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Narcolepsy
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Summary

Narcolepsy is a neurological condition with a prevalence of up to 1 per 1,000 that is characterized
by irresistible bouts of sleep. Associated features include the pathological manifestations of rapid-
eye-movement (REM) sleep: cataplexy, sleep paralysis, hypnagogic hallucinations, and abnormal
sleep-onset REM periods and disturbed nocturnal sleep. The condition is strongly associated with
the HLA-DR2 and DQw1 phenotype. The phenomenology of narcolepsy is discussed, and diagnostic
procedures are reviewed. Treatment modalities involving central nervous system stimulants for
somnolence and tricyclic drugs for REM-sleep abnormalities are discussed. Sleep laboratory studies
on the treatment efficacy of methylphenidate, pemoline, dextroamphetamine, protriptyline, and
viloxazine are presented. Data suggest that: (1) methylphenidate and dextro-amphetamine
objectively improve somnolence; (2) pemoline, at doses up to 112.5 mg, is less effective in controlling
somnolence but may improve certain aspects of performance; and (3) protriptyline and viloxazine
are effective anticataplectic agents that produce little improvement in somnolence.
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Excessive somnolence is a major health problem in the United States. Over half of the 250,000
or so patients who come to U.S. sleep disorders centers each year present with this complaint
(Coleman et al., 1982; Coleman, 1983). A recent review underscored the considerable impact
sleepiness can have on public safety, ranging from transportation to nuclear power (Mitler et
al., 1988a). Clinicians frequently face difficult clinical and medicolegal decisions associated
with the treatment and management of sleepy patients, regardless of their specific diagnosis.
For example, what is the physician’s duty to the patient and to society in connection with an
excessively somnolent airplane pilot or bus driver? The American Sleep Disorders Association
(formerly known as The Association of Sleep Disorders Centers) formulated a policy
concerning the reporting of patients whose somnolence may represent a public safety risk
(Association of Sleep Disorders Centers, 1984). The policy is that excessively somnolent
patients should not automatically or precipitously be reported to public health or motor vehicle
authorities because (1) sleep is a reversible and normal behavioral state, (2) most forms of
excessive somnolence are readily treatable, and (3) a report can be filed at the clinician’s
discretion in cases of noncompliance or treatment failure. Until satisfactory symptom control
is achieved, the patient should be advised not to drive or engage in other activities in which
safety requires sustained attention.

Excessive daytime somnolence has been related to various social problems ranging from
marital difficulty to death in traffic accidents. Narcolepsy (ICD-9-CM 347) is probably the
most clearly understood diagnostic category within the population of patients who complain
of excessive somnolence (Guilleminault et al., 1976; Coleman et al., 1982; Coleman, 1983).
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The treatments of choice for narcolepsy in current practice involve central nervous system
(CNS) stimulants alone or in combination with rapid-eye-movement (REM) sleep-suppressing
drugs, such as tricyclic antidepressants (Mitler et al., 1988b). There is very little research on
the efficacy of pharmacotherapy for narcolepsy. Reasons for such a lack of data are numerous:
(1) perceived markets for relevant drugs are too small to warrant research support by drug
manufacturers; (2) narcolepsy is misperceived to be a rare and nondisabling disorder; (3) there
have been no testable scientific hypotheses concerning the relationship between the
pathophysiology of narcolepsy and modes of pharmacologic action; and (4) the symptom of
somnolence has been too poorly characterized to warrant studies of drug-related change. Now,
although it is still true that there is no incentive for drug manufacturers to support efficacy
studies, there is a much better understanding of narcolepsy’s prevalence (1 in 1,000) and
disabling potential (90% are at least partially disabled and 100% cannot do work that requires
long-term sustained attention). Furthermore, animal models, existing sleep research, and our
initial objective drug research on narcolepsy point to testable hypotheses and reliable methods
for measuring changes in somnolence.

It is important to appreciate that narcolepsy is only one diagnosis associated with the symptom
of excessive somnolence. According to two cooperative studies (Coleman et al., 1982;
Coleman, 1983), numerically the most important categories within this patient population are:
(1) sleep apnea syndrome, accounting for 40-50% of such patients; (2) narcolepsy, accounting
for 20-30% of such patients; and (3) idiopathic CNS hypersomnolence, accounting for 5-10%
of such patients.

Narcolepsy, as the syndrome is currently understood, was first described by the French
physician Gelineau (1880). Major symptoms associated with narcolepsy include somnolence,
cataplexy, hypnagogic hallucinations, and sleep paralysis. Narcolepsy is a heritable
neurological disease linked to the HLA-DR2 phenotype (Honda et al., 1983; Juji et al., 1984;
Honda and Juji, 1988). The disease involves disabling disregulation of wakefulness and sleep
and is characterized by excessive somnolence, as well as episodic motor paralysis and
perceptual distortion. Narcolepsy can be precisely diagnosed with modern polysomnographic
techniques (Mitler, 1982; Mitler et al., 1988b). In humans, narcolepsy is not rare, afflicting
about 1 in 1,000, or about 250,000 Americans (Dement et al., 1972, 1973). Thus, narcolepsy
is about as prevalent as multiple sclerosis (Kurland et al., 1955) and can be as disabling, with
profound consequences for job capability, public safety, sense of self-worth, and social image
(Broughton and Ghanem, 1976; Foster-Rawlings and Dement, 1985).

Neurochemical and pharmacotherapeutic studies of naturally occurring canine narcoleptics,
experimental feline models, and humans suggest that two brain abnormalities are involved
(Guilleminault et al., 1976): a widespread underrelease of dopamine (Faul et al., 1986) and a
brainstem-specific proliferation (up-regulation) of muscarinic acetylcholine receptors and
hypersensitivity to acetylcholine (Kilduff et al., 1986). The chemotherapeutic approach of
psychostimulants for somnolence and REM-sleep-suppressing drugs for ancillary symptoms
is somewhat effective. However, narcoleptics in the treatment regimens we have evaluated did
not perform or maintain alertness as well as normal controls. Narcoleptics must also face
various psychosocial and work-related problems throughout a lifetime of treatment.

PHENOMENOLOGY

Most often, narcoleptics present with the primary complaint of falling asleep at inappropriate
times. It is also possible for narcoleptics to experience insomnia or uncontrollable muscle
weakness. The four classic symptoms of narcolepsy are known as the narcoleptic tetrad and
consist of: (1) sleep attacks—sudden urges to sleep; (2) cataplexy—partial or generalized
flaccid paralysis precipitated by anticipatory excitement, laughter, anger, or surprise; (3)
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hypnagogic hallucinations—frightening or menacing hallucinations that occur at sleep onset;
and (4) sleep paralysis—often frightening and unpleasant generalized paralysis slightly before
or at the time of falling asleep or on awakening. A fifth, frequently associated symptom that
probably should be added, to make up a narcolepsy “pentad,” is disturbed nocturnal sleep.
Symptoms usually appear during the late teens and twenties. Inappropriate sleep is often the
first to emerge. Patients will report attacks of sleep while talking on the telephone, eating, or
driving. Other symptoms may require 10 or more years to emerge.

