group x Session 0.26 4,88  .902 .858
Graup x Electrode 2.20 2,44 123 137
Session x, Electrode  1.77 8,176 .® .105
h Grap x Sess x Elec 1.96 8,176 .06 120
N Gop . OITy L2 .60
Session g.28° 4,88 .888 .851
Electrode 3377 2,44 .0001 001 (2)
Grap x Session 6.48 4,88 .0001 L0004 *
Group x Electrode 0.04 2,44 964 847
v Session x Hlectrode 1.28 8,176 .254 280
' Group x Sess x Elec 1.3 8,176 205 241
P2 Group 0.77 1,22 - .31
_ Session 0.21 4,88 .930 866
Electrade 3.39 2,44 04 04 (3)
Group x Session 0.70 4,88 .590 54
Group x Electrcde . 2.45 2,44 .10 .10
 Session x Hlectrode .0.60 8,176 .70 692
Graup x Sess x Elec 1.3% 8,176 .216 247
N2 Graup 1.15 1,22 296
Session 1.51 4,88 205 234
Electrode 4.51 2,44 .02 03 (4)
Graup x Session 2.69 4,88 04 .8
Graup x Electrode 2.41 - 2,44 .102 121
Session x Electrode  1.19° 8,176  .3(8B .301
Growp x Sess x Elec  0.78  9.176  .623 447
o3 Grop 4.8 1,2 .04 =
.. Session 0.16 4,88 960 930
’ . Electrode 6.12 2,44  .005 .08 (5)
Graup x Session 0.80 4,88 528 - 505
Group x Electrode 1.60 2,44 214 219
Session x Electrode 0.30 8,176 .980 876
Graup x Sess x Elec 0.22 8,176 988 - 920

(1) Recorded meximelly at Fz and Cz
(2) Recorded reximlly at Fz and Cz

(3) Recorded maximelly at Cz

(4) Recozrbd_m.ximleatFZamcz
(5 Rprnnhirmxp@.'llv at Oz amd Pz
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TAHFE X1
2 Way ANOVAS camparing narcoleptics and cootrols perfonmnce measures
in the QW paradign
Geisser-
2-Tailed -“Greemhouse™
Source of Variance FValue df Prombility” Protmbility

Resction Time Group 6.68 1,20 02 %
Session - 1.61 4,80 .180 208
Group x session 1.47 4,80 217 29
Anticipeltow
. Respooses - Growp - - 6.11- 1,20 . .02 *
 Session 0.69 4,80 603 . B85
Group x Session -~ 0.50 4,80 TR 6T
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TARE XII - / .
2-Way AIUVAS canparing narcoleptics and coantrols EP 1atenc1.es (mc)
in the QW paradigm (measured at Cz)
” " Geigser- . .-
- C° \ 2-Teiled  Greeshouse
. Compooent  Source of Vériance FValue - df Protebility Prokability
— -
NLSL Grarp - 18.69 " 1,20 0003 *
' Session 117 4,80 .33 - .325
Group x.Session. L3l 4,80, .274 .28l
P2S1 - Group . 012 1,2 .75 |
Session 523 4,80 .01 002 kL
.. Group x Session ~ * - 4.25 4,80 .00 .008 (1)
NLS2 Grap  °. . 884 1,20  .007 *
Session 02Tt 480 .00 T 867,
Growp x Session  0.49 4,80 . .742 06
P2 Group L K 0.0l 1,20 916 _
| Sessiog: ~.. 2.0l 4,80 .10 a4
- Group xﬁsﬁ:m 0.29 4,80 .82 T2

- (1) - Contrals P.Bl la.tency at:1000 s:.gmflcantly longar than narcoleptics P2S1
at thJ.S same t'm:e ' _‘--

- -
.
- -



TAHE XIII

3-Way ANVAS camparing narcoleptics and controls EP anpllmdes (uV)
in the Q¥ Paradignm - . .

Geisser-

2-Tailed Greenhouse

Compotieat Source of Variance F Value df Protebility Prokability
NlSl.. -~ - Graip 0.02 1,20 888
Session 0.6l 4,80 656 591
Electrode ¥$.57 2,40 .0001 .000L (1)
Graup x Session 0.72 4,80 583 .530
Gramp x Electrode 0.84 2,40 438 430
" Session & Electrede 0.72 8,160 .677 5%
Group x Sess x Elec 0.2 8,160  .500 424
P2s1 Graup 0.00 1,20 .97
Session 0.20 4,80 .6 02
Electrade 9.35 2,40 .0005 .0005 (2)
' Group x Session 1.24 4,80 302 .304
-~ Group x Electrode 1.25 2,40 294 2%
Session x Electrode - 0.52,.° 8,160 .89 727
Graup x Sess x Elec  1.61 8,160 .15 177
NS2 - Group 0.00 1,20 982
: - Session 0.27 4,80 .899 854
. - Electrade - B.48 2,40 -0001 0001 (3)
- Grap x Session 3.13 4,20 .02 .03 *
Graup x Electrode 2.9 2,40 AR 150
Séssion x Eléctrede 2.14 8,160 .06 .87
Group X Sess x Elec  0.67 8,160  .72L -613
P2 - Group. - 0.37 1,20 548 -
. Session . 0.44. 4,80 T79 S737
" Eléctrade ..o 1115 2,40 L0001 0007 (4)
Group x Session. 2.05 4,80 .05 112
. Group x EleStrode 2.3 2,40 .066 .082
Sessicn x Hectrode | 2.8 8,180 .040 .093
g Group x Sess x Elec  0.74 8,160  .655 . 563
(1) NIS1 amplitude recorded maximelly at Cz
(2) P2Si anplitude recorded meximelly at Cz
(3) NIS2 amplitude recorded meximelly at Cz
(4> -

P22 amplitude recorded meximelly at Pz
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TARE XIV
3-Way ANOVAS.

parcoleptics and controls anplxt:x:’ns (uV) of
different measures in the QW paradigm

Ty~

Geisser—

2-Tailed  Greenhouse

Measures  Source of Variance F Value df Prombility Prokebility
AMFH Graup 0.00 1,20 966~
Session 0.66 4,80 821 .53
_ Hectrode 16.83 2,40 .0001 .0001 (1)
"7 Group x Session “1.65 4,8 .17 .201
_ Grap x Electrode - 1.51 2,40 .161 175
- Session & Electrode 0.88 3,160 532 A54
L Grap x Sess x Elec  0.71 8,160 .67 562
AMSH Graxp 0.0 1,20 Kes )
’ Session 0.21 4,0 929 .880
Electrode 9.9 2,40 L0005 .0002
Graap x Session 1.29 4,80 105 .130
Group x Electrode 3.85 2,40 .031 04 (@
Session x Electrode 2.04 8,160  .045 .106
Gramp x Sess x Elec = 1.15 8,160 .33 341
e Post-QW Group 4.8 1,20 .04
Session 1.48 4,80 .216 28
Electrade 13.00 2,40 L0001 L0005 (3)
Graup x Session 1.13 4,80 350 -
Group x Electrode 1.10 2,40 345 3R
Session x Electrode 1.17 8,160 320 330
" Grouwp x Sess x Hec 1.60 38,160 .12 .190

L]

'(1) AMEHanphmcbzecoubdmmmllyatFZandcz
(2) A&B&Iauphhxbmordedmmllyatczmcmtmlsarﬂatpzm

' narcaleptics
(3 R:sb—QWanle.tmiereoordedmmllyath
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TARLE XV e T
- Qorrelations of AMSH and NLS2 amplitiudes in the QW paradign
Test Times
1000 1200 1400 1600 1800 .~
Narcoleptics T e T
& o% .. ' -% -41 @1 - -14
Cz 6bl. .43 .13 30 23
PZ. . '4&?8‘:.;_‘ 077 -43 065 e ‘-%
R 28 .10 45 J4 .76
Cz ' 030 . -% -% 041 -87
- Pz DT R e S o | .03 .25 .75

R o

42

R

s



106

FIGURE LEGENDS

N

Figure 1. Mean sleep'latoncies for'narcolepfic.and control subjecﬁs.
Solid lines repiesent.sleep onset @gasured using the criteria of
six consecutive epochs of stage 1B, oroken lines represent sieep
onset measured' using the criteria of the first epooh of otage 1B.
Narooleptics fell asleep signific&qtlyfzﬁaéter than oontrol sub-
Jjects. Sleep }atency in the 1800 session was significanply longer
than at 1000 in both groups. - .

