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Abstract

The degree‘and nature of performance impairment'ih narcoleptics
" was investigated Tn\re1ation to concomitant physiological ngilance\
levels and subjecfive gtates. Ten narcoleptic patienfs off medication'
anq 10 matchea controls wefe tested individually in morning sessions
(preceded by a practice morning). Two monotonous tasks (Wilkinson's

.1 hr additory vigilance task and the 10 minute four-choice serial

3 reactjdn'time task)]and two stimulating tasks [paced auditory serial

| addition task (PASAT) and Digit Span] were administere&xin counter-
balanced order. Self-ratings of drowsiness [Stanford“S]eepiness Scale
@SSS)J and effbr%iwere obtained for each test. Polygraphic recordings
~ obtained during the‘vigilance task and the two stimulating tasks were
scored'by 40 sec epochs. To determine the rg]ation between vfgi1ance
. performance and physiological state, recordings during the auditory |
vigilance tésk‘were aiso scored by'3 and 3 + lb seé periods preceding
each signal and false positive response. Scoring catagories éomprised
four stages: wakefulness; stage 1A (s]gwed and/or fragmented alpha
rhythm); stagé 18 (theta activity); stage 2. )

In comparison with control %ubjects, the narcoleptic group exhi-
bited significqnt performance deficits on the two monotonous tasks but
Vnot on the two stimulating tasks. The patients reported significantly
greater effort expenditure .on the PASAT and significantly higher
~ drowsiness (SSS) ratings on all the tasks. Their SSS scores did not

correlate significantly with pe}forménce-on any of the tests. Narco-

leptics spent significantly less time in wakefulness than controls
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1during the vigilance task and Digit Span but not during the PASAT.

) Increé;ed effort and increased wakefuiness during the PASAT were

attributed to its Higher degregs of both stimulation and complexi
Thé narco]egtﬁcs' deficits were interpreted'to’be bivalent /in nature
the decreased vigi]ance.enﬁanced by a task of Tow stifTation resultdd
in performance deficits while a task of high stimulation and complexity
COUnféracted performance‘deficits but require& compensatory ef%ort
the}eby stressing'¢he ﬁatfents. The more moderate levels of stimu]a-
~ tion and demand, characteristic of DigitrSpan, did not result in such
deficits and thus appearéd more optimé]]&:SUited for the ﬁérco]eptic.
'The sequential epoch,scoﬁing-of tHe vigilance task revealed an
‘ear[y occurring and continually f]ucfuating-physio]ogjca] ;%ate in
lwhich amounts of wakefuiness (44%), stages 1A (28.5%) éﬁd 1B (26%)
.remained‘gonstant across the task (as did performance).  Stage 2
occurred only briefly in four patients.' Control subjects remained in
wakefulness 99% of téskitime. | ‘ ' )
Analysis of‘vigf]ance perfdrménce.in fe]ation to physiological
state reveaféd that narcoleptics' performance during wakefulness was
- signif%cant]j better than thét during stagg 1A,.but poorer than the
performance of control subjects during wékefulness. Deficits consisted

of an-increase in both false positive responses and lapses (errors of

+ omission) relative to hits. Narcoleptics also made significantly more

I
n

wakefulness than con--

trols. .Performance during stages 1B-and 2 were ‘chavacterized almost

‘false positive\resporises for the time spent i
-entirely by lapses. The narcoleptics’' poor performance during wakeful-

~ness was attributed tofthé ihabi1ity to sustain wakefulness. Performance

’
\
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during periods of éustained quefﬁ]ness was sighificant]y bgtterithan
perforhance during wakefuIﬁess 1mmédiate1y préceded by decreased vigi-
lance levels (fragmented wakefulness), and did not difor from pér—
formance .of control subjects These defﬁcit patteﬁﬁs dembnstrateﬁ
in narco]ept1cs the 1nsuff1c1ency of’ the lapse-microsleep formu1at1on
“which indicates that poor performance in conditions of decreased v1g1-

Tance is characterized solely by lapses associated with m1cnos1eeps

(i.e., stages 1B or 2).

o -
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CHAPTER T~ - g
INTRODUCT 1ON

Over the past 25 years sleep research has focused on elucidating
normative sleep patterns and on investigating the functions of_s1eep by
Qérious manipu1étions of these ﬁatterns. Receﬁt]y theré has been an
upsurge of interest in the pathologies of sleep.- Thig trend has resulted

“qugot only in providing more accurate diagnoses and more appropriate
- .

fherapies for those afflicted, but has.also contributed valuable know-

kfdgsdgbout the nature of sleep and wakefu1ness.
Narcoleps&, an early recognized sleep disorder, was first described
as a discrete di§ease entity by G&lineau in 1880 as "a rare, little
known neurosis éharacterized by an imperative need to sleep of sudden
onset and short duration, recurring at more or less close intervals®
(p.1156). Today, with the intreased interest in sleep disorders, this
truly debilitating syndrome is becoming more widely recognized, although
ifé incidence, estimated at about .1% (Bruhova & Roth, 1972; Guillemi-
nah1t 5 Dement, 1974) is greater tﬁan that of a number of better known
neurological conditions such as mu?tfp1e sclerosis.

- Yoss and Daly (1957) first established the criteria for diagnosis

. bf narcolebsy by four major symptoms which they termed the narcoleptic
%é;rad: These include irresistible sleep-attacks which are usually the
first symptoms to appear, and three ;ux11iary-symptoms; cataplexy, sleep
paré]ysii and hypnag;gic ha]]ucinatiohs, of which_one.or more usually

P
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apﬁears as the diseaée'progresses (Carékadpn, 1976; Guilleminault &
Demeht, 1974, Sours, 1963). The symptoms tend to be unremitting once

they occur. The majority of investigations of narcolepsy have concentra-

ted on the pathophysiological mechanisms and treétment of the tetrad of

symptoms. . .

Most patients, however, also have a major complaint of chronic day-

~ time drowsiness which may be the basis of further symptoms regarding

poor mental functioning. ‘In the view of numerous 1nvestigafbrs )
(Broughton & Ghanem, 19763 Danieis, 1934; Guilleminault, Billiard,
Montp1ai§ir, & Demept, 1975a; Gu111eminaﬁ1t & Dement, 1977; Ganado,
1958; Sours, 1963) the quality of a narcoieptic's Tife is greatly eroded
by difficulties in performing daily tasks, prob]em; which appear té be
related particularly to excesgive and persistent drowsiness. While
there ha§ been recfnt increasing recognition of drowsiness as a most .

pervasive and disabling aspect of narcolepsy (Dement, 197%; Dement;

. Guilleminault, Zarcone, Wilson & Carskédon, 1974; Roth,'BruHové &

Lehovsky, 1969; Sours, 1963), the nature of this symptom and its effects
on daily life are sti]i only vaguely ﬁnderstood and have received almost
no experimental attention {(Broughton & Ghanem, 1976; Dement, 1979).
Moreover drowsiness is the symptom most refractory to medication ;
(Guilleminault & Dement, 1974) which indicates a need for betfer unzgr—
stahding of this symptom in.the interest of more efficient treatment.

The purpose of the present study is to provide a more specific and com-
prehensive understanding of this state of lTowered vigilance in narcolep--

tics by investigating its effects on the nakcoleptic's daytime perfor-

-

- B
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mance abilities and subjective experience, as well as its e]ectrophyéio—

: 4
logical correlates. ot

\

Characteristic Symptoms and Pathophysiology
The Narcoleptic Tetrad '

Narcoleptics generéi1y complain of an'enduring thbugh f]hctuating
drowsiness which is punctuafga'by actual sleep episodes and auxiliary
symptoms. As the narcoleptic succumbs intérmittently to the mechanisms
of the sleep state, response to the outer world is completely inter-
rupted for a temporary period. o

Two types of sleep attacks haveL;Zen delineated and are associated

with two different catagories of narcglepsy (Dement, Rechtschaffen &
Gu1ev{ch, 1966;_Roth et al., 1969). Independent{narco1epsy (character-
ized by sleep a%tacks a]bne) involves NREM sleep attacks in which the
patient gradua11y drifts from-dﬁ%wsiness‘to NREM sleep, whf]e compound
narcolepsy (characterized by auxi]%ary ;ymptoms of cataplexy, sleep

- paralysis, and/or hypnagogic hallucinations) most often involves sleep
onset REM—periods (SOREMP) which tend to be more abrupt in onset. Sleep
attacks normally last from 10-20 minutes but can vary from a few seconds
to a few hours, depending on the circumstances. 'Specifica11y, if the
patient is intent on doing something or is in an uncomfortable position,
they will tend to be brief. Though asleep, patients sometimes report
being vaguely aware of what‘goes on éround them. REM s1eép attacks are
more likely to occur than are NREM attacks when patients are in a com-

fortable position {Hishikawa et.a1., 1968). The former can be associated
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" with sleep paralysis (ﬁusc]e Qtonia) éﬁd hypnagogic ha]iué%hatioﬁs(
(dream-like experiences), particularly frightening experiences causedby
dissociated REM mechanisms occurring prematurely during semi-conscious-
ness (Hishikawa et al., 1978). Sleep pﬁra]ysis andtha11ucinations may
also occur at sleép on§et or aﬁakening from: nocturnal sleep. Extreme
drowsiness and these resultant sleep attacks and auxiliary s}mptbms
all occur most frequently during monotonous work, periods of physical
inactivity (Daniels, 1934; Ganado, 1958; Sours, 1963), and when the
person is in a physicaliy comfortable position (Hishikawa et al., 1968).

Cataplexy, the most commonly occurring auxiliary symptom -(Sours,
1963), is initiated by emofiona].ex;itement énd associated with a more
or less full level of céngciousness. Cataplectic attacks are more prone
to occur, as are the other symptéms, when the p&gson is feeling drowsy.

Attacks usually Tést only a few seconds and'involve partial to complete

4
-

muscle atonia caused by dissociated REM mechanisﬁt;_’fn/]ongér lasting
attacks, patients can advance to REM sléep.
As only compound narco]epéy is clearly associated with REM relateq
sleep attacks anﬁ auxiliary symptoms, the va]idity of independent narco-~
. Tepsy as "true" narcolepsy rather than a form of hypersomnia, is ques-
tioned (Dement, 1976£ Dement et al., 1966}, though it méy represent
compound narcolepsy in the early stagés (Carskadon, 1976). Presently,
diagnosis of narcolepsy is confirmed by the presence of SOREMP (cf.
Raynal, 1976). However, since SOREMP.has been obse}ved 100% of tﬁe time
in patients with cataplexy (Guilleminault, 19 which is a symp£om

unique to narcolepsy (Association of Sleep Disorders Centers, 1979), it



““has been concluded that if sleep attacks and cataplexy are presenting
oy

symptoms, no sleep recording is necessary for clear diagdbsis of narco-

lepsy (Guilleminault & Dement, 1977).

Nocturnal Sleep N

Disrupted nocturnal sleep- is also characteristic of compound
narcolepsy and, in fact, considered central to the pathology (Broughton
& Mamelak, 1379). Prolonged periods of irregular sleep are reported
to precede the appearance of symptoms in 50 to 70% of casés (Broughton
& Ghanem, 1976§ Hitche11 & Dement, 1968).. This evidence suggésts that
a disrupted sleep schedule either brings on narco]epsylin sensitive
individuals, or that disrupted sleep couid be the first symptom of narco-
lepsy. rather than a-cause or'contributing factor. Noc%urnaT disruptions

" include SOREMP, fragménted and dissociated REM, terrifying dreams, {re-
quenf awakenings, and in some }nstances Tess stages 3‘and 4 sleep (cf.
Montpiaisir, Billiard, Takahashi, Bell & Guilleminault, 1978).

Though the overall amount of s]eeplis normal, these abnormalities
render its recﬁﬁerative value questionable. When sleep deprived, narco-
leptics do not experience recuperative sleep as do horma1s_(Beéti—
Ceronf,‘Passaglia, Mantovani & Sabattini, 1971). Though daytime naps

are considered fbfresking (Daniels, 1934; Ganado, 1958; Zarcone, 1977)
and improve performance (Biiliarﬁ, 1976), they have also been reported

to further disrubt the narcoleptié‘s nocturnal sleep (MontpTaisir;et.a].,
,J _9;\ Moreover, while qorma] individuals experiencing fatigue and ex-

austion from overwork or stress can be replenished %y longer and
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" “deeper s]eep'(Héftmahn;'1973; Oswald; 1970), these factors result only in .

increased symptomatology in narcoleptics (Mamelak, Caruso, & Stewart,
1979). The diurnat symptoms and longstanding fragmenfation'of_night
sleep suggest that the narcoleptic is partially sleep deprived through-

out his life. Certainly this element .of chronicity increases the

‘severiky of the narcoleptic's experience, in comparison with a tempora-

rily partially sleép deprived normal who is eventually able to 6btéin

recuperative sleep.

Pathophysib]ogy

\ . .
The pathophysiological mechanisms of narcolepsy are not entirely

understood, but appear to involve a lability fn both fhe wakefulness

and $leep systems, as neither can inhibit the other for any length of .

time. Far this reason, Passduant (1968) hés termed narcolepsy a dyssom-

~ nia rather n a hypersomnia.

It is known that the waking‘state is maintained by a tonic discharge

from the reticular activating system (RAS) (Moruzzi & Magoun, 1949).

. In-addition to this intrinsic stimulation, extrinsic or sensory stimula-

[}
tion also contributes to producing arousal (Hebb, 1955; Heron, 1957).
The reports that narcoleptics are particularly vulnerable in situatiofis
of reduéed stimulation suggest that the intrinsic stimulation provided

by the wakefu]ness system is weakened or lessened {Yoss & Dalx 1960)

Rechtschaffen and Dement (1967, 1969) postulated that narco]epsy 1§'due R
to the inability of the wakefulness system to 1nh1b1t the REM sleep

. —\/v
mechanism. While the REM mechanism is certainly associated with the

y
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laux111ary symptoms -the ‘dppearance of both NREM and REM s]eep attacks
in compound narco]epsy (H1sh1kawa et al., 1968; Meier-Ewert, Schopfer &
Riither, 1975; Roth et aI., 1969)3 and the appearance of both NREM and
REM‘micros]eeps (brief bursts bf(s%eep intruding into wakefulness)
(Guilleminault et al., 1975a)'suggest thaf pressure from both sleep .
states can overpower the inhibitory action of the wakefulness system
The symptom of drows1ness then, is 11ke1y to be due to pressure of
sleep mechanisms causing an insufficiency in the action of the wakefu]—
ness system, whichlis particu]ar1y vulnerable in narcoleptics if un-
aided by external stimd]atidh. After a certain threshold point, the
wakefulness system is greatly overpowered, énd sleep attacks and
auxiliary symptoms appear. The fact that patients often %ee] refreshed
after attacks, further suggests that the previo@s drowsiness was due to
high pressure-froh the sleep mechanism whieh.has been released and re-

mains temporarily in a refractory state.

Treatment

Central nervous system stimuiants, mainly amphetaﬁines and ﬁethyl—
peenidate,are coné%dered-the drugs of choice for relieving drowsﬁness N
“and sleep attackf, while a series of tricyclic antidepressants (imipra-
mine, des1pram1ne§ and c]om1pram1ne) are drugs of cho1ce forisuppress1ng
auxi1fary symptoms (Akimoto, Honda, & Takahashi, 1960; Guilleminault
Carskadon & Dement, 1974; Hishikawa et al., 1966; Roth, Faber, Nevsima-

1ova & Tosofsky, 1971).

Stimulants apparently-work by activating the RAS (Yoss & Daly,
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1958) resulting in more su$iained alertness and an increased power of -
concentration (Ganado, 1958{'Pafkes, 1976). Nonetheless,'1n‘narco1ép-

tics, drowsiness and sleep attacks are only. incompletely controlled by

these medications (Guilleminault et a®~ 1975a). Moreover, ampheta-

‘mine is prone to the development of tolerance and can have cardiovas-

cular side effects (e.g., pa]pitations,.hypértension) and severe withQ

drawal effects such as depression, insomnia, anxiety, and hallucinations.

These withdrawal effects havé‘occasiona11y lead to the misdiagnosis of
narcolepsy as schizophrenia (Zarcone & Fuchs, 1976). Although methyl-
phenidate is not as effective as amphetamine, it is much less liée]y to
result in adverse side effects and is therefore the more frequently
prescribed stimulant (Guilleminault & Dement;.1974). Lack of any

effective and harmless treatment for drowsiness indicates a need to

better comprehend the pathophysiology of this symptom and to investi-

gate new treatment modes.
In coﬁparisig, the tricyclics are moré successful in contro]]ing
auxiliary symptoms (Guilleminault & Dement, 1974). The efficacy of

these drugs seems to be due to their REM suppressant activity.

There is no report of the effects on performance of either: type A

of mddication, during treatment or withdrawal. Clinical observations °

!

-~ .

regapéing withdrawal suggest that after one week off medicatian; all !/
symbtoms'have stabilized to pretreatment levels (Broughton, Note 1.).
Studies documenting baseline variables in narcoleptics (e.g., Guillemi-
nault et al., 1974; Raynal, 1976; Takahashi, 1976; Wyatt, Fram, .

Buchbinder & Snyder, 1971) including performance tasks (Billiard, 1976;

|
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‘Guif1emﬁnau1t éf-al., 1975a) have'used a two-wéek withdrawal reg{men
| Q%thout apparent complications. For patients using amphetamines, a
precautionan{ gradual Qithdrawa] previous to this périod was: successful
in preventing sévere side effects (Guil]eminau]t et a]z, 1974, Gi111n,‘
Horowitz & Wyatt, 1976; Wyatt et al., 1971). This model was used in
the current study. Unknown withdrawaT geffects could exist‘after two
'weekﬁ. However, due to the reported success of the above studies, the
1aék of any other available snformation, and the great inconvenience
of a longer withdrawal to the patient popu1ation,lit would seem most

reasonable to follow this established regimen.

