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Summary. The present article is meant to suggest an approach to the guide-
lines for the therapy of sleep disturbances in Parkinson’s Disease (PD)
patients.

The factors affecting the quality of life in PD patients are depression, sleep
disturbances and dependence. A large review of the literature on sleep distur-
bances in PD patients, provided the basis for the following classification of the
sleep-arousal disturbances in PD patients.

We suggest a model based on 3 steps in the treatment of sleep disturbances
in PD patients. This model allowing the patient, the spouse or the caregiver a
quiet sleep at night, may postpone the retirement and the institutionalization
of the PD patient.

I. Correct diagnosis of sleep disorders based on detailed anamnesis of the
patient and of the spouse or of the caregiver. One week recording on
a symptom diary (log) by the patient or the caregiver. Correct diagnosis
of sleep disorders co morbidities. Selection of the most appropriate
sleep test among: polysomnography (PSG), multiple sleep latency test
(MSLT), multiple wake latency test (MWLT), Epworth Sleepiness Scale,
actigraphy or video-PSG.
II. The nonspecific therapeutic approach consists in:
a) Checking the sleep effect on motor performance, is it beneficial, worse
or neutral.
b) Psycho-physical assistance.
¢) Dopaminergic adjustment is necessary owing to the progression of
the nigrostriatal degeneration and the increased sensitivity of the
terminals, which alter the normal modulator mechanisms of the motor
centers in PD patients. Among the many neurotransmitters of the
nigro-striatal pathway one can distinguish two with a major influence
on REM and NonREM sleep. REM sleep corresponds to an increased
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cholinergic receptor activity and a decreased dopaminergic activity.
This is the reason why REM sleep deprivation by suppressing cholin-
ergic receptor activity ameliorates PD motor symptoms. L-Dopa and
its agonists by suppressing cholinergic receptors suppress REM sleep.
The permanent adjustment according to the progression of the degen-
erative process of the disease will diminishe aggravation.

The following types of sleep-arousal disturbances have to be considered in PD

patients:

— Sleep Disturbances

Light Fragmented Sleep (LFS)

Abnormal Motor Activity During Sleep (AMADS)

REM Behavior Disorders (RBD)

Sleep Related Breathing Disorders (SRBD)

Sleep Related Hallucinations (SRH)

Sleep Related Psychotic Behavior (SRPB)

— Arousal Disturbances

Sleep Attacks (SA)

Excessive Daytime Sleepiness (EDS)

Each syndrome has to receive a score according to its severity

III. The specific therapy consists in: LFS: Benzodiazepines & Nondiazepines.
AMADS: Clonazepam, Opioid, Apomorphine infusion; RBD:
Clonazepam and dopaminergic agonists; SRBD: CPAP, UPPP, nasal
interventions, losing weight; SRH: Clozapine, Risperidone; SRPD:
Nortriptyline, Clozapine, Olanzepine; SA-adjustment; EDS-arousing
drugs. Each therapeutic approach must be tailored to the individual PD
patient.

Keywords: Sleep-arousal disturbances, light fragmented sleep, abnormal
motor activity during sleep, REM behavior disorders, sleep related breathing
disorders, sleep related hallucinations, sleep related psychotic behavior, sleep
attacks, excessive daytime sleepiness.

Introduction

Parkinson’s Disease (PD) is a basal ganglia disease of unknown origin. The
disease is classified according to the degree of severity in stages described by
Hoehn and Yahr and its rating is performed almost by means of the Unified
Parkinson’s Disease Rating Scale (UPDRS).

The prevalence of disturbed sleep in Parkinson’s Disease (PD) was found
to vary, according to an objective rating, from 60%-98% (Lees et al., 1988;
Nausidea et al., 1982). The factors affecting the quality of life in PD patients
are depression, sleep disturbances and dependence (Menza and Rosen, 1995).
A succinct description of what is called normal sleep will facilitate the delimi-
tation of disturbed sleep in PD patients.

Normal sleep is a cyclic succession of two different states, the silent sleep
state or nonrapid eye movement (NonREM) sleep and the active or the rem
eye movement (REM) sleep. The NonREM sleep is a cyclic succession of four
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stages, first two (I,II) are also named light sleep and last two (III-1V) deep
sleep or slow wave sleep (SWS). SWS is restorative and a protein synthetiser,
while REM sleep is an energy consumer. Both are vital, with crucial impor-
tance for the well being. Their precise functions are not yet known.