Figure 2. Mean latencies to éﬁage 2 of narcoleptic and control sub-

jects. Narcoleptics fell into stage 2 significantly faster than

control subjects. In both groups the latency in the 1400 session -

was significantly shorter than at 1800. )

Figure 3. Mean sleep time in stage 1B of narcoleptics and. controls.

Both groups spent approxlmately the same tlme in this stage at any

one sess ion.

.'l\‘h ‘
- - r
d . -

"

Flgure 4. Mean sleep time in stage 2 of narcoleptlcs and controls.

»

Both groups spent approximately the same time in this stage w1th

e significantly more stage’2 at 1400 and.1600 than at 1800.

-
2 v

Figure 5. Es'pafadigm. Grand average waveforms at each sessxon and

at-each electrode site for narcoleptlcs and controls.

-t

-
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Figﬁre 6. P3 paradigm. Grand meao'torgef evokod potentials of 12
narcoleptics and controls averaged"ocross sessions, recorded at"
three electrode sites. | The different components measured are
indioated at the Fz electrode. Significantly reduced P3
amp%ﬁ%udes aod gignificantly larger Pl amplit&deé‘were roooroed in

narcoleptics.

Figure 7. P3 paradigm. Mean values of "'E’he amplitude (uv) of the N1
at each. session in narcoleptics and controls. Intrasessions
diffefénces were observed. In controls N1 amplitude at “1400 was
sigoificantly smaller than at 1000. Narcoleptios Nl's at session
1400, 1600 and 1800 were significantly larger Hhim those at 1000
and were oignificantly larger than those of controls*in these séhe;
afternoon sessions. Narcoleptics Nl amplltude at 1000 was

‘51gn1f1cant1y smaller than the Nl of - controls at thlS same ses-

sion.
Figure 8. CNV paradigm. Grand mean of attended siénaié*“at‘tbe tﬁpoe
electrode sites for ‘narcoleptics'and‘.controls.;, A significant
difference was observe& in .the Post~CNV negativlty (after 32)
. between narcoleptlcs and controls. Narcoleptlcs showed larger '

negatlvlty than controls. . *1
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b
AN

..

Figure 9. CNV paradigm. Average values of the amplitude (uV) of the

N1S2 component in narcoleptics and controls. Narcoleptics' N13S2

i - amplitude’-at 1000 was significantly larger than at 1800. Controls'

N1S2 amplitude at 1000 was significantly smaller than at 1806f

Fiéure 10. P3 paradigm. Average values of the amplitude (uV) of the

i

N200 at each session in, narcoleptics and controls. At 1400

-

narébleptics and controls stowed opposite patterns of N2 amplitude

fluctuation that ﬁaralleled that of the N1 component.

~
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. Figure 3
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Figure 4
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INTRODUCT ION

B

, ~Pe0pieﬂéxggfience‘tfans}tory feelings of sleepiness in their
-__:'-"-‘_,a;uy i:_}e. as part of nc;m{al _{i_ltradiafr’{ and -circadi.a.rf- f—luctu'a.,tio'ns ‘of
| viéilance (iubin et éi. 1973; Brogghtqp 1975; Richardson et al.
. 1982). b.SLéepiness is essentially a phyéibiogiéai state that leads to "
- gléep—sééking“beﬁiviour " and aﬁhJincréasédk.teﬁdency to fall fa;iéep
(5ément, —i9%6,” 1979). It can result " from sleep loss (Webb,';1§72,
Friedman et %l. 19?7; Herscovitch et al. 1981), or any ﬁlteratidn of
the norm;i sieep—wake'éycle‘i.e. sleep restric;ioﬂ'(Friedman et al.
.i9775 exce§si¢e night sleep fTaub & Berger, 1969) 6r délay or gntiﬂ
cipation of the usual wake/sleep hours. ;Taub &; Berger (1969, 1973),,
uéing mood:degcriptian questionnaires and perfo}mance measures, have
found that hhe_sleeptpess' fesultihg from sleep deprivétion is of a
“diffeféntinature Ehan that produced by oversleep. The former leads to
?feel;ngs 6f i}ritability and overreactivity, and the latter to feel-
ings oﬁfﬁhick:headednéss andjlethargy (Taub'k Berger;f1973).
;i ?roﬁéhtén;(l?éﬁ) has-recently guggested‘that sieepiness shOu}d
Jho lonéer be coqsidered a unitary pheﬁomenon. Hé proposed that dif-
ferent types of sleepingss are associated with the neurophysiological
mechanisms of wakefulnegs, REM sleep and ﬁREM sleeb"and that each is
tharacterized by ﬁ?partLCula:Helect;gphysiological state. 'Tﬁé- have

hypothesized that the sleepiness: experienced” as part of a normal

~
—

circadian or ultradian fluctuation differstrom that -experienced by .
subjects with- pressure for REM or NREM sleep.

Recent reports Suggest .that the,electropﬁysiological $tﬁtes

-
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that accompany REM and NREM sleep arelhot necessarily time-locked to
these sleep stages'(Tanguay et al. 1973), “but may precede them.

Pressman et al. 1 (1982) recorded the auditory evoked potentials (AEP)

of sleep deprived control subgects non-sleep deprived controls and. .

subJects suffering from narcolepsy. Narcolepsy is - a disorder

fcharacterlzed by a frequent "need to sleep" (continuous"excessive

daytime sleepiness) and by sleep attacks causing sudden sleep onset

-into either NREM or REM sleep. Because of theuunique pathophysiologi-

cal mechanisms involved ln thelr disorder, narcoleptlcs represent an

ideal populatlon to test the hypothe51s that two ‘different electro-

. physiological and functional Sleepiness states exist, i.e. one for

REM and another for WREM; o

]

Pressman and colleagues fonnn that the AEP's ;ecordeo in
nafcoleptics prior.to NREﬁfnaps had amplitudes that were lerger than
those recorded in narcoleptics prior to 'REM naps and similar to those
fécorﬂed tn sleep. depr}ved subjects. These‘ researchers asked only

that their subjects remain alertj rather than participate in a per-

ceptual task. While theuearly AEP components they measured are"

sensitive to 'the physicel cnaracterfstics-3of the stimuli i.e.
frequency,‘ intensity and presentation rate. (Davis, 1966; Beagley et
al. 1967) these components have also been known to reflect the degree
of attentlon,.pnld—\to the stimuli by the subject (Hillyard et al.
1973; 1978). They therefore offer the opportunity to measure the

degree of alertness of the subject. S -

‘l

Other components of the auditory evoked potential, the N2 and

P3 waves, can be recorded whenever a subject is required to detect an .

 odd or "target" signal occurring among a series of "standard” stimuli.