L}
" The Symptom of Drowsiness and Its Effects on Performance

The sparsity of documentation specifically regarding the nature of
drowsiness may be due to its more elusive and less tangible nature
'in comparison to the more clear cut episodic symptoms of the tetrad:

While s1eép and wéking are generally viewed as dichotomous, they
are perhaps more correctly seen as two extremes of vigilance,; with the
drowsy state occurring as a transitional descent from wakefulness into
sleep. This progression has been repofted to be associated with the
shift from secondary to p;imary process thinking, i.e., with the loss
of rational, purposeful thought (Zilberg, 1978), and with loss of con-
trol over.thoughts (Gibson, Perry, & Redington, in press). Similarly,
‘Gastaut and Broughton (1965) described the major charactefistie of sleep
onset as "a progﬁéssive obscuring of consciousness"; as one drifts off °

to sleep, ;houghts_and sensations become Tiberated from higher cortical
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ponfro].' Durihglprofound dréwsfne55‘og the'"fwilight state“-hyﬁnagogic
imagery ‘and physical And €ensory ﬁhenoména can a1go occur. A normal

. ndividual usually eXbefiences these phenomepa'only dﬁriné noctﬁrng]
sleep 6nsef!énd,pérceives'drbwsfness'as a pleasurable succumbing to
the state of sleep. Narcoleptics, however, generally complain of an
"obscuring of consciousness" associated with_Jingering drowsiness whf]e
attempting to meet responsibilities throughout’ the d;y.. UnabTle to
"shake off the hazg of drowsiness” they put great effort into f%ghting
sleep in order to function. Terms such as “dopiness”,ﬁsemi—stupor",
and "daze" have been used by patients to describe their state {Ganado,
1958).

Narco1eptjcs are not only hindered by the negative state of
drowsiness, but attempts to fight sleep during extreme drowsy_episoqes‘
can result in severa1'unp1easant physical sensations and reduced sensory
awareness which further interfere with performance. Visual problems
include blurred vision, burning eyes and ptosis (Broughton & Ghanem,
1976; Chee, 1968; Ganado, 1958; Keef, Yoss, Martens & Daly, 1960;

Levin, 1943; Sours, 1963). Broughton and Ghanem {1976) additionally
reported involuntary eye flickering. Dulled hearing, numbness {Daniels,
1934; Ganado, 1958; Sours, 1963), headache, neck pain, and hunger can
also occur (Daﬁie]s, 1934). Hyperexcitable responsés, sometimes to
sensations such as falling, light flashes o} a gun shot, have been re-
ported in normals (Gastaut, & Broughton, 1965) and. have been reported

to be especially frequént in narcoleptics (Daniels, 1934).

The more continual drowsiness of the narcoleptic is in contrast
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to the ;;%eraily fleeting appearance of £;}E condifion in normals.

Its characteristic chron;city provides an oppoktunity io investigafe
this state of lowered vigilance in detail, particularly with reference
to performance ability. Nhat is currently known about the perfbrmance
consequehces of drowsiness in these patientsﬁis, for the moét‘part,
based on patient reports. Essentially, complaints of difficulties in
attention and alertness, poor concentration and forgetf?1ness were
obtained from investigations of case histories of over 100 patients
éach by Daniels (1934) and Ganado (1958). Ganado also reported slowed
thinking and inability to make quick decisions, suggesting a genera1
slowing of infbrmation prdcessing.' Lack of initiative and apathy
often ;esu1ted in cessation of ongoing activities in some.. For those
who persevered, performance was slowed and achievement Towered.
Extreme drowsihess was associated with an increase in mistakes in on-
going activity. However, intellectual capacity is not affected (Ganado;
1958; Pond, 1952; Roy, 1976).

In a survey of 43 narcoleptics (Broughton, & Ghanem, 1976) a
significantly greater number of narcoleptics in comparison to controls
réported memory problems gnd job difficulties which they attributed -
mainiy to an inability to concentraté. A significant number also re-
" ported decreased earning capacity and reduced job performance. Acci-
dents such as making mistakes in recipes and leaving tea kettles to
burn on the stove were cited in greater number by narco]eptiﬁ responders.

These authors also noted a significant increase in automobile accidents,

although others (Guilleminault & Dement, 1974; Sours, 1963) reported
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that statistics afe within the normal fénge for those properly treated
and aware of their limitatiaﬁs.

PerformanceAdeterioration in narcoleptics has also been associated
with a partial.sleep state commonly termed "automatic behavior“‘
(Daniels, 1934; -Ganado, 1958; Guilleminault et al., 1975a; Guilleminauit
. & Dement, 1977; Zorick, Salis, Roth & Kramer, 1979). In this state .
which 1§ associated with periods of extreme drowsiness, thezindividua1
becomes less aware of st activjty. Actjoné not requiring skill are
performed satisfactorily, though in a semi-automatic way, whereas more
complex tasks are often accompanied by errors and i]]ogicai behavior.
The episode is associated with partial to-comp1ete amnesia and can last
‘from a few minutes to a few hours.

The above.mentioned observatioﬁs provide valuable heuristic infor-
mation regarding functioﬁa] impairment in narcoleptics. Subjective
reports, however, can be crude and unreliable predictors of performance,
often overestimating the degree of the deficit. The necessity of
objective measurement is exemplified by sleep deprivation research;
performance tends to be resilient to deterioration and difficult to
document, even though subjective drowsiness and complaints of difficulty
in mental functioning prevail (Johnson & Naitoh, 1974).

Despite the pervasive reporfs of drowsfness and perceived perfor-
mance dysfunction in narcolepfics, only two studies usihg objective

performance measures have been published. Guilleminault et al. (1975a)]

1. Also described by Guilleminault and Dement (1977).
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designed a study to investigate performance during the. automatic be-
havior Syndfome. In order to enhance drowsiness, which would favor the

appearance of automatic behavior, patients were placed in potentially

boring situations which consisted of performing lengthy monotonous

" tasks several times a day. Though narcoleptics were not statistically

compared to control subjects, it was stated that the patients solved
fewér additions on the Wilkinson Addition Task (WAT) and had more

gaps (long periods of non-responding} on the Serial Alternation Task
(SAT), a continuous key pressing task. Using the same tasks and proto-
c$1 of repeated assessments, Billiard (1976) provided evidence that
narcoleptic performance improved after naps containing NREM, and a
coﬁbination of REM and NREM, while control Subjects' performance did

not change across naps. However, Billiard also failed to report statis-
tical comparison between narcoleptic and control subjects. It is

therefore not known from either study whether the narcoleptic's per-

- formance is significantly deteriorated.

Objective Indicators of Performance

The SAT and WAT were chosen by the above authors because these vigi-
lance-type tasks had been previously shown to be sensitive to sleep
deprivation (Lﬁb{n, Moses , Johnson, & Naitok, 1974; Wilkinson, 1969 ).
Since narcq1eptics do express Symptﬁms similar to sleep deprived sub-
jects, in particular drowsiness, one might expect them also to exhibit
a similar perfofmance profi{é: According to Wilkinson (1965),_the

qualities of long-duration, monotony, and lack of incentive 1in vigilance
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tasks are conditions favorable to performance decrement’%n sleep de-

prived‘subjecté. The performance decrement is characterized by an

" increase in lapses .or. response omissions. The concept of lapses was
_ i .

first %brmﬁiatéd by Williams, Lubin and Goodnow (1959), who stated that
the absence of resﬁonse, not the emitted response is the critical o

featuré'ofkperformance decrement following sleep deprivation. While

performance is normal between omitted responses, it is rendered pro-

>
gressively uneven by Tapses. These lapses occur as-missed signals

on experimenter-paced tasks and as gaps (long periods of non—respghding)

. .

on self-paced tasks.

Obsérvatipns in the literature that performance deterioration-in

narcoleptics is more prone to occur in situations of monotony (Daniels,

~ 1934; Ganado, 1958) as well as the preliminary performance evidence of

slowed responses or gaps on sejf-paced vigilance tasks (Billiard, 1976;

Guilleminault et al., 1975a¥75tr0ng1y suggest that narcoleptic perfor-

-

mance ‘would ?e most‘vﬁlnérable to déterioration on a moﬁotonqus?vigi-
lance-type task. | ‘

In contrast, more stimulating taské havé genera]iyubeen.gvoided by
sleep reseafche;s, as well as by these abov; authors assessing narcolep-

tics, since they have been relatively insensitive to performance defi-

‘cits in sleep deprived subjects. These tasks involve increased response

deménds, briefer trials, and the incentive value of know]e&ge of results,
aspects which minimize performance deficits in sleep deprived subjects
(Wilkinson, 1964, 1969). Sensory stimulation during vigiiance-type

tasks also has been shown to prevent performance decrement subsequent.
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to sleep oeprivation (Bergstrom, Gillberg, & Arnberg, 197 3; Hockey, 1976;
Wilkinson, 1963). Similarly the performance of narcoleptics would be
expected to improve in situations of high stimu]atjon‘which would in-
crease’ arousal. Hooever, Ganado (1958) indicated that. narco]eptios
eometipms experience drowsiness and performance difficulties even in
stimulating situations. The ability of stimulating tasks to counteract
poor performance has never been assessed in narco1ept1cs

Thus, the preliminary performance>evidence provided by. B11T1ard
§]976) and Guilleminault et al. (1975a) implies that performance diffi-
ou1ties do exist in very monotonous situations. Hooever, due eo lack of
comparison to‘ibcontro] group in the above studies, it is not known
whetoer performance is significantly impaired, eveo‘though it is sub-
Jectively experienced as sucH. Moreover, whether decrements would exist
in briefer and less monotonous‘siﬁuatﬁons more similar to activities

in daily 1ife has not been considered.

Subjective Indicators of Performance

In toe absence of objective‘measures, the ability to detect func-
tional impairment from subjective fatings would be e.valuab1e asset.
Some evidence exists regarding the'ability to predictiperformance n
sleep depr1ved subjects from subjective drowsiness ratings using the
Stanford S]eep1ness ‘Scale (SSS) (Hoddes, Dement, & Zarcone, 1972).
This scale has been found tolcorrelate highly with sensitive tasks during.
acute total §1eep oeprivation (Gleovf11e & Broughton, 1979; Hoddes,

Zarcone, Smythe, Phillips & Dement, 1973) but does not refiect the
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capacity to function during long-term partia]jsleep deprivation.
(Friedmann, Globus, Huntley, Mullaney, Naitoh & Johnson, 1977; Hersco-
vitch & Broughton, in press a). While it has been indicated in the
”Diégnostic Classification of Sleep and Arousal Disorders" (Association
of Sleep Disorders tenters, 1979) that the symptom of drowsingss may

be quantitatively measured by subjective rating scales, the reliability
of such fatings in reflecting the narcoleptic's capacity to funct%on
has not been demonstrated. As previously mentioned, subjective reports
alone can be unreliable {ndicatbrs and need to be validated with refer-
ence to actual performance. Therefofe it would be valuable to assess
the reliability of the SSS,to‘deteEmine whether it can be used to
accurately and meaningfully measure the perfonnance.effects of drowsi-
pess in narcoleptics. .

Jhe general diécrepanc&‘between SUbjective a&d objective measures
can be attributed to the individual's ability to adabt‘despité'his
handicap. Stress theorists (Lazarus, 1966; McGrath, 1970) maintain
that adaptation takes p1acé when demands are not in balance with indivi-
duaT regources, and this usually takes the form of a change in strategy
to- cope with demands (Qe]ford,‘]973). _

Increased effort is a particularly Eommdn aggﬁiiye strategy used
by sleep deprived~subjects to prevent performance detérioratioﬁ (Mé]mo
& Sufwi&lp, 1960;‘§tr5usbaugh-& Roessler, 1970; w11k1nson,i1962),
especia1jy‘during tasks of high 1ncehtive value (Wilkinson, 1961, 1964).
éimilar]y, 1? is known that narco]ept%cs may attempt to overﬁome the

effects of Towered vigilance by exerting extfa effort (Ganado, 1958;

.
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‘Zarcone, 1977). Zarcone and Fuéhs(i976) added that the emotional
difficulties reported by nafco1ept1cs may be related to attempts to
fh1f111 dailg responsibilities while coping with drowsiness and other
symptoms: For éxample, symptoms such as depregsion, lTow tolerance
for frustration, and irritability (Broughton & Ghanem, 1976; Daniels,
1934; Sours, 1963)_may be reactions to fatigue as a result of increased
effofts put forth Eo meet daily demands gdequate]y. Reports of simi]af
psychological symptoms in Iong:term partiai1y sleep deprived subjects
who did not exhibit performance deterioration (Friéqunn.et al., 1977)
support this implication.'

In the assessment of performance then, the adaptive style of in-
creased effort ﬁhou]d be examined as it provides subtle information
about strategies to mask potential deficits and also explains negative

symptoms which could result from such strategies.

.
Electroencephalographic (EEG) Indicators of Drowsiness
and Their Relation to Performance

Thg EEG manifestations of narco1éptic drowsiness during performance
can provide more detailed information regarding the nature of this con-
dition and in particular can reveal how the physiological states sub-
suming drowsiness affect performance..

The EEG pattern of drowsiness to light sleep is generally described

-

.

as a slowing of alpha rhythm which often becomes fragmented, i.e., in-
termixed with medium voltage mixed frequencies. This pattern is grad-
ually replaced by'medium voltage 4-7 cps theta activity.and sharp vertex

>
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. waves. Slow rolling eyé movements may also occur during these states
(Ki]oh é Osselton, 1966; OswaTd; 1962; Rechtschaffen\& Kales, 1968;.
Simoh % Emmons, 1956). Thesé patterns were classified aélstage A (slow
atpha rhythm and mixed frequencies) and stage B (loss of alpha replaced
by Tow voltage 4—7.§ps theta activity)sy Loomis, Harvey, and Hobart
(1936) and as stages 1A and 1B by Gastaut and Broughton (1965). Oswald
(1962) noted that vigilance does not steadily decline during sieep onset,
but tﬁat stage 1A and 1B patterns alternate in a moment to momenf'inter—
change until alpha disabpears. Ca) ) ,

Rechtschaffgn and Kales (1968) classified the loss gf alpha and the
occurrence of theté activity with vertex waves and slow rolling eye
movements as the first stage of sleep. However, Johnéon (1973)‘asserted
that it is only with the presence of sleep spindles (stége é sleep) that
unambiguous sleep occurs. Similarly, Gasfaut and Broughton (1965)
indicated that a person does not normally perceive himself to be as]eeﬁ“
in the states preceding stage 2. Thus, stages 1A and 1B may be more

correctly viewed as transitional phases one passes through to enter

into unambiguous sleep.

o

In narcoleptics, the frequent appearance of drowsiness and s1eep
patterns is a prominent feature of routine clinical EEGs (Gastaut &
Roth, 1957; Pond, 1952; Roth, 1964; Yoss & Daly, 1957), even ﬁhen the
patients appear to be (Heyk & Hess, 1954) and perceive themselves to
be {Hishikawa & Kaneko, 1965) awake. In particular, Pond (1952), Roth
{1964), and Yoss and Daly (1957) have described drifting 6r vacillatory

drowsy states which may reflect the alternating sleep onset pattern

;T
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described in ﬁorma]s b&?O;waTd £1962). Unfortunafely, the overall
. pattern of érowsiness was only verj generally described in the above
studies.” Further, patients were hétdésked to perform mental taskéﬂ_
Since a major difficulty of narcoleptics is the intrusion'of drowsfﬁesé
while attempting to work, it is of interest tb know the charactériétic
temporal organization &nd levels or %tages of physiological vigilance

dhring performance, as well as how these patterns are specifically re-
J

-

-

lated to performance efficiency.

Studies relating EEG state ‘to performance generally measure the.EEG
state a few seconds immediately preceding each signal of the task (e.g.,
Gale, 19775 G(pi], 1966; Townsend & Johnson, 1979). From this type of‘f
analysis, the concept of lapses in perfdrmance or peﬁiods of no response
Has been as;ociated’with'micros1eeps which consist of short bursts of
stage 1 (10;5 of alpha), synchronized.theta activity, or stage 2 sleep
(e.g., Bjerner, 1949 ;- Dement & Mitier, 1974; Mirsky & Cardon, 1962;
Naitoh & Townsend, 1970; Oswald, 1962} Williams, Granda, Jones, Lubin
& Armington, 1962)}. Microsleeps have traditionally been-aﬁcepted as the
major cause of the increased lapses in performance following sleep
deprivation. Guilleminault et al. (1975a) also ekp?ained performance
decrements in narcoleptics by'this formulation. These authoré con-
cTuded that performance 1mﬁa1rment in narcoleptics takes the form of
1apses'accompanied‘by microsleeps and also by patterns considered to
be "micro-REM" sfeeps, while patients are apparently awake and able, to
perform normally between these brief bursts of sleep.

While the concept of Tapses accompaniedfby microsleeps is by far the

- most influential explanation for the manner in.which performance
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deteriorates, it may be an inaccurate exp]ahation. This formulation
precludes the possibility that lapses as well as other types of deficits
may also occur. at higher levels of vigilance such as staee 1A or even
wakefulness. Some writers (e.q., KjeT]berg,71977; Oswa1d; 1962) have
eriticized the Tapse-microsleep interpretation stating.that it represents
only extreme low levels of vigilance and that deficits of a nature other

than 1apses occur previous to this 1eve1, resulting in a general deter1o-

-ration.