The symptom of somnolence in narcoleptics is by far the most troublesome and is the most
difficult to control. The psychological and social impact of narcolepsy is becoming increasingly
appreciated (Broughton and Ghanem, 1976; Foster-Rawlings and Dement, 1985). It is also
common knowledge among clinicians responsible for patient management that the narcoleptic,
whose symptoms are not satisfactorily controlled, can be dangerous to himself and others by
engaging in activities such as driving, caring for children, or engaging in tasks requiring a great
deal of motor and intellectual precision.

PATHOPHYSIOLOGY

Much has been discovered about narcolepsy in the past 20 years. After Aserinsky and Kleitman
(1953) first described REM sleep and researchers worked out the nominal sleep structure in
man, others began studying abnormalities of sleep. Rechtschaffen et al. (1963) and Takahashi
and Jimbo (1963) independently discovered that the most important electrographic feature of
narcoleptic sleep is the tendency to go from wakefulness to REM sleep with very little or no
intervening non-REM (NREM) sleep. Such a tendency is in contrast to the normal 60-90 min
of intervening NREM sleep before REM sleep is first achieved. Herein lies the rationale of the
Multiple Sleep Latency Test to identify the pathological somnolence (Richardson et al.,
1978; Carskadon et al., 1986) and the pathological tendency to achieve REM sleep (Mitler et
al., 1979).

During normal REM sleep, profound Changes occur in the motor and proprioceptive systems.
The skeletal muscles are made almost completely atonic by a hyperpolarization of spinal and
brainstem alpha motoneurons via a descending reticulospinal inhibitory pathway (Giaquinto
et al., 1963a,b; Nakamura et al., 1978; Glenn and Dement, 1981a,b,c). Chemical stimulation
studies suggest that this pathway is at least partially mediated by acetylcholine (George et al.,
1964; Baxter, 1969; Mitler and Dement, 1974; Vivaldi et al., 1979; Silberman et al., 1980).
This pathway also produces hyperpolarization of gamma motoneurons (Gassel and Pompeiano,
1963). Episodically, and coincident with rapid eye movements of REM sleep, there is
presynaptic inhibition and further reflex suppression (Giaquinto et al., 1963a,b; Chase and
Morales, 1983).

Studies in canine and human narcoleptics have shown that the reflex inhibition during cataplexy
is identical to that seen during normal REM sleep. The inhibition of both alpha and gamma
motoneurons may contribute to the concomitant feelings of terror patients experience by
distorting accurate proprioception and perception. Cataplectic episodes are sometimes
accompanied by frank hallucination similar to the narcoleptic’s perceptual experiences during
a sleep-onset REM period.

Long-term polysomnographic studies (48 h or more) of narcoleptics have shown that the
abnormal tendency for REM sleep manifests itself as a disruption of the diurnal sleep-wake
cycle such that sleep occurs in many short and sometimes irresistible bouts (Baldy-Moulinier
etal., 1976; Browman et al., 1986). Pollak (Narcolepsy: Third International Symposium, June
10, 1988, San Diego) has shown with round-the-clock studies under entrained and free-running
conditions that narcoleptics do not sleep more of each 24-h cycle than do normals. Rather, they
have more frequent transitions from wakefulness to sleep. Neurochemical and
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neuropharmacological studies of sleep in normal humans, animals, and narcoleptic patients
suggest that the sleep-wake cycle is determined by some complex interaction of catecholamine-
containing and serotonin-containing neurons. Anatomical sites often implicated in the normal
neuronal control of sleep are situated in the pontine reticular formation in the area of the locus
ceruleus and the raphe system (Jouvet, 1972). George et al. (1964), Baxter (1969), Mitler and
Dement (1974), and the Harvard group (Vivaldi et al., 1979) have shown that cholinergic
stimulation is important in regulating REM sleep via these midbrain and pontine areas.

In 1974, a naturally occurring canine model of narcolepsy became available for study (Knecht
etal., 1973; Mitler et al., 1974). Drugs useful in controlling cataplexy in humans also control
cataplexy in narcoleptic dogs. Stimulant medications useful in controlling excessive
somnolence in narcoleptic humans also control narcoleptic symptoms in dogs. Long-term
polygraphic studies in these animals have described a disrupted sleep-wake cycle analogous
to that seen in human narcoleptics. Recent neurochemical studies on narcoleptic dogs at
Stanford University have disclosed evidence for catecholamine-releasing abnormalities and
proliferation of acetylcholine receptors (Boehme et al., 1982; Mefford et al., 1983; Faul et al.,
1986; Kilduff et al., 1986). These data are consistent with the clinical abnormalities of
narcolepsy and with the therapeutic effects of drugs that either block norepinephrine uptake or
cause central anticholinergic effects. Breeding studies in dogs have shown a hereditary pattern
consistent with an autosomal-recessive mode of transmission in narcoleptic Doberman
pinschers and narcoleptic Labrador retrievers. However, there are complicated and as yet
unexplained developmental and hereditofamilial patterns in beagles and poodles with canine
narcolepsy (Foutz et al., 1979; Baker et al., 1982). These genetic studies underscore the
complexities of transmission of the disease in the dog and offer a perspective to the data of
Kessler (1976) suggesting that humans having one narcoleptic parent are 20-60 times more
likely than the general population to present with narcolepsy or some other form of excessive
somnolence.

The Second International Symposium on Narcolepsy held in Palo Alto, California, in July of
1985 heralded the confirmation of the earleir studies by the Japanese group (Honda et al.,
1983; Juji et al., 1984; Langdon et al., 1984) showing that there was a strong association
between narcolepsy and the HLA-DR2 phenotype. Laboratories at Stanford (Holloman et al.,
1987), Kings College Hospital in London (Langdon et al., 1984), the University of Montreal,
and Montpelier, France (Seignalet and Billiard, 1984) have all confirmed the strong association
between the diagnosis of narcolepsy and these HLA antigens (90-100% versus 20-40% for
nonnarcoleptic controls). Participants in the Palo Alto Symposium generally agreed that the
HLA-DR2 and HLA-Dw? antigens seemed to show the strongest association. These findings
have generated speculation that (1) narcolepsy, or some forms of narcolepsy, are inherited and
(2) narcolepsy may be an autoimmune disorder, since HLA-DR2 is associated with systemic
lupus erythematosus (SLE) (Reinertsen et al., 1978) and with a high incidence of drug toxicity
in rheumatoid arthritis (RA) patients (Panayi et al., 1978). It may be particularly relevant that
HLA-Dw2 (which isalways found in HLA-DR2 subtype) is also associated with the neurologic
diseases, multiple sclerosis (Opelz et al., 1977) and optic neuritis (Jersild et al., 1973). More
recent work reported and/or reviewed at the Third International Symposium on Narcolepsy
held in San Diego, California, in June of 1988 has affirmed the very strong (if not 100%)
association between narcolepsy and the HLA-DR2 and DQw1 antigens in white and Japanese
populations. However, in blacks, this strong association holds only for DQw1 (Kramer et al.,
1987; Neely et al., 1987).

