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Narcoleptic tetrad

Narcolepsy is a long-life, usually sporadic (rarely
familial) sleep-wake disorder characterised by
an often disabling excessive daytime sleepiness
(EDS) and so-called REM-sleep symptoms such
as cataplexy (muscle tone loss triggered by emotions), sleep paralysis and hallucinations. Biological markers of narcolepsy are a specific HLA
class II-subtype (DQB1*0602), the appearance of
REM-sleep within 15–20’ after sleep onset (socalled sleep onset REM periods or SOREM) and
the absence/reduction of the recently discovered
peptide hypocretin-1 (also called orexin-A) in the
cerebrospinal fluid. The neurobiology of narcolepsy has traditionally been attributed to a neurochemical (cholinergic-aminergic) dysbalance in the
brainstem, based on genetic predisposition and
environmental factors. The involvement of the
hypocretin system in both human and animal forms
of narcolepsy has led to the recognition of a
central role of the hypothalamus in the pathophysiology of this disorder. Treatment of narcolepsy includes counselling, scheduled naps, stimulant as well as anticataplectic drugs.
This article reviews clinical features, diagnostic
criteria, pathophysiology and therapeutic strategies of human narcolepsy, also integrating the
most recent data on the physiology and pathology
of hypocretinergic neurotransmission.
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The clinical features of narcolepsy are excessive
daytime sleepiness in combination with intrusions
of REM (rapid-eye-movement)-sleep features during wakefulness presenting as cataplexy, sleepparalysis and hallucinations. The classical narcoleptic “tetrad” of excessive daytime sleepiness
(EDS), cataplexy, sleep paralysis and hypgnagogic/hypopompic hallucinations is only present in
about 10–15% of narcoleptics [1]. Most patients
suffer from excessive daytime sleepiness (90%)
and cataplexy (70%), hallucinations and sleep
paralysis are less frequent (50–75%). Only cataplexy is specific for narcolepsy, whereas hallucinations and sleep paralysis are also common in normal population.
Excessive daytime sleepiness is often the first
and the most disabling symptom. Excessive daytime sleepiness refers to both a subjective feeling
of sleepiness and to irresistible short naps (“sleep
attacks”). The subjective feeling of sleepiness
exhibits high abnormal (>14/24) scores when
measured by the standardised Epworth Sleepiness
Score (ESS) [2] and it is comparable to sleepiness
after 32-h sleep deprivation in normal subjects [3].
Sleep attacks are short (<20 min) and even occur
in active situations like talking, eating, standing,
walking or sexual intercourse. Though labelled
as “attacks” sleep onset is rarely abrupt but is
usually preceded by prodromi of drowsiness like
blurred vision, ptosis or nodding. Naps are typically
short and refreshing but sleepiness will return after
a few hours.
Cataplexy consists of a sudden bilateral loss of
postural muscle tone in association with intense
emotions, whereas sleep paralysis corresponds to
a transient inability to perform voluntary movements either at sleep onset (hypnagogic or predormital form) or upon awakening (hypnopompic
or postdormital form). Both are considered to be
an intrusion of physiologic REM-sleep atonia into
wakefulness. Cataplexy shares many clinical fea-

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

154 ■ 7/2003

tures of sleep paralysis although muscle atonia in
sleep paralysis is usually complete and lasts longer
(but usually less than 10 minutes). Cataplectic
attacks are short, usually less than 1 minute and
exceed 2 minutes in only 10–20% of cases [4]. The
loss of motor tone in cataplexy is usually partial and
bilateral, may be unnoticeable to others and most
commonly involves the lower extremities but often
also the upper limbs or face/neck muscles. Patients
may report buckling or unlocking of the knees,
zig-zag walking, closing of the eyelids, dropping of
the head and slurred speech. Only one third of the
patients experience falls. Muscle atonia is rarely
complete but rapidly alternates with short phasic
muscle activity presenting as muscle twitches [5].
Prolonged episodes >30 minutes (“status cataplecticus”) can occur after abrupt discontinuation
of anticataplectic drugs.Although patients seem to
be unresponsive due to muscle atonia, consciousness is typically preserved unless a transition to
sleep or hypnagogic hallucinations occurs. Hypnagogic or hypnopompic hallucinations are dreamlike experiences occurring when the patient is
awake. The intrusion of dreams would explain
the not uncommon absurd/bizarre characteristics.
Patients often feel a person or an animal nearby,
standing over the bed or lying underneath or
experience out-of-the-body dreams in a fantastic,
mysterious or religious context. Also assaults by
intruders, animals or monsters can be reported.
Hypnopompic hallucinations tend to be more
suggestive of narcolepsy than hypnagogic hallucinations.