During sleep, motor activity is present under the classical two states of
relaxation and contraction at an unconscious level. In NonREM sleep relax-
ation is characterized by a regressive gradient muscle tone, paralleling the
deepness of sleep, randomally populated by isolated motor unit potentials.
The NonREM sleep muscle contractions consist in hypnic jerks mostly at the
onset of sleep and postural shifts at stage changes. The hypnic jerk consists
in a abrupt muscle action flexing movement, generalized or partial and
asymmetric, which may cause arousal, with an illusion of falling. Electromyo-
graphically it displays complexes of 250 msec. in various skeletal muscles,
predominantly in the limbs. The postural shifts at stage changes involve
multiple skeletal muscles. They are more frequent in childhood 4,7/hour at the
age 8 to 12 years old, decreasing toward 2,1/hour at 65-80 years old.

In NonREM sleep the motor register displays a motionless state with
reduced responsiveness at all levels. A gabaergic inhibition originating in
reticular centers, generates inhibitory postsynaptic potentials (IPSPs) block-
ing the synaptic transmission at the thalamus level, with deafferentation of the
motor cortex. During slow wave sleep, due to a greater neuronal synchroniza-
tion, gabaergic blockade of the thalamus, and hyperpolarisaton of the motor
unit through descending inhibitory postsynaptic potentials, the neurons fire
at their lowest level, thus explaining the lesser responsiveness to afferent
impulses.

In REM sleep — an unstable state — excitatory and inhibitory responses
coexist. The hyperpolarisation of the alpha neuron motors through small and
large IPSPs originating in the nucleus pontis oralis and the nucleus reticularis
gigantocellularis of the pons and medulla oblongata, results in the motor
atonia of REM sleep. The inhibitory tone at the final motor pathway being at
its maximal level, allows the enhancement of the motor and sensory cortices,
red nucleus and cerebellum cellular activity, resulting in the dream state.
The bursts of phasic REM movements arise from superimposed excitatory
postsynaptic potentials (EPSPs) originating in brainstem and mediated
through N-methyl-D-aspartate (NMDA) excitatory synapses. IPSPs can be
suppressed by diffusion with strychnine, suggesting the inhibitory role of
glycine.

The above data explains why the tendon reflexes in NonREM sleep are
diminished and why during REM sleep they are abolished. It was suggested
that the beneficial effect of sleep on extrapyramidal diseases may be explained
by an inhibited thalamus in the basal ganglia-thalamo-cortical circuit. During
sleep the autonomic homeostatic equilibrium is replaced by a predominantly
parasympathetic activity during NonREM sleep and a predominantly sympa-
thetic activity during REM sleep. Through microneurographic methods the
muscle sympathetic nerve activity (MSNA) and the sensitive sympathetic
nerve activity (SSNA) are decreased in NonREM sleep, and increased in
REM sleep. In SWS the classic pulse synchronization of the MSNA and SSNA
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is absent. Translated into neurotransmitter terms during NonREM cholin-
ergic activity is predominant while during REM sleep noradrenergic activity
is predominant. Movements during sleep are not accompanied by a homeo-
static response from the autonomic nervous system (ANS). This is why a
more prolonged muscle activity lacking the ANS support provokes arousal.
PD patients with autonomic failure are at high risk of hypoxia due to the
diminished arousal associated with sleep events demanding an energetic
effort.

Basal ganglia during wakefulness are involved in routine and automatic
behavior according to cognitive, limbic and hippocampic information, while
during sleep behavior is the result of peripheral stimuli.

The poet and philosopher Lucretius pronounced 2000 years ago a sen-
tence which became notorious at that time: “Sleep is the absence of wakeful-
ness”. If Lucretius meant by wakefulness consciousness he was right and is
right still today. Today we have to add to this universal truth that there is no
wakefulness without sleep, and sleep without wakefulness, because sleep/
wakefulness is a continuum. The two states have been artificially separated.
During two thirds of our life we are awake and one third we are asleep, health
is the result of a harmonious wakefulness daily strengthened by a restorative
sleep. Illnesses means the alteration of the physiologic continuum, either in its
wake period or in its sleep period.

Sleep disturbances in Parkinson’s Disease

The approach to disturbed sleep-arousal in Parkinson’s Disease (PD) is based
on personal experience and the review of selected articles (see references).