New data reported by Lock et al. (1988) and Holloman (personal communication) indicate that
the completely sequenced clones encoding the two expressed DR2 chains and both DQw1
alpha and beta chains show no differences between narcoleptics and healthy controls. Thus,
several possibilities remain to be tested: (1) narcolepsy is caused by another gene, tightly linked
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(i.e., in linkage disequilibrium) to the DR region of chromosome 6, that is abnormal in the DR2
haplotype; (2) narcolepsy is caused by normal DR2/DQw1 when these genes interact with
another event or gene; and (3) narcolepsy is caused by unknown regulatory alterations in some
DR2/DQw1 haplotypes.

CLINICAL DIAGNOSIS

A number of conditions are characterized by the complaint of excessive somnolence. It is the
five auxilliary symptoms of narcolepsy that distinguish it from other conditions. However,
only 20-25% of narcoleptics present the full complement of symptoms.

A history of symptoms emerging around puberty is indicative of narcolepsy. Inappropriate
sleep during the day is usually first to appear. These bouts of sleep can be reduced by physical
activity. Relief of narcoleptic symptoms often follows a sleep attack or a voluntary nap. This
postsleep improvement distinguishes narcoleptics from patients with sleep apnea—the most
common cause of excessive somnolence. It is important to gauge the severity of daytime
somnolence. The sleepiness of a narcoleptic is qualitatively worse than that associated with,
say, staying out late or a night of insomnia. The narcoleptic’s sleepiness cannot be brushed off
and is as disabling as that stemming from several 24-h periods without sleep.

Clinicians often rely on the presence of cataplexy as the key diagnostic feature. Narcoleptics
often report partial paralysis or complete postural collapse caused by emotional activities like
telling a joke, swatting a bug, or catching a ball. Cataplexy is described as a draining weakness
in a segment of the body, such as the face or legs. In partial attacks, a distorted facial expression
or clumsy vocalization is all that may be noticed. With more generalized episodes, the patient
can suddenly drop to the floor and thereby suffer physical injury.

DIFFERENTIAL DIAGNOSTIC CONSIDERATIONS

The differential diagnosis of narcolepsy, when cataplexy is involved, should always include
hypotonic epileptic seizure and syncope. The key features to keep in mind are that (1)
cataplectic patients often report complete wakefulness during their attacks, (2) narcoleptics do
not exhibit postictal symptoms after the cataplectic episode resolves, (3) there is rapid
reversibility of the cataplectic episode, and (4) there is an absence of epileptic EEG activity
during the attacks and an absence of postictal EEG slowing.

Sleep apnea syndromes (ICD-9-CM codes 780.53-0 and 780.53-1) are the most common
diagnostic entity of patients who present with the complaint of excessive somnolence (Coleman
et al., 1982; Coleman, 1983). Most investigators now believe that the etiology of daytime
somnolence stems from sleep disruption at night secondary to respiratory abnormality (Zorick
et al., 1983) and/or from short-term and long-term effects of episodic hypoxemia during the
night (Clark et al., 1979; Orr et al., 1979). Our earlier electrophysiological studies of
somnolence and performance tests for simple addition and symbol substitution indicate that
sleep apnea patients are severely impaired in performance and ability to stay awake. Many of
the clinical manifestations and hemodynamic consequences of sleep apnea syndrome are
improved or resolved by improvement of upper airway patency by surgical intervention or by
nasal continuous positive airway pressure (Sullivan et al., 1981; Zorick et al., 1983), or by
drugs, such as protriptyline, that depress REM sleep and seem to increase airway patency
through elevating muscle tone (Clark et al., 1979; Orr et al., 1979).

Sleep-related breathing abnormality was described in clinical and electrographic detail by
Coccagna et al. (1972). However, the relationship between somnolence and respiratory
abnormality has been discussed in medical texts for over a hundred years (Hill, 1898). Sleep
apnea, as defined by most sleep clinicians (Association of Sleep Disorders Centers, 1979), is
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characterized by obstructive apnea during sleep, loud snoring, and excessive daytime
somnolence. Middle-aged, overweight males are the most common type of person affected.
The disorder has been increasingly recognized in clinical practice and is now being successfully
differentiated from narcolepsy. This clarity was not always present. Yoss and Daly (1957)
presented narcolepsy case series data showing the onset of somnolence (narcolepsy) as a
function of age. The distribution was bimodal, with a large peak at 16—20 years and another,
smaller peak at 51-55 years. The most likely explanation for the second peak is the inclusion
of somnolent sleep apnea patients in the narcolepsy case series. About 80% of sleep apnea
patients presenting to sleep disorders centers are 45-55 years old. Another source of confusion
exists between sleep apnea patients and narcolepsy patients. Our group has shown that patients
with sleep apnea frequently show abnormally short latencies to REM sleep and also may
complain of hypnagogic hallucinations (Mitler et al., 1982; Browman et al., 1983). These REM
abnormalities disappear after sleep apnea is successfully treated.

Patients with idiopathic CNS hypersomnolence (ICD-9-CM code 780.54-7) complain of
virtually constant somnolence (Association of Sleep Disorders Centers, 1979). Sleep latencies
on multiple sleep latency testing objectively confirm such pathological somnolence. When
recorded in sleep laboratories, these patients appear to sleep, and also sense that they sleep
very deeply throughout the night. However, patients with CNS hypersomnia do not reliably
show abnormally short latencies to REM sleep or other REM-sleep-related symptoms, such as
cataplexy and sleep paralysis.

OBJECTIVE TESTING FOR NARCOLEPSY

The narcoleptic patient requires life-long management that often involves drugs with
considerable addictive and abuse potential. Therefore, a clinical diagnosis is not sufficient;
objective confirmation of narcolepsy is necessary.

As indicated above, there are other more likely causes of the complaint of excessive
somnolence. Furthermore, the presence of the key clinical features is often not conclusive
because only 20-25% of narcoleptics have the complete narcoleptic tetrad. For example, one
symptom in the tetrad, sleep paralysis, occurs without other symptoms in 5% of aduts.
Laboratory testing can resolve such issues: Unlike narcoleptics, patients with sleep paralysis
rarely have an increased tendency to achieve REM sleep, although polysomnography will
confirm skeletal muscle atonia during sleep paralysis. As another example, depression is
characterized by abbreviated latencies to REM sleep in nocturnal sleep (Kupfer and Foster,
1972), and REM latencies are sometimes brief enough to qualify as a true sleep onset REM
sleep (usually less than 30 min). Furthermore, significant daytime sleepiness is a common
finding in adolescents and is thought to result from a combination of sleep deprivation and
hormonal changes (Carskadon et al., 1980, 1981).