These components occur 200 to 350 msec after the stimulus is deliver-
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ed. It -ist‘not as yet certain which stage of information processing
the ﬁé-PB gompléx rgpresents. The amplitudes and latencies of these
potentials have been- manipulated in experiments claiming to measure
selective attention (Hillyard et al. 1973), decision closure (De-
smedt, 1981), contextual memory updating (Donchin et al. 1978), in-
formation value of material ;s reflected by the probability of occur-
rence of the stimulus (Tueting‘et al, ' 1971) and the level of confi-
dence of fhe sﬁbject:ih haviné made Lhe correct selection (Squires et
ai. 1973). The‘N2 ada P3 have also been recorded when a stﬁnulqs is
omitted_among a se;ies of standard stﬁﬁﬁii (Simson et al. 1976f.

Campbellnet al. (1980) have recently reported a decreased P3

in a group of sleep deprived subjects. The sensitivity of this

component -to states of sleepiness prior to REM and NREM sleep has

yet to béfinvest;gated.

Anotﬁer event related potential (ERP) which offers the op-

portunity to heasure brain reactivity is the contingent negative

~

' vafiapionh(CNV)' (Walter et. al 1964). This slow negative potential

is recorded from the scalp when a subject is waiting to respond o a
second stimulus (imperative stimulus) after an initial stimulus
{(warning stihulus) has been presented. This ERP has been found
sensitive to the effects of phasic sleepiness (Faitoh_ét al. 1971)..

Positive (hyperpolarization) and negﬁfive (depolérization)
potential shifts have been recorded during NREM and REM sleep stages
respectively (Kawamira & Sawyer, 1964; Tabushi et al. 1966). If the
different states of sleepiness resulting from pressure for REM or NREM

sleep are similar to the states present during REM and NREM sleep,

.

then one would expect the amplitude of the CNV, which is a slow nega-—

tive DC potential shift, to-reflect the different electrophysiological
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states of the cortex.‘

'r-

This study attempts to further igvestigate whethe:mthe types of
sleepiness experienced. prior to REM and NREM sleep in narcoleptics are

accompanied by different subjectivé (as measured by 38S), bhehavioural

(as measured by performancp 1gve1§5' and electrophysiological states.
The latter will be studied at Mﬁcro (EBEG) and micro (AEP, CNV) levels.
. a3

We also attempt to determine whether or not attentional and perceptual,
processes are similar prior to REM and NREM sleep, as reflected by the
mesogenous (N1,P2) and endogenous (N2,P3) components of ‘the auditory

-

evoked potentials.

METHODS

-

-

The methodology of this experiment has been described in detail
in the preceding report. The population of subjects, protocoi and the

v

procedures for all tests were as reported.

The'burpogé of this study was to determine if differences exist
between the states preceding REM and NREM sleep, as reflected by the
different measures employed: MSLT, SSS and ERP's. The data recorded
from each of the narcoleptics at any one 0f the testing sessions was
considered a “-single .observatioﬁ."ziii'nﬁrcoleptics' ERP data re-
corded prior to NREM éleEp were cﬁllapsed and compared to the data
recordéa prior to REM sleep. 'fhé data of each subject was thus clas-
lgified as either REM or NREM depending on type of-slgep into-which the

’-Subjéct,subsequently fell. Comparisons were carried o&t between the

35 REM and the 25 NREM naps. . Because the results to be reported in

this stﬁdy were done féllowing the analysis of the results presented
in the first report, it was decided to choose a more stringent alpha

level of p < .01 rather than p < .05 as in the previous report.
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" MSLT o - .

The MSLT naps of narcoleptlcs were d1v1ded 1nto those contain-
ing some REM sleep and those contalnlng only WREM eleep. Naps were
con51dered REM type if REM sleep occurred durlng any of the 10 minutes
of sleep allowed. NREM naps were those 1n_ Whlch only this type of
.l Sleep occurred. These naps will® hereafter be referred to as REM naps
- and-NREM naps.zé It was assumed that’ the sleeplness experienced prior
to théseﬁtwo different types of naps would rebreseqt 'REM sleepiness’
and 'NREM sleepiness"respectively.

It was thought that some insigpt into the differences between
these two sleepiness states (pre-NREM,® pre-REM) could be obtained by

detefbining the differeqpes in the sleeé‘parameters of the subsequent

naps.. The parameters include sleep onset times, number of arousals

after sleep onset, time awake after sleep onset and proportions of -

time spent in stages 1B, 2, 3 and 4. : -

-~

All pre-REM and pre—NREM sessioms were considered as single

-

observations. . The S8S, behavioural measures (RT and error rates) as

fhell as the latency of the various ERP components were compared using .

Student's t Test (REM vs NREM). The amplitude of the various compo-
nents were submitted to a two-way. ANOVA (electrode x sleepiness type).
Finally time spent in éach stage'(stageszl, 2, and REM) within actual
REM and NREM naps were tested using  differences in proportions

(Spiegel, 1961, p. 171).

388 . P
— - e

Absolute SSS scores and alertness changes (8SS scores hefore

minus SSS scores after both ERP and HSLT tests) observed prior to REM

-~

LAY

R
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fnaps were compared to those observed prior to NREM naps by t-tests.

2

' P3 ERP Study &

The latencies, detection levels (number of tafﬁets missed and
. . '4’
false signal detections) and reaction times were compared by t-tests.

The AEP amplitudes were analyzed by a 2-way repeated measures ANOVA

(electrode x sleepiness type). o,

-

CNV_ERP Study

Lasly
T,

The latency, anticipatory response and reaction time compari-
sons of REM vs NREM were done using t-tests.. Amplitude measures were
.analyzed by a 2-way repeated measures ANOVA (electrode x sleepiness

type).

Other Statistical Analysis

Post-hoc comparisons were done using the Tukey's Test (Kirk,

1968).

RESULTS

Raw data of each of the variables described below is found in

Appendices 14 to 20.

MSLT |
Naréoleptics had a tofil of 35 REM and 25 NREM naps on the
first day and 36'REM and 24 NREM naps on the secpnd.day (Table I1). A
chi square test rejected the hypothgsis that test time did not in-
fluence the likelihoodlof a REM sleep episode (X=8.9, df=4,p <.009). A

larger number of REM naps was observed in the 1000 session.
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A comparison of the differences in proportions of time spent in
stages 1-4 between REM and NREM naps showed that both groups spent the
same proportions in stage 1, 2 and 3 (Table I1). Only two narcoleptics
Spent time in stages 3 and 4, mainly in NREM naps.

REM naps showed significantly shorter éleep latencies to stage
1B than NREM naps (t=3.50, df=58 p <.001) (Table II). No differences
appeared in the number of arousals after sleep onset between REM and
HREM naps (t= .36, df=58, p <.721). There was also no significant
difference in time awake after sleep onset between NREM naps (13.5
sec) and HEM naps (10.0 sec) (Table II). 7

Analysis of sleep onset latencies to Stage'lg showed that both
groups (REM and NREM) fell asleép/féignificantly faster.than their

respective controls.

The comparison of absolute values prior to ERP testing sessions
showed that SSS scores were higher before REM (3.3 SD=1.4) naps than
before NREM (2.41 SD=1.2)- naps (t= 3.78, df=58, p <.0001). This
indicates that those subjects who subsequently fell into REM sleep
were much sleepier before the ERP testing sessions than those who
later fell into NREM sleep (Figure 1).