Associated features
Other sleep disorders like sleep apnoea syndrome
(10–20%), periodic limb movements in sleep
(40–60%) or REM-sleep behavioural disorder
(RBD) (12%) can be found in narcoleptic patients.
REM-sleep behaviour disorder is a bizarre, often
harmful behaviour during REM-sleep due to loss
of physiological REM-atonia that allows patients
to act out their dreams. For the clinician it is noteworthy that muscle tone dysregulation in narcolepsy may present in both ways, in a loss of muscle
tone (during cataplexy and sleep paralysis) and/or
in a loss of REM-atonia during REM-sleep behaviour disorder. Sleep-maintenance insomnia is often
regarded as the fifth symptom of the narcoleptic
tetrad. These sleep disorders need correct identification and specific therapies as they may contribute to daytime sleepiness. Sleepiness may account for the subjective complaints of memory
deficits in narcoleptics. Depression is often asso-
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ciated with narcolepsy. Narcoleptics are occasionally obese, particularly in childhood, and on average, their body mass index is 10–20% higher than
that of the normal population [6].

Epidemiology
Narcolepsy is not a rare but an underdiagnosed
disorder. Recent epidemiological studies suggest
the prevalence of narcolepsy in European countries around 26–47/100 000 [7–9], comparable to
the prevalence of multiple sclerosis. Narcolepsy
usually starts in the second or third decade and
affects both sexes equally. In 5–15% narcolepsy
starts in childhood [10]. Although late onset after
the age of 40 is rare, patients may receive treatment
only in adulthood due to long delay in diagnosis
and therapy. Patients with early-onset narcolepsy
may have a positive family history and are associated with a severe form of the disease.

Diagnosis and differential diagnosis
(see also table 1, table 2 and fig. 1)
The diagnosis of narcolepsy is basically a clinical
one and usually straightforward in patients with
typical and frequent (“clear-cut”) cataplexy. Approximately 15–30% of patients may remain undiagnosed, especially in early or late stages of
disease when cataplexy is mild or absent. Cataplexy usually manifests at the same time or within
a few years after excessive daytime sleepiness. The
frequency of cataplexy tends to decline with age
and disappears in one third of patients. Cataplexy
rarely appears during medical consultation and its
differentiation from other motor symptoms relies
on the patients’ history. There is no diagnostic
test that reliably evokes cataplexy but watching
humorous videos may be a successful provocation.
During the cataplectic attack areflexia [11] is an
important clinical feature to differentiate other
forms of transient muscle weakness. Cataplexy-like
episodes following strong emotions in healthy
subjects may be difficult to distinguish [12]. These
episodes tend to be more common in subjects complaining of excessive daytime sleepiness, usually
involve only the lower limbs and are more commonly triggered by negative emotions (e.g. stress,
anxiety, sorrow) than “clear-cut” (true) cataplexy
[Sturzenegger and Bassetti, The clinical spectrum
of narcolepsy with cataplexy: a reappraisal, submitted].
Sleep paralysis is not specific for narcolepsy.
It occurs once in a lifetime in 6.2% of the general
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Table 1

Diagnostic criteria for narcolepsy (modifed after the International Classification of Sleep Disorders).
1

excessive daytime sleepiness

2

recurrent daytime naps or lapses into sleep that occur
daily for at least three months

3

cataplexy, defined by the following features as proposed
by Honda [68]:

4

A

sudden bilateral loss of skeletal muscle tone

B

provocation by strong emotion

C

preser vation of consciousness and memor y

D

shor t duration

E

response to anticataplectic drugs (clomipramine,
imipramine)

associated sleep-related disturbances
sleep paralysis
hallucinations
automatic behaviours
fragmented night-time sleep

typical ancillary findings in narcoleptics are:
A

polysomnography: sleep latency <10 minutes,
REM-sleep latency <20 minutes

B

multiple sleep latency test: mean sleep latency
<5 minutes; two or more sleep onset REM periods