Some support of this position has been provided by L. EB;;éil\ngff)
who indicated that in norma1s. a stage TA pattern was associated with .
slower responses than wakefulness, while a theta pattern (normally |
assoctated with microsleeps) was foliowed by 1ack of responding.
Guilleminault, Phillips & Dement (1975b) reported similar patterns as
L. Morrell (71966) w1th hypersonmiacs though they referred only to
microsleeps in the1r discussion of the data. 1In an early study with
normals, Simon and Emmons (1956) also noted partiai recall of informa-
tion input during a drowsy state preceding the loss of alpha, while the

lack -of recall was associated with theta activity. These authors also

found that even awake subjects showed boor recall i?lthey had recently

een asleep. Whether such differentiated EEG-performance patterns also

it

characterize narcolieptics has not been_considered.
The method generally used to determine microsleeps, which involves
analyzjng EEG at the time of signals, prov1de€:3’ accurate determ1nat1on
of the relationship between performance and EEG 'state’ (Townsend &

Johnson, 1979 ); but it does not indicate the overall temporal pattern or
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mount of lowered vigilance. The pattern-imp]ied from this type of

nalysis 1; that pﬁysio]ogica1 vigi]aqce has a punctate pqttefn, shift-
(/fing by brief'“jumps“ from wakefulress into ?tégel (1oss of alpha) or
| 2 sleep. fﬁ contrast, above mentioned descriptions of an inteimediate
stage ]A, and EEG reports which describe bofh narcoleptic aﬁd‘norma1
drowsiness as .“drifting! or:”vaci11atiﬁg" infer a more gradual transi-
tion. This is supported by the subjective descriptions of narcoleptics'
drowsiness in terﬁs such as "dopiness" or "stupor" (Ganado, 1958) which
£ imply a more continual nature.
fhus two méjor unanswered qyestions brevai] regarding the physiological
manifestations of drowsiness in assoﬁiation witﬁ pérformance in narco-
leptics. First, it is nbt known whether narcoleptic's performance
deficits can be explained 'solely by the undifferentiated punctate pattern
of thel]apse-micros1eep formulation or whether a more general deteriora-
tion‘charactérizea by graddafed and differentiated EEG-performance
patterns may be ‘the more correct pattern; that is, it is ﬁot clear
whether poor performance occurs only as lapses (errors of omission) in
association with micros}gep patterns as has'beén'previou§1y suggested
by sleep deprivation researchers and by Guilleminault et al. (1975a)
w?fﬁ narcoleptics, or Qhether']apses gnd other types of deficits such
as false positive responses (errors of commisgion) also impair perfor-
%-’tihance at higher Tevels of vigilance. Second1y,.the overall temporal
pattern of drowsiness while a narcoleptic attempts to function is not

5E1ear1y understood. Such information would help to clarify the physio-

Togical nature of drowsiness in narcoleptics and also shed some 1ight

N
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on the manner in which it affects performaﬁce. In this latter respect,
the sufficiency‘of the quse-mfcroé]eep formulation in explaining
performance deterioration in narcoleptics could be determined.

<

Statement of the Problem and Hypotheses

While the episodic symbtoms of the narco]eptié tetrad have recejved
experimental attention, the more elusive symptom of drowsiness is a
]argely uninvestigated and only vaguely understood aspect of narcolepsy.
The pervasive comp]ainté of drowsiness by narcoleptics, the resistence
of drowsiness to medication, and its association with further pr;b1em§
offpoor peﬁformance indicate a need to investigate this symptom. This
knowledge may be vé]uab]é in determining the manner and degree to which

drowsiness interferes with the narcoleptic's daily functioning and in

elucidating the nature of this condition for further study and treatment

* approaches.

Subjective accounts in the Titerature on harcolepsy indicate that
drowsiness hinders performance ability. However, subjective reports
are often unreliable and overestimate the degree of deficits found by
objective measures. Since the two ekistinglstddies of performance 'in
narcolebtics (Billiard, 1976; Guilleminault et al., 1975a) did not
determine whether performance of narcoieptics differed significantly
from that of controls it is also not kWSwn from these studies whether
narcoleptic patients are, in fact, bstantially impaired. Thgrefore
the!present study proposed to c]arify the issue of whether performance

in narcoleptics is significantly deteriorated when compared to that of
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matched’ controls.

In éddition to determining the degree of.impajrment, the present

’;?édfgf‘TH\Etudy used a protocoﬁ which wogX% more fully explai; the manner in
which these‘patiénts might be impaired and also increase the appTica—"
bility of its fiﬁhings above tho;e of ;he two previous performan;é

& Studies. Nhi]e:thé above mentioned studies involving performance in
.narcoleptics used a protocol which enhanced d}owsiness; f.e.,'répgdtgdf
assessments using pdnotonouS'tasks; the current study proposed to
determine whethér the narcoleptic's performance would be hindéred in a
s{tuation more éiﬁi]ar to that encountered in da%?y life. In this
respect, subjects were tested only once (after training) in mornjng

sessions as morning is considered the narcoleptic's most alert time of

day (Richardson, Carskadon, Flagg , Van Den Hoed, Dement & Mitler, 1978).

Secondly, stimulating as well as monotonous tasks were included to
détermine’which paramefers were most affected. The literature suggeéts
‘that decreased attention and slowed informatian_processing underlie

the major performance complaints of narcoleptics. The test battery then
consisted of four tasks which generally assess attentional abilities:

1) WiTlkinson's ] hr auditory vigilance task; ?)-a 10 minute four-choice
reaction time task; 3) Digit Span; 4) the paced audjfory serial addition
| task (PASAT). The four-choice reaction time and PASAT which measure

response speed, also reflect rate of‘information processing.’

The 10 minute reaction time task has been shown to be sensitive to

total sleep depr?vation (G]envi1]e,}Brought0n, Wing, & Wilkinson, 1978)

and to shift work (Glenville & Wilkinson, 1980) but not to partial sleep
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deprivation (Herscovitch & Broughton, in press b), while the 1 hr audi-
tory vigilance task hés been shown sensitive to both total and partial
sleep deprivation (G]énvi]]e et al., 1979; Herscovitch & Broughton,

in press b). The narcoleptics' performance efficiency on the- four-
choice reaction time then, would provide some evidence as to whether
their deficits are severe enough to occur in a monotonous situation
lasting only 10 minutes, as'well as during the more lengthy auditory
vigilance tasE. .Secondly, the four-choice reaction time was included
to determine its usefulness in future studies of narcolepsy. If

this task were found sensitive to narcoleptic performance deficits, its
added asseés of brevity and portability would make ip a most convenient
tool for future app}aisa]s of narcoleptic performance ability, parti-
cularly for the repeated assessments necessary to defermine the
efficiency of narcoleptic stimulant medications.

Regarding performance on these two tasks, the fo]]ow%ng hypothesis
was made:

I. Narcoleptics, in comparison with contfo] subjects will

exhibit a sigpificant performance deficit on the auditory
vigilance task, and on the four-choice serial reaction
time task.

Digit Span, and the paced auditory serial addition task (PASAT)
are characterized by b;ief fria]s and the incentive value of knowledge
of resu1ts,'aspécts which minimize performance deficits in sleep de-
prived éubjects. Digit Span 15 a simpler task involving the repgtition

of numbérsxin'brief self-paced trials. In contrast, the PASAT is
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decidedly more complex. It involves relatively longer trials requiring
» adding and complex tracking at increasing experimenter-paced speeds.
Existing evidence implies that a low Teve] of stiﬁu]ation is the
critical factor hindering performance in narcoleptics while increased
sfimu]ation'serves to increase arousal thereby improving performance.
[T drowsiness is more profound,-however,'éven stimulating work may

be hindered. Thé.degree to which sf}mu]ating fgsks, even if complex,
can counteract performance dysfunction Has never been assessed in
narcoleptics, - -

Regarding performance on these two stimulating tasks, it was

hypothesized that:

IT. Narcoleptic performance will not differ significantly
from that of controls on two short-duration, stimulat-
ing tasks; Digit Span and PASAT. . ~
In addition, the sensitivity of the SSS to effects of drowsiness
was investigated. The ability of this scale to accurately reflect
performance efficiency in narcoleptics was judged impoftanfﬁ%or deter-
mining its future use in the research and treatment of naréo1epsy.

Since a most common report in narcdleptics is drowsiness it is. expected

i

that their alertness ratings will be Tower than those of controls. The

ability of the SSS to predict performance is more speculative. Thg,A~‘—’*“‘””\\\
greater similarity of nérco]eptic symptoms to long-term partia]lg}eepl ~
deprivation ?pr which the SSS is.of poor reliability, than to acute

total sleep deprivation for which the SSS has higher re11abii1ty,.§ug-

gests that this scale would be of Tow predictive value for narcoleptics.

3



26

- It wasialso proposed to defermine by self-report, the amount of
effort:exerted during each task. The existence of increased effort
exéfied by narco]epticilin comparison to controls was judged important

A .because this adabtiveistrategy can mask poientia] performance deficits.‘
The existence oflincreased effort can also explain psycho]ogiéa? dif--
ficulties which may be the result of energy depletion from compensatory
effort.

Low 1ﬁitjative and lack of perseverence are considered character-
istic of bothfﬁarco1eptics and sleep deprived subjects. However, sleep
Toss is often reacted‘to as a chalienge, particu]ar]y_during tasks of
high incentive,and this reaction results 1in thé exertion of compensatory
effort to maintain efficiency. It is therefore expecfed that nérco1ep-

. tics might also expend compensatory effort., This adaptation would be
more 1ikely on the stimulating tasks which ha}e a higher incentive
value, though\the:stimulationaitself may overrfde_any need to increase
effort. f .

I Based on this informat%on it is hypothesized that:-

ITI. In,compariéonfwité cantrols, narco]egtics will report
significantly greater degrees of-drowsiness and effort
during performance. A significant increase. in effort
will occur in association with the stimulating tasks.

IV. The SSS will not predict performance ability in the
narcoleptic group. ) .

The investigation was also designed to c]ari%y the physiological
nature of drowsiness in greater detail than what is known at present.

With respect to the overall Teve] of physiological wigilance, it was
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proposéd to determine what amounts of wakefulness and lowered vigilance
exist during performance on the two stimulating tasks and on the monot-
onous additory vigi]anceltask. Existing evidence suggests that monotony
is associated with drowsiness.and poor performance while®increased
stimulation activates the RAS resulting in greater arousal.

Regard%ng this evidence, it was hypothesized that:

L

V. NarcoTepticﬁ will spend significantﬁy less time in wake-
fulness than control subjects during the 1 hr auditory
vigilance task, but not during the two short-duration
stimulating tasks; Digit Span and PASAT.

In addition; the study proposed to clarify the overall tempora]—
organization of physiological vigilance during the 1 hr auditoky vigi~,
lance task. ' |

'Fina11y, the study investigated the re]ationshiﬁ between vigilance
performance and the immediate1y preceding physiological state in an
attempt to clarify the nature oﬁ performance as it relates to the 1gye1s
of physiological vig?Téﬁ;e. As mentioned, microsleeps are considerea
to be the cause of performa%ce deficits which occur'behéviora11y as
Tapses or response omissions in both narcoleptics and sleep deprived

individuals. The present study proposed that the lapse-microsleep

formulation is an incompleté explanation for 'the predicted poor perfor-

are also deficits occurring above this\\low Tevel of physiological vigi-

mance of narcoleptic patients. In'pigz:cu1ar, it was proposed that there

lance, tﬁough-they may be more subtle and/or of a different nature.
Regarding performance during the auditory vigilance task, it was

hypothesized that:
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VI. In cdmparison with control subjects, the predicted ' i
_poorer performance of narcoleptics will be associated
with the vigilance level associated with microsleeps,

j.e., stage -1B or stage 2, and will be characterized
by an increase in lapses (errors:of omission).

- VII. In coﬁparison with control subjects, the predicted
poorer performance of narcoleptics will also be
associated with vigilance levels higher than that,

of microsleeps, i.e., stages 1A and wakefuTness, and
will be characterized by an increase in lapses ang\\\~fj
false positive responses (errors of commission).

x



29
CHAPTER II

Rard

METHOD

Subjects

Shbjects_consisted 6f 10 narco]eﬁtics who were diagnosed by the -
co-existence of sleep attacks and cataplexy (according to the criteria
of Guilleminault and Dement,‘]977, refer to p. 5), and 10 "normal" control
subjects. .The'groups were matched for sex and'close]yAfor age, occupa-
tional actiivity and educational attainment. Age of subject? ranged
Afroh 19 to 65’with the mean age being 43. -Descriptions of individual
subjects are detailed in Table I'(métching of naréo1egtic and ‘control
subjects) and Table 2 (descriptions of=ﬁarco1éptic symptomatoiogy, v
--medication, and withdrawal regime). -

Normal control subjects- were referred by friendé and hospital
" personnel, and were paid $15 for their part%cipatioh in the\studyt
They were screened via questfonnaire for any medication affecting
central nervous system arousal, and to inéﬁ}ernormai mental and
pﬁysica] health and g]eep habits (see Appendix A).

Narcoleptic p?tients volunteered to participate in the study upon
referral from a sleep disorders specialist who was also involved in the
investigation.1 rfhree patients (1,'3, and 6, refer to Table 2) were
not taking medication at the time. Patients 5 agd 8 were currently being

4 e ,

TR.J.vBroughton, M.D., Ottawa General Hospital, Ottawa, Ontario.
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witharawn for a change of medjcation. A]] othérs vﬁ]untari]ylwithdrew
fo aid in the reséﬁrch study. A1l patiehts undergoing withdrawal
were completely free from medication for 915 days before testing.

-Those taking higher doses of tr1cyc11c and 5t1mu]ant medication under-
went partial withdrawal for 1-3 days previous. to th1s (see Table 2).

The original withdrawal perjod was to be at Jeast 14 days_for all
patients. Howeyer patients 7 and 10 were not able to remain off medica-
tion mdre than a 9 day period due to unforseen life events. Patientg
undergoing withrawal were contacted by phone during the withdrawal
period to monitor any problems and to insure that they weﬁiito1lowing
the procedure properly. Other than the expected increase in symptoma-
tology, no serious problems were encountered. Informed consent was re-
ceived by all patients who were withdrawn froh medication.

Reports of hours of sleep (including naps) before each testing day
did not reveal any increase or decrease beyond 13 hours for any squectg;
Average amount of s]eép was 7.5 hours (range, 6-9 hours) for control
subjects-and 8 hours (range, 5.5-11 hours) for narcoleptics. As an
additional control measure, suéjects rated their alertness level just
previous to the test session in comparison with their general level
during other mornings of the past week This 7-point scale ranged from
1 (much more alert) to 7 (much more drowsy) with the central rating of
4 representing "about the same” {see Appendix B). The mean ratings were -
4.4 (narcoleptics) and 4.2 {controls). No subjects reported extreme
ratiﬁgs (i.e., 1 or 7). Thus it is reasonable to assume that alertness

levels were within each individual's average range.
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Materials and Instrumentation

. ']
Performance Tests

" MWilkinson's Auditory Vigilance Task. 'During this 60 minute task,

subjects wearing headphones were instructed to detect siight]y shorter
(375 msec).signa1s océurring randomiy wiﬁhin an array of 500 msec s
signals occlrring evefy 2 sec over“a.background of. 85 dB white pojse.
A tot§1 of 40 signa]s_occur in a pseudo—random fashion (abproxima£e1y
10 signals for every 15 minute bToék)'during the one hour period.
Subjects pressed a response key to indicate that they haﬂ‘perceived the
ségna1; The task is scored for number of hits'(cbrreéi responses to
shorter s{gnals), and number of false positive responses (incorrect
responses). .

A- 25 minute training tape\for this task, administereddon the prac-
tice day, contained fnstructions and ﬁractice runs. A one hour practice
vigilance tape, administered on the same day, familiarized the subjecté

with the full task requirement.

The Four-Choice Serial Reaction Time Task. (Wilkinson & Houghton,

1975). This. 10 minute portable task consists of four lights arranged
in a square below which are four similarly arranged keys. Subjects are
instructed to press, as quickly as possBble without error, the button
corresponding to one of four i]]uminated'1ights. A respoﬁse, correctO
or not, causes;another or the same light.to go on in a{}andom sequence,
thus causing the test to continue in a self-paced serial fashion.
Resuits are cassette recorded for subsequent computer analysis which

quantifies reaction times and differentiates correct and error responses.

The Paced Auditory Serial Addition Task. (PASAT) (6% min.). In this
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task, the sUbject is required to add in pairs series of orally preSented,

random single digité, with 60 digits in each trial (see Appendix c).

Four trials were paced at 2.4, 2.0, 1.6, and 1.2 second rates (taped

presentation). Initjally, an unpaced series was administered to insuré

.baéic"i'nfoi*matio# processing ability and to allow the subject- to become

1

“comfortable with the task. Subjects were instructed to add each new
digft presented to the last 6né héarda e;g;;-if}digits pfesented are

1, 3, 5, 2, responses would be 4, 8, 7. 'If & digit was missed, the

subject waited for the next pair té be'presented. The task was scored
for per cent correct in each trial. |

According to'Gronwa{1 and Wrightson (1977) rate of information
processing is assess;d. Performance of the PASAT has a low and insigni-
ficant correlation wfth %ntelTigence, mathematical ability, and‘hractice.
but a high positive correlation with selective attention (Gronwa]T,
Note 2}. : i |

Digit Sgaﬁ? (Approximately 34 min.). This Wechsler Adult Intel1i-
gence Scale subtest 1is a common indicator of short term attention,
concentration , and memory . The subject is required to repeat ,orally
presented series of digits forward @nd in reversé order. In the present

study, the digit series were tape recorded to insure uniformity of

presentation (see Appendix D).

Self-Report {Subjective) Measures

Stanford Sleepiness Scale. (SS5) (Hoddes et al., 1972).. This widely

used scale, designed to quantify subjective sieepiness levels, consists
of a 7-point equal 1nter§a] scale ranging from 1 ("feeling active and

vital; alert; wide awake") to 7 ("almost in reverie, sleep onset soon;
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Tost in struggle to .remain awake") (see Apﬁendix E).