It has been argued that a clear history of cataplexy is sufficient for the diagnosis of narcolepsy,
but we disagree. Almost 50% of our narcoleptic patients do not have significant cataplexy.
Furthermore, it is quite easy to get a history such as, “I get weak when | laugh.” Such data are
inadequate to substantiate the life-long diagnosis of narcolepsy. Therefore, some type of
objective test of somnolence should always be used by sleep specialists.

Although pupillography (Schmidt and Fortin, 1982) can differentiate the unstable, small pupil
diameters characteristic of somnolent patients from the wider, stable pupils of nonsomnolent
patients, almost all sleep disorders centers now use nighttime and daytime polysomnography
with specific scoring criteria to evaluate for the presence of various sleep disorders. Nighttime
polysomnography is essential to rule out sleep-related respiratory pathology and other disorders
that could cause somnolence by restricting nocturnal sleep. Periodic leg movements during

sleep is one nocturnal polysomnographic finding; although sleep-disrupting, it is consistent
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with the diagnosis of narcolepsy (van den Hoed et al., 1981). It is believed that the leg
movements coexist with and exacerbate the symptoms of narcolepsy. Hartman and Scrima
(1986) have hypothesized that periodic leg movements are etiologically linked to narcolepsy
by causing chronic and repetitive sleep disruption (see also Scrima, 1981). Whereas the testing
of this hypothesis is not yet complete, it is certainly true that there are many somnolent patients
without narcolepsy who do have periodic leg movements.

The most commonly used diagnostic procedure for evaluating the patient with the complaint
of excessive somnolence is the Multiple Sleep Latency Test (MSLT). This test grew out of
several research studies of alternative sleep-wake schedules. These studies preserved the usual
human sleep-wake ratio of 1-part-sleep-to-2-parts-wake but altered the duration of the sleep-
wake cycle, e.g., 1 h of sleep opportunity every 3 h (Weitzman et al., 1974) and 30 min of sleep
every 90 min (Carskadon and Dement, 1975). After extensive analysis of these studies, the
Stanford group concluded that such protocols could not only be viewed as studies of alternative
sleep-wake cycle durations but also as repeated tests of behavioral sleep tendency throughout
the 24 hours. When such repeated tests of sleep tendency were offered to narcoleptics and
normals, the narcoleptics reliably distinguished themselves from normals by falling asleep
much more quickly (Richardson et al., 1978) and having many more transitions to REM sleep
after brief intervals of NREM sleep (Mitler et al., 1979).

The MSLT is routine throughout the world today and consists of four or five 20-min-long
opportunities to sleep. The MSLT begins at least 90 min after a nighttime polysomnogram,
and the opportunities are presented every 2 h. In our hands, the MSLT has proved extremely
useful. Table 1 presents MSLT results from the Sleep Disorders Center at the State University
of New York, Stony Brook, for 57 consecutive cases of narcolepsy and 17 normal subjects.
For each test, as well as for the average test, group differences were significant beyond the
0.001 level, and there was no overlap between the groups with respect to the number of times
that REM sleep was achieved.

It is also becoming common to get HLA typing on possible narcoleptic patients. Our group
(Rubin et al., 1988) confirmed the strong association between narcolepsy and HLA-DR2 and
showed that the association does not extend to patients with sleep apnea-numerically the most
important group with excessive somnolence. Even though it is true that there are isolated non-
DR2 and non-DQw1 narcoleptics (Guilleminault et al., 1988; Rubin et al., 1988), nevertheless,
DR2 and DQw1 negativity is often helpful in ambiguous cases and those involving legal
proceedings.

Family Studies

There are several ongoing studies throughout the country on the hereditofamilial pattern of
narcolepsy transmission. We are engaged in such a project with the collaboration of Drs. June
Fry (Medical College of Pennsylvania), Christian Guilleminault, and Carl Grumet (both of
Stanford University School of Medicine). The family described here contains four proven
narcoleptic patients distributed over two of five generations and is illustrative of the kind of
data now being evaluated. The family was chosen because it met the following criteria: (1) at
least one narcoleptic with the complaint of somnolence who showed two or more REM sleep
episodes on an MSLT, (2) no sleep apnea, and (3) the HLA-DR2 antigen. The family had to
have 4-8 first-degree blood relatives and 12—-20 second-degree relatives who were accessible
to diagnostic sleep recordings and HLA phenotyping.

RC, Jr., a 49-year-old male, was selected as the index case. A family tree (Fig. 1) was
constructed to delineate the index case of grandparents, parents, aunts, uncles, cousins, siblings,
offspring, nephews, nieces, and grandchildren.
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All available family members completed the study questionnaire, and all first-degree and many
second-degree members (a total of 20 subjects) were examined by a physician (author R.H.).
The index case and 17 members of his family were studied clinically and polysomnographically
using the standard MSLT protocol published by the Association of Professional Sleep
Societies. Patients previously treated with medications were recorded following a 2-week
withdrawal period from all stimulants and psychoactive medications.

The index case (RC, Jr.), his father (RC, Sr.), and two younger brothers (RS and RW), were
diagnosed as having classic narcolepsy with major symptomatology of excessive daytime
sleepiness and sleep paralysis. Polygraphic findings showed MSLT mean latency of 9.0 min,
10.5 min, 8.0 min, and 6.9 min, repectively. The numbers of REM sleep periods during MSLT
were two, two, four, and three, respectively.

The younger daughter (DJ) and three nieces (RSt, RShe, RSha) of the index case complained
of excessive daytime sleepiness. Their results on MSLT showed mean sleep latency of 7.5 min,
13.38 min, 17.0 min, and 17.6 min, respectively. The numbers of REM sleep periods during
the MSLT were one, one, zero, and zero, respectively.

All subjects who were polysomnographically recorded and four other relatives (FA, RE, RM,
and CSh) of the index case had complete HLA phenotyping by standard lymphocyte
microcytotoxicity at the Blood Bank at Stanford University. The results of this phenotyping
are also shown on the family tree (Fig. 1).

These family data underscore the significant association of DR2 with clinically manifested
narcolepsy and also with the symptom of excessive daytime sleepiness. The association of
excessive daytime sleepiness (EDS) only and HLA-DR?2 is seen in the cases of DJ, RSt, RShe,
and RSha. In addition, RShe shows to be a homozygote with DR2, DQW!1 inherited from her
father and her mother. The probability of this kind of combination might be as rare as 1 in
30,000. RSt, RShe’s sister, shows DR3 inherited from her father and DR2 inherited from her
mother, who does not have symptoms of narcolepsy and probably represents one case of the
25-30% of the normal Caucasian population with HLA-DR2. These two interesting and
unusual cases promise to give insight into the pattern of inheritance of narcolepsy. This family
is and will be clinically followed, with special emphasis on these two cases.