Idiopathic PD is a disorder characterized by a nigrostriatal dopaminergic
terminal degeneration, associated with degeneration of the cortex, brainstem
and intermedio-lateral column. The few remaining nigrostriatal terminals
have difficulty in taking up exogenous L-dopa and converting it to dopamine
for subsequent storage and release. These remaining neurons and terminals
display an enhanced sensitivity to small changes in plasma dopaminergic
(DA) drugs, producing many adverse reactions. The neuro-degenerative pro-
cess and the side effects of the drugs are the two major causes, responsible for
sleep-arousal disturbances (Lees et al., 1988; Nausidea et al., 1982; Menza and
Rosen, 1995; Zweig et al., 1989; Comella et al., 1998; Plazzi et al., 1997). The
neurodegenrative process imply its direct consequences, such as bradikinesia-
rigidity, psychiatric complications, circadian disruption and REM distur-
bances (Lees et al., 1988; Nausidea et al., 1982; Menza and Rosen, 1995; Zweig
et al., 1989; Comella et al., 1998; Plazzi et al., 1997). The side-effects of drugs
consequences imply dyskinetic — dystonic movements.

The prevalence of disturbed sleep in PD varies from an objectively rated
percentage of 60-90% (Trenkwalder, 1998), 74-98% (Partinen, 1997). Deter-
minations of the quality of life (QoL) in PD patients are emphasizing the
important role of sleep (Smith et al., 1997; Martinez-Martin, 1998; Karlson et
al., 1999). Karlson et al. by using the Nottingham Health Profile test on 233
PD patients showed that the most predictable variables for the QoL of PD
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patients are depression, sleep disturbances (SD) and dependence (Karlson
et al., 1999).

According to a self-rated methodology the prevalence of disturbed sleep
varies from a percentage of 25% in males to 41% in females (Damiano et al.,
1999). Two health related quality of life tests were elaborated for PD patients
Parkinson’s Disease Questionnaire — PDQ-39- and Parkinson’s Disease
Quality of Life Questionnaire -PDQL-. Both of them include sleep and rest
measurements, despite the lack of these data in the UPDRS (Damiano et al.,
1999). The Keyston Colorado consensus conference on an algorithm for the
management of PD held in February 1994 marked the introduction of sleep
disorders in PD patients as a current topic for an adequate approach (Koller
et al., 1994).

We suggest the following approach to guidelines for the treatment of
disturbed sleep in PD patients. This approach is meant to postpone the
institutionalization of PD patients, allowing the spouse or the caregiver a
quiet sleep at night. This approach consists in 3 steps, each one of major
importance.

1. FIRST STEP consists in: 1.1. correct diagnosis of sleep disturbances
based on detailed anamnesis of the patient and of the spouse or of the
caregiver; 1.2. recording for one week a symptom diary (log) by the patient or
the caregiver; 1.3. correct diagnosis of sleep disturbances due to co morbidities
(a sleep disorder not related to the PD); 1.4. choosing the most appropriate
test or group of tests, for the specific type of sleep disturbance among:
polysomnography (PSG), multiple sleep latency test (MSLT), multiple wake
latency test (MWLT), Epworth sleepiness scale (ESS) (Table 1) (Johns,
1991), actigraphy (Katayama, 2000) or video-PSG.

PSG is useful in LFS, AMADS, RBD, and SRBD; MSLT, MWLT or ESS
is useful in EDS, SA, SRBD; Ac is useful in AMADS; and Video-PSG is
useful in SRH and SRPB.

Table 1. How likely are you to doze off or fall asleep in the following situations, in
contrast to feeling just tired? Even if you have not been in such situations try to work out
how they would have affected you

never
slight chance

moderate chance
high chance

Choose the most appropriate number for dozing:

W= O

Sitting and reading

Watching TV

Sitting inactive in a public place

As a passenger in a car for an hour

Lying down to rest in the afternoon

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped a few minutes in the traffic
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2. SECOND STEP or the nonspecific therapy, is effective for all the types
of sleep-arousal disturbances and consists on 2.1. checking the effect of sleep
on motor performance; 2.2. psycho-physical assistance; 2.3. adjustment of the
therapy.