‘Effort Rating Scale. To determine the potential influence of

effort'op performance, subjetts rated how much effort each-task demanded

of them on 7-point-scales ranging from 1 ("effortless") to 7 ("extremely

frustrating") (see Appendix B). :

Instrumentation for Polygraphic Recordings and Performance Tests

- During the testing session, four channels of pdﬁygraphic recordﬁngs
were monitored and recorded on majnetic tape (Vetter FM tape recordér).
These included recordings ofi the electroencephalogram (EEG) (CZ-AZ,
OZ—A]);_bipo1ar glectro-oculogram- (EOG), for whichue]ectrodes were
placed 1 cm above and 1 c¢m lateral to the outer'cénthﬁs of the left
eye, andil cm below and'] em lateral to the outer canthus of the right
eyé;'aﬁd Pipo]ar submental electromyogram (EMG) for‘which electrodes
were placed 2 c¢m apart overlying the right and left mylohyoid muscle.
Gold cup 8 mm electrodes were used. Impedence was below 5 K ohﬁs at
the beginning of each recording. The polygraphic recordings were made
on a Grass Model 6 apparatus at a paper speed of 15 mm/sec, and
calibrated daily at 100 pV/cm.for EEG and EMG, and at 500 uV/cm for
£0G. L S ' e

During the auditory vigilance task, PASAT and Digit Span, the
‘giimuli and subject responses were simultaneously monitored on two

additional channels of the polygraph.

Procedure

Test Sessions

Subjects were tested individually, with narcoleptics and control
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suﬁjects in int?}sperséd order. Each subject spent:two consecutive,
two hour morning sessions in the.testing laborétory. The first
morning was a p?actiée session though both dayé were believed by the
subjects to be actual .test days. Subjects were scheduled to arrive
at the 1aboratory.at 9 A.M. and testing began-between'g and 10 A;M.
Coffeeiand,tea were discouraged on these mornings but up to one cup
was allowed before 8 A.M. A1l subjects ?eported that they complied
with this requesf. The protocol and tests were described to subjects
-“by standardized instructions (see Appendix F).

Thé practj;e session ¢onsisted of a half hour vigi]ance training
Bape, a PASAT training session followed by administration of the PASAT,
-and a one-hour vigilance practice tape respectively. The four-choice
.reaction time test was administered in counterbalanced order across
subjects. |

On the test day, electrodes were p1acgd oﬁ the subjects during the
first half hopr at the laboratory. Before the testing began a brief
baseline EEG was taken'(subjecds were asked to close eyes and relax,
open eyes, move head from righé'to-1eft, b1ink,detc.), s0 the experi-
menter could become familiar with their EEG.pattern and insure thaf
equipment was properly functioning. Subjects then reéeived the one hour
auditory vigilance task, PASAT, and Digit Span, the order of which was
counterbalanced across subjects while maintaining the same order for
each nakco]eptic and his/her matched control.

Testing took pTace-in a small dimly Tit, air conditioned soundproof
room. Subjects. sat at a desk in a hard back chair. Room temperature

was recorded at the beginning of each session and averaged 61.7°F (wet
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bulb) and 77.7°F (dry bulb) {range: 57-71%F, wet bulb; 71-79°F, dry
buib).  Temperature was reported comfortable by.all subjects. |
During the vigilance task the experimenter was outside the room
monitoring the po]ygraph‘and viewed the Subject fhrough an observétion
window. Subjects were asked £0;try to stay awake and to keep their.
eyes open during the vigi]ance.task—and-were told tﬁey would be awakened
by a buzzer if they fe]] asleep. Du}ihglthe practice day gubjeéts‘were
awakened if they showed behavioral signs of sleep and/or did not responq
~ for a period longer than 7.5 minutes. Two patients were awakened .
(patient 6, twice; patient 9, once). During the test day they were -
awakened if they fell asleep (defined as stage 1B or 2, see p..43 for
a 90 sec period unihterrupted by any arousals, movements, or tésk
responses. The PASAT and Digit Span were administered by the ‘experi-
menter in the testing room. No subjects fell asieep during these two
brief.tests. Subjects were asked to "do their best" on each task.
A five minute break was allowed between tests at which time subjects
rated tﬁeir alertness level during the previous test on an SSS form.
The effort self-report scales were fi]1ed out as part of a post-test

questionnaire at the end -of the session (see Appendix B).

Analysis of the Data

For all tests an alpha level was set at .05 and where appropriate

two tailed tests were conducted.

Performance Data

The number of hits (correct responses) and number of falii/positive

responses obtained from the vigilance task were analyzed by two way

/

e

T
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(2X4) analyses of variance with reheated measures on the factor of
time. The task duration was divided into four 15 minute blocks for
_ this analysis. The same analysis, with repeate& measures on the
factor of speed (four trials of increasing speed), was used to analyze
" per cent correct of the PASAT.
‘ The four—choice_}eaction time (RT) task was analyzed. for the
following dependent measures: mean overall RT, mean RT for correct
responses, mean RT for errﬁrs, percentage of errors, RT without’
gaps » and number; of gaps (reaction times= 1 sec). Due to slight
variafions in fape speed, a systematic but nohsignificant difference
in total session time existed between groups (F<1, rahge = 20 secohds);
Analysis of.cﬁvariance‘using total session time as a covariate was
utilized to incréase accuracy of all reaction time measures. . Othéf
measures utilized one way analysis of varianceL
Digit Span was scored for number.of digit sequences (combined
forward and backward sequences) repeated corrégt]y. ‘These'réw séores
were conQerEéd to Ne&hs]er scaled scofes in order to be compared with
| the normal rangé for‘same age peers. -Additionally, the difference
. scores between digits forward and backward were-ca1cu1atéd and averaged

for each group.

Self-Report (Subjective) Data

Pearson Product-Moment Correlations compared SSS ratings obtained
after each test with individual test scores for the harco]eptic group.
Effort and SSS ratings dd}ing perforhance testing were compared between.

groups by Mann-Whitney U tests.
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Polygraphic Data

>Scoring. From a preliminary 40 sec'epocﬁ analysis of all subject's
vecords, four main EEG stages or levels of ngilahce wére determined:.
{1) Wakefulness; (25 stage 1A; (3) stage 1B; (4) stage 2.(No stages 3,
4, or REM were encountered). Thiese patterns are representative of
general descriptions.of lowered vigilance described in the literature
(refer to Introducfion, p. 18) but were more specifically defined by the.
'criteria betow for reliable scoring. The stages, described below, are
illustrated in Figures 1-5. -
Nakefu]ness.was-scored when more than 50% of a 40 sec epoch contained
one or more of the following patferns: (a) a Tow- voltage (amplitude lower
than 20 uV) fast péttern (LVF); (b) 4-7 cps low voitage theta activit;
(amplituae greater than 20 pV); or (ci 8-13 cps alpha rhythm {amplitude
gfeater than 25 pV) which may be primarily occipital or also diffﬁsed
anteriorly onto the central channel, depending on the individual.
Patterns were often'intermixed, i.e., bccurring'%n one record. The
waking or base1ine‘a1pha fhythm frequency was measured during several
2 sec periods, usually during the pretest period and/or during the
brief tasks, when alpha rhythm was most predominant because subjects
had their eyes closed. Wakefulness was also characterized by rapid
eye movements, particu]ar]f during the auditory vigilance when subjects
were asked to keep their eyes open.
Stage iA was characterized by more than 50% of an epoch containing
one or more of the following EEG events: (a) slower a]pﬁa rhythm

(defined as at least 1 cps slower than the individual's waking or base-

Tine alpha rhythm), {(b) alpha rhythm having an irreguiar or fragmenting



WAXING WETHOUT ALPHA
»

C-AW o
' 2 sec : :
I

.EOG‘/\’\/—WF\'—J\/_——\/

EMG ——r"

Figure 1. Polygraphic recording of patient 6 during
wakefulness without alpha rhythm. Patient had her
eyes open and rapid eye movements are seen on the
third channel. Channels for the following figures

2-5 are the same as those indicated above. No record-

ing was made on the fourth channel.

WA WAKING WITH ALFHA (9 cps)

e | oo * i

Figure 2. Polygraphic recording of patient 6 with
eyes closed during wakefulness. Baseline alpha
is 9 cps.
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Figure *3. Polygraphic recording of patient 6
during stage 1A. A slowed alpha rhythm and
medium voltage mixed frequency background
activity are seen. Partially slowed eye move-
ments are seen on the third channel.

STAGE 1-8

Figure 4. Polygraphic recording of patient 6
during stage 1B. Note the loss of alpha rhythm.
Theta activity with medium voltage mixed fre-
quencies are seen. Slow rolling eye movements
are illustrated on the third channel. - '



3 - . ' :
Figure 5. Polygraphic recording of patient 6

during stage 2<" K complexes on the central (first)

channel are underlined. The occipital (second)

channel became artifacted.when the patient dropped

her head forward. . -
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appearance, i.e., intermixéd with a medium Voitage mixed frequency
pattern. Both patterns could oécdr ih~an‘individugl‘s'record. Eye
moveméhts during stage 1A were important cues for scériﬁg.‘They often

occurred as partial or definite slow "rolling" eye movements (lasting

-at least 2 sec defined from peak to peak).

Stage 1B and 2 were defined in a manner similar to the standardized
chring procedure for sleep stages 1 and 2 (Rechtschaﬁfen_& Ka]es; ]968)._
Stage 1B epochs were defined by the presence of more than Sb% 4-7 cps
theta activity (ampiitude higher than 20 uV) or other medium voltage
mixed frequencies and the presence of less than 20% a]phé rhythm.

This stage could also be accompanied by sldw'ro11ing eye movements or-.
TittIe or no ocular movement and the presence of sharp vertex waves

on the central channel. The background activity of stage‘1B was gener-

‘.a11y slower than that of wakefulness or stage 1A.

Stage 2 epochs were defined by the presence of one or more “"sleep
spindles" (11-15.5 cps sigma rhythm lasting longer than i sec and greater
than 25 uV in.amp1itude) and/or K%omplexes (sharp waves occurring at

and associated with a slow wave

the vertex, lasting ]ongef than % sec)
and/or spiiﬁ1e). More than 50% of the ackgroﬁnd activity of stage 2
consﬁsted of medium voltage mixed frequ'ngies such asutﬁat occurring
during stage 1B, and less than 20% delta waves (with fréquencies ofA

less than 2.5 cps). Some individuals showed a progressive decrease

in submental EMG with the descent from wakefulness to stages 1A, 1B, '

and 2.

A1 records were scored blind. EEG during the auditory vigi1énce

“task, Digit Span and PASAT tests were 'scored by 40 second epochs.

&
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Add1t1ona11y to determine the re1at1onsh1p between aud1tory vigilance
.task performance and phys1o]og1ca1 state,’ the EEG stage for 3 sec
preceding each signal (and in the 10 sec preced1ng this for those
signals following 3 sec wakefu]nii? were scored by the same criteria
as above,

Interjﬁdge reliability was established with an experienced rater
" for .85% of the records (17/20). Baééd on 30 epochs- (slightly more than
a duarterJéf each recording), chosen pseudo-random1y to ithJde epochs
of all stages and some of low confidence, an overall 94.6% agreement
was reached (narcoleptics: 89.7%; range 83-97%; controls: 99 6%, range
97-1008).

Analysis. Becduse of extreme deviations from normaTity and hetero-
geneity of variance between groups non—paramétric statistical tests
were usgd. These consisted of Mann-Whitney U tests and Wilcoxon matched
pairs signed ranks tests for between and within group comparisons re-
spectively. Since control subjects were predominantly in the waking
state during recordings, statistical comparisons with narcoleptics'
recongs were confined to this stage. Algo, only performance fo1ﬁowing
stage 1A and wﬁkefulness was compéred by\ statistical tests in narcolep-
tics because of the sparsity of résponses following stage 1B (8 respohsés
by 2‘patients) and lack of responding following stage 2.

from'the epoch scoring the auditory vigilance task was\;na1yzed
for: tT) group differences in ieve1 of'phys?o1091ca1 vigilance by
comparing the percentage of time in wakefulness between groups; (2) the

percentage of time narcoleptics spent in each of the lower stagesi

(3) the percentage of time Spent in each stage Bgtdeen the first and
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second half hour of the vigilance test to determine possible time k
related change; (4) the overall amount of stage changes by codnt{ng k—‘\‘}
the number of shifts from oﬁe stage to another; (5) the degree of
ability to maintain an EEG state before shifting;-by comparing the
percentage of time each stag; was maintained for a period of 6 or more
epochs‘to the time it was maintained for only 1-5 epochs.

During the auditory vigi1ance task, pérformance in relation to
the EEG étage for 3 sec prior to each signal was determined by obtqin-
ing the hit rate, defined as the numberwof hits in proportion to tofa]
;ignals (hits/hits + misses), and hit-response rate defined as the
number of hits in proportion to total responses (hits/hits + false posi-
tive responses) for each‘stage. These data were'ana]yzed to determine
differences in performance efficiency-regarding both errors of omission
and commission between $tages and groups.

In addition, for each stage the number of résponses (hits + false
positivés) and nuhber of fa]se positive responses in ﬁroportion to the
amount of tiﬁe (percentage of epochs) spent in the respective stage
were obtained to determine differences in frequency of overall respond-
ing and of fa]ée-positive responding between stages. | -

For Digit Span and PASAT, group differences in Jevel of physiologi-
cal vigilance were determined by comparing percentage of time in wake-
fulness between groups. These two brief tasks were not amenable to
comparison of performance with the immediately prézeding EEG state .
because of irregular and very brief time spans between signals and
responses. However, some 1nd1cat%on of this relationship was obtained
by Pearson-Product Moment correlations between percentage of timé in

wakefulness and test scores.
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CHAPTER TII

RESULTS

Performance

~-,

"

Narcoleptics performed significantly worse than controls on the ‘
vigilance and reaction time tasks. Performance test results are

summarized in Table 3.

Auditory Vigilance Task

| Results of a repeated measures ANOVA indicate a significant main
effect between-groups in number of hits on the vigilance task, F (1,18}
= 18.71; E_<.QOT, wfth~narco]eptics performing more poorly than control
subjects. No difference was found in number of false positive responses
betweén groups: Change in number. of hits or false positives as a
function of time on task (four 15 min. blocks) did not reach signifi-

cance. " Group-time interaction was also nonsignificant.

Four-Choice Reaction Time (RT)

Narcoleptic patients' perfofmange contained significantly more
gaps F (1,18) = 5.59, p <.05, and longer meag RT for errors F (],17) =
4.57, p <.05. Mean RT overall, mean RT for correct, and mean RT without
gaps é]]'approached.significance at .06 level of pﬁobabi1fty (F (1,17) =
3.97, 3.99 and 3.90 respectively]. A large proportion of within variance
was attributable to one narcolepfic (patient 8) of whom the mean RT

“overall was 5.6 standard deviations (428 msec )'1oﬁger than the group

-



Table 3

Mean (+ SD) Performance Test Scores

and Significant Group Differences
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Performance Measures Narcoleptics Controls
Vigilance
Hits ' 103+ 6.7 23.0 £ 6.3 *m*
False Positives 20.0 & 11.3 17.8 + 15.3
PASAT | |
% “correct 54.2°+ 17.1 65.2 + 18.7
Digit _Span ,
Scaled Score 12,3+ 4.3 11.7 £ 4.2
- Forward (raw score) 6.8+ 1.2 6.5+ 1.4
Backward (raw score) 4.7+ 1.8 4.6 + 1.0
Four-Choice Serial Reaction Time_
N=20 . : . .
RT overall 822.7 + 186.2 699.6 + 102.6
RT correct 820.4 + 178.3 701.9 + 102.2
__ RT errors - 794.3 1 280.3 585.9 + 95,5 *
" RT without gaps 717.0 £+ 79.0 663.9 + -74.1
‘no. of gaps 107.1 + 69.7 47.4 + 39.0 *
% error ' 2.8+ 3.2 2.0+ 1.9
N = 18
RT overail 784.4 + 75.9 684.7 + 96.6 *
RT correct 768.8 + 75.8 . 686.8 + 95.8 *
RT errors 714.5 + 129.9 577.7 + 97.4 *
- RT without gaps . 697.4 + 51.9 652.7 + 69.0
no. of gaps 871+ 311 43.8 + 39.6 *
% error - . 1.9+ 0.8 2.1+ 1.9
Note. SD = standard deviation.
N = number of subjects included in analysis.
RT = reaction time. .
Gaps = RT=1 sec.
*p { .05. '

*x%p ¢ 001,



48

- mean of the other patients. Afte% deleting the scores for th{s patientx
and her matched contraol, a second ana]ys1s revea]ed that the narcoleptic
'group y1e]ded s1gn1f1cant]y longer mean RTs for responses overall -
(1,15) = 4.94, p <.05, for correct responses F (1,15) = 4.82, p <.05,
and for error responses, F (1,15) = 5.81, p <.05. | o
Narcoleptics also had significantly more gaps F (1,16) = 6.67,

E.<;05- Mean RT without gaps and percent errors were nonsignificant
in both analyses,

. Thus, for the narcoleptic group §1owed response speed, character{zed
by gaps, occurred duriﬁg both correct and error responses. Performance

deficits were therefore refléctive of speed rather than errors.

PASAT

Results of a repeated measures ANOVA for the PASAT trials showed
no significant difference between groups. As speed of trials increased
on this task, both groups showed a significant and virtually linear

decline in performance E (1, 18) =106.3, p €.001. Group-speed inter-

action was nonsignificant.

Digit Span

When raw scores were compared to Wechsler scaled scores for same
age peers, all subjects scored within the average range of 7-13. Mean
scaled scores were 12.3 (narcoleptics) and 11.7 (controls). These were
slightly above the Wechsler average mean of 10. The mean difference
score between digits forward and backward was small and nearly identical

for both groups; 2.1 (narcoleptics), 1.9 gﬁﬁptrols).