Comparlson of the changes of alertness after the ERP sessions
prior to REM (-.64) and NREM naps (-.73) showed a smaller reduction of
2lertness during the ERP testing session prior to REM naps. The

- greater sleepiness present prior to REM naps may have produced a floor

effect that restricted the amount of change in alertness that could

\QCCUI' .

A comparison of - change of alertness scores after REM naps'vs

-+ -
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NREM naps showed that"narcoleptics after REM sleep reported a
significantly largeriﬁncreaso of alertness (+.87) than after NREM'naps
(+.39) (r=3.48, d=58, p <.01).

P3 ERP Study

‘Latencies and Amplitudes
) ~0 differences were obser‘ed in any of the latency measures

(Table IiI). A significant difference was observed 1in the amplitude
of the P2 component (Table 1IV). The amplitude recorded prior to REM
was signiflcahtly l;rger than that recorded p{ior to NREM (F=8.24,
df=1,58, - p <.006) A significant electrode x sleepiness type interac-
tion effect was observed (F=5.55, df=2,118, p<.005). The smallest P2
anplitude was recorded in both groups at Pz (pre-REM 3.1 uV, preNREM
é.l uv) while significantly larzer amplitudes were recorded pre-REM
compared to pre-NREM at Fz (F=5.76, df=2,58 p <.02) and Cz (F=17.80,
df=2,58, " p <.00Ql). Pl, N1 and N2 showed similar scalp distribution

in both groups (Figure 2). f

Performance

No differences appeared in the comparison of narcoleptics'

Performance prior to REM vs NREM naps (Table V).

CNV_ERP Study

A

Latencies and Amplitudes

° No significant differences were observed in any of the laten-

cies (Table VI) or amplitudes of the different components (Table VII).
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A significant interaction effect was observed in the AMSH“(Fii.gq,
df=2,110, p <.02) (Table VIII). Although the amplitudes at Cz (pre-
REM -2.4 uV, pre-NREM -4.1 uVv) and Pz (pre-REM -2 5 uV, pre-NREM
3.7uV) were larger prior to NREM than pre—REM the only -significant
" difference was at Fz (pre-REM -0.21uv, pre-NREM -5.4ﬁV) (F=7.2,
df=1,58, p <.01). It 1is interesting to note that while statistical
significance was only approachéd the amplitudes recorded in the firsﬁ
half (AMFH) (p < .07) - and second half (AMSH) (p < .04) of the CNV
interval were always of much larger amplitude prior to ﬁREM (figure
3). Another interesting finding 1is the iarger P2 amplitude recorded.
p;ior to REM naps (Table VII). Although the amplitude differences
only approached significance (P2Sl p <.08 and P252 p <.04) the fact
that the analogous P2 amplitude in the P3 paradigm was significantly
larger prior to REM Suggests that this is a finding that might deserve

some consideration.

Performance

-

No Sl"anlCant performance differences were observed between nar-
coleptxcs prior toé REH and prior to NREM naps. There was a tendency
towards a larger number of antxcxpatory, responses prior to NREM naps
(difference between groups approached significance at p <.10) (Table

"VIII). Correlations between AMSH and RT pre-NREM were as follows:
Fz=.39 (p <.11), Cz=.48 (p <.04) and Pz=.42 P <.08). Prior to REM the
following correlations were observed: at Fz= -.27 (p <.11), = -,12

(p <.49), and Pz= .032 (p <.87). -



DISCUSSION

MSLT & SSS

The degree of alertness reported by narcoleptics after REM or
NREM naps was very similar to theirﬁ respective 8S8S ratings reported
prior to the ERP testing session; " It seems that the naps allowed the
narcoleptics. to recuperate from<the 1ncrease in sleepiness that they
reperted (S8S) fbdllowing the ERP.se331on. It appears that both REM and
NREM narcoléptic naps_reileve the increased pressure for sleep and
eﬁable a return to a functional level of alertness. If these~naps are
suppressed by the environment of the narcoieptic, the pressure for
sleep may increase to the point that a sleep atEEck results.

A comparison of the SSS scores reported prior to ERP testlng
sessions showed that those narcoleptics who later fell lnto REM sleep
were significantly sleepier than those who later fell intdo NREM sleep.
Slnll&r findings were reported by Carskadon & Dement (1975, 1977)
observed pos1t1ve correl&tlons between SS3 scores reported prior to
naps and time spent in REM sleep. ‘Carskadon & Dement observed that
their subjects, under a 60 mlnutes wakefulness-SO mlnutes sleep sche—

dule, showed an alternatlon of- VREM and REM naps. Because of this,

they were not able to point to & causal relationship between degree of

Sleepiness and REM_appearance. However this observation oid SUggest .

the existence of an ultradian cycle correspondlng to the- alternatlon .

of REM/NREM, .in whlch the upswlng of the cycle corresponded to the

occurrence of NREM whlle the downsw1ng corresponded to REM appearance.

¥e did not observe altern&tlon of REM and NREM naps. This may there— -
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fore suggest a relationship between increase of sleepiness and REM
occurrence.- It is., p0551b1e that 'the increase in Sleepiness is a

predictor of the onset of REM

Narcoleptios had more REM than NREM naps.: This may reflect the
~fact Jthat.IQ of tne 12 narcoleptics suffered from compound narcolepsy
_whioh: is ‘more commonly accompanied by REM naps (Dement et al. 1972;
la.Guilleminault and Dement, 1974). It has been sugg ested'that SOREMP's
are also facilitated by a horizontal sleeping position (Hishikawa et

,al.;'1968) as was” used in this study. ) L

‘ ' The narcoleptics showed significantly more REM naps in ‘the‘
first testing sess1on (1000) Studies in _which sleep of normal
subJects has been extended - during the day have sbown that REM also
tends to ‘occur in. early se5510ﬁ§ (Webb et al. 1966). OQur finding
oonfirms past studies which observed a typical circadian distribution
- of _sleep stages in narcoleptics /(Baldy-uoulinier et al. 197s;

_'Broughton & Mamelak 1979) and the tendency of narcoleptics to show a
larger number of REM naps in the early oorning (Passouant, 1968;
Hishikawa et a1.1976). b
‘i ;ﬁarcoleﬁtics falling into REM sleep spent the same proportion
of time in stages 1B and 2 as those falling into NREM sleep (both
groups were allowed a maximum of min. of sleep). The decline in SSS
scores follow1ng ‘REM naps (from pre—REM) was greater than the decline
from pre to post-NREM). It appears that either the time spent in REM
t.-sleep-(or the combinatlon of REM and NREM sleep) produced the larger

_' recuperntive ‘value of REM naps. The literature suggests that no

-_differences in performance are present when subjects are awakened from
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either stage 2 or REM (Scott & Snyder, 19G8; Lavie & Giora," 1973).

Since our: narcoleptlcs were most often awakened from either stabe.l 2

4;—-

(in NREM and REM naps) or REM (in REM naps), the differences Ln alert-
ness reported after REM and NREM. naps are unlikely to be due to dif-
ferences inherent in the moments of awakening from either of these
types of sleep. In the past, researchers (Hartmann 1973; Oswald,

s

1973, 19745 have proposed that the -functional relevance of REM sleep
is related to brain restoration. Howevef:‘ the evidence for such a
theory is weak (Stern & Morgagz, 1974; Brodsky, 1975).- It rust be
considered that the larger alertness reported by narcoleptics‘after
REM sleep may simply be related to the fact that ;ﬁey were initially
sleepier (as indicated by their shorter sleep‘ onset latencies and

higher SSS scores).