C

laborator y: HLA-typing: DR2 or DQB1*0602 positivity,
reduced hypocretin-1 (orexin-A) levels in the cerebrospinal fluid

population [7]. Up to 0.8% of the population suffers from severe sleep paralysis (weekly episodes).
Sporadic hypnagogic/hypnopompic hallucinations
are reported in 24% of healthy subjects. The association between sleep paralysis and anxiety was
described in the 1940s by Rosenthal as “halluzinatorisch-kataplektisches Angstsyndrom” [13].
Hypnagogic/hypnopompic hallucinations may
be seen with a variety of conditions including
schizophrenia, substance-induced hallucinations,
metabolic encephalopathies or parkinsonism [14].
The International Classification of Sleep Disorders (ICSD) defined clinical criteria and recommended multiple sleep latency test (MSLT) and
laboratory tests when diagnosis is equivocal [15].
MSLT measures sleep propensity during daytime
when the patient is allowed to sleep in a two-hour
interval. Short sleep latencies (<5 min) in combination with at least two SOREMs in MSLT suggest
narcolepsy [4]. Aldrich found a sensitivity of 70%
and a specificity of 97% for the combination of ≥ 2
SOREMs and a mean sleep latency <5 min in a
large series of narcoleptic patients [16]. More
than 3 SOREMs in combination with short sleep
latency (<5 min) increased specificity up to 99.2%
but decreased sensitivity (46%). The maintenance
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of wakefulness test (MWT) is often applied in
narcoleptic patients to measure the ability to stay
awake. Similar to MSLT, MWT consists of polysomnographic recordings conducted 4–5 times
during daytime in a two-hour interval. Patients sit
and are instructed to resist sleep for 20 min.
Untreated narcoleptic patients have mean sleep
latencies of 6 min whereas normal healthy subjects
stay awake the entire 20 min [17]. To assess driving
capacity MWT may be more appropriate than
MSLT. Occasionally patients with narcolepsy may
have short latencies on MSLT but a normal MWT
(see case report, fig. 1).
Two laboratory markers are diagnostic for
narcolepsy with cataplexy: a specific HLA-II subtype in the DQ-region (DQB1*0602) and reduced
CSF hypocretin levels. Although some markers
in the DR-region of HLA-system have an even
tighter association of up to 100% in selected
populations, recent studies found the DQB1*0602
marker in up to 90% across all ethnic groups
compared to a 12–38% positivity in the normal
population [8, 18]. Low hypocretin levels in the
CSF may become the most sensitive and specific
diagnostic criterion for narcolepsy with cataplexy.
In a recent study a cut-off level of 110 pg/ml showed
a sensitivity of 87% and a specificity of 99%
for narcolepsy with cataplexy [19]. Sensitivity
and specificity decline in narcoleptic patients without or with atypical cataplexy [20]. In addition,
hypocretin may be normal in familial cases and –
according to our own observation – even in monozygotic twins concordant for narcolepsy. These
preliminary data suggest that hypocretin may be
differently involved in the pathophysiology of
narcolepsies with a strong genetic component.

Pathophysiology
The cause of excessive daytime sleepiness remains
unknown. Disturbed night sleep is common in
narcoleptics and may contribute to sleepiness, but
even patients with normal night sleep suffer from
excessive daytime sleepiness. Hence sleepiness
may not represent a deficiency of sleep regulation but result from a deficit in the wake-maintaining systems. Night sleep of narcoleptic patients
typically starts with REM-sleep within 20 min
(= sleep onset REM, SOREM), whereas in healthy
controls REM sleep occurs after 90 min [16]. Sleep
onset REM is a polysomnographic hallmark for
narcolepsy and indicates a more profound sleepwake dysfunction in mechanisms that regulate
the transitions of wakefulness, REM-sleep and
NREM-sleep.
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Table 2