TREATMENT

There are few demonstrably effective treatment options available to the clinician responsible
for the management of narcoleptic patients on a long-term basis. The symptoms of excessive
somnolence are usually treated with CNS stimulants, such as dextroamphetamine (5-60 mg
distributed throughout the day), methylphenidate (5-60 mg distributed throughout the day), or
pemoline (18.75-150 mg distributed throughout the day) (Mitler et al., 1988b). The symptoms
related to REM sleep—cataplexy (a rapid loss of muscle tone and mobility), hypnagogic
hallucination, and sleep paralysis—are controlled by tricyclic medications, such as imipramine
(75-150 mg/day), and the stimulating antidepressants protriptyline (10-40 mg/day) (Schmidt
etal., 1977), and fluoxetine (20-60 mg/day).

We are aware of several less common therapeutic alternatives for patients unresponsive or
unsuited to the primary medication choices. For example, gamma-hydroxybutyrate (5.25-6.75
g in divided doses throughout the nocturnal sleep period) has been reported to consolidate
sleep, reduce cataplexy, and reduce the need for adjutant stimulant medication (Broughton and
Mamalak, 1976). However, this medication presently is in liquid form and requires one or more
administrations during the hours of intended sleep. Furthermore, this drug is only available in
the United States through federally approved research protocols. Kales et al. (1979) reported
some success with high levels of propranolol (280-480 mg). However, in our hands,
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propranolol was not useful in clinical trials. In any event, the vast majority of physicians
initially use stimulants alone or, when cataplexy is present, in combination with tricyclic
antidepressants. Fry et al. (1986) have reported some success with codeine (150 mg/day in
divided doses). Recently, Mouret et al. (1988) reported that .-tyrosine (64-120 mg/kg/day)
given over a period of 6 months eventually eliminated the symptoms of daytime sleep attacks
and cataplexy in eight French narcoleptics. It is, however, especially difficult to evaluate the
initial .-tyrosine data from France, since the CNS stimulant medications, routinely used for
narcolepsy in the United States and other countries, are not available in France. Hence, French
narcoleptics have few alternative treatments to compare with .-tyrosine.

Table 2 presents the most common currently available antinarcoleptic drugs and their dosages,
as well as several of the more actively investigated experimental pharmacotherapies (after
Guilleminault, 1989).

It is believed that the stimulants function by facilitating catecholaminergic systems important
for wakefulness (Jouvet, 1972; Mitler, 1976). Research studies with experimentally induced
REM sleep in cats and naturally occurring narcolepsy in dogs suggest that the mode of action
on REM-sleep-like symptoms of the tricyclic medications may have much to do with their
anticholinergic properties (Lassen et al., 1975). However, it is possible that their capacity to
block reuptake of norepinephrine and/or serotonin (Zung, 1969) contributes to their
suppression of REM sleep and the dissociated components of REM sleep that trouble
narcoleptic patients. This latter possibility is also supported by work from our group on
viloxazine, a noradrenalin reuptake blocker.

In spite of the availability of potent stimulant medications, a sizable portion of today’s
narcoleptics regard themselves as poorly controlled, according to survey statistics by the
American Narcolepsy Association (personal communication; Foster-Rawlings and Dement,
1985).

If narcoleptic patients and their families come to understand the neurological nature of
narcolepsy, the clinician can minimize problems for the patient stemming from common
misconceptions concerning low intelligence and poor motivation. The clinician should also
explain that symptoms can spontaneously worsen or improve. Many patients report that
symptoms worsen with aging, sleep disruption, and other changes in the work-rest schedule.
On the other hand, women sometimes report improvement in symptoms after menopause. This
kind of report, coupled with the fact that narcolepsy emerges during or after puberty, suggest
that neuroendocrine mechanisms are somehow involved. Another important point for patient
education is that changes in the severity of symptoms and medication use must be reported to
the managing clinician. Such reports will enable the clinician to improve treatment and assist
the patient in safety and work-related planning.

The American Narcolepsy Association (335 Quarry Road, Belmont, CA 94002) offers helpful
educational materials. Furthermore, there are self-help groups throughout the country that meet
local needs such as (1) identifying pharmacies with good service and adequate supplies of
antinarcoleptic medication, (2) acting as an advocate in local disability and discrimination
issues, and (3) providing understanding social contacts. These services are extremely important
for the individual narcoleptic patient. The main problem with such self-help groups is that they
frequently have no medical guidance, and some members may not actually have narcolepsy.
Thus, misinformation about nonmedical treatments (e.g., special diets, exercises, etc.) is
frequently exchanged in these groups—often by the testimony of a non-narcoleptic and to the
detriment of bona fide narcoleptics.
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Viloxazine is derived from propranolol (Inderal), a cardiovascular drug with significant beta-
adrenoceptor blocking activity. Viloxazine hydrochloride has a significant, and probably
specific, noradrenergic reuptake blocking property. On the other hand, viloxazine does not
appear to have anticholinergic properties. Viloxazine hydrochloride is rapidly and almost
completely absorbed after oral ingestion. The drug’s plasma half-life is 2—4 h, with a mean of
3.5 h. In Europe it has been widely and satisfactorily used as an antidepressant drug but has
not been tested systematically in narcoleptic subjects. Robert Clark (personal communication,
1983), from Columbus, Ohio, in an open, nonsystematic trial, found that some narcoleptic
patients reported subjective symptomatic improvements with this drug. A systematic
multicenter study was then planned, and the preliminary results were published (Guilleminault
et al., 1986).

This multicenter study involved our group’s collaboration with the sleep research facilities at
Stanford University (C. Guilleminault) and Hopital du Sacre-Coeur in Montreal (J.
Montplaisir). We assessed the anticataplectic effects of viloxazine (100 mg/day). We did not
anticipate that viloxazine would have major alerting properties. Therefore, the protocol
permitted physicians, at their discretion, to prescribe a stimulant drug (e.g., methylphenidate
or dextroamphetamine) in addition to the study capsules. This adjutant medication feature was
insisted upon by two institutional review boards so that subjects with disabling sleepiness could
participate in the project and still drive, work, etc. If a subject was prescribed such an adjutant,
he/she took the medication every day at the prescribed time throughout the project.

Admission criteria required freedom from significant medical illness other than narcolepsy and
freedom from psychiatric disorders. Patients also had to have the following: (1) a history of
excessive somnolence; (2) at least one of the REM sleep-related symptoms of sleep paralysis,
hypnagogic hallucinations, or cataplexy; (3) nocturnal polysomnography ruling out sleep apnea
syndrome; and (4) two or more transitions to REM sleep on the MSLT.