-
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Subjective Ratings : ' ‘ '

Mean group ratingé and.significaht findings for the Effort and

3SS scales are presented in Table 4.
S

SSS Ratings

Pearsgn correlations of the narcoleptic Qroup's SSS ratings
obtained during performance testing, and test scores were npt signifi-
cant on any of the tests. ﬁowever, SSS scores reported by the narco- ‘
1ep£ﬁcs'were significantly 1bwe} than those of the control group for
all the tasks; U=17 (vigilance), U=19 (PASAT), U=15 (four-choice'RT),
U=21 (Digit Span) p <.05.

Effort Ratings

Group comparison of Effort scale scores indicated that narcoleptics
rated the PASAT as demanding significantly more effort to perform than
did controls, U=2, p <.005. No group differences for effort expenditure

were found on any of the other tests.

Polygraphic Recordings During the Vigilance Task

In_compérison with the polygraphic recordings of control subjectg
obtained'during the 1 hr vigi1an§e taﬁk, those of narcoleptics were
characterized by significantly Jess time in wakefulness, and by frequent
shifts of EEG stagé5‘resu1t1ng.in a waxing and waning pattern. 'Analysis
of éhe relationship of vigiiance performance to the immediately pre-

ceding EEG state revealed that narcoleptic patients had performance

deficits during all stages of physiological vigilance. In addition, a



Table 4

. o
Group Comparison of Mean Subjective Ratings

. Vigilance  RT  PASAT Digit Span

Alertness (SSS) ' _

Narcoleptics . 4.7 Co3.0 3.6 - 3.6

4 * : * *

Controls 2.3 1.8 1.8 A
Effort_ Expenditure

Narcoleptics 2.9 5.3 1.6 4.3

*%
Controls . 1.8 5.0 2.8 3.2

Note. Low scores represent high Tevels.
RT = four-choice reaction time task.
‘ﬁg <{.0s, ‘
**p (. 005.
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unique pattern and degree of deficit was associated with each stage.

Epdch Analyses

Stage\Distfibution; Results of the epoch scoring of polygraphic
records yig]ded a signifﬁcaht difference in percentagé of time inﬁ‘
wakefulness between groups (U=0, g_<;005). ‘A11 10 narcoleptic patients’
récordings contained wakefu]ness,stagés,lA and 1B, and four patients ‘
entered stage 2 Brief]y. Stages 3, 4, or REM were not encountered.
Mean percentage.of time in wékefu]ness was 43.9 f 10.4, stage 1A;
28.5 + 17.4, stage 1B; 26hi 19.8, and stage 2; é.S + 1.9, In comparison, .
controT:subjects remained awake for 98.9 * 115% of &ime on task with
the-remaining 1.1 + 1.5% peing-occupied by stage 1A. Only five control
subjects eﬁtéred stage 1A, all briefly (1-4 epochs)-.

There were no significant differenceé in percentage of any EEG

stages between the first and second half of the‘teé%. However,

individual differences in ability ta lness at task

B S

onset were noted. While one patient tno;.4) was ap]é to maintain wake-
fulnéss for the first 50 of 90 epochs, thefremaiﬁiﬁg-nihe péfiehts

were éb]e to maintéin wakefulness for'an aQerage.of only 7 epochs or’ v
slightly more -than 4% minutes (range 1-18_epocps). The five pétients

who had the greatest_amount‘of:wakéfu1ness overall were able to remain

in wakgﬁuTness idnger at task onset (réngg'12—50 epochs} than the

other five (raﬁge-]-s epochs).

Stage Lability. During the 1 hyr vigilance task the narcoleptic

group had a mean of 36 t+ 10.2 shifts from one stage to another indicat-

ing a fluctuating or osci11a£ory pattern of physiological vigif%nce:
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The five centrol subjects for whom stage shifts existed had a mean

of only 3 6 + 1.3 shifts. The nu s stage shifts and decreased

wakefulness in the narcolepti gréup can be appreciated by comparing
the sample h1stograms of a patient (see F1gure 6) and control subject
(see Figure' 7).

For the narcoleptic group, the degree of lability or fluctuation )
characteristic of each stage was quantified by eomparing the amount ‘of
each stage that was sustained for E: 6 epochs to the amount sustained
for briefer perfods (1-5 epochs) . AN stages were predominated by the
briefer time per10d of 1-5 epochs wakefu]ness, 63.4%, Stage 1A; 97.6%,
©  stage 1B; 73%. Stage 1A was the-most transitory of the three states.

" Only gme_batient was eb]e_to‘maintain it for = 6 epochs, while six
patients were epIe to maintain stage 1B and seven patients were able to
maintain wakefulness for this Tength of time. Stage 2 (which egisted
sparsely in four patients) ranged from 1-3 epochs in length. _

These data are minimally affected by the fact‘that patients were -
awakehed'if they maintained"stage 1B or 2 for a 90 sec period uninter-
" rupted by responses or momentary arousals. .Only two patients re uire
awakening (patient 9, twice during stage 2 and once during stage 1B;
.patient 8, three times dering'stage 1B). Hence the majority of
fluctuations aed.stage amoﬁnts‘occurred spontaneously.

Oniy three patients reported themselves to have fa11en asleep during
the vigilance test. These were three of the four pat1ents who. had

entered stage 2.
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) \ .
Vigilance Performance and the Immediately Preceding Physiological State

'Performance results analyzed in re]ation to EEG stage 3 sec prior
to each signal are summarifed in Table 5 (narcoleptics) and Table 6
{group comparisons for perfbrmahce during wakefulness). Table 5 shows
that for the narcoleptic group, both the hit rate and® hit-response
rate during wakefulness were significantly greater than those during
stage ]A_[(38.4 vs 14.5, W=4, p<.01) (41.2 vs 19.4; W=5, p<.05) res-
pect%ve]y]: The response frequency also decreased significantly from
‘wakefulness to stage 1A (63.8 vs 21.5, W=5, p <.05). This decline in -
ability to respond was in@gpendeni of the decrease in hit-response
rafe, since hits were measured in proportion to number of responSesgéj
occhfrigg in each stage. Thus as the level of physip]bgica] vigi]anée
declined from yakefu]ness té stage 1A, ability to respond decreased
sigqificantly,.but of the existing responses, there was an increase in
false positives and a decrease in.hits;
Though statistical comparisons were ngt-possib]e for stages 1B and
2, the finding; suggest that performance in stage 1A was better than
that in stage 1B, during which only two patients responded (1 hit,
7 false positivéé), and stage 2, which was characterized by no responses.
Between group comparisons of performance during wakefulness,
shown in Table 6, revealed that narcoleptics obtained a Tower hit rate
(38.4 vs 59.1, U=2Z, p¢.05) and a lower hit-respoqsé rate (41.2 vs |
63.4, U=22, EﬂlOSj than controls. While the frequency of overall rés-
ponding during wakefu]ngss did nof differ sfgnifica6t1y between -groups,
the frequency of fa]se'positiﬁe.résponding did. Narcoleptics made more

than twice as many false positive responses relative to time spent in



- Table 5 8

Comparison of Nafc01eptié Patients' Vigilance-Performance
(in Mean Percentage + SD) During Wakefulness and Stage 1A
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Performanﬁe Measures Stage
1A Wakefulness
Hit Rate 14,5 £ 18.4 38.4 + 24.8 **
Hit-Response Rate 19.4 + 24.6 41.2 + 24.6 *
Response Frequency 2].5'i 18.7 ?3.8 * 35.3 *
False Positive 18.0 + 17.0 41.7 + 29.2
Qgsponse Frequency
Table 6
Group Comparisons of Vigilance Performance
. (in Mean Percentage % §Q§ During Wakefulness
Performance Measures Group
Narcoleptics Controls
Hit Rate 38.4 + 24.8 59.1 + 15.3 ~*
~ Hit-Response Rate 41.2 + 24.6 63.4 + 21.6 *
‘ “ .
Response Frequency 63.8 + 35.3 39.0 £ 14.1
False Positive 41.7 + 29.2 . 16.3 £ 12.9 *

Response Frequency

- :
Note. SD = 'standard deviation
& *p<.05
. *p < .0T.



- wakefulness than did controls (41.7 vs 16 5 U=23, p.<05).

.

Frequent osc11]at1ons between wakefu]ness and th%istages of

decreas1ng vwg11ance shown by the epoch analysis, ]ead to the post

facto hypothes1s that poor performance dur1ng wakefulness was re]ated

to*the inability to sustain wakefulness over time. To investigate this

re]at1onsh1p, all s1gnals preceded by 3 sec.of g:kefulness were d1v1ded

‘ 1nto those preceded by fragmented (br1ef) wakefuTness (defined as.3 sec

wakefulness preceded by 10 -or more sec of decreased vigilance), and
those preceded by sustained wakefu]ness (defined as 3+ 10 ar more sec

wakefulnessy. g

4

" Comparison of narcoleptic pérformance in these two substages are
shown in Tabie 7 and indicates that the hit rate and hit-response rate
during sustained wakefulness were significantly higher than those
during fragmented wakefulness [{46.5 vs'17.8, W=1, gﬁ.Q1) (38.5 vs
16.3, W=2, p<.05) respectively]. (In the analysis comparing hit-
response rates, only nine patients were compared, since one patient
made no.false responses during fragmentedawakefulness).

v Between group comparisons were possible for performance following ’,;__
sustained wakefulness only. Results, shown in Table 8, reveal that'the

A
hit and hit-response rates did not differ s1gnff1cant]y b&ween the

narcoleptic and control subjects [46.5 vs 60.2, n.s.) (50. 9 vs 63. 6, n.s.)
respectively]. N

In summary, the naro?1ept1c group s vigilance performance during
stages 1B and 2 was character1zed by almost comp]ete absence of res-
ponding. Their performance during wakefulness was better than that

during stage 1A, but worse than the performance of control subjects

7
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Table 7 -

Comparison of Narcoleptic Patients" Vigilance Performance (in Mean
Percentage + SD) During Fragmented and Sustained Wakefulness

Performance Measures : - Wakefulness Substages
& _ Fragmented Sustained
- Hit Rate | 17.8 + 26.3 46.5 + 24.4 **
Hit-Response Rate? 16.3 + 19.8 38.5 + 27.6 *
Table 8

Group Compérisons of Vigilance Performance
"(in Mean Percentage t SD) During Sustained Wakefulness

\ . N
Performance Measures + Group
Narcoleptics * Contrdls
i
Hit Rate. 46.5 + 24.4 60.2 £ 15.6
. Hit-Response Rate 50.9 + 28.6 63.6 + 21.6

.

Note. /; "

SD = standard deviation.

, a0n1y nine patients were included in this analysis since the
‘tenth patient did not have false positive responses occurring during
fraézfnted wakefulness, R

 *p L .05,
'**E_<_0] ¢
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\ | o o 5
during-wakefulnéss. The decline in physiological vigiTancé from
wakefulness to stage 1A was accompaﬁied by a_decréase‘in number of
résbonées médé. .Though the frequencj of 6vera11'res;;;;;; in wake-
fulness did not qiffér significantly between- groups, thé narcoleptic
grouﬁ made more than twice as many false nositivelresponses re]ative‘
to time spent in wakefulness than, did controls.

When wakefulness was subdivided into frdgmented and sustained,
1t was found that narcoleptic performance during sustained wakefulness
was significantly better, and further did not differ from the pérfor-
mance eff{ciéncy of control subjeéts in the same state. Figure 8,

summarizes the hit rate and hit-response rate obtained across all

stages including fragmented and sustained wakefulness.

Polygraphic Recordings bhring Briéf TEEEE’(ngit Spén and EASAT)

Percéntpge of timé awake differed sigﬁificant]y between groups
only for Digit Span (U=0, p<¢.005). Pearson correlations of perfor-
mance with percentage of tjmg in wakefuInesg &eréfnonsignificant for
both feéts. . -

Control subjects were awake throughdut both tests. Mean percentage
of time in wakefulness for the narcoieptics was: Digit Span 62 + 39;
PASAT (trials 1-4); 76.3 + 34.6, 80.1 + 32.2, 85 + 24.2, 85 + 33.7.
Investigation ‘of inter-subjeéf variation revealed that records of eight
of ten narcd1eﬁtics were predomiqatéd by wakefulness_ (mean = 86%) with
the remaining timé being occupied by stage 1A. The two other patients

. (
maintained stage 1A throughout Digit Span and spent a larger proportion

of PASAT tésk time in stage TA than any of the other patients (patient 8,
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81% JA;JEatient 5, 43% 1A): Test‘scores of these two patients however,
were“yj%hin one stanﬁard deviation of the overall test means. Interest-
ingly, both patients had, cataplectiq attacks immediate]y_fo]lowing
the.PASAT: No other cataplectic attacks océurfed during the testing

session.
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CHAPTER 1V

DISCUSSION

Perfonnance Effects

Inforhation from objective performance measures . support the first
hypothesis, that significant performance decrements exist in narcoleptics
in association with monofonous tasks. ‘ )

-A performance profile was revealed that resembles effects tradi-
tionally.attributed to sieep deprivation. Déficits occurred in the form
of 1apse§‘and were associated only with the two more monotonous tasks
(auditory vigilance and four-choice reaction time) which have previoysTy
beenlshown sensitive to sleep deprivation (G]envil1e'et al., 1979;
Wilkinson, 1969): The qualities bfrmonotony and 1ack of <ncentive in
these tasks are conditions which inc;ease the Qrobabi1ity of -lapses
occurring (Hi]kinsoﬁ, 1965). The lapse hypothesis {Williams et al.,

1959) states that performance following s]eep‘deprivation is rendered
progressively uneven by lapses or response omissions. These lapses are
expréssed as missed signals on an experimenter paced task such as vigi-
lance, and as slowedgresponses or gaps, rather than errors, on self-
pagéd tasks such as the four-choice serial reaction time (Glenville et
al., 1979; Williams et al., 1959). In accordance with this hypothesis,

the narcoleptic's performance deficit in auditory vigilance was charac-
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terfzed by more than twice as many lapses or undetecteﬂagigna1s as gqn—
trols. This occurred despite the fgct:that they were at least as
willing to resbond, as reflected by ?he similar number of false posi-
tive responses (Nebb & Agnew, 1974).‘ L{kesze, the deficit pattern on
four—éhoice serial reaztioﬁ time took the form of near}y twige as many
gaps (responses = 1 sec), while the number of £rrors did notvdjffer
| from controls, 1ndica§i@g a tendency to sacrifice speed for accuracy.
Reaction times faster than géps were not affected. Thus,.perforMance
was rendered progressively uneven by gaps. ‘

l The present aeficit pétterns substantiate and extend the findings
of Bii]iard (1976) and Guilleminault et al. (1975a) who found tﬁﬁi
narcoleptics exhibited poorer per%orman;e on two se1f~pa$ed vigildnce
type tasks (SAT and.wAT).‘ Although the signifi&ance of the deficit
Qas not stated, the narcoleptic group's performance was characterized
by slower resﬁénses or gaps.- The ﬁaradigm of the alkpve investigators,
a design which enhanced drowsiness, consisted df repeated assessments
throughout the day on these two lengthy and monotonous tasks. This is
1n'contrast to the pfesent study's task variety and single assessments
in the mérniné hours which are considered narcoleptics' most alert time
of day (Richardson et al., 1978). Thus the present study demonstrated
that a significant per%ormance decrement, approximately twice that of
"controls, was severe enough to be observed undef éonditions more closely
resembling daily life., Moreov&this decrement was evident in the 10
minute reaction time task, a task briefer than those used by the above

investigators. : ,
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FurthermOFEh‘efficient functioﬁing on Digit Span and PASAT, two
brief tasks offering more stimulation, substaitiates the critical role
of external stimulation in counteracting the effects of drowsiness in
narcoleptics. These tasks are characterized by increasea response
demands, briefer trials, and thé incentive value of knowiedge of results
--characteristics which minimize performance deficits in s]eep deprived
subjects (Ni]kinson;.1969). Therefore the present evidence provides
;upport for the contrasting hypothesis 11, that the narcoleptic performs
more efficiently on stimulating tasks.

Narcoleptics' accounf¥ of difficu1ties in attention (Broughtonwgn%
Ghanem, 1976; Daniels, 1934; Ganado, 1958; Guilleminault & Dement, 1977)
were therefore verified during monotonous Qork, whereas basic short term
attention and concentration abilities required in briefer more stimulat-
ing situations were not affected. ' Likewise, complaints of mental slow-
ing (Gﬂnado,_1958) find support in more tedious tasks measuring response
speed. This is evidenced by increased gaps during the four-choice re-
action ﬁime, which involves preliminary information processing (Tharp,
1978), as well as by the pattern of delayed responding reported by
Billiard (1976) and Guilleminault et al. (1975a). Conversely, the sti-
mulating nature of the PASAT counteracted tendencies toward deceleration
in information processing. |

In general, these finéﬁngs substantidte reports in the literature
that performance impairment and extreme drowsiness in narcoieptic
patients occur most frequently during monotonous situations, periods of

physical inactivity, and while the patient is alone (e.g., Daniels,
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1934; Ganado, 1958).- Conversely, the findings suggestlthat more stimd—
lating interaction with the environment increases arousal -and allows
the narcoleptic' to function eff{ciently. This suggestion will be
qua11f1ed ‘however, since information from subJect1ve and phys1o]og1ca]
measures suggests a more complicated p1cture

‘-._/

Subjective Effecfé ‘ ‘

Lack of correspondence between task-related subjective drowsiness
and performanﬁe effjciehcy sdpports hypothesis IV, that the SSS does
not\eliably predict the'narcoleptic group's ability to perform.

he present negative resuits are in accordance with the findings
ﬁn_s d1es of Tong-term partial sleep deprivation (Fr1edmann et al.,
1977, Herscovitch & Broughton, in press a). In contfast, a high nega-
tive correlational relationship between SSS ratings and performance
ability in acute total sleep deprivation studies (Glenville et al., 1979;
Hbddes.et_aiﬁ, 1973) suggests that the power of the SSS to predict the
level of functioning is dependent on the acufeness of the drowsiness.
With more chronica]]y experienced drowsiness associated with long-term
partial sleep deprivation and narcolepsy conditions, the factor of
habituation to the self-experience of drowsiness may decrease one's
sensitivity to changes and degrees of severity of this state. A second
factor, the developed ability to adapt to demands despite sleepiness is
also more Tikely to occur in the long-term experience of drowsiness,
thus widening the dfscrepancy between the subjective and objective

measures. o0
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Hypothesis %II,‘that the narco]épticﬂgroup's seif-rated‘drowsfneés
would be greater than controls was supported for a11 tasks. The ability
of the SSS to detect increases in general drowsiness, which has' been
‘shown in all foqr of the above sieep deprivation studies, is further
extended to narc61eptics. The fact that increased drowsiness was only
accompanied by performance decrement on the two more monotonous tasks
reflects the principle advanced by Kjel]beré (1977) that performance
Jdeterioration results from the interaction of the degree of sleepiness
with the aspect of monotony in the situation. Hence, the performance‘
effects of drowsiness were minimized by stimu]ating tasks and maximized ‘
by monotonous tasks.