¥e ' recorded a significantly larger P2 prior to REM than to

HREM. This is in disagreement with Pressman et al. (1982) who xe-

o g+

corded significantly smaller N1-P2 and P2-N2 amplitudes prior to REM.
The differences in the paradigms employed (Pressman and his group's
subjects were simply asked to listen to the stimuli while in the
present study the subjects were actively engaged in a signal detection
task) and differences in measurements (Peak—to-peak vs baseline-to-
peak) may explain-~the different results.

- 'fzs recorded in subjects 1istening passively to a series of
stgéuli are wmuch larger than those reoorded- in subjects asked to

&c&@gely detect deviant target stimuli anmong & train of standard

-

(S o

-
-

-
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stimuli (Simson et al. 1976, 1977). Tﬁis could be due to overlapping
negative waves occurring in par;llel to P2. A long-lasting négative
wave, termed "processing negativity" (Naatanenf 1982) beginning befdre
Nl and lasting beyond the latency'of P2, increases in amplitude in the
atfentive subject. In the present context, this processing negativity
might have "pulled up" P2 making it less positive. Secondly, Naatanen
has .also described a negative-positive complex (N2a, N2b-P3a, P3b),
recdrded during target detection (Naatanen et al. 1980). As the
1atency of the negatlve component (N2) is in the same latency range .as

P2,' an overlap of components may occur resulting in P2 amplitude

- reduction (Naatanen et al. 1980). "Since N2 at Cz prior to NREM was

lgrger than prior to REM, it 1is possible that its overlapping ne-
gativity "pulled up" P2 giviné the appearance of reduced positivity.
fhis explanation cannoﬁ apply to the components recorded at Fz. The
N2 recorded at Fz was of equal anplitude in all narcolepticé, while
the P2 pre-REM was still significantly larger than that recorded
pPre-NREM.

The significantly larger P2 recorded pre-REM contrasts with the
failure to find differences in other objective indices, such as N1 and
P3 amplitudes (Picton & Hillyard, 1974; Hink & Hillyard, 1976;
Campbell et al. 1980), and RT (¥ilkinson & Morlock, 1967; Camphell et
al. _1980). The prgvious report indicated that N1 was large in the
morning for controls and small for narcoleptics. Later in the day, an
Opposite trend was observed 2 smaller N1 amplitude in controls and a

larger N1 in narcoleptics. Unfortunately, due to an insufficient.

number of cases at the various times of day, we were unable to deter-

. : ' L \\\
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mine if the overall narcoleptic'biorhythm}oﬁjpend 'can béigeneralized

to both REM and NREM naps. .The absencé® OF significant amplitude

£ MY
-

.. différences in the N2 and:P3;does not necéssarily reflect a lack of

difference between attentional and perceptual processeé in pre-REM and

. - . e
NREM states. - Future vresearch in which;more complex paradigms are
- ~ R : ~ .
used, * i.e. divided attention (Hinmk & Hillyard, .197G), passive versus
7

active attention (Squires et al. 1975; Campbell et al. 1980) or
overloadinglof primary memory (Israel et al. .1980), will helﬁ deter-

mine whether attentional and perceptuat differences accompany® these

L
-

states. - R -

-
.,
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A signfficantly sﬁaller (p <.01) amplitude was recorded over

-

the frontal areas Ln the second half of the CNV lntervaliprxor to REM
sleep. ThlS REM NREM deference was also appareht tavthe first half

of the CNV, although it falled to reach sxganLcance (p < .07) Two

,-

separate components whxch make up the Cnv have been descrxbed in the

literature (Loveless & ,Sanford 1974& 1974b Gaillard, 1976, 1977)

The first half of the CNV, the Q. wave, és larvest in frontal-central

pp—
- -

areas and has been related to initial orggntatlon;and arousal. Tecde

-
M)

(1972) and Hillyard (Hillyard, 1969; Hillyar&,j1973) have noted that

the CNV is affected by manipulation of the subjects level of- attention’

or "alertness'. The second half of the CNV, the’E wave, is'iargest in

| ancy to respond. Our second-half CNV amplltude difference could

-

therefore reflect differences in’ exther motot.preparedness or.degree

. - B
» -

—
=

»

-
s

d -~ B 74
central-parietal areas and has been 'related to the subjeot's expéctif//

SNar,
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“of alertness (Tecce et al. 1976, {ilésl' Deecke, 1980). .The smaller

amplitudes found pre-REM would suggest less motor preparedness at thlS

time. Although no significant RT" dlfferences were found mean RTs -

indicate that subgects were in fact -more prepared to respond prlor to

REM (317 msec.) than prlor to NREM (354 msec.)._ That theramplrtude

: differences do not refiect differences in motor preparedness is sup—

ported by the fact that the greatest dlfferences were found at the E

frontal electrode smte and not\over those areas traditionally associ-

i'ated w1th motor Preparedness (central and parietal) (Deecke 1980).

Frontal areas have been ass001ated with actions such as
arousal, alertness and attention (Milner, 1963; Homskaya, 1966' Luria,
1969). The early CNV dlfferences paralleled those in the second half
suggesting at least the p0351b111ty of an effect of alertness. The

S8S. prior to REM indicated a lowered state of alertness. Moreover,

sleep onset.occurred in the MSLT more rapidly in REM naps, egiin sug-

“gesting 2 less alert or aroused state. The SSS and MSLT results

provide eridence_ to "support the,belief that differences in CNV
ampltudde were due to varlatlon in the subgects level of alertness

prlor to REM and NREM naps. " .

It" could™ be argued that the larger CNV amplitude and slower

reaction times recorded prior to NREM correspond to greater attention

paid to accuracy as opposed to speed, thus reconciliating the RT-CNV

paradox. However, prior to NREM 'a larger number of anticipatory

responses were made. (p <.10). Suggesting that subjects placed em-

pﬁasis more on speed than accuracy prior to this state. There is an

interpretetion which can explain the presence of slow RTs in conjunc-—

o

3



tion with anticipatory responses. Rabbit (1981) has noted that sub-
Jects confronted with typical RT expériments manage to improve their-
speed with practice. To do so, they respond faster and faster on
consecutive trials until they . respond tqo quickly and an error is*

made. After recognizing the error, subjects slow down considerably.
' 5

In the present étudy, the effect of anticipatory errors prior to NREM

might have been to alter subjects strategy such that following the
errors, RT was slowed, assuring accuracy. The overall mean RT might

therefore have been longer than in conditions in which fewer anti-

cipatory errors were made.

.

The smaller pre-REM CNV amplitude recorded over the second half
of the CNV interval may also have been the result of larger cortical
depolarization elevating the baseline. This would allow only a reia—
tively small CNV before a maximal {evgl was reached f&eiling hypo-
thesis) (Knott & Irwin, 1968) .~ Negativé DC potential shifts have been
recorded during REM sleep ;nd bbs%sgve DC potentials have been re-
cprded during NREM sleep (Kéwamura & Sawyer, 196&; Tabushi et al.
1966; Kawamura “&. Poméeiano, 1969).. The possibility that such poten-
tial shifts might have beeéﬁ)present p;ior to these étates could ex—~
plain the different amplitudes recorded. It is also possiblé that the
lowe; pre~REM CNV amplitudes were related to the hypothesize& larger
cortical &epolarizafion that acéanpanies increased Sleepiness
(Broughton, 1975). Co

Otto & Leiffer (1973) interpreted the smaller CNV's recorded

N : . N . : .
when subjects were pressing a button, as resulting from an increased

depolarization associated with a larger EMG.'The-faster RT recorded



.
[ .
pre-REM agrees with the idea that greater motor preparedness was

) presént in this state.