Differential diagnosis of narcolepsy.
differential diagnosis of cataplexy
cataplexy-like episodes in normal sleepy subjects
cataplexy-like episodes in a variety of neurological
conditions
(usually with abnormal mental status/neurological
examination)
Niemann-Pick disease, Prader-Willy syndrome,
Coffin-Lowr y syndrome
Norrie’s disease, Möbius syndrome, structural
diencephalic lesions
star tle syndromes
atonic/astatic seizures
gelastic (laughing) seizures
sudden falls secondary to muscle weakness (periodic
hypokalaemic paralysis, myasthenia gravis, etc.)
drop attacks (including those of vascular origin)

laughter and forced expiration in healthy subjects
led to a similar diminution of H-reflexes as seen
during cataplexy and REM-sleep [21–23]. Thirdly,
a pharmacological study in narcoleptic dogs demonstrated effective suppression of cataplexy by
D2/D3-antagonist whereas REM-sleep remained
unchanged [24]. An alternative hypothesis considers cataplexy as a form of “tonic immobility”
(TI) [21]. Tonic immobility refers to a reversible
motor inhibition in response to a prey/predator
confrontation and is found in a wide range of
species. Besides several neuroanatomical aspects
and pharmacological characterisations tonic immobility and cataplexy share the strong emotional
trigger. In conclusion, atonia during cataplexy and
REM-sleep may be generated by different mechanisms that eventually recruit a common descending ponto-medullary-spinal pathway.

differential diagnosis of “narcolepsy without cataplexy”
(common)
sleep-disordered breathing syndromes

Aetiology

chronic sleep deprivation
restless legs syndrome/periodic limb movements
in sleep disorder
mood disorders
(uncommon)
idiopathic hypersomnia
circadian rhythm disorders
periodic hypersomnias (e.g. Kleine-Levin syndrome)
neurological disorders (sleep-wake dysfunction
associated with such central ner vous system
disorders as stroke, head trauma, Parkinson’s
disease, etc.)
drug intoxication/withdrawal
post-viral/infectious conditions
obesity (without sleep apnoea)
hypothyroidism

Cataplexy is traditionally explained as REMsleep atonia occurring during wakefulness. Evidence came from clinical observation and subsequent electrophysiological data showing that
REM-sleep and cataplexy are accompanied by
areflexia and H-reflex attenuation [4].These results
have led to the hypothesis that atonia during cataplexy and REM-sleep are generated by a similar
neurophysiological mechanism: an inhibition of
spinal alpha-motoneurons due to the activation of
neurons in the ponto-medullary midbrain. The
validity of this concept has recently been challenged for several reasons. Firstly, the equation
cataplexy = REM-atonia does not explain why
cataplexy is triggered by emotions [21]. Secondly,
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Most cases of narcolepsy are idiopathic, rare symptomatic cases are usually associated with brainstem or diencephalic lesions. Although 99% of the
cases are sporadic, genetic factors play an important role as the risk for a first-degree relative is
30–40 times higher than in the general population
[8]. The only well-established genetic risk factors
are the above-mentioned HLA class II-subtypes.
The tight association of narcolepsy to the HLA
system raises the question whether autoimmune
mechanisms are involved in the aetiology of narcolepsy. However, to date, no proofs of autoimmune
process have been identified. Considering that
one third of narcoleptics in families with multiple
affected individuals are in fact negative for HLADQB1*0602 and studies on monozygotic twins
resulted in a low concordance rate of 25–30%,
additional (unknown) environmental factors have
to contribute the genetic susceptibility [8].

Neurobiology of narcolepsy
Until recently the neurobiology of narcolepsy has
been linked to a dysbalance of neurotransmitters in
the brainstem [5]. The discovery that the neuropeptides hypocretins (also called orexins) are involved in human narcolepsy has pointed to a key
role of the hypothalamus in this disorder.The hypothalamus is known as an integrative centre for many
basal functions like temperature, energy regulation
and the homeostatic control of sleeping and waking. Hypocretins are two neuropeptides (hcrt1/2 or
orexin A/B) found in a few ten thousands neurons
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exclusively located in the perifornical area of the
latero-posterior hypothalamus [25, 26]. These few
neurons project to all relevant sleep/waking areas.
Two hcrt-/orexin-receptors, Hcrt1r (= OX1R) and
Hcrt2r (OX2R), have been identified. The role of
hypocretins in the sleep/wake control has been discovered in hypocretin knockout mice [27]. Besides
feeding abnormalities (orexin derives from the
Greek word ςεζις = appetite) these animals surprisingly displayed a narcoleptic phenotype with

Figure 1

sudden cataplexy-like arrests and rapid REMsleep-wake transitions. At the same time an OX2R
mutation resulting in a non-functional hypocretin
receptor has been identified to cause canine narcolepsy [28]. In narcoleptic patients Nishino et al.
found reduced levels of cerebrospinal fluid hypocretin-1 (<100 pg/ml) [29]. Low or undetectable
CSF hypocretin-1 levels in narcolepsy with cataplexy were confirmed by others [19, 30, 31]. In subsequent histopathological studies the absence of