THerefore the statement made in the "Diagnostic Classification for
Sleep and Arousal Disorders" {(Association for Sleep Disorders Centers,
1979} that excessive drowsiness can be quantitatively measured by sub-
jective rating scales, is only partially validated for narc01eptics.

The level of subjectively rated drowsiﬁess as measured by the SSS does
~differentiate narcoleptics from control subjects during monotonous as
well as stimulating work. However, these ratings do not reflect the
narcoleptic's ability to function. Therefore the seale should not be
used as an indicator of performance efficiency in the research and
treatment of narcolepsy. Its use in this manner should probably.be
restricted for other disorders invelving chronic excessive drowsiness
as well.

Afthough subjective drowsiness alone is not an adequate predictor

of performance in narcoleptics, its ommipresence during the tasks can
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serve as a warning sign for potential behavioral and psychological

effects. Indeed, the negative experience of drowsiness while attempting'_')' "
to work is discomforting. IF perhaps suggests that one's adaptive
ability has been ovefegiended, even though external behavior is
affected only when adaptive abilities are pushed-to their limits.
According to 5e1ye (1956), the processqa?\adapffné is itself stressful.
Lazarus (1966) ;nd McGrath (1970) added that stress arises when demand
exceeds the organism's capacity, and increases gradua11ylas effort and
unpleasantness become less tolerable.

~ Hypothesis III, that narcoleptics would report expending greater
effort than contro]s\during the stimulating tasks is inferpreted within
this framework. The hypothesis is supported for PASAT but not for Digit
Span. iTgaﬂmrco]eptic's reported expenditure of effort beyond that of
matched controls during the PASAT suggests a form of adaptjng to the
complex demands of the task while drowsy. Asiae'from the task's high
demands of adding in combination with cbmp]éx tracking, its externally
controlled pace is a stress inducing constraint (Bartely, 1965). A more
stimulating- task also has inherent qua]it%es of incentive snd, in this
situation, greater expeﬁditure of effort is more likely to counteract
poor performance (Ni]kfﬁ;on, 1961, 1964) which characterized the audi-
tory vigilance and reaction time tasks. 1In comparison,:thendemands
and degree.of stimulation provided by Digit Span seemed optimal for the
narcoleptic's drowsy state, since neither performance deficit nor in-
creased effort were encounteredT Thus; while the stimulation cffered

by the brief tasks was successful in counteracting poor performance,

N
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~the more éubtle‘e¥fécts o% subjec%ive]y experienced growsjqéss during
both tasks and the need to exert increased effort during the PASAT - . '~
bersisted.; ' B

Various studies relating personality factors to methods of coping
with sleep deprivafion'provjde information on the ramifications of
stress stemming ffoh atﬁempf§ to function while Hrowsy-and from adapta-
:ion by ihe increased exertion of effort.- The expenditure of compensa-
tory effort is one factor preventing deficits subseguent to sleep depri-
“vation (Malmo & Syrwillo, 1960; Strausbaugh & Roessler, 1970; Wilkinson,
1962). Strausbaugh and Roessler (1970) further demonstrated that the
ability to mobilize effort subsequent to s]eeﬁ deprivation demands
high ego strength. Murray (1968) stated that suppre§sion of sleep
tendency 1n1tiateg a.frustration-aggression mechanism. ‘The irritabiiity
and negative affect.expérienbed by narco1eptics\(Broughton & Ghanem,
1976) may be an effect of attempting to perform adequately while drowsy.
Similarly, Zarcone and Fuchs' (1976) suggestions that narcoleptics need
high ego strength, and that psychological disturbances are at least
partially the result of increased stress involved in coping with narco-
leptic symptoms while attempting to meet daily Pesponsibilities, are
supported by the presen®ygesults.

The work of adaptation itself has poét-stress consequences, or a
~ "psychic cost" which 1eéves fewer resources available for coping with
. subsequent environmental demands (Glass & Singer, 1969; Selye, 1956).
Attacks of cataplexy which occurred in two patients-at the termination

of the PASAT could represent profound and immediate post-adaptive effects
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from previous increesed effort in combination with stimilation. More
subtle post-adaptive costs may be more prevalent. For exemp1e, Glass
and Singer (1969) noted lack of perseverence and low tolerance for
frustration as post-stress consequences in norma1s From the present
evidence it is no£~surpr1s1ng that these are also coﬁ%bn complaints
of narcoleptiés (Broughtom & Ghanem, 1976; Ganado, 1958).

- The resforative theories of e?eep argue,ihat increased energy is
consumed duri) etates of sleep deprivation as well as during increased
activity and Etress; and is restored by longer and/or deeper sleep
(cf. Boh}met, 1980; Hartmann, 1973; Lubin, Hord, Tracy & Johnson, 1976;
Oswald, 1970). Nhi]e stress increases the demand for sleep in norme]s
(Hartmann, 1973), it 1nce§3555 symptomatology in narcoIept1cs (Mamelak
et al. 1979) " Cergainly the narco1ept1c s ab111ty to remobilize
energy resources by re§t0rat1ve s1eep is d1m1ngshed, rather, 1ncrea§ed
sleep need spills into the day; manifested as increased symptoma£o1ogy.

The post-adaptive effects of energy loss from sleep deprivetion
have been demonstrated by Lubin et al. (1976) who showed that increased
exercfse during S%Fep deprivation, though arousing on the short term,
is followed by more profound performance decrement than bedrest. Simi-

larly, Ganado (1958) noted that narcoleptics wer!f;omet1mes able to
| perform tasks of high interest for long perioq§ without de]eterious
effects, Eut experienced extreme drowsiness and other symptoms foé Tong
periods afterwards. Tﬁ%s trend is congruept with narcoleptic complaints

of being "too tired" after attempting to meet basic fequinements of d{::—#

work day to partake.in family and social committments (Zarcone, 1977).



70

-

The above 1nformation together with the present results suggest
that increased demands on the narcoleptic, even if temporarily stimu-
lating, can lead to a depletion of energf resources. Consequentiy, _
these patients would be made more vulnerable nothon1y to poor per-
formance, but also to negative psychological effects and an increase in
symptoms @ ‘ ' ) " ‘

In summdry, it is seen that poor perfermance in narco1ept1cs can
be counteracted by st1mu1at1ng tasks. However, even when the s1tuat1on

KE is st1mu1at1ng sub3ect1ve drows1ness is not eliminated. 1In add1t1on
compensatory effort needed when demands increase may stress the 1nd1v1-
¢ dut and resu]t in the dep1et1on of energy. More stimulating tasks
< " é;ere avoided in studies dene by Billiard (1976) and Gu11]em1nau1t et a1.
| (1975a) in %he1r assessmenx of narco]eqw1cs and similarly 1n sleep
depr1vat1on research (e.g., Wilkinson et al., 1966) because they are,
_‘ | considered 1nsensrt1ve-to performance impairnent' However, the present
ﬁéﬁﬁ | f1nd1ngs stress the importance oF‘1nvest1gat1ng more st1mu1at1ng tasks
and ‘the interaction of such tasks with subjectiwe states.
< : : Thas more holistic approach revealed a b1d1rect1ona1 impairment.
A b1va]ent t‘@nd was e borated by Welford (]973) who assoc1ated stress

. - w1th deviations 1in either direction from the opt1ma] 1eve1 of activity.

Ln the present study, this genera] trend exp1a1ns performance character1s-

v .

. - ;1cs spec1f1c‘(o narco1ept1cs. In comparison to controls,; these pataents
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must grapple with the basic need to stay ﬁwake: Conversely, a task of

“high stimulation increases arousal and allows adequate performance.

However; if the task is demanding, it requives compensatory effort to

perform'with the likely conSequence of depleted energy resources or

~ worse, the occurrence of cataplexy. The failure to meet demands as

" well 3s the need to expend increased effort must be regarded as having

important negative consequences for the narcoleptic. :

N | ) Physiological Effects : “Q

Auditory Vigilance

The 16wergd cortical aroﬁ;a1 in narcoleptics, inferred from the
poor performaﬁce and subjective reports was‘gonfirmed by the results of
the époch gna]ysis of polygraphic records during the.auditory vigilance
task: ‘The pattérn in which Towered physiological "vigilance occurs over
time is also described by tﬁeée results. ‘Most notable, however, was thq\\\\ .

E

demonstrétion of thefinadeéuaﬁy-of the 1apse—microsjeep,formu]ation
jn exbfaining the performance difficulties of narcoleptic patients.
Results of analyses relating performancé to the 1mmediateiy.preceding
physio]égica] state found that si%nificaht deficits occurred at all
levels of arousal, ﬁ%th eaéh level havfng a different degree and pattern
éf deficat. “This is in cantrast to the 1apse—m1cros1egp formulation

which states that‘poor performance in conditions of decreased vigilance

is charqc}erized only by ldpses which occur during étage; 1B oF'Z, i.e.,

Tevels at yhich microslegps occur.

wr

Epoth'Ana]}sﬁs During the Auditory Vigilance Task. While it is not

*

&

E
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surprising that narcoleptics were not able to maintain full EEG wakeful-
ness throughout the task, it-is interesting to note that little stage
2 (2.5% entered briefly by-four patients) and no stagés 3, 4, REM, or
sieep attacks occurfed during this.very lengthy and monotonous task.
This degree of vigi1;née occurred relatively spontaneously as only two
pafients were forcefully awakened {three times each). Perhaps the
physica] factors and deggnd characteristics of the situation restricted
overt sleep. Being seated in a hard chair as opposed to a bed or recli-
ner is not as conducive to sleep and particularly to REM sieep in narco-
leptics {Hishikawa et al., 1968). Subjects were asked to keep their
eyes open and to try to sta}'awake; and were told that they Qould b?
awaEEned if‘they.fell asleep for a lengthy period. Although a practice
day precéaed the test day, the situation was not as sleep promoting\ﬂs i
it would probably have been if repeated several times (Oswald, 1?62;
ﬁi1kinson et al., 1966). Hé@ever, these characteristics made the
situation more similar to daily life and, despite this, the narcoleptics
were only fully awake 44% of the time. This is in sharp contrast to
the 99% of.time.controis were able to maintain full wakefulness. The
sighificaﬁt difference between theﬁé amounts supports hypqthesis v,
that narcoleptics would spend significantly less time -in wakefu]nes§ &
than controls duriné the auditory yigilance task. -

The sequential ané1;sis of‘gpocﬁs revealed a steadily occurring and
spontaneous oscillatory pattern between wakefulness and the stages of
,decreasing.viéilaﬁke'(stEges 1A, -18B, andl2). In comparison with both

wakefulness and stdge 1B, sfgge 1A was the most transitory: L. Mor;zﬁ1
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(T§66) also found in.norma1s that stage 1A was more unstable over time
‘than either a waking or theta (stage 1B) pattern, and considered it to
be a transition'state_betﬁeen wakefulness and Tight sleep. Thé present
results support this contention.

While some studies in normals have shown a decline in vigilance
performance and electroencephalographie indicators with time {e.g.,
chkworth, 1970), in the present study, the amount of timelspént in
each stage remained relatively constant between the first and second
haif hour, aé did performance. The nakco]éptics' increased tendency
to Towered vigilance mdst 11ké1y resulted in a more immédiate,dec]ine
to some basal level whiéh they were able to maintain in this monotonous

performance situation without falling into deeper sleep. While one

exceptional patient was. able—to_maintain wakefulness for the first half

hour?'the other nine were able to maintain it ‘for an average of only.
7 epochs or approximately 4% minutes at task onset.' The subgroup of
five patients who showed the least amounts of jnitial'wakéfﬁ]ness were
also fhose who had the Teast amounts of wakefulness overall. A more
immediate decline in performance assoc%éted.with microsleeps was pre-
viously reported in narcoleptics (Guj]Teminau]t et al., 1975a) and in
hypersomniacs (Gui11eminauit et é]f’ 1975b), further associating de-
creased physiological vigilance‘with-this trend.

‘ Thé earﬁ& appeararice and conEinued'occurrence of the narcoleptic's
fluctuating physiological state (m?an of 36 stage shifts) is contﬁasted
with the lack of any remarkable decline in normal controls (mean of -
{3.6 shifts in five subjects), accentuating theiﬁ?ﬂe differences between @

ST o
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these groups Such a fluctuating pattern appears to be character1st1c
of thé trans1t1on period between wakefulness and sleep 1in both nar-
coleptics- and normal individuals. Gradual alternations between wake-
fulness and Tight sleep have been prev1ous]y a1]uded to inearly
clinical EEG reports of narcoleptics (Daly & Yoss, 1957; Hishikawa &
Kaneko, 1965; Pond, 1952; Roth, 1964). In add1t10n L. Morrell (]966)
1nd1catéd that these tend to occur in normals, w1th t1me on a lengthy
task, Oswald (1962) noted a vac1T]atory pattern in normals falling off
" to sleep occurring as a moment to moment interchange between drewsiness
and 1ighf sleep. Accordingly, Oswald (}PSZ)dargued that although vigi-
lante performance over time is presumed to steadily decTine,'a Eore

. uneven pattern of -increasingly repeated declines may more ach}ate]y
characterize the proceséT/?This waxing and wgning process appears
accentgated in narcoleptics, and its early onset and continued occur-: .
rence within the same stages"during performance implies that they

: quick]y.reach a nadir of decline which they are able to mainiain with-
out descend1ng into overt gleep, but abqve which they are unable to
rise to sustain full wakefulness . :

This overall pattenn appears to be markedly different from the nore
punctate pattern of microsleeps which as mentioned, occur as brief:
bursts (1-11 sec) of stage 1, synchronized theta, or stage 2 s]eEE that
1ntrude'sudden1y into_wakefu]nees. Of course, the different descrip-
-tiens are due at least in part to different methods of analysis. Micro-

s]eepé are genera]ly analyzed concomitant-with performance and therefore

the EEG sfate is measured.on1y in relation to signals. Nevertheless,

E:
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differences in the rapidity and brevity of_ fluctuations may exist as a
function of the interaction.of sleep pressure with the type of task.
FaS example, the SAT used by‘Gui]ieminault et al. (ié?Sa) demanded
‘continual key pressing. Such activity woul&xbe a8 more powerful sup-
ressant of sleep allowing preésure for s]éep‘td build up and at
some critical point to "burst" into wakefulness in a.more sudden
.pattern. In contrast, the auditory vigiiance task used in the present
study demanded only occasional respondiné (1 signal per 1-2 minutes)
thus allowing sleep to be released more continually which may result
in more gradual fluctuations. Slower f1uctuat1ons would also allow
for the appearance of the intermediate stage 1A which tends to be
sk1pped dur1ng qu1ck changes in cortical arousal (Simon & Emmons, 1956).
In the present study, stage 1A occurred as often as stage '1B.  However,
this intermediate stage was not cons1dered in the microsleep formu]at1on
Further, synchrohized theta,_wh1cn characterizes m1crps1eeps Wwas seen
only rarely in the records of the present study. More gradUaL fluctua-
tions m1ght be more 1ikely to occur in monotonous s1tuat10ns where
.continual overt reSpond1ng is not demanded, such as I1sten1ng to a
lecture, Tong dlstance driving, or a scanning task, whereas briefer mi-
crosleeps might be favored w1th more continual albeit monotonous per— ’

formance demands It wou]d be of 1nterest to compare po]ygrapﬁ”c re-

cordTngs taken durIng vigilance tasks which make more ;ont1n9a1 demands

and in wh1ch discrete microsleeps are the described characteristic with
those of the present study to see whether different patterns in lowered

vigilance are expressed.

e 5%
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Vigilance Performance and the Immed1ate]y Preced1ng Phys1o1ogjca1

State An accurate indication of the relation of performance to EEG
state requires measurement of the EEG state in immediate asséciation
with the signal (e.g., Gale, 1977; Grall '1966' Townsend & Johnson,
1979). Us1ng this type of analysis, the concept of lapses assoc1ated
w1th microsleeps has evo]ved and has traditionally been seen as the
' maaoh exp]anat1on for performapce deficits following sleep deprivation
(e.g., Williams ét‘a1., 1962), and more recently fqr performance defi-
cits in narcoleptics (Guilleminault et al., 1975a) and hypersomniacs

(Guilleminault et al., 1975b). o S

Similarly, the‘resu1ts\of the'presﬁnt analyses of vigilance per-

formange and theiimmediateTy preteding;phlsio1ogica1 state follow the
‘Qf$aditjona]_behavior'and EEélpattern of the Japse—ﬁicrbsieep formulation.

These results §upport hypothesis-V: it is at stages 1B anﬁ 2 (the levels
| characteristic of microsleeps) where 1apses or response omissions become
a clear characteristic of narcoleptic performance. prever,.tﬁe present
study demonstrated that the Tapse-microsieep formu]afféﬁ is an insuffi-
cient exp]anatién for the pegformance picture of the present-narcoleptic

group. In this respeqt the findings support hypothes1s VI, that narco-=
| leptics would a1so exhibit poorer performance than controls at h1gher
Tevels of vigilance than those associated with microsleeps, i.e., during
wakefulnes$\and stage 1A, and that these deficits would be charaé%erized _
by an increase in both lapses and false positive responses..