By contrast, the éositive CNV-RT correlations we observed prior
to NREM may be-suggestive‘of. a hyperpolarized cortical stayg;’: In
addiéion; the significantiy larger negativity recordedwover frontal
regions prior to NREM is reflective of Broughton's (i975) hypothesis

of a larger . degree of hyperpolarization over the frontal cortex:

- during actual NREM sleep. . !

Conciusion: Evidence for the Existence of REM and NREM éleepiness

The data we have collected indicates that sleepiness experi-
enced by narcoleptics prior to REM naps differs from that observed.
prior to NRﬁM . The SSS. scores show that sleepiness - prior to REM.
sleepﬂ is subjectively experienced as more intense than that prior.to
NREM sleep. A number of objective neasures &lso discriminated between

rad

the twa states. Shorter sleep 1£Eencies‘prior to REM naps provides-
sﬁppért for the reports of: increased sl?gpiness. In the P3 p;radigm.
Pl and P2 gmplitudes were significantly iérger prior to REM sleep. It‘
is possible'tha£ either a slower shift from positivity to negativity
éccurs prior to REM or an overlap of a series of negative waves "pulls
upf p2. There_weréﬂéé differencegﬂ for RT or N2, Pé}&mplitudes or
latencies. ' - ¢:J%

' Narcoleptics prior to NREM naps showed more widespread ne-
gativity throughout the, CNV than prior to REM. Pre-REM showed a sigﬁi—
ficantly reduceq- amplitude ovef the secénd half of-the CNV interéﬁl

at Fz. The reduced CNV amplitude prior to REM might be interpreted as
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reflecting the larger degree ofisleepiness subjectively experienced
briqr to this state. It is also possible that these differences are
due to baseline shifts: negative (gf#depolarized) prior to REM and
positive (or hyperpol&;ized) prior‘to NREM. Again, no significant
QLfferences were ﬁfound in RT between pre-REM and pre-NREM naps,
althougg thezg was a possibility of a speed-accuracy _confouhding
interactién.

Since we have documented thézexistence of different étates in a
narcoleptic population, it may be that the; are ;‘phedbmena unique to -
the narcoleptic patholbgy (Guilleminauit & Dement, 1974j and are not
present in the normal population. For more definite conclusions to be
made it will be hecessary to find evidence of these states in subjects
with no sleep pathology. If such differences are found to exist’ it
~will be important to determine if éach sleepiness state is accompanied
by different functional deficits. This would require the use of more
sophisticated performance = measures than those used in this..study
(signal detection and reaction times). It might be advisable to use
short memory paradigms., in?bhich e@boding and recall of material with
simple and.complex associative value (Scrima, 1982) is.tested prior to

REM and NREM sleep states. There 'is evidence that these types of-

material are p}ocessed_diffgrently during REM and NREM sleep stages

(Scrima, 1982).
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SUMMARY

Differences bétween-the states preceding REM and ﬁREM sléep i
were studied in a group of twelve narcdleptic-cataplectic patients and
.were compared to the statelpreceding NREM sleep in 12 normal healthy
subjects. Subjective (Stanford Sleepiness Scale) and objective meas-
ures of sleepiness were compared. The objective.measures were sleep.
-onset latencies and sleep'times (Multiple Sleep Latency Test), laten-
cies and amplitudes of two event-related potentials (P3 apd_CNV),
together with reaction fimes and detection levels. All subjects
Eilled 6ut; 3SS forms péiof‘tb and afteé ERP sessions and following
.MSLT naps. °~ In the P3 pgrédigm thé subject was instructed to detect
target stimuli (10% of all.stimuii) By pressing a button. : In the CNV
paradigm the subject was asked to turn off" a buzzer (S2) which was
?;eceded 3 sec before by a warning tone (Sl).- All narcoleptics, both
those having REM and NREM naps, showed larger sleepiness through the
day than their respective controls. Pre-REM absoluté SSS scores were
larger than pre-NREM scores reflecting much greater sleépiness pre-
REM. Those narcbleptics having REM naps experienced a larger increase
in alertpégs after the MSLT naps than those having NREM_naps. The
larger sleepiness associatgd with the pre-REM state was objectively
supported by significantly shorter stage 13 latencies in REM naps.
?he lack of differences betweén most sleep parameters in REM and NREM
naps (proportion of times in_stage 1B, - 2, 3 and 4, number of arousals

and time awake after sleeb'ﬁonset) suggesis that either time spent in

stage REM or a combination of REM and NREM sleep” were the factors.

v
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cohtributing to the larger recuperative value' assoclated with REM
naps. In the P3 paradigm the major ERP differences between pre-REM

and.ﬁre—NREM sleepiness were significantly larger Pl and-P2 amplitudes

recorded ﬁrr&f to REM naps. An overlap betweeﬁ P2 and negative compo—
nen;§ or a slower shift from positivity to negativity might explain
these results. A significant difference was observed between pre-REM
and pre-NREM states in the CNV paradigm. A significantly smallér
negativity in the second half of the dﬁv interval over froptal areas
was recorded prior to REM sleepn. No signifiéant differenqgs' in per-
formance méasures (detection levels and reaction times) were observed
between .groups in either ERP paradigm. These resultsi support the:
existence of two distinct states, those of REM and NREM sleepiness.

e

K.
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TARLE I
Number of narcoleptics' REM and NREM naps through the day.
Averasge of day 1 and day 2.
Test Times

1000 1200 1400 1600 1800
REM | 10 7 6 6 -
NREM 3 5 5 5 6
* p <.04 i .

"-—"-&\i .

AN
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TABLE TI
Analysis of MSLT Data according to Sleep Type

NUMBER  TIME AWAKE
OF - AFTER LATENCY 7O
AROUSALS SLEEP ONSET  STAGE IB

Stage 1B Stage 2 Stage 3 | sStage 4

Sec. % Sec. %, Sec. % Sec. %
REM 179.7 47.0  202.4 53.0 20 4.7 20 4.7 .39 10" 106" *=
NREM 289.9 42.0-- 352;.2 57.5 | 66 7.; 120. ‘13.7  .33 13-' 196"
Controls  246.0 61.0  156.0 3.0 . .003 51 wxx  goo" @

v

-

** p <.001 Significantly"s)'prter latehalc':i&é to stage 1B were present during REM naps than during NREM na
*** p <.02 Controls spent élgnificantly longer time awake after sleep onset than either REM or NREM nap
@ p <.001 Controls showed significantly longer latencies 'to stage 1B than either REM or NREM naps
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TABLE III .
T values of REM/NREM comparisons of AEP latencies (msec) in the P3 Paradigm

L _ | 2-Tailed
Carporent t Value Todf Protebility

Pl 2,39 . 58 268 °

S 017 .. s .83

22 1.05 58 .298

2 0.07 58 45

B3 0.22 58 .830

s



o-Way mms of REM/NREM Camparisons.of AEP amplitudes (uY) in the P3 Paradignm

B — — - Celsser-
_ ’ 2-Tailed  Greenhouse
Componeat ~ Source of Variance F Value df .Erdn.bility "'"Proha.bifl.i.ty