2.1. Checking the effect of sleep on the motor performance in PD patients.
This information, gives us an important clue to the interrelationship sleep/PD.
Three possible effects of sleep on the motor performance were described in
PD patients: sleep benefit (SB), sleep worse (SW) and sleep neutral (SN). The
beneficial effect of sleep on motor performance manifested itself from half an
hour to 3 hours. SB was found to be present in 10-55% of the PD patients
(Hogl et al., 1998; Tandberg et al., 1999; Bateman et al., 1999; Factor and
Weiner, 1998; Takahashi et al., 1968; Weitman and Hellman, 1974; Adam and
Oswald, 1983; Ramm and Smith, 1990). A group of authors have described SB
as a frequent phenomenon among the late PD patients of older age, lengthy
disease duration, high doses of dopaminergic agonists, long duration of
dopaminergic therapy and with more hallucinations and vocalization during
sleep (Merello et al., 1997; Curie et al., 1997; Clark and Feinstein, 1977).
Others did not find any difference in age stage, duration of the disease,
symptomatology and duration of treatment (Factor et al., 1990). Sleep disor-
ders were found in an equal proportion in the SB patients called also “morn-
ing better” and SW called also “morning worse” patients. The third group of
SN called also “morning same” who are less frequent than the other 2 groups,
displays less severe disease, shorter duration and low doses of DA drugs
(Factor et al., 1990). The morning motor function is probably more related to
the fluctuation of the dopaminergic receptor and to “off” phenomena during
sleep than to an impaired sleep mechanism (Factor et al., 1990). Sleep benefit
may be also present in PD of early onset (Merello et al., 1997; Curie et al.,
1997; Clark and Feinstein, 1977). By checking the effect of sleep on motor
performance one may establish the subset of SB and SW which can offer a
hint to the development of severe fluctuations at the dopaminergic receptor
site in the future and bring light in this controversy.

2.2. Psyco-physical assistance. The obvious tendency of PD patients to
lead a sedentary life is directly related to the progress of the disease which
favors daily somnolence. In order to avoid the daily somnolence the following
10 hygiene commandments are recommended: 1) An afternoon nap has to
be allowed only in PD patients with a longstanding habit of napping; 2) PD
patients have to avoid day dozing, alcohol, coffee and heavy meals before
bedtime; 3) Maintenance of a regime of regular day activity with physical
work; 4) Exercise may provide benefits through its effect on the cardiovascu-
lar system, on the muscle mass, on postural comples and cognition; 5) Limit
fluid intake after 17:00; 6) A warm bath before bedtime; 7) Instrumental aids
for getting out of and into bed; 8) Easy accessibility to water, bathroom and
alarm clock at night; 9) A PD nurse has an important role in avoiding sleep
disturbances of the PD patient; 10) chronotherapy fulfills psychophysical
assistance in PD patients with biological clock disorders (Butler et al., 1998;
Mac Mahon, 1999; Hauri, 1981; Zarcone, 1987; Spielman et al., 1987; Lichstein
and Fischer, 1985; Weitzman et al., 1981).
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2.3. Adjustment therapy has to be performed before any specific therapeu-
tic approach. The rationale of the adjustment is imposed by the evolution of
the disease. The progression of nigrostriatal degeneration and the increased
sensitivity of the terminals alter the normal modulator mechanisms of
motor centers in PD patients. Among the many neuro-transmitters of the
nigrostriatal pathway one can distinguish two, with a major influence on REM
and NonREM sleep. REM sleep corresponds to an increased cholinergic
receptor activity and a decreased dopaminergic activity. This is the reason
why REM sleep deprivation by suppressing cholinergic receptor activity im-
proves PD motor symptoms. L-Dopa and its agonists by suppressing cholin-
ergic receptors suppress REM sleep. L-Dopa may have also an arousal or
suppressing effect on NonREM sleep, potentiating wakefulness and enhanc-
ing the fragmentation due to involuntary movements, or deepening sleep and
enhancing imobility. Using the above mentioned sleep effects of anticholin-
ergic drugs and dopaminergic agonists one can improve the sleep of the PD
patient, simply by dose adjustment (Askenasy and Yahr, 1985). The evalua-
tion of the dosage and of the timetable or the use of new dopaminergic
agonists (ropinorole, pramipexole) with fewer motor side-effects improve
sleep disturbance. The dopaminergic adjustment, by using a slow release
therapy like Sinemet CR (Stocchi et al., 1998), or a selective and reversible
COMT inhibitor like Tolcapone (Micek and Ernst, 1999), or Domperidone
or Cisapride (Pfeiffer, 1998) for dopaminergic failure due to a severe re-
duction of gastric movement, may improve sleep disturbances significantly.
Gabapentin (a GABA analogue) may be an important adjuvant in the treat-
ment of sleep disturbances in PD patients, by increasing slow wave sleep, with
simultaneous improvement of tremor, rigidity, bradykinesia and motor fluc-
tuations (Chana et al., 1997; Rao et al., 1988).

The night motor activity recorded by means of a wrist-worn monitor in 84
PD and 83 normal controls age-sex matched, showed a significant improve-
ment of sleep disturbances in severe forms of PD, following dopaminergic
adjustment (van Hilton et al., 1994).