]
Although narcoleptics’ performance during_wakefuTnesslwas signifi—

L}
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cantly improved over that during stage-]A, it was poorer than the per-

' formance of controls during wakefulness, ‘consisting of reTat1ve1y fewer

detected s1gna1s and more fa]se pos1t1ve responses. Moreover narco-

' Tept1cs made mére than tw1ce as-many falsé p051t1ve responses than,son-

trois for the time they spent in wakefu]néss

1In compor1son with the1r égi{ormance dur1ng wakefu]ness, narco-
leptic respopses during stage 1A were signifizantly fewer and character- .
ized by an 1ncreased humper of false positives, but were not abolished

as in stages 1B and 2. Sip?THF’performance patterns during this transi-

“tion state have been reported‘in normals by'L Morrell (1966) as s]ower

responses and 1ncreased response om1ss1ons re]at1ve to wak1ng perfor-
mance but better performance than that dur1ng EEG theta activity in

which responses were absent. Simon and Emmons (i956) found that in

-normals, decreased recall was associated with this intermediate pattern
~while no recall was associated with a theta pattern. However, Hi11iams

et al. (1962} who introdiced the lapse hypothesis, did not consider

this intermediate-or_tranﬁitiond] state, asserting that EEG after sleep

"loss was of a bimodal quality, vascillating between wakefu]ness and

theta activity. It was dur1ng The 4-7 cps theta act1voty that perfor-
mance deficits occurred as lapses.

These performance deficits during wakefulness and stage 1A "demon-
state the 1nadeqoacy of the lapse hypothesis. Thé findings are m t
aptiy explained by Oswald's (1962) statement that ”lapses represent oN]y
more éxtreme ends of a recurrent downward sliding of cerebral vigilance

General disorganization and inappropriateness of response are

= C ’ ot



also consistent with decline" (p.i84).
The occurrence of ‘'disturbed visual fixatiqp‘and'sensory problems
-reported in narcoleptics during drowsiness (Broughton & Ghanem, 1976;
Ganado, 1958; Levin, 1943) would certainly contribute to perfﬁrmance
deterioration. Thoﬁgh subjects‘in the bresent gtudy were not quegtioned
_an and did not report.suthincidehts, these occurrences usually develop
“during stages 1A-anq 1B (Gastgut & quyghtbn; 1965) or dunjing deep
. droyﬁne“ss (.Fou1|:g§ & Vogel, 1965; Rechtschaffen & Foulkes, 1965).
3 " Gastauf 'and. Broughton (1965) found that subjects usually do not
- peréeiyehthemse1ves to be g1eéﬁin§ during tﬁesq stages. SimiTaflx,
in the present study only three patients, those who had entéred stage 2,
_reported themsé}ves to hgvéffa11en asleep during the vigilance task.
These results are in support of Johnson's (1973) contention,. that only
.at stage 2 does "true" sleep occur. Similarly wﬁen narcoleptics appear
to be as1eep'(to ofhers) they may pefceive themselves on1(,to'haye been
drowsy or as having had azﬂapse of attention (Hishikawa & Kaneko,
1965). This perception may be relevént to the narcoleptic group'; in-
creased number of false positive responses auring periods of wakefulness.
.The awareness of a gap in attendence to the task could well result in
a need to compensaée or "make up" for the lapse. According to Webb
and Agnew (1974); false positive responses.represent a willingness to
respond, hence suggesting that narco1eptﬁcs exhibited a higher w%111ng-
ness to respond during existing periods of wakefulness than controls.
AATternative]y the'iﬁcreased number of_fa]se positive responses during
Wakefu1nesé ma} have served as a means of stimulation. wejford (1973)

*

-
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ﬁndicated that in a sitoation of Tow stimulation, subjects might seek .
aoy_stihu]atjon available. ‘However,'patients who were questfoned re-
ported only responding when they perceivéd a signal. In addition, nar-
‘coleptics aopeared to be highly motivated eno did hot report expending
less effort than controls. Therefore the poss1b111ty that pat1ents
were more w1111ng to. respond than controls is the more likely explana-
tion. Such an inadequate‘coping strategy during temporary periods of
wakefulness implies some form of compensatory though fruitless effort
on this task, a complexity 1nexp11cab}e by the lapse hypothes1s
‘ ‘The present study demonstrated that poorer performance even dur1ng
wakefulness .in the,narco]ept1cs was associated with a fragmented wa@‘ng
pattern, i.e., the inability to sustain wekefu1ness.; Only when narco-
leptics were able to sustain wakefulness for a peridd of time preceding
signals did performance reach the level of cohtro] subjects. Thus one
can be electroencephalographically and behaviorally awake but directed
attention is hot'optima1 if wakefulness is ,only achieved momentarily.
Similar pgfterns in normals support this féhding in narcoleptics. Simon
and Emmons (1956 foond that awake subjects who have. recently beeS‘aSIeep
tend to show poorer responses and recall than those who had prev1ous1y
. maintained wakefu]ness.j They termed this phenomenon the “inertia effect "
Accordingly, L. Morrell (1966) found that a correct respogse during
wakefulness was more likely if the preceding response also occurred
during the awake state. |

Thus it has been shown that lowered vigilance é]oseTy precedihg

stimuli (fragmented wakefulness), as wei] as that occurring concomitant

with the stimuli, can hinder informatioh processing. In a similar

¥
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ﬁhn r, lowered vigilance occurring just after “information input may be

involved in the memory problems frequepkly fgported in narco]eptic§

(Guilleminault & Dement, 1977). &veral investigators (Goodenough,

'Sapaﬁ,'Coheg, Portnoff & Shapiro, 1971; Guilleminault & Dement, 1977;

qutnoff, Baek]and,.ﬁbodenouéh, Karacdn & Shapiro, 1966) have noted

. i . A\ — . .

that a permanent memory tracé is no longer formed if information is

) - B .
processed just prior to sleep but when the person is still behaviorally

- awake.. Goodenough et al. (1971) suggested that these deficits may be

due to poor information processing as a result of lowered arousal
levels just before sleep, rather than to the effect of subsequent sleep
itself on memory traces. Accordingly, sleep deprived subjects are

less able to perceive and register stimuli and even when registered

‘there is_a retention deficit (Elkin & Murray, 1974; McLeod, 1968;

Williams, Geisking & Lubin, 1966) which has been attributed to the-

inability to sustain attention for any length of time (Elkin & Murray,

' 1974)}. In the present study, the poorer performance of narcoleptics,

-

during fragmented wakefulness may have been due to lowered arousal,

even though the stimuli were immediately preceded by electroencephalo-

graphically measured wakefulness. Whether or not some form of lowered

arousal exists during fragmented wakefulness, it seems reasonablé thaﬁ

upon arousal to wakefulness, a period of time longer than thét allowed
a .

by fragmented wakefulness is needed to re-establish attentién.and con-

centration on the task at hand. )
In summary the present evidence indicates that the narcoleptic.
group's deficit in vigilance performance is not due solely to performance

lapses during stages 1B or 2 as is the prevailing notion of the lapse- .
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m?cros]eep formulation (é.g:, Guilieminault et al., 19f5a; Williams et
al., 1962). Indications tha;.deficits also occur ét.higher levels of
: physio1ogic§1 vigilance (Kje]]berg:'1977; L. Morrell, 1966; Oswa]d,‘
1962, Sihon & Emmons, 1956) are confifmed and elucidated in the narcq:
leptic group of this investigation. De}icits occurred at all 1eve1§
of vigilance from wakefulness through stage 2, with the degree and
ﬁaturé.of the decrement oscillating with thehphysiologica1isfate. As ‘i
vigilance declined from wakefuiness, ability to respond gradually de- B
creased and was characterized by an increase in false positive response;
relative to hits. Lapses alone occurred only at the extreme Tow Teyé]s
.of vigilance. | |
Moregver, different stages of physiological arousal are not totally
lindependegf processes but can have a femporaI éffect on each other.
Poor performante even during wakefulness was shown to be related £o tﬁe
existence of preceding stages of decreased vigilance. Narcdleptics onfy*
performed efficientlx‘when wakefu]ness was sustained over time.
From thg present evidence, a gfaduated modél of conggiousnes; can
be construcfed. Loss of conséiousness or "perceived sleep" appears to
occur at stagé 2 §1eep. ;A%though consciousness has apparent]y'not yet
been lost at stages 1A and 1B, it is cértain1y clouded. The stage 1B
level of physiological viéiTénce is associated with Lbehaviora1 sleep,"
‘i.e., the 1o§s'qf ability to perEeive and/gr respond to external stimuli.
While behaViQra] response is still possible dgring stage 1A it is 1e§s
11ké1y to dceur aslofﬁsn as du;jpg‘wakefulnbss and is characterized

by increased errors, possibly as‘a resyfit of distorted pcheptuaf

ability. 1In compa?ison‘%akg_fﬂness is associated with definite improved.

-
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ability to percéive and reSpond to tﬁe e;terhal world. However, if

wakefulness is continua11} 1nterrubted by stages of decreased vigi]anggi;;

it too is assdciated with decreased perceptual and response efficiency

" and tbus cannot be considered to be a full level of consciousness.

Full consciousness is only achieved if wakefulness can be sustajnéd over

time. 1In a situation such as the auditory vigilance %ask in which

the narcoleptic's ;igi1ance levels continually fluctuate bétween thege

stages but rarely &nter stage 2, consciousness is almost never lost,

but full consciousness and efficient performance can also be considered

& rare occurrence. | | | | \
This model supports prévious associations of stages 1A and 1B with

and “obscuring of consciopsness“ (Gagtaut & Broughton, 1965) and wgfh

the Toss of controlled, pumposeful thinking (Gibson et a]f, in press;

Zilberg, 1978) and further sﬁggests that moment?hy wakefulness also

has similar characteristics. Moreover, the mddel explains the occur?eﬁze’ )

and differentiated nature of inaepropriate responses as well as -omitted

responses while the iépse—micros1eep formulation addresses only a

monotonic pattern“of the Tatter. k4 %

Performanbe and Physiological State During Digit Span and PASAT 3

"The brevity of stimuli-response periods in recordings made during
‘Digit Span and PASAT preciuded analysis comparing responses ‘to the
immediately preceding physiological state. Howéver, an epoch analysis

of the data was conducted to provide pre1iminéry_information on the

N uh
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degree of cortical aéousa} present.j_

Narcoleptics did not differ signif{cant]y from controls-in per-
centage of time awake during the PASAT while they did spend reﬁat??él}
less time in wakefulness during Digit Span. Thus .hypothesis V, thatq
narcoleptics would not spend significantly less time in wakefu]ness |
during -these tésks was supported for PASAT\but nof‘ﬁe&/ﬁ;g;i Span. Oha
both of these tasks, lowered yigi]dhpe characterized by stage 1A did

not appear to affect performance, as evidenced by lack of group dif-

ferences in performance and by lack of correlation between percentage

of time awake and test scores. ™ Moreover, the two patients who spent

the majbrity of task time in stage 1A performed as well as thé other
eight who spent only minimal amounts of time inlstggellA. ‘It is inter-
esting to note thét cataplexy occurred in these tﬁo patients immediate]y.-
aftér the PASAT. It is khdwn that excitemeni or emotionaf stress,
particularly Qhen coﬁbined with drowsineés,_increases vp]nerabiﬁity to
cataplexy. This information and the present findings suggest that
when a patient is experiencing‘more drowsiness or Bressure for sieep,

stimulating work is not only less successful in preventing decreased

vigilance from spilling into wakefulness, but it may act as a catalyst

"leading to REM pressure release in“the form of cataplexy at %ask-termi—

nation. ! ‘

The levels of'phyéiologica1 vigilance dd§ing these\Bﬁief tasks and
during the vigilance task further illuminate the bivalent nature of the
narco]éptic's impai}meﬁt: éccordihg to stress theorists (Lazarus, 1966;

)
Welford, 1973), an individual's resources, which would include his level

) ~ @ 7
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of vigiiance, must be matched with en}ironmentaT demands. Accordingly,
Fhe ]ower-basa]algve1 of arousal in narco]eptics,ufurther promoted by
the monotony of the vig11ahce task was.not édequate to meet performance;
demands. Conversely, the higher amount of sleep suppression induced
‘by the stimulation and task requiﬁements of the PASAT may Have been too '
lgreat»a deViation from the amounts nafcoIeptics could comfortably
tolerate, resuTting‘in the need for compensatory effort and in severe
cases, cataplexy. The occurrence of cataplectic attacks following the -
PASAT rather than D%git Span may have been due to the faét that the
latter's decregsed complexity and stimulation wefe more optimaily
-_baIanced with éhe narcoleptic's drowsy state, as thjs task did not
demand compensatory éffort_apd allowed more decreagéd vigilance to occur
without affecting performance. Certainly the simpler task requirements
and sé]f-paced nature of this task.did not require the dégree of sus-
tained alertness as would be needed to perform the PASAT. This 1déa is
congruent with statements made by Head (1923) and Oswald (1962), that
the greater éémp]exity of a task, the*greater the degree of cortical
arousal required. | | |

Although regponses'during the brief taéks were not amenable to
indjvidual analysis as were responses during auditory vigilance,, it is
surmised that narcoleptics were abie to perfo?m these more stimulating
tasks adequately even dhring stage 1A, while performance on the vigilance
task during this state and during wakefulness was more vulnerable to
decrement. Thus the ability of electroencephalographically determined

drowsiness to disrupt performance apparently increases when compounded




85

\
with monotony. This possibility, recent]y'méntioned by Townsend and
Johnson (1979), would provide support for Kjellberg's (1977) contention
that performance deficits aée the result of the interactidn between
drowsiness and the monotonous nature of the task.

It can also be inferred that the occurrence of stages 1B and 2
during the vigi]anEF_task made subsequent perforhance during stage 1A
more vulnerable to decrement in the same manner as they affected per-
formance during'fragmented wakefu1ness. The sparsity of d&ta precjuded
this éna1ySis. However, L. Morrell (1966) hés reported such a trend
iq normals. Similarly, the absence of stages 1B and 2 during.the brief

tasks may have allowed efficient performance during stages 1A and wake-

fulness.

/'/'

‘Applications and Recommendations

The problems of the narcoleptic which affect daily pérfdrmance
appear to stem from the manner in which the tendency to decreaéed vigi-
lance is manipulated in its interplay with the type of déi1y routine or
tasks. Based on the present performance, subjective and physiological
findings, one can formulate a h&pothetica] picture of the narcoleptic's
functioning in various routines.

In a situation of Tow stimulation such as auditory vigilance task,
the narcoleptic soon, perhaps even instantaneously, experiences wavés
of drowsiness. He may perceive himself to be awake but in fact, ﬁe oh]y
rarely and sporadically achieves a fulil level of consciousness. As

]

decreased vigilance levels intrude and wane in a vacillatory fashion,

&
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so also w111 the degree and nature of the performance deficit f]uctuate
Abilities to perce1ve and respond to st1mu11 are either decreased or
lost resu1t1ng in abnorma]1y high rates.of errors of omission anq
commission relative to\the number of aCCUrate responSes If the task
were self- -paced the narco]ept1c m1ght slow h1s progress by paus1ng
1nterm1ttent1y but be ]ess Tikely to make errors ot commission.

Upon shifts to the waking state, the pat1ent_may attempt to re-
establish attention which is inadequate initially but improves if
wakefulness can be maintained. Durang waking periods the percept1on of
having had a pTEVTOUS lapse of attent1on may prompt increased responses
to compensate for lapses. In this s1tuat1on ‘an.increase in errors of
commissionlis 1ikely. Both decreased vigilance and momentary wakefulness
during information“intake can distort the perception of 1nforhation.
Similarly, decreased vigilance following information input during wake-
fulness may affect its retention.. The few interspersed periods of sus-
tained wakefulness during which adequate attention is possible allow
little progress in comparisdh to a continual waking pattern. This is
to.be expected particularly in a task of high complexity. which would
‘demand higher levels qf alertness. Such continually disrupted perfor-
mance in situations of- decreased ‘stimulation does not allow for a con-
tinuity of thought processes needed to build concepts or f011ow a
chain of related events such as Tlistening to a 1ecture, reading a text,
or performing some complex mental work alone at a desk.

In contrast, if the task were briefer and continually stimulating,

‘the narcoleptic would be able to perform much more efficiently. Yet
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the negative experience of dnowsiness would not be eliminated. If the
task were also complex the patient_wou]d most likely have to expend
conpensatory effort to meet the performance demands. Such ; situation
appears to command the mobilization of'effort.and possio1y the sup-
. pression of the tendency to sleep or decreased vigilance beyond the
amounts he can comfortaply‘tolerate. Under these conditions the
narcoleptic might experience irritability or some negative emotional
tone and subsequent to his efforts feel fat1gue and increased drowsi-
ness, thus having less 1n1t1at1ve and perseverence for cont1nued work.
If the patient were exper1enc1ng a h1gh degree of drows1ness such a
_.stimulating s1tuat1on could fac111tate catap]exy. ’
- In a routine which is adequatety stimuiating yet with s1mp1er

demands the narco]ept1c ‘finds performance much more pleasant Though

he cont1nues to exper1ence drowsiness, he is able to pertonn adequately

'. w1thout having to mobilize already depleted energy resources or sup-

press the tendency to decreased vigilance to a high degree.