_ PL  Sleepiness 278 1% 10
[ , EHectrede 9.3 2,116 .00@ ° .0001 (1) -
Sleep. x Hlectrode  0.90 2,116, .41 e
N  Sleepiness 0.05. 1,58 ~ .803°
' Hectrode .71 2,116 000l 0001 (2)
. Sleep. x Electrade 0.3 . 2,116 .70 6@
P2 Sleepiness © 824 1,58 .00 *x
" Hectrode . 7.8 2,116 .001 002
Sleep. x Electrode 5.5 2,16 .05 007 **
2 Sleepiness 0.08 1,58 .78l .
“Electrode 1.9 2,116 .141 150
g ‘Sleep. x Electrode 2.41 2,44 Jdoz o a2
- P3. Sleepiness. .- .00 1,58  .321
——  Hectrode 9.18 2,116 .02 ~  .0008 (3)
Sleep. x Electrode  0.61 2,116 .54 500

(1) Recorded maximally at Cz and minimally at Pz
"(2) Recorded maximally at-Fz and minimelly at Pz : -
(3) Recorded maximally at Cz and minimelly-at Pz
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" TARLE V

T values of REM/NREM camarisons of resction times and detection levels
in the P3 paradigm '

2-Tailed
"t Value dt Prokability
S .
Reaction Time 0.51 58 . 611
Targets Missed . 022 = - -
False Positive 0.3 58 . T34
\



TARE VI . | . , e
T values of REM/NREM camarisons.of EP latencies (msec) in the QW paradigm
(Megsured at Cz) '

/———/_\
! 2Tailed - <
. Camponent, t Value df Protability
NLS1 . 1.59 54 .119
P2S1 1.34 54 - 186
NLS2 14 54 .65
PRS2 - 0.48 54 . 636
TN
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TARLE VII

2 Way ANOVAS Qampering REM NREM ¥éan Avplitudes (uV) of EP Gampooents in
the QNV Paradigm

. Geisser-
Amplitude of | 2-Tailed  Greedhouse
Component Soutce of Variance FValue df Prokebility: Protbility

_ \ ] N
NLS1 Sleepiness .62 1,54 208
Electrode . 7.9l 2,110 .000L 0001 (1) T
Sleep. x Electrode * 0.05 2,110 .51 910_ "
P2st Sleepiness . 3.28 1,54 076 |
Electrode 21.54 2,110 .0001 0001 (2)
‘Sleep. x Hectrode  1.28 2,110 .282 280
NLS2 Sleepiness 0.00 - 1,54 981
Electrode © 37.84 2,110 .0001 L0001 (3)
Te Sleep. x Electrode  0.25 2,110 82 .763.
P22 Sleepiness 4.43 1,54 .04
Electrode 4,88 2,110 .00 02 (&)
Sleep. x Electrode  0.06 2,110  .945 509
AMFH Sleepiness © 3.43 1,54 .070
Hlectrode ¢ 1.71 2,110 '--.000L L0001 (5)
Sleep. x Electrade  0.72 2,110  .488 450
AMSH Sleepiness 4.65 1,54 .04
Electrode 0.23 1,110 .74 T7
Sleep. x Electrode  4.80 2,110 .01 02 x
FOST-QW Sleepiness 0.0 1,54  .904 |
Electrode 1.77 2,110  .175 .185
Sleep?‘x Electrode 0.3 2,110 700 636

(1) Recorded reximally at Fz amd Cz

(2) Recorded raximally at Cz

(3) Recorded maximelly at Fz and Cz . -
(4) Pecorded maximmlly at Cz and Pz, o

(5) Recorded meximelly at Fz
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=
d e,

}Waymés (Sleepz.ne&s Type x Electrode) oaq:aringREMa.nd NREM mean
averaged A:xphmdes (uV) of different measures in the CNV Pa.radlgn

Camponent -.:~,;_ Ed oo : 2—T9.Lled. Greenhouse
aplitude  Source of Variance. FValue df Probebility Probability .
AMFH Sleepiness Type 3.43 1,34 _, .00 .
... Electrode - 14.71 2,110 0001  .000L (1)
, “  Sleep. x Hlectrode N 0.72 2,110 .488 .450
AMH Sleepiness Type | ;4.06 1,54 .04
" . Hectrode ~o A 021 2,110 .80 79
 Sleep. x Electreder  4.57 2,110 .01 02 %
Post-QW  Sleepiness Type 0.0l 1,54  .004 . o
Electrode 77 2,110 AT .185 :
Sleep. x Electfode  0:36 2,110 700 636

(1) AMFY armplitude recorded meximally at Fz amd Cz

G

e

‘:.f"’!

)
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TARE IX
T Values of -REM/NREM Comparisons of Detection Levels and Reection Times

. in the CNV Paradigm

) | 2-Tailed
t-Value df _ Proability -
Reaction Times ©0.58 54 © 563
Ant'icipatoq' Responses " 1.7 54 090
o
L~
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FIGURE: LEGENDS

Figure 1. (Upper).- Comparison between absolute SSS scores of
narcoleptic§ falling directly into REM or NREM sleep, before and
after ERP (pre-MSLT) gessions and after MSLT naps. Narcoleptics
who later fell into REMzéléep were significantly sleepier prior to
the ERP sessions than those who fell into NREM. (Lower) .- Cmngé
of alertness (before minus after SSS scores) measured after ERP
and ﬁSLT sessions. Negative numbers indicate decrease in alert-
ness, positive numbers indicate an increase. 'Narcoleptics who
.;gggr.fgll into REM sleep were slightly less sleep} ﬁfter the ERP
sess;.eﬁ than thos; falling into NREM sleep. Narcolepties who
épent some time in REM Sleep were-significantly more alert after -

the naps than those spending time in NREM sleep only.

Figure 2. P3 Paradigm. Grand mean target evoked potentials at the
three: electfode sites for nercoleptics prior to REM and NREM naps.
36 REM naps and 24 NREM naps were collapsed,__t' A significantly
larger P2 ;as recorded prior to REM naps.

Figure 3. - CNV paradigm. Grand mean waveforms at ‘the three electrode
Sites for narcoleptics prior to REM &.I.ld NREM naps.’ A
significantly larger negativity was. recorded prior to REM than

NREM naps over frontal areas.

° -
-
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Appendix, 1

ng day 1 to day 2.
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Appendix 2

Moan MSLT latencies (min) in controls cawparing day 1 to day 2.

The second row is the standard deviation.
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Appendix 3

Mean total time in stages 1B, 2 and REM sleep (min) during MSLT naps of narcoleptics

_corparing day 1 to day 2.

The second row is the standard dewviation.
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1400 1600 1800 Mean F Value P
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Appendix 4

Mean total time (min) in stages 1B and 2 in controls comparing day 1 to day 2.
No REM sleep was recorded in controls. The second row is the standard deviation.

Test times (hrs)
1000 1200 1400 1600 1800 -Mean F Value P

Stage 1B
Day 1 4.4 3.0 4.9 4.2 3.3 4.0
2.9 2.6 3.1 3.7 3.7 .8
. 0:00 .951
Day 2 5.3 4.8 2.8° 3.7 3.1 4.0
4.0 3.1 2.5 3.0 3.3 1.1
Stage 2
Day 1 2.2 3.9 4.0 3.2 1.0 2.9
. . 2.0 . 3§ 3.6 3.2 2.4 1.5
. % 0.07 .796
Ctmy 2 1.6 g2-4 Tnid2 3.9 1.9 2.6
3.1 .7 3.7 3.1 1.6 1.2
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Appendix 5

t

Mean MSLT latencies (min) in narcoleptics compared to controls.

The second row is the standard deviation.
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Apperdix 6

Mean total times (min} in stages 1A, 1B and 2 during
controls. The second row is the standard deviation.
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MSLT naps in narcoleptics versus
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Mean errcr levels and reaction times during the different testing sessions of the P3 p_aradigm

in narcoleptics compared to controls.

The second row is the standard deviation.