3. THIRD STEP: or the specific therapy. Is directed specifically to each
sleep syndrome, and each therapeutic approach has to be tailored to each
individual PD patient. Due to the complex etiology of sleep disturbance in
PD, frequently more than one type of sleep disturbance is found. By improv-
ing one type of sleep disturbance, a clear improvement can be reached with
another type.

For example treating successfully restless legs and periodic leg movements
or sleep behavior disorders, excessive daytime sleepiness may be resolved.

Light fragmented sleep (LFS)

LFS was first described as a characteristic sleep disturbance entity of PD
patients in 1981 (Askenasy, 1981). It consists of difficulties in the initiation
and maintenance of sleep, causing insomnia (Askenasy, 1981). It is by far
the most frequent type of sleep disturbance among PD patients (Tandberg
et al., 1998). Up to 80% of PD patients complain of LFS (Factor et al., 1990).



132 J. J. M. Askenasy

Light and fragmented sleep is of multifactorial origin (Lees, 1988; Factor
et al., 1990; Tandberg et al., 1998; van Hilten, 1993). The factors implicated
are of 1.1.1. motor origin: either due to hyper mobility expressed by resting
tremor, eye blinking, dyskinesia, limb-facial dystonia, jerks, painful leg
cramps and fragmentary myoclonus, or due to immobility with an
inability to turn around in bed and stiffness (Rao et al., 1988; van Hilten
et al., 1994); 1.1.2. of disturbed breathing origin, 1.1.3. vivid dreams or night-
mares, 1.1.4. nocturia (van Hilten et al., 1994; Askenasy, 1981; Tandberg
et al., 1998; Horiguchi et al., 1990) which may also expose the PD patient to
frequent falls, resulting in hip fractures, 1.1.5. anxiety and depression may
frequently aggravate the insomnia, 1.1.6. screaming while sleeping is able to
wake up 50% of the cases displaying this phenomenon (Nakamuro et al.,
1998). The arousal due to screaming is the result of a dysfunction of the lower
brainstem, Locus Ceruleus and pedunculo-pontine nuclei, related to REM
muscle atonia (Nakamuro et al., 1998). On the PSG test a parasympathetic
deceleration of the heart rate is frequently observed (Laihinen et al., 1987).
At the receptor level a disequilibrium of its sensitivity is considered to be
the cause of LFS (Trenkwalder, 1998; Partinen, 1997; Butler et al., 1998;
MacMahon, 1999; van Hilten, 1994; Askenasy, 1981; Tandberg et al., 1998;
Apps et al., 1985; Feinsilver et al., 1986). A direct consequence of LFS is
daytime dozing.

Treatment

The possibilities offered by dopaminergic adjustment and psycho-physical
nonpharmacologic therapy has to be the first of all approach in every case.
Inspite of the fact that the dominant complaint of the LFS PD patient is
the severe insomnia, the prescription of a sleeping pill has to be largely
avoided because of the chronic nature of sleep disturbance and the risk of
developing dependence. If it has to be used in some cases, the duration of the
treatment has to be of maximum one month and the hypnotic has to be
changed every night to avoid dependence. Nondiazepines short acting are
imidazopyridine, used at a dose of 5-10mg., and cyclopyrrolone at a dose of
7.5mg. (Schatzberg et al., 1997; Fairweather et al., 1992; Ganzoni et al., 1995;
Monti et al., 1994; Lader, 1997; Goa and Heel, 1986). The tricyclic antide-
pressant amitriptyline at a dose of 10-40mg., as well as the antihistaminic
diphenhydramine at a dose of 25-50mg. have good hypnotic results, even
in nondepressive and nonallergic PD patients. Benzodiazepines remain at-
tached to the neuroreceptor during the next morning, provoking daytime
sedation, dozing, memory deficit and discoordination of perceptual skills.
This is why short acting benzodiazepines like triazolam, zolpidem and
brotizolam, with a half-life of 3.5 hours, are preferred, and not flurazepam
with a half-life of 84 hours (Hoehns and Perry, 1993; Scharf et al., 1994; Shaw
et al., 1992). The consuming of hypnotics may be also a source of sleep
fragmentation at withdrawal (Partinen, 1997; Fish et al., 1991; Rubio et al.,
1995; Linsen et al., 1995). The association of Zopiclon with Aniracetam was
found to be effective (Katsunuma et al., 1998). Intranasal Desmopressin was
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observed to be a useful tool in LFS due to nocturia of PD patients (Partinen,
1997).