A total of 56 narcoleptic subjects were polygraphically monitored during placebo followed by
viloxazine treatment and another placebo condition. Symptoms and side-effects were evaluated
subjectively and objectively, using a battery of tests including the MSLT, Maintenance of
Wakefulness Test (MWT), and the Wilkinson Addition Test (WAT). Data analysis was by
means of nonparametric rank statistics for all parameters. Although all data analyses have not
yet been done, selected results for 36 patients who underwent both MSLT and MWT appear
in Table 3.

Overall, our data confirmed the significant anticataleptic and REM-sleep-suppressing effects
of viloxazine. There also appeared to be a mild alerting effect that was detected by both the
MSLT and the MWT, according to an analysis of variance of the rank orders of sleep latencies.
The MWT appeared to be slightly more sensitive than the MSLT. The placebo-viloxazine
significance levels were p <0.08 for the MSLT and p < 0.03 for the MWT. Both tests detected
a significant viloxazine-withdrawal difference well beyond p < 0.05.

Other Stimulants

In separate interrelated studies performed by our group, five groups of narcoleptic patients
were studied: 13 narcoleptic patients on methylphenidate (5 women and 8 men; mean age, 50.7
+ 13.8 years); 14 narcoleptic patients on pemoline (10 women and 4 men; mean age, 39.8 £
9.0 years); 10 narcoleptic patients on protriptyline (5 women and 5 men; mean age, 48.1 £ 15.1
years); 5 narcoleptic patients on dextro-amphetamine (mean age, 39.4 + 14.4 years); and 9
control subjects with no sleep disorder (5 women and 4 men, mean age, 39.2 + 8.4 years).
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Narcoleptic patients were admitted to one and only one treatment. Admission criteria were the
same for the multicenter study.

Low, intermediate, and high dose levels of the study drugs were as follows: methylphenidate
(10, 30, 60 mg), pemoline (18.75, 56.25, 112.5 mg), protriptyline (10, 30, 60 mg), and
dextroamphetamine (10, 30,60 mg). Subjects took their medications three times per day at
0700-0800, 1100-1200, and 1500-1600 h by swallowing identically appearing opaque
capsules especially prepared by our pharmacy so that each capsule contained one-third of the
assigned daily dose of experimental drug. Testing occurred throughout the seventh day on each
dose level. The order of dose levels was under constrained randomization from subject to
subject. The control subjects were given nothing on baseline and then, on subsequent testing
separated by 7 days, three placebo capsules at the appointed times. Control subjects were led
to believe that the placebos contained either a low, an intermediate, or a high dose of a stimulant
drug.

Subjects were studied with four day-long evaluations involving at least four separate testing
sessions separated by ~2 h that comprised MWT (Browman et al., 1982; Mitler et al., 1982;
Browman et al., 1983), the WAT (Wilkinson, 1968), the Digit-Symbol Substitution Test
(DSST), and a clinical status questionnaire. Testing was done first when the subjects were
drug-free and three more times at weekly intervals, when they were on a low, an intermediate,
or a high dose of experimental drug.

Data were analyzed by means of one-way, repeated measures, analyses of variance for each
group for dose level and for order of testing (i.e., first testing day versus second, first versus
third, etc.). We found many significant treatment dose-level effects as well as order-of-testing
effects for narcoleptic subjects. There were also order-of-testing effects for the control group.
The order effects were most prominent in the performance tests and were considered to be
related to practice and increased familiarity with the testing environment. It was, therefore,
necessary to remove the order-of-testing effect from the data for narcoleptic subjects. This was
accomplished by standardizing, with respect to testing order, the data for each narcoleptic. The
standardizing process consisted of expressing each narcoleptic’s test or questionnaire scores
as percentages of those control group means that corresponded to whether it was the
narcoleptic’s first, second, third, or fourth testing day. For example, the mean MWT score for
a narcoleptic on his second testing day, regardless of the drug or dose level assigned, was
divided by the second testing day MWT mean for the control group. We then reanalyzed the
standardized data for effect of dose level by one-way, repeated measures analyses of variance.
Contrasts between each of the conditions (baseline, dose level 1, dose level 2, and dose level
3) were done with Dunnett’s t tests.

Analternative method of standardizing for order-of-testing effects is to create difference scores,
rather than ratio scores as we have done. We have undertaken this approach and have found
results to be qualitatively similar to those presented below.

Methylphenidate

The control group’s data are displayed chronologically (baseline, placebo, placebo, and
placebo); the narcoleptics’ data have been standardized for order-of-testing effects and are
presented as averaged percents of those control means that were appropriate for each
narcoleptic’s particular sequence of testing. These average percents are displayed according
to ascending dose levels (Table 4).
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With respect to performance on the WAT and the DSST, narcoleptics were clearly inferior to
controls in both tests on all testing sessions (p < 0.05 for all). The control group showed a
practice effect on the WAT and DSST (p < 0.001), with the second, third, and fourth testing
sessions all differing from baseline. However, only on the DSST did the methylphenidate group
show significant treatment-related increases in the numbers of problems attempted (p < 0.05),
with the 30- and 60-mg dose levels differing significantly from baseline. With respect to quality
of performance (percent correct), however, methylphenidate produced no overall treatment
effect. On the MWT, controls showed no adaptation effect. Narcoleptics treated with
methylphenidate did show a treatment effect with the 10-mg and 60-mg conditions differing
significantly from baseline (p < 0.05 and p < 0.01, respectively). With respect to subjective
symptoms, the control group showed no treatment effect. The methylphenidate group showed
a mild treatment-related improvement in subjective sleepiness with 60 mg differing from
baseline (p < 0.05), no improvement in cataplexy, and a significant improvement in symptoms
overall with every dose level differing from baseline (p < 0.05 for all).

In conclusion, in narcolepsy the psychostimulant methylphenidate improves the profound
discrepancy between narcoleptics and controls on performance, ability to stay awake, and
sleep-related symptoms. Specifically, methyiphenidate improves ability to remain awake and
brings about a subjective improvement in narcolepsy symptoms, but it has only marginal effects
on quantity of performance and does not improve quality of performance.

The control group’s data are displayed chronologically (baseline, placebo, placebo, and
placebo). As with the methylphenidate data, pemoline data have been standardized for order-
of-test effects, are presented as averaged percents of control means, and are displayed in order
of ascending dose level (Table 5).