Test times (hrs)

1000 1200 1400 1600 1800  F Value P
Targets missed - Narc. 4.08 2.92 2,67 6.33 4.92
6.92 6.80 5.79 8.69 8.38
2.29 .140
. .e Cont. 1.50 2.33 1.58 1.1¢6 0.66
4.89 5.47 5.18 4.04 2.02
False positives — Narc. 1.83 0.42 0.83 1.92 0.67
3.97 0.99 2,29 3.50 1.23
3.00 .100
.e .e Cont. 0.41 0.00 0.08 .00 0.42
1.65 0.00 0.28 0.00 0.90
React ion times -~ Narc. 479.42 481.75 458.75 526.33 563.75
182.67 188.43 197.78 240.37 266.47
1.52 .231
.. .n Cont. 382.58 431.87 382.00 434.25 433.50
204.31 272.94 206.43 270.44 270.52
1
~
£
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Appendix 8
Mean latencies (msac) of AEP components in the P300 paradigm prior to MSLT naps in

narcoleptics compared to controls. Tha second row is the standard deviation.

1000 1200 1400 1600 1800 F value P
Pl - Narc. 48.8 37.3 28.4 37.3 42.5
15.8 21.2 1.9 8.5 _ 25.5
' 1.16 .293
pl - Cont. 49.3 42.3 | S4.7 32.4 52.3
30.8 23.9.° 0.2 24.7 22.2
- S Nl - Narc. 109.6  114.4  104.2  108,3  110.3
) 16.5 16.6 16.3 11.4 9.0 . 0.42 .524
Nl - Cont. 106.8  108.3  104.6  1001.4 1113
19.4 2.7 25.2 12.9 17.8
s P2 - Narc. 185.4  182.8  180.1  186.6  190.1
20.7 23.3 20.7 22.7 29,
, 3.80 .064
~ P2 - Cont. 170.4 172.3 1771 167.1 1753
22.2 24.2 18.0 13.7 17.5
N2 - Nare. 245.1  242.4 2323 233.2  230.6
37.8 a1.8 36.0 26.1 33.6
0.13 724
N2 - Cont. 231.5  236.9 2301 228.6 239
30.5 3.6 20.6 23.2 31.3
P3 - Narc. 354.2  360.9  360.6  363.1  356.5
56.8 60.7 50.9 4.7 48.2
| _ 0.75 .397
p3 - Cont. 349.4  344.6  351.0  346.8  344.6
40.4 19.2  © 28.4 2.6 38.3
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Appendix 10

Mean performance measures in the CNV paradiﬁm during the different testing sessions in narcolept ics
campared to controls. The second row is the standard deviation. . K

Test times
1000 1200 1400 1600 1800 F value P
Reaction times
Narcolept ics 3.8 298.8 379.4 315.8 322.2 ‘
17947 186.9 321.6 202.6 224.1 ’
. 6.68 .02
Controls . - 176.8 170.3 167.8 166.0 162.5
. .1 43.5 37.7 32.0 40.0
Anticipatory responses
Narcoleptics 0.8 1.6 1.3 1.7 1.2
. 1.1 1.2 1.0 2.0 1.0
6.11 D2
Controls 0.5 0.5 1.0 0.8 0.%
0.6 0.6 0.8 0.5 0.9
el ~ . -



197

Appendix 11

Meoan latencies (msec)} of evoked potentials in ONV paradigm in narcoleptics
campared to controls. The second row is the standard deviation.

Test times (hrs)

1000 1200 1400 1600 1800 F Valus P
Nl S1 - Narc. 128.2 122.7 131.8 120.9 120.9
18.3 14.9 17.2 12. 16.4
18.69 ,0003
Nl S1 - Cont. 108.2 110.0 107.3 106.4 108.2
11.7 11.0 10.1 8.1 7.5
P2 S1 - Narc. 219.1 212.7 224.6 220.0 216.4
24.7 19.0 2.2 24.5 26.6 .
0.12 - .735
P2 S1 - Cont. 250.1 214.6 221.8 209.1 211.8 .
33.2 18.6 29.9 31.7 26.4 .
v .
Nl S2 - Narc. 117.3 117.3 119.1 119.1 119. =
s 15.6 14.2 13.0 7.0 12,2 B
o o 894 .007
Nl S2 - Cont. 110.9 105.5 107.3 106.4 106.4
10.4 8.2 13.5 12,1 . 9.2
" P2 52 - Nare. 248.2 233.8 218.2 238.2 219.1
S 60.3 68.0 26.8 56.0 48.1
0.01 915
P2 52 - Contr., 249.1 227.3 225.5 233.6 231.8
51.7 51.2 49.3 56.6 57.1
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Arrplitudes-' (uV) of average magnitudes over
The secornd row Is tho standard deviation.
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adigm in narcolept fea conpared to ooptml.s. >

:

periods of time In the CNV par
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" 1200

1000
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P

P Value
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AMFH -~ Narc,

-3.1

-4.3 -3,0

-4.1

-3.8

6.4 4.2 4.0

4.6

4.5

AMSH - Cont.

.03

5,69

-1.3 8 1.8, .,
3.2

2.8
4.2

5.2 -1.2 1.3 1,9 0.0 0.8
11 4.3 4.7

2.4
3.0

1.4 5.1 0.5
3.7
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0.9
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4.0
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3.4

1.6
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Average magnitude first half
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AMFH
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Appenciix 14
Maan latencies (msec) of AEP corponents in the P00 paradigm in REM, NREM,
The second row is the standard deviation. o
- .
Pl N P2 N2 P3
REM 48.6 110.6 188.2 241.1 365.5
22.7 13.4 25.6 37.0 $5.0
NREM 30.1 107.8 181.8 234.5 350.4 .
26.8 16.1 2.2 8.4 50.0
EEE o B —
/ v
-
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Appendix 15

Mean aplitudes (uV) of AEP components in the P300 paradigm in REM, NREM.

The second row is the standard deviation.

P3
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N1
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‘.#.v 'S
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Appendix 17

. Mean latencies of the evoked potentials in the NV paradigm in
REM, NREM. The second row is the standard deviation.

° ‘
N1 S1 Y- P2S1 . N1'S2  P2S2

REM 121.9 223.9 145.3 150.8
14.1° 21.8 170.9  484.8

. NREM 129.0 208.5 69.5 240.5
18.9 2.1 228.6 108.7




Appendix 18

Mean amplitudes (u\;')-'of‘l:he evoked potentials in the NV paradigm in REM, NREM.

The second row is the standard deviation.

- .p2 8]
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Appendix 19
Mean average amplitudes (uV) over time in the ONV Paradigm in REM, NREM. .
The seccod row is the standard deviation.
AMFH AMSH POST CNV
3 Cz =3 Fz Cz =3 3 = =3
REM =20 415 0.2 -0 2.2 -24 -28 0.6 =05
4.8 4.6 4.0 3.1 3.2 3.0 9.0 18.00 5.5
NREM 4.9 -3.3 -1.7 =27 -3.3 -3.6 =31 -0.6 1.2
5.5 4.8 5.5 7.1 5.4 6.8 10.0 7.5 8.0
AMFH  Average Magnitude First Half " .
AMSH Average Maxnitude Second Half _ -
‘ "
L T
) - a -~
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Appendix 20

Perfox;rmca measures in the CNV paradigm in REM, NREM and controls. .

- -
Anticipatory Responses Reaction Time
R L 2.17 317.5
- 1.50 " 196.5
NREM - - 1.66 - b 344.7
1.32 : 203.4
+
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