In intractable LFS, with persistent sleep rest tremor and severe sleep
muscle hyperactivity, a neurosurgical approach may be the solution. Chronic
subthalamic nucleus stimulation (Moro et al., 1999), continuous high fre-
quency stimulation of the ventral intermediate nucleus of thalamus (Arnulf et
al., 2000) or unilateral/bilateral pallidotomy (Favre et al., 2000) were shown to
improve sleep in operated PD patients. When LFS was caused by night pain,
pallidotomy was observed to be the best neurosurgical choice (Honey et al.,
1999).

Abnormal motor activity during sleep (AMADYS)

Periodic Leg Movements during sleep and Restless Legs Syndrome (PLM-
RLS). PLM wakes up the patient, while RLS occur as a post-effect of the
PLM. PLMS appears during sleep, while RLSS raise the patient during wake-
fulness making him walk due to the irresistible urge to move. They may exist
separately but more often they are coexisting. This is the perfect example of
the sleep/wake continuum disturbance or of a “sleep/wake disorder”.

PLMS consists in 1-6 per minute rhythmic segmental movements of the
muscles of the legs, mainly anterior tibial, during sleep (Chesson et al., 1999).
The positive diagnosis of PLM is through PSG with two leads for the anterior
tibial muscles of both sides. RLS consists in an irresistible urge to move
affected limbs (lower and upper limbs) during sleep, which oblige the sleeper
to wake up and take some steps (Chabli et al., 2000; Wetter et al., 2000). PD
patients displaying PLM/RLS may benefit from its positive response to DA
drugs (Askenasy et al., 1985; Lang, 1987; Linazasoro et al., 1993; Montplaisir
et al.,2000). Up to 80% of PLM-RLS respond to DA drugs (Montplaisir et al.,
1997). PLM-RLS was described to be higher in some populations either by
population survey (Lavigne and Montplaisir, 1994; Phillips et al., 2000) or by
clinical ascertainment (Rothdach et al., 2000). The segmental movements are
usually extension of the big toe, ankle, knee or hip, depending on the ampli-
tude of the neuronal discharge (Chesson et al., 1999; Rye and Bliwise, 1997)
When compared with the RLS, PLM are more often unilateral (Askenasy and
Yahr, 1990). PLM-RLS are more evident in the first part of the night sleep
(Askenasy et al., 1985). They may coexist in PD patients with sleep apnea
syndrome and REM behavior disorder. Electromyographic (EMG) studies
of PLM showed that movements appear in association with bursts lasting 0-5
seconds when the amplitudes of potentials are above 130 microvolt (Rye and
Bliwise, 1997). EMG and PSG studies revealed an interesting phenomena
which is more evident in late PD: the presence of burst-tremor (see Fig. 1)
(Rye and Bliwise, 1997; Askenasy and Yahr, 1983, 1990).

The etiology of PLM syndrome is unknown. It was suggested based on
neurophysiological data and functional MRI that a suprasegmental disinhibi-
tion during sleep may provoke PLM (Trenkwalder et al., 1996; Bucher et al.,
1997; Yokota et al., 1991; Watanabe et al., 1987). The efficacy of levodopa and
dopamine agonists in reducing PLM is also an argument favoring this theory
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Fig. 1. Burst-tremor of the right anterior tibial muscle during nonREM sleep stage II in
a 67 years old patient suffering of idiopathic Parkinson’s disease stage 111

(Brodeur et al., 1988; Wetter et al., 1999). A PSG study recorded during two
nights of sleep of 10 PD patients, 10 multiple system atrophy patients and 10
Huntington’s chorea patients, age/sex matched and free of drugs for 2 weeks,
showed that the PLM index is significantly higher in naive PD patients,
suggesting that it is the neurodegenerative process the cause of PLM (Wetter
and Pollmacher, 1997). It was suggested that in PD patients movements in
limbs may be favored by the presence of an “off” nocturnal phenomenon
as a result of more severe BG neuronal degeneration (Askenasy et al., 1985;
Reuter et al., 1999). It was argued that the prevalence of PLM in the general
population above 65 years and in PD patients is similar (Ancoli-Israel et al.,
1991).