Diagnostic work-up in a patient with narcolepsy-cataplexy.
A 34-year-old man referred to our institution because of severe excessive daytime sleepiness (ESS 16/24) and shor t
episodes of muscle weakness tone triggered by laughter, but no sleep paralysis or concomitant hallucinations. Polysomnography: characteristic shor t sleep latency (3.5 min to NREM2), SOREM (1 min) and fragmented sleep are shown. There are
no other results explaining excessive daytime sleepiness (no sleep apnoea or periodic limb movements in sleep).

Results of multiple sleep latency test reflect high sleep propensity (pathological mean sleep latency 1.8 min) and high REM
pressure (3 of 4 SOREM). Notewor thy is the patient’s misperception of sleep in one of the 4 naps.

Test 1

Test 2

Test 3

Test 4

star t (hh:mm)

09:51

11:50

13:55

15:51

time in bed (min)

20.0

20.2

20.0

20.0

total sleep time (min)

mean

17.5

19.0

18.5

18.0

sleep latency NREM 1 (min)

2.5

1.0

1.5

2.0

1.8

sleep latency REM (min)

2.0

2.5

1.5

6.0

3.0

subjective sleep

yes

yes

no

yes

dreaming

no

no

no

yes

Interestingly maintenance of wakefulness test documents the patient’s ability to stay awake for 20 min when tested in a
non-stimulant surrounding in a 2-hour inter val 4 times a day.

Test 1

Test 2

Test 3

Test 4

star t (hh:mm)

08:56

10:56

12:55

14:53

duration (min)

19.5

21.0

20.0

20.1

0

0

0

0

20

20

20

20

subjective sleep

no

no

no

no

dreaming

no

no

no

no

total sleep time (min)
sleep latency NREM 1 (min)

mean

20.0

sleep latency REM (min)

HLA-DQB1*0602 was positive and CSF-hypocretin-1 (orexin A) was undetectable in this patient.
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hypocretin was observed in the hypothalamus,
suggesting a loss of hypocretin/orexin neurons
[26, 32]. Whether the loss is neurodegenerative in
nature or based on autoimmune destruction as
hypothesised earlier remains unknown. It is noteworthy that hypocretin/orexin deficiency described
in human and in animal narcolepsy is distinct in
nature: in humans it is an acquired loss of hypothalamic hypocretin/orexin neurons, in animals
narcolepsy corresponds to congenital mutations in
the hypocretin gene or hypocretin receptor 2 gene.
There is one case of a mutation in the precursor
hypocretin/orexin gene documented in a young boy
suffering from a severe form of familiar narcolepsy
[32]. All other 21 polymorphisms of hcrt1/2- and
hcrtr1/2-genes currently published are not associated with narcolepsy [32–34]. New animal models
(e.g. the orexin/ataxin 3 model that resembles
human narcolepsy) may provide better insight into
the chronic loss of hypocretin/orexin neurons [35].