With respect to performance on the WAT and the DSST, narcoleptics were clearly inferior to
controls in both tests on all testing sessions (p < 0.05 for all). Only onthe DSST did the pemoline
group show significant treatment-related increases in the number of problems attempted (p <
0.05), with the highest dose differing significantly from baseline. There also appeared to be a
trend on the WAT for the pemoline group to perform more accurately in a dose-dependent
fashion (91.5, 92.7, 93.2, 94.0% for baseline through the 112.5-mg condition, respectively).
Narcoleptics treated with pemoline did show a significant treatment effect in MWT sleep
latencies with the baseline and 18.75-mg conditions differing from the 112.5-mg condition (p
<0.05). The pemoline group showed a significant treatment-related improvement in subjective
sleepiness, with the higher two dose levels differing from the initial dose level. There was a
nonsignificant increase in symptom severity between baseline and the 18.75-mg dose level.
There was no improvement in cataplexy and no significant improvement in symptoms overall.

In conclusion, narcoleptics treated with the psychostimulant pemoline show significant
improvement in the ability to stay awake, the quality of performance, and subjective severity
of symptoms, but only at the 112.5-mg dose level. There is also a trend toward dose-dependent
improvement in quality of performance on cognitive tasks. However, with the dose levels
studied, no parameter for narcoleptics even approached nonnarcoleptic control levels.

Dextroamphetamine

We have just begun to study dextroamphetamine. We report preliminary results for five
subjects herein the same format as for the other drugs studied.

The control group’s data are displayed chronologically (baseline, placebo, placebo, and
placebo); the dextroamphetamine data are displayed according to ascending dose levels.
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Because of the small number of subjects and the high intersubject variability only the DSST,
MWT, and overall symptoms parameters show significant drug effects (Table 6).

With respect to performance on the WAT and the DSST, narcoleptics were clearly inferior to
controls in both tests on all testing sessions (p < 0.05 for all). The dextroamphetamine group
showed significant treatment-related increases in the number of DSST problems attempted (p
< 0.05), with only the 30-mg and 60-mg sessions differing significantly from the 10-mg dose.
On the MWT, controls showed no practice effect. Narcoleptics treated with
dextroamphetamine did show a treatment effect with only the 30-mg and 60-mg conditions
differing significantly from baseline (p < 0.05 and p < 0.01, respectively). The
dextroamphetamine group showed a remarkable treatment-related improvement in subjective
sleepiness and symptoms overall with the 30-mg and 60-mg dose levels differing from baseline
(p < 0.05 for all).

In conclusion, the psychostimulant dextroamphetamine in narcolepsy appears to improve the
profound discrepancy between narcoleptics and controls on DSST performance, ability to stay
awake, and sleep-related symptoms.

The control group’s data are displayed chronologically (baseline, placebo, placebo, and
placebo). The protriptyline data are displayed in the same manner as for the previous drugs
(Table 7).

With respect to performance on the WAT and the DSST, narcoleptics were clearly inferior to
controls in both tests on all testing sessions (p < 0.05 for all). The protriptyline group showed
no significant treatment-related increases on any performance measure. Narcoleptics treated
with protriptyline also showed no treatment effect in ability to stay awake. The protriptyline
group showed no treatment-related improvement in subjective sleepiness but did show marked
improvement over baseline in cataplexy (p < 0.01 for all) and a significant improvement in
symptoms overall with every dose level differing from baseline (p < 0.05 for all).

In conclusion, the antidepressant protriptyline in narcolepsy did not improve the profound
discrepancy between narcoleptics and controls on performance, ability to stay awake, and
symptoms of sleepiness. However, protriptyline markedly improved the symptom of cataplexy
and was also judged by patients to improve symptoms overall.

CONCLUSIONS

Our data to date indicate profound deficits in performance and ability to stay awake in
narcoleptics. Clearly these findings should be replicated with more narcoleptics and a larger,
matched control group.

We have demonstrated that we can measure objective and subjective therapeutic efficacy of

several medications and that other medications have limited therapeutic efficacy. With some
medication-parameter cells, such as with methylphenidate or dextroamphetamine and DSST
or MWT scores, measurements for narcoleptics approach control levels (i.e., are normalized).
Generally, our data point to the CNS stimulants dextroamphetamine and methylphenidate as
treatment options that can diminish differences in some performance measures and alertness
between narcoleptics and controls. At least as important, our data show that the lower doses

of pemoline and doses of protriptyline up to 60 mg/day are not efficacious for the sleepiness-
related symptoms of narcolepsy.
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It is clear that protriptyline was the only medication that significantly improved cataplexy at
all dose levels studied. In a separate study, we found that viloxazine (100 mg/day) was also
quite effective in controlling cataplexy.

There are, however, several limitations in our data to date. First, we have not always used a
placebo condition as a control—only a “no-drug” baseline. Second, we have not employed the
most stringent inclusion criteria that are now being suggested for narcolepsy research, namely,
seropositivity for HLA-DR2 and DQw1 in white and Japanese subjects and HLA-DQw1 in
black subjects (Narcolepsy: Third International Symposium, June 10, 1988, San Diego). Third,
we have used the MWT; although a sensitive research tool, it is not widely used throughout
the field of sleep disorders research. Fourth, we have not employed a performance test that
directly addresses reaction time and errors of omission—the most common types of errors
reported by narcoleptic patients.

We have not tailored our medication regimes to individual patients and therefore may not have
optimized the therapeutic effects our test drugs can have. In clinical practice, various nap and
drug scheduling seems to greatly improve pharmacologic control of symptoms. These
techniques include timing of stimulant medication to minimize nocturnal sleep disturbance,
substituting an afternoon nap for an afternoon CNS stimulant, and frequent drug holidays (1-
2 days without stimulant medication).

Key questions for future research include: (1) Can other drugs for narcoleptics be used alone
or in combination so that patients can function at levels comparable to age, sex, and
educationally matched controls? (2) Can commonly used tests such as the MSLT and widely
available, easily administered computer-based attention tests be used to replicate our past work
with methylphenidate, pemoline, and dextroamphetamine, and to evaluate other drugs, such
as mazindol and common drug combinations? (3) How does .-tyrosine compare with the usual
therapies available in the United States?
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A B Bwé DR.DQ

a = 3, 7, Bw6é, DR2, DQwl

b = 1, 8, *Bwé6, DR3, DRwS2, DQw2 *°
c = 29, 44, Bw4, DR3, DRwS2, DQw2

d - 29, 45, Bw6, DR4, DRwS3, DQw3

e = 1, 8, Bw6, DR3, DRw52, DQw2
fhm 1 8, Bwé, DR3, DRw52, DQw2

- %29, 44, Bw4, DR7, *DRw53, DQw2
= 2, 57, Bw4, DR4, DRw53, DQw3
- 29, 44, Bw4, DR4, DRwS3, DQw3
8, *Bw6, DR3, DRwS52, DQw2
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- 3, 18, Bw6, DR1l, DQwl
- %1, 39, Bwé6, *DR3, *DRwS2, *DQw2

3B XS = T0MN
i
=

FIG. 1.