In PD patients PLM was found to appear almost exclusively in sleep stage
IT (Askenasy et al., 1985; Montplaisir et al., 1997). The absence of slow wave
sleep in aged PD patients may explain the lack of PLM in stage III and IV and
their presence almost in stage 11. The lack of PLM in REM sleep, suggest that
the inhibition of the skeletal muscles is very strong in this stage, and that
different laws govern motor activity in sleep and in wakefulness and their
physiology is different (Rye and Bliwise, 1997; Ancoli-Israel et al., 1991;
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Chase and Morales, 1982; Siegel, 1985; Morrison and Bowker, 1975; Askenasy
and Yahr, 1990). The etiology of RLS syndrome is unknown.

Studies on the PLM-RLS frequency in PD patients are still inconclusive
and this issue needs further well elaborated studies (Wetter and Pollmacher,
1997; Montplaisir et al., 1986).

Treatment

Therapy of syndromes of unknown ethiology have an empirical basis. In the
case of PLMS-RLSS, a consensus conferences have elaborated the standards
of treatment (Chesson et al., 1999). As the first step, the Practice Parameters
Standards (PPS) (Chesson et al., 1999) recommend, preliminary to the
therapy, a) analytic anamnesis from the patient and bed partener, b) evalua-
tion for comorbid conditions, c¢) follow-up for side-effects and tolerance.
Second preliminary step consist in avoiding the exacerbating effect on PLM of
drugs such as tricyclic agents, monoaminoxidase inhibitors (MAOI) AB
(phenelzine) or MAOI B (selegiline) in the evening (Koller et al., 1994;
Askenasy and Yahr, 1988). The third preliminary to the therapy step is the
drug adjustment consisting in the association of DA slow release drugs with
physical assistance, like stretching or passive movements (Trenkwalder, 1998;
Koller et al., 1994; Chesson et al., 1999). Only then PPS recommend starting of
the drug therapy per se. As efficient drugs for PLM it was recommended:
Pergolide, Bromocriptine or Clonazepam and for RLS Clonidine,
Gapapentin, Clonazepam, Iron. Low doses of clonazepam (0.5-2mg), tema-
zepam, nitrazepam, carbamazepine, clonidine or lioresal, may be helpful and
in recalcitrant cases opiates like oxycodone or propoxyphene nightly are
useful (Trenkwalder, 1998; Koller et al., 1994; Wetter and Pollmacher, 1997,
Montplaisir et al., 1986; Rye and Bliwise, 1997; Askenasy and Yahr, 1983, 1988,
1990; Trenkwalder et al., 1996; Bucher et al., 1997; Yokota et al., 1991;
Watanabe et al., 1987; Brodeur et al., 1988; Wetter et al., 1999; Reuter et al.,
1999; Ancoli-Israel et al.,, 1991; Montagna et al., 1997; Matthewa, 1979;
Boghen, 1980; Oshorty and Vijayan, 1980; Trzepacz et al., 1984; Hanwerker
and Palmer, 1985; Mitler et al., 1986; Moldofsky et al., 1986; Henning et al.,
1986; Bastani and Westervell, 1987; Zucconi et al., 1989; Bonnet and Arand,
1990; Guilleminault and Flagg, 1984). In very refractory cases nocturnal con-
tinuous subcutaneous overnight apomorphine infusions of 1% were shown to
produce a dramatic reduction of nocturnal awakenings, nocturnal off periods,
pain, dystonia and nocturia, which are related to PLM (Reuter et al., 1999;
Ancoli-Israel et al., 1991; Askenasy and Yahr, 1988; Montagna et al., 1997;
Matthewa, 1979; Boghen, 1980; Oshorty and Vijayan, 1980; Trzepacz et al.,
1984; Hanwerker and Palmer, 1985; Mitler et al., 1986; Moldofsky et al., 1986;
Henning et al., 1986; Bastani and Westervell, 1987; Zucconi et al., 1989;
Bonnet and Arand, 1990; Guilleminault and Flagg, 1984; Frankel et al., 1990).
The infusions with apomorphine have a short action of 34 minutes equivalent
to the short half life time (Reuter et al., 1999; Ancoli-Israel et al., 1991;
Askenasy and Yahr, 1988; Montagna et al., 1997; Matthewa, 1979; Boghen,
1980; Oshorty and Vijayan, 1980; Trzepacz et al., 1984; Hanwerker and
Palmer, 1985; Mitler et al., 1986; Moldofsky et al., 1986; Henning et al., 1986).
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A special attention was attributed by PPS to the treatment of PLM-RLS
in pregnant women. The medication was classified according to the degree
of risk from least to highest in the categories ABC and X. In category B
was included pergolide, in category C: L-dopa-carbidopa, clonazepam, pro-
poxyphene, codeine, carbamazepine, gapapentin, and clonidine, and and in
category X temazepam (Chesson et al., 1999).