Hypocretins (orexins) and sleep-wake cycle
Considering that any disruption of hypocretin
signaling causes narcolepsy in humans and animals,
it has been hypothesised that these neuropeptides
are essential for the regulation of wakefulness and
REM-sleep. Indeed, in vivo recordings in animals
show that most of neurons located in the periforneal area of the hypothalamus are active during
wakefulness and REM-sleep, but silent during
NREM-sleep [36]. Intraventricular injection of
hypocretin-1 increases wakefulness and natural
hypocretin release in CSF correlates to the sleepwake cycle. It peaks in the active period and
shows a nadir during sleep [36–39]. This cyclic
variation is directly related to circadian rhythm
and homeostatic sleep regulation and does not
depend on confounding factors like locomotor
activity or stress during wakefulness [40].The mode
of action, i.e. how hypocretins promote wakefulness, is not yet clear. Wakefulness is mediated
by a complex interaction of aminergic and cholinergic neurons. Hypocretins may mediate wakefulness by enhancing the neuronal activity on aminergic “wake active” areas (such as noradrenergic
locus coeruleus [41–43], serotoninergic nucleus
raphe [44, 45], histaminergic tuberomammillary nucleus [46–48] or dopaminergic system) or by activation of cholinergic neurons in the basal forebrain
or the laterodorsal/pedunculo-pontine tegmental
area [49–52]. Interestingly pharmacological manipulation with modafinil, used for the treatment
of sleepiness in narcolepsy, increases the level of
hypocretins and induces c-fos expression [49].
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Alternatively hypocretins may maintain wakefulness by sleep-inhibitory properties. Gabaergic
neurons in the ventrolateral preoptic area (VLPO)
promote NREM-sleep by inhibiting monoaminergic and cholinergic cells. These cells reciprocally
inhibit VLPO neuron cells during wakefulness [53].
The presence of OX1R in lateral preoptic area led
to the assumption that hypocretins promote wakefulness by inhibition of VLPO-neurons [54] but
these data need to be confirmed.
The REM/cataplexy regulatory effects of hypocretins are more controversial. REM-sleep is
normally initiated by specific neurons located in
the pons. These neurons generate a highly active
EEG pattern via ascending thalamo-cortical
transmission and mediate spinal motor atonia via
descending pathways. During wakefulness these
REM-active neurons are inhibited by aminergic
and serotoninergic neurons. A low aminergic drive
due to absent or dysfunctional hypocretin transmission would enhance REM by simple disinhibitory effects. Consequently, activity of hypocretin neurons is expected to be low during
REM-sleep. However, most studies found high
hypocretins during REM-sleep [36, 37]. In clinical
studies CSF hypocretin-1 is only found to be low
or undetectable when cataplexy is present [25],
suggesting a central role of orexins in cataplexy. A
complex muscle tone regulatory effect of orexins
has been shown in animal studies. Depending on
the site of application hypocretins may increase or
decrease muscle tone [55, 56]. However, in patients
with low cerebrospinal fluid hypocretin-1 levels
related to neurological disorders other than narcolepsy and hypersomnia, but no cataplexy has been
reported [31].

Treatment of narcolepsy
Current treatment of narcolepsy is symptomatic
and includes non-pharmacological and pharmacological strategies (see table 3). Patients should be
informed about the chronic course of the disease
and the value of counselling to address issues
such as sleep hygiene, driving licence, professional
choices, pregnancy. The most important nonpharmacological treatment are scheduled daytime
naps even in late stages of disease. In milder forms
short daytime nappings of 10–60 min may control
excessive daytime sleepiness sufficiently but even
in severely affected patients this strategy helps
to reduce the dosage of stimulants. Most narcoleptic patients need pharmacological medication,
which is effective in two thirds with tolerable
side effects. Excessive daytime sleepiness and
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REM-sleep symptoms usually require distinct
approaches although treating excessive daytime
sleepiness positively influences cataplexy. There
are only a few agents including sodium oxybate
(gammahydroxybutyrate = GHB) that consolidate
disturbed night sleep.

Excessive daytime sleepiness
The rationale of treatment with stimulants is to
compensate the relative aminergic dysbalance by
enhancing dopaminergic or noradrenergic activity.
Drug of first choice for moderate and severe
excessive daytime sleepiness is modafinil achieving
a good effect in most patients. The effect of moda-

Table 3

finil on excessive daytime sleepiness is similar to
that of methylphenidate and probably inferior to
that of amphetamines, but patients benefit from its
lower side-effect profile, absent effect on nocturnal
sleep and lower abuse potential [57]. Headache and
nervousness are the most frequently reported side
effects (up to 50% of patients). Tolerance has only
rarely been observed. Alternatively mazidol or
methylphenidate should be tried, in non-responsive patients metamphetamine and dextroamphetamine can be used [58–61]. Third-line drugs in the
treatment of excessive daytime sleepiness include
selegilin, sodium oxybate (GHB) and reboxetin
(a selective noradrenalin reuptake inhibitor) [62].
Sodium oxybate markedly reduces the frequency
of cataplectic attacks. The substance has been

Pharmacological treatment of narcolepsy.

substance

start-dosis

max. dosis

side effects/notes

excessive daytime sleepiness
Modafinil

100 mg/d

200–400 mg/d
in 1–2 dosages

side effects: mainly headache, ner vousness

Mazidol

1–2 mg/d

6 mg/d
in 1–2 dosages

side effects: headache, ner vousness, tremor, insomnia,
gastrointestinal complaints, palpitations, insomnia