Opposite page: Family tree. The black symbols indicate clinical cases of narcolepsy, the half-
black, half-white symbols indicate excessive daytime sleepiness, the white symbols indicate
healthy subjects, and “a” indicates HLA-DR2-positive cases. The association between clinical
narcolepsy and HLA-DR?2 is seen in the cases of RC, Sr., RC, Jr., RS, and RW. The results of
the nocturnal polysomnographic recording and multiple sleep latency testing are also shown.
MSLT, mean sleep latency, in minutes: REMs, number of REM sleep episodes on MSLT;
REML, latency from first sleep to REM sleep, in minutes, on nocturnal polysomnographic
recording (NPSG): and REM %, percent of REM sleep during NPSG. Above: Explanations
for the HLA codings. An asterisk indicates the most probable antigens or haplotype, an X
indicates a true blank, and ™ indicates retyping using new cells-reg isolation.
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TABLE 2
Narcolepsy drugs currently available (after Guilleminault, 1989)
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Drug Maximal dosage (all drugs administered p.o.)

Treatment of excessive daytime somnolence (EDS)

Stimulants
Amphetamine <40 mg/day
Methylphenidate <60 mg/day
Mazindol <5 mg/day
Pemoline <150 mg/day
Adjunct effect drugs (i.e., improve EDS if associated with stimulant)
Protriptyline <10 mg/day
Viloxazine <200 mg/day

Treatment of cataplexy, sleep paralysis, and hypnagogic hallucinations
Tricyclic antidepressants (with atropinic side-effects)

Protriptyline <20 mg/day

Imipramine <200 mg/day

Clomipramine <200 mg/day

Desipramine <200 mg/day
Antidepressants (without atropinic side-effects)

Viloxazine <200 mg/day

Fluoxetine <60 mg/day

Experimental drugs
Codeine (given as stimulant)
Cataplexy antagonist and mild stimulant: gamma-hydroxybutyrate
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Methylphenidate in narcolepsy

TABLE 4
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Baseline Placebo or 10 mg Placebo or 30 mg Placebo or 60 mg
Wilkinson Addition Test (problems
attempted)
Controls 100.0 £ 24 1184 £ 32 1234+ 38 1234+ 38
Methylphenidate 75.3% 68.9% 69.9% 75.1%
Digit-Symbol Substitution Test (problems
attempted)
Controls 731.3+114 811.9 + 159 843.2+ 16 849.7 £ 154
Methylphenidate 65.1% 70.0% 75.4% 78.5%
Maintenance of Wakefulness Test (sleep
latency)
Controls 189+2 19.2+2 180+4 176+4
Methylphenidate 55.2% 70.7% 68.8% 79.9%
Subjective sleepiness (rating)
Controls 24.0+6 220%5 2096 199+6
Methylphenidate 191.0% 193.3% 194.7% 173.1%
Subjective cataplexy (rating)
Controls 120+0 120+0 120+0 120+0
Methylphenidate 188.1% 131.4% 155.8% 168.6%
Subjective symptoms overall (rating)
Controls 743+8 71.0+6 70.0+8 69.6+8
Methylphenidate 186.3% 154.6% 160.7% 154.4%
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Pemoline in narcolepsy

TABLE 5
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Baseline Placebo or 18.75 Placebo or 56.25 Placebo or 112.5
mg mg mg
Wilkinson Addition Test (problems
attempted)
Controls 100.0 + 24 118.4 + 32 123.4+38 1234 +38
Pemoline 68.6% 68.3% 68.8% 68.6%
Digit-Symbol Substitution Test (problems
attempted)
Controls 731.3+ 114 811.9 + 159 843.2 + 160 849.7 + 154
Pemoline 72.6% 70.7% 74.2% 78.3%
Maintenance of Wakefulness Test (sleep
latency)
Controls 189+2 192+2 180+4 1764
Pemoline 40.2% 39.6% 48.0% 53.4%
Subjective sleepiness (rating)
Controls 240+6 220%5 209+6 199+6
Pemoline 198.5% 238.3% 178.8% 172.9%
Subjective cataplexy (rating)
Controls 120+0 1200 120+0 120+0
Pemoline 148.2% 156.5% 151.2% 149.8%
Subjective symptoms overall (rating)
Controls 743+8 71.0+6 70.0+8 69.6+8
Pemoline 182.9% 206.1% 187.7% 186.7%
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Dextroamphetamine in narcolepsy

TABLE 6
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Baseline Placebo or 10 mg Placebo or 30 mg Placebo or 60 mg
Wilkinson Addition Test (problems
attempted)
Controls 100.0 £ 24 1184 £ 32 1234+ 38 1234+ 38
Dextroamphetamine 83.0% 88.9% 77.6% 72.9%
Digit-Symbol Substitution Test (problems
attempted)
Controls 731.3+114 811.9 + 159 843.2+16 849.7 + 154
Dextroamphetamine 68.6% 61.2% 75.4% 78.1%
Maintenance of Wakefulness Test (sleep
latency)
Controls 18.9+2 19.2+2 18.0+4 176+4
Dextroamphetamine 34.8% 32.0% 52.2% 70.3%
Subjective sleepiness (rating)
Controls 24016 22.0+5 209+6 19.9+6
Dextroamphetamine 165.6% 125.0% 99.5% 90.9%
Subjective cataplexy (rating)
Controls 12.0+0 12.0+0 120+0 12.0+0
Dextroamphetamine 151.7% 175.0% 198.3% 146.7%
Subjective symptoms overall (rating)
Controls 743+8 71.0+6 70.0+8 69.6+8
Dextroamphetamine 146.6% 167.9% 123.4% 108.4%
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Protriptyline in narcolepsy

TABLE 7
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Baseline Placebo or 10 mg Placebo or 30 mg Placebo or 60 mg
Wilkinson Addition Test (problems
attempted)
Controls 100.0 £ 24 1184+ 32 1234+ 38 1234+ 38
Protriptyline 71.3% 64.0% 67.4% 57.0%
Digit-Symbol Substitution Test (problems
attempted)
Controls 731.3+114 811.9 + 159 843.2 + 160 849.7 £ 154
Protriptyline 55.9% 57.6% 58.7% 52.0%
Maintenance of Wakefulness Test (sleep
latency)
Controls 18.9+2 19.2+2 18.0+4 176+4
Protriptyline 49.1% 48.2% 49.3% 54.5%
Subjective sleepiness (rating)
Controls 240+6 22.0+5 209+6 199+6
Protriptyline 202.1% 183.2% 165.7% 176.8%
Subjective cataplexy (rating)
Controls 12.0+0 12.0+0 12.0+0 12.0+0
Protriptyline 212.9% 117.5% 104.2% 121.7%
Subjective symptoms overall (rating)
Controls 743+8 71.0+6 70.0+8 69.6+8
Protriptyline 195.0% 156.9% 152.8% 152.6%
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