Thus some 11ght is shed on the quest1on of the best routine
for the narcoleptic to fellow in order to minimize’ perfonnance ‘and
psychological effects .and to some degree, episodic symptoms. The
suggestion that stimulation may be advantageous to the work s1tuation
must be qualified. High degrees of stimulation and demand can stress
the narcoleptic leading to energy depletion with consequent perfor-
mance and psychological effects, or worse, cataplexy. Conversely,

low degrees of stimulation only enhance drowsiness and result

in performance deterioration. Thus to avoid the stressful effects
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of cdmpengatory energy expendifure on the one hang, and théteffects of
poor performance or unmef demands on the other, tﬁe narcoleptic must
seek more moderate levels 6f stimulation and demand which do not pro-
mote extreme var1at1ons from his low basaT vigilance level. |
Léngthy and Font1nuous tasks should be avoided particularly,if -
the demands and degree of stimulation vary from the optimum, Bii]iard
(1976) has provided evidence that narcoleptic performange improves after
naps, and has suggested that frequent naps,can provide an a1ternatjve
to drugs. Breaks or naps can be seen as "re-setting" the level of
arousal and allowing some remobilization of energy...Bofh.of these
resources wane more quickly in the narcoleptic and are not adequate]y
restored by night sleep. However, Montplaisir et al. (1978} have indi-
cated that the preventién af naps can improve nocturnal sTeep in
narcoleptics. :The effectiof daytime sTeep prevention oﬁ\performance
- ability in narcoleptics is not kndwn and would serve as a va]uab]e
area of inquiry. . -~
It is recommended that the narcoleptic become aware of his indivi-
dua{ tendeﬁcies to decreased vigilance and the manner in which they are
affected by different tasks or routines. The ability to predict the
intefEE;;E;ﬂof this symptom with daily work and to modulate demands and
twork schedules can both diminish the unexpected intrusion 6iff2;ijge of
decreased vigilance during performance, and should also result in some
.preservation of effort, thus decreasing subsequent negative performance ‘
and psychological effects. “Awareness and predictability of the mecha- ;

nisms of a disorder as well as the attribution of negative effects to
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the syndrome rather than to tHe'person are ‘in themselves stfess—reducing '
(Frank, 1973; Glass & Singer, 1969; Strupp, 1970; Valins & Nisbett,

S

1971). - R | .
Nonetheless, narrowing the range of actiﬁity,_and taking freduent
breaks-from-QOrk can be Qery restrictive to the ]ife of the.narco]eptic;
particularly cons:der1ng the increase in time pressures, sedentary jobs,
educational demands and comp]ex social stresses in today's soc1ety
One would assume that antidepressants and stimulant medications which
suppress REM and NREM sleep (e.g.,_Gui{leminault'et al., 1974; Parkes,
1976), would diminish the pbegfke:jirmance and stress associated with
drowsiness and episodic¢ symptons. ‘“However, as previous1y mentioned,
currently used stimulants’ are reportedﬁ&’inadequete in ceud{eracting
drowsiness and knewn to produce side effects (Guilleminault & Dement,
19745. The degree to which these currently used medications alleviate
perfofmance deficiis.has never heen assessed\objectiveiy.' Consequently

-

there is an urgent need for more refined measurement to‘deteEEine the
moe{ efficient use of these medications as well as to investigate more
appropriate new drugs. There is some evidence to suggest that narco-
leptics exhibit a.Targe'degree of individual difference in response to
st1mu1ants but 1ittle information available on the specific effects of
the stimulants (Brooks, 1977; Parkes, 1976). The s@verity of drowsi-
ness as a side effect of antidepressants (Karacan, Moore & Williams,
1979) shod]d serve as another area of inguiry.

Although a drug s effect on the more ep1sod1c-s1eep attacks and.

auxiliary symptoms can be accurate]y obtained by se]f report its ,effect
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on drow;iness and-consequent'behavior neces;jgpte objective pérformancé
measures. As shown by the present'évidgncé,'subjéctive mégsures'og
drowsiness would 5e poor predictors of theﬁébi]ity to fuhétion. Similar
diécrepancies between subjective and'objective fihdings in stﬁdies
‘assessing medications which affect vigilance level (e.g., Oswald, Adam,
Borrow & Idzikowski, 1979; Visser et al., 1979) further sﬁpport this
‘confentionl A; demonstrated by thé}present investigation, comprehensive
assessment involving performance measures which vary in level of demand
and §t1mu1atiﬁn,togetheh witﬁ subjective and physiological measures
woﬁ1d prov{de the most thorough information. However, in the interest
of practi&a]ity, the fourféhoice reaction time task is particularly
recommended. Its demonstrated sensitivity to narcoleptic performance
deficits $1ong with its brevity and portability make it a most con-
venient tool for assessment of drug effectiveness. This task can
egsi]y be admini§tered repeatedly to assess drug effects 6ver time and
to compare different types and dq§es of medication on groups or indivi-
duals in arder to‘determine'the oﬁfima] treatméht regimen. In addition,
this brief task can alleviate for the patient and test administrator thé
negative and time consuming experience of a lengthy Qigi]ance task.
The four-choice reaction time task is amenable to assessment-of sﬁal]
- changes or degrees of imprdvement; and, also has the advantage of

measuring increased variability and faster decrement with time which

are negative effects of stimulants (Talland & Quarton, 1965).

g\-skummar'g

The present study repre§gggs the first comprehensive investigation

e
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of the effects of drowsiness on performance in narcoleptics and the

relationship of these ﬁerformance effects to subjective states‘apd
physiological vigilance levels. Salient findings are as described below.

In comparison with control subjects, narcoleptics exhibited a

"significant performance impairment which was associated with the en-

hancement of decreased vigilance during monotonous tasks. While sti-

mulating tasks counteracted such deficits in narcoleptics, subjective

drowsiness was not eliminated. Further, the association of increased
t

-effort, increased amounts of wakefulness, and two occurrences of cata-

plexy with the more complex PASAT rather than with Digit Span suggest
that high demands in stimuldting situations. may stress patients and
result in post-stress consequences of subsequent poor performance and
an in;rease in éymptomsi This’factor may also result 1n-psycho1ogica1
difficulties, possibly explaining the dynamics of such tomp1aints in
narcoleptics. This bivalent pattern of -impairment is in contrast to the
contention that narcoleptics are enly affected in situation; of honotony.
It is reconmended that the narcoleptic become aware of ‘his ihdividua]
limits for the amount of high stimulation and demand, and low stimula-
tion that can be tolerated without deleterious effects. The patient
must seek more moder;te Ieve]z}gfﬁstimu]ation and demand as such a situa-
tion does not requ%re compensatory effort and allows some decreased
vigilance to occur without.affecting performance.

An early occ;rring and continual waxing and waning pattern in which
amounts of wakefulness, stages 1A and 1B remained constant across the

task (as did performance) characterizes the temporal pattern and level

of vigilance in the narcoleptics during the auditory vigilance task.
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Th1s fluctuating pattern and 1eve] of/Jecreased viigilance is contrast7d”’
‘with the a]most comp]ete absence of ;ﬁuctua i or decreased vigilanc
in normal controls. The more gradua1 flyctuations were contrasted w1ti\\\*\\
the punctate pattern of m1crosleeps wh1ch are descr1bed as sudden brief
shifts from wakefulness to stages 1B or 2. These d1fferences were attri- -~
buted to the different methods of ana1ysis but/were also considered_to
represent d1}ferent expressions of decreased vigilance which may- ex1st

as a function of the type of task performed.

The .present study demonstrated the insufficiency of the lapse- -micro-
sieep formulation -in exp1a1n1ng the performance d1ff1cu]t1es of narco-
leptics. Nh11e performance measures a1one 1nd1cated a s1gn1f1cant in-
crease in lapses, the analysis of performance in relation to the immedi-
ately preced1ng physiological state 1nd1cated Jthat these ]apses were not
only aSSOC1ated with stages 1B or 2°as 1nd1cated by the Tapse- m1cros1eep
formu]at1on. The fact that s1gn1f1cant def1c1ts also _appeared dur1ng
wakefulness and stage 1A while the narco]ept1cs were still able to re-
spond indicates that performance efficiency decreases graduajly. Both
lapses and fa1secposit1ve responses increasin replace detected signals
before the ability to_respond is totally aboltshed and lapses become
the sole characteristic of the performance deficit. Only if nakefulness
was sustained did performance reach the level of control subjects indi-
cating that vigilance levels can<have a temporal effect on each other,
and that full consciousneds only occurs if wakefulness can be maintained
over time. These patterns have greater'face'va]idity and more intri-
cately exp]ain‘performance deficits in relation to physiological vigi-

]ance levels than the Tapse-microsleep formulation.
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Impaired pqrfbrmahce would be expected Io,ﬁmprovg with stimulant
medications. .Howéver,wthe effect of these drugs on performancé has not
been investigated.. The fact that §udh treatmen@s are reported to be
linadequate, together with the demonstrated severity of the performance
- deficits indicate that éuéh an investigatién is urgently needed. The
present evidence suggests that subjective measures of,drowsines; alone
would not be adequate tools to assess treatment effécts and that objec-
tive performance measures are needed. The present study can provide
a model for assessment of the efficiency of médications used to ailleviate
drowsiness. The four—chojce reaction time task in-particular is re-

_ commended in this pursuit.

-
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APPENDIX A

Control Subject Questionaire
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- or often

. yim

CONTROL SUBJECT QUESTIONAIRE {CONF IDENT| AL) 112
Name: . Age: ‘ Sex: : - \
. G’;‘} o - .
Address: : Tel. No.: Date:
How long do you usually sleep at night during the week ? ) - on week-—

end nights (Fri, & Sat.)7 = -

At what times do you usually go to sleep and wake up on week nights?

on weekend nijghts ?

How long do you génerally take to fall asleep after turning out the light?

Describe -any diffliculties you might have in falllng orcsféying asleep?’

-

Are you a regujar sleeper or does yourssleep pattern vary substantially from

night to night?

Do you or have you done shift wark? [f yes, when and for

how long?z . . Did you adzpt easily, » or only with great

difficulty?

Do you awaken at times with a “thick head" tasting at least 30 minutes?

1f so, does it oceur more than once a month? __~more than once a week?_

Do\you feel you get enough sleep?

dolyou nap? - Lf so, how often and for how long?

Are you bothered by periods of drow:incss during the day? sel dom

Would you’say- these periods affect your ability to work to a substantial degree?"
- . : 5 .

et

very Iifflg i

" Generally, do you conslder yourself to be’ an

alert persont -

L4 D



¢ L ‘13

Y

Do you take any medication?__ . |f yes, what kind and in what amount?

Do you drink aicoholt? I f. yes, how often, how much, and when?

4

Do you take nonmedical drugs? (i.e.marf juana) |f yes, how often, how

much, and when

Approximately how much coffee or tea do you drink per day?

Would you agree to abstain from algoho! and nonmedical drugs on those days we,

request during the course of the study?

Have you.recently sought treatment for any physical health problemé?

| f yes, which ones? Do you consider yourself in good physical

health?

Have you been treated for any psychological problems? 1f yes, which

T
one (s)°? . , 3

Vihat are your normal working hours? 1 f necessary, can they be

rescheduled so that you would be able to spend 2 consecutive morning sessions to

participate in the ‘investigations Involved (approximately 2 hours per session)?
, . :

Would you be available at all,for testing on weekends?

Wil yob be in town and available for the study for |, ?

.

Is there anything else that may be important for us to know about you?

V£ | will be a subject in this investigation, | agree to compiete it once
started and comply with ali instructions as have been outlined for me.

(signatfure)
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Post Assessment Questionaire 115

‘Name: {try to answer the questions carefui |y}

Effort Scale

| 2 C3 4 5 : 6 7

extremely- frustrating very requiring not very fairly effortless
frustrating demanding a fair - demanding effortless
degree of but not
: {

effort effortless

Circle one: (use scalef)

performing the four—cholce test was:

| 2 3 4 5 ‘ 6 7

performing the adding test was:
I 2 3 4 5 6 7

performing the repeating numbers task was:

| 2 3 4 - .6 7

performing the viqifance task was:

I 2 3 4 5 6 7

XXXXXXEXXHKKK KX KKK KX XKL XXX XXXXIOOOXHHXXHX LXK KX KX LXK XXX K KX KKK XXX XHXK KX

How would you rate your drowsiness level this morning (before testing)
to other mornings of the past week? (circle one:)

] 2 3 4 v 5 ' 6 7
much more a little about the alittle much more
alert | more alert same more drowsy drowsy

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Do you have any hearing problems? . [ f so, can you usually
hear people speaking in a normal tone of voice? I f you have
a hearing problem, do you think it affected your performance on the tests?

Did you fall asleep during the vigilance ftest?

.Did you have any coffee or tea this morning? at what time? _how much?
"o "  yesterday morning? _ " "

S ——s
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RECORD FORM PASAT.

Nama - ' L ' Rge DPate Test
2
7 (93 | Lo (un | 1 2 (8 1]
3 (10) i 7¢16) 7_(9) |
A (N 6 t13) 1 5(12)
a(uay A 5(11)] » | squay
L (9] 8¢13) Z1)
5 (6) lx ¢y ' 13 ()
6 () 4 (5] - a(22)
9(usyl |- NS 7(16)
1.(1.@) ' 2. (3] : 4(12)
3 {4) ' 6 (8) - - 5 (9
6 (93 § 3 (9) - 7(1.2)
Caquoy| .| 7¢(10) 6 (1.3)
3 (7) |52y 8(n2)
2 (5) 8(13) - 2 (93
7 (9) | 3(uny| 3 (4)
g5y | 3(12) _ |3 (b
5 (1.3) 1.(10) 1 9(10)
a(n4ay- ~ 4 (5) -] 2€13)
4(23y| ] 8(12) ' 35 ()
2 (8) y 1614y , 6(11) . J
v Total Pereent
2.4 sec pacing
2.0 sec pacing .
1.6 sec pacing
1.2 sec pacing '
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DIGIT SPAN - 119

Tape # i . > Day

Sub ject: i

Forward. ' _ Backward, ( counter # )
6439 . 6 29

7286 . . 415 2
4-2 7 3 | 32769

75836 4 5968

61 9473 » | 5286

392487 61 84573

591 7428 53941 8

4179386 724886

581 2647 g8l 29365

382951 74 47391 28
275862584 94376258
7|3942‘_568 728196653

DF Total: DB Total:

Comments:
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V2
Name Dafe:
Time to bed
Time of awakening '
oy R
-
“Lovels of Sisepinssg — ‘
- o : . Presense of
1l - PFeelircg active and vital; ' Time | =7, or S|N, C, HH, or sp
alert; vide awaka.
. . L ALM,
-2 = Functioning at a high level, 2 AN
but not at peak; abls to 3 ALM.
cancantmta. 4 A_M.
) 5 AL,
3 = Relazed; awake; not at full 6 AM.
ala*'tneas: responaive, 7 A,
' oo 8 A.M. -
4 = A ]_'Lttle Loggy; not at pesk 9 A M,
'lat down.. - _JOA M.
o iTAM. i
5 - doggin.esa.; beg‘.nning to lose 1 2P, /A, j
' interest in remasining awekas; _P.i,
slovwed down. 2 P.M,
- 3 P,
& "= Sleepinesg; prefar to. bae - ‘; ﬁ.M.
- 1ying down; :.ignt:Lng sleep; 2 P.M,
WoOZLT: 0 P.M.
’ 7 P_M. .
7 — Almost in reverie; slsep B_P.M, ' "
onset socn, lost in struggls 9 P.M.
to remain.awexs. :?gr:\:
S . normal slf.-ep IS
c ‘cataplectic attack T
N sleap attack p
HH  vivid hypnagoglc haltucinations
S” sleep paraly5|s
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Vigilance Task Instructions] ] i
You-will be hearing tones through‘fhese ee;phones and you are
to press This bufton each Time you hear a tone that is slightly shorter
than the rest. Fnrsf you Wlll hear an insfruction fape thatiwill
famillarlze you with the test. During this fesf fry to keep your
“eyes open and fry not to fall asleep In case you do happen.- to fall
asleep, you'll be-awakeeed~by ‘3 bu;zer, sounding like a doorbell.
-(Sfarf.insfrucfion tape).
Vigilance Practice and Test Tapes:
Next is the actual vigIIance-fesf. Remember to keep your eyei‘open
and.fry hot to fall-asleep. Do your best. The tape will start in about

LS

15 seconds, =~ - %

Four—chofce reaction time:

In this test you must press the button correspondiné‘fo the light
as quIckly as you can without error,. First you w}ll have .a {ﬁo minute
practice frial. Start when | say "begin" | will tell you wheh to
stop. (Practice trial is followed by the Ven minute test.) Now we'[[

do the acfuai test which is 10 minutes long. Try to do your best.

Start when | say "begin".

PASAT:
. In this fest you will hear a list of single nuhbers read one after
the other. | wanf you to add the numbers in pairs. Add each number
to the one just before it, notf fe‘your answer. First we'll try a sample
on paper. (Subject respends to five digifs on paper).. Now |'m
going to say them and {et you respond at your own speed. (Subject
o

responds fo brief oral sample of six numbers)., The firsf trial will

be just Ilke this only alot ionger, fen tlmes as long., Keep your eyes

¥



closed during the test and only say the answers. Ready? {Unpaced .o
practice trial lIs administere&). Now wé'llAfry four tape rec;;ﬁed
"paced trials, ‘Don't worry [f you miss some‘or make a mistake, just
do your best.~ | want fo see how many Qbﬁ‘can get in a row without
stopping, and if ;ou do stop, how fast you can start again, Ready?
(Before each paced trial the sdbjecf was fol'd the next- trial would
.be"sligh;ly faster).
" {On the test day, only the anaced-pracfice trial and four
paced trials were given). -
Digit Span: ‘ ‘ ' .
You will hear some numbeﬁg on the Tapé and | want you to repeat.

" them after. For example {f you hear "7 - 2 - 9" you say (subject response)

1f your hear "3 =5 = 8 = 2" you say (subiécf responsel. Try to do your
Best. (Digits Forward i5 administered)., Now you will hear some more

numbers but this time you are to repeat them backwards, For example

<

if you hear "5 — 3" you say (subjeci responsel. 1§ you hear "9 - 4 -

v e you'say'(subiecf response). (Digits Backwards is administered).