Methylphenidate

5 mg/d

50–80 mg/d
in 2–3 dosages less with
the slow-release form

Dextroamphetamine

5 mg/d

60 mg/d
in 1–2 dosages

Pemoline

20 mg/d

200 mg/d
in 1 dosage

Note: In some countries pemoline was withdrawn
because of (rare) repor ts of hepatotoxicity [63].

side effects: sedation, dr y mouth, or thostatic hypotension, urinar y retention, impotence, sweating, blurred
vision, and weight gain, may increase muscle tone during
sleep

cataplexy: classical antidepressants
Clomipramine

10 mg/d

200 mg/d
in 1–3 dosages

Imipramine

25 mg/d

200 mg/d
in 1–3 dosages

Protr yptilin

5 mg/d

30 mg/d
in 1–2 dosages

Note: May have effect on excessive daytime sleepiness,
weak dopamine reuptake inhibitor.

no or less anticholinergic and antihistaminergic
side effects, nausea, dr y mouth

cataplexy: newer antidepressants
Fluoxetine

20 mg/d

80 mg/d
in 1–2 dosages

Paroxetine

20 mg/d

60 mg/d
in 1–2 dosages

Viloxazine

50 mg/d

300 mg/d
in 1–2 dosages

Venlafaxine

50 mg/d

300 mg/d
in 1–2 dosages

3 g/night

6–9 g/night
2 dosages within
the night

disrupted night sleep
GHB

side effects: incontinence, sedation, pain
dizziness, depression, somnolence

Swiss trading names: Modafinil = Modasomil®; Mazidol = Teronac®; Methylphenidate = Ritalin/Ritalin-SR®; Dextroamphetamine = Dexamin®; Pemoline = Stimul®; Clomipramine = Anafranil®; Imipramine = Tofranil®; Protr yptilin = Vivactil®;
Fluoxetine = e.g. Fluctin®; Paroxetine = Deroxat®; Viloxazine = Vivalan®; Venlafaxine = Efexor®; GHB = Xyrem®.
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approved by the FDA in the US for the treatment
of cataplexy but recent studies have also shown its
efficacy against excessive daytime sleepiness [63].
GHB is probably the only available drug that
consolidates night-time sleep in narcolepsy. Problematic is its short half-life and caution has to be
paid to its sedating effects and abuse potential.
Severe complications such as coma and death have
been reported in non-narcoleptic drug abuses when
taken together with alcohol or other drugs. The
effect of propranolol and levodopa (250–500 mg/d)
seem to be either limited to single patients or shortlived [61]. Some patients experience an improvement of mood with stimulants. Tolerance occurs in
up to 30% of patients, more commonly at high
dosages [41, 61]. Drug holidays of 1–2 days/week
(lower dosages or no medication) may be of benefit. Hypertension, myocardial ischaemia, ischaemic
stroke and cerebral haemorrhage are rare in
patients without associated cardiovascular risk
factors. A neuronal toxicity has been described
for amphetamines only at very high dosages of
500–3000 mg/d [64]. Addiction and psychosis are
rare (<1–3% of cases) [65]. The use of low-dose
stimulants seems to be safe in children, whereas
it should be avoided when possible in pregnancy.
Pemoline, mazidol and the selective serotonin
reuptake inhibitors are probably the safest stimulants during pregnancy [61].

Cataplexy
In patients with frequent/severe cataplexy treatment should be started with tricyclic agents. The
most effective drugs are clomipramine and imipramine [41, 61, 66]. Tolerance to these drugs may
develop, and their abrupt discontinuation may
cause a “status cataplecticus” [65]. Contraindications and side effects of these compounds are
due to their anticholinergic effect or concomitant
treatment with MAO-inhibitors (see table 3). New
and more selective antidepressants such as protryptilin, fluoxetine, paroxetine, viloxazine, venlafaxine or femoxetine can be tried in patients with
untolerable anticholinergic side effects of the tricyclic agents [41]. These agents may also have a
mild effect on excessive daytime sleepiness. Carbamazepine, clonidin or anticholinergic drugs can be
tried in patients without response to other anticataplectic drugs. Prazosine should be avoided in
narcoleptics because of its well-known aggravating
effect on cataplexy [67]. Development of hypocretin/orexin-agonists may become a future therapeutic option for both excessive daytime sleepiness
and cataplexy.
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