Tremor During Sleep (TDS). In PD patients tremor may reappear in
all the NONREM sleep stages, with an amplitude up to 150 microvolt
(Askenasy, 1981; Askenasy and Yahr, 1990). Its frequency of appearance
decreases with the deepening of sleep (Askenasy, 1981; Askenasy and Yabhr,
1990). Its appearance during REM sleep is exceptional, but may be associated
with the movements preceding or succeeding the REM (Askenasy, 1981;
Stern et al., 1968; April, 1966; Tassinari et al., 1965; Aldrich, 2000). It was
shown to be rarely associated with sleep spindles or K complexes (Hening
et al., 1995). The alternating pattern of tremor disappears during sleep, and
both agonist and antagonist muscles are activated independently in a non-
alternating pattern (Askenasy and Yahr, 1990).

Fragmentary Nocturnal Myoclonus (FNM). Irregular myoclonic jerks of
random appearance during sleep, are a frequent phenomena in PD patients,
and more evident during light sleep (Montplaisir et al., 2000; Askenasy and
Yahr, 1983; Hening et al., 1995).

— TREATMENT OF TREMOR AND FNM. DA agonists adjustment by
avoiding monoaminoxidase inhibitors (MAOI) AB (phenelzine) or MAOI B
(selegiline) in the evening, and use of low doses of clonazepam (0,5-2mg) are
the most useful therapeutic approach.

REM behavior disorder (RBD)

RBD is a REM violent dream associated with automatic motor behavior
related to the dream content, resulting in self-injury or the injury of bed
partner (Schenck et al., 1986, 1987). The injuries are the direct result of
executing the defense act, imposed by the violent dream, in the absence
of muscle atonia. The lack of muscle atonia, or the presence of phasic
muscle activity, which characterize the disorder, has to be confirmed by
the EMG channel on PSG. In rare cases RBD can be asymptomatic and
revealed by a routine PSG. The prevalence of RBD in PD patients was
found to be very high, between 50-75% (Schenck et al., 1996; Comella et al.,
1993). The relationship between self-injury and the assault of spouses is of
32/64% (Olsen et al., 2000). The result of self injuries and assault attacks
described up till now consists of wounds, fractures, haematomas and sub-
dural haematomas (Olsen et al., 2000; Schenck and Mahowald, 1990). This
aggressive behavior according to law is an “actus reus” not associated
with a “mens rea” and hence is not punishable. When woken up the explana-
tion in 87% of the RBD patients is of defense against attack (Olsen et al.,
2000). Interestingly it can be found in PD as well as preceding the appear-
ance of PD (Olsen et al., 2000; Schenck and Mahowald, 1990; Tan et al., 1996).
Out of 100 PD patients; 15 displayed RBD (Comella et al., 1998), out of
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100 RBD patients 38 developed PD (Boeve et al., 1998). A more frequent
association of RBD than with PD was found in Lewy body dementia
(LBD) with a significant male predominance (Comella et al., 1998;
Trenkwalder, 1998). Interestingly RBD was described as a premonitory
syndrome in various neurodegenerative extrapyramidal disorders such as
PD, LBD and Multiple System Atrophy (MSA) (Schenck et al., 1996;
Comella et al., 1993; Olsen et al., 2000; Schenck and Mahowald, 1990; Tan
et al., 1996; Boeve et al., 1998; Negro and Faber, 1996; Turner et al., 1997,
Uchiyama et al., 1995).

Treatment

The specific therapeutic approach of RBD has to be applied at once with
the nonspecific approach. Levodopa and dopaminergic agonists suppressing
REM may improve RBD severity or reverse it (Olsen et al., 2000; Schenck
and Mahowald, 1990). Clonazepam (Rivotril) is by far the most efficient drug
in RBD at a dose of 0.5-2.0mg. before bedtime, with a range of positive
results between 87% to 89,5% (Schenck and Mahowald, 1990).

Sleep related breathing disorders (SRBD)

SRBD are frequent among PD patients, especially in late PD patients
(Trenkwalder, 1998; Tandberg et al., 1999; Micek and Ernst, 1999). Even
during wakefulness late PD patients have a tendency to a Kussmaul or
Cheyne-Stokes type of breathing in the supine position. Upper airway resis-
tance syndrome —UARS- and the 3 forms of sleep apnea syndrome —SAS-
obstructive, central and mixed, may be present among PD patients. It is
interesting to note that in late PD patients, central sleep apnea is more often
present than obstructive sleep apnea (Apps et al., 1985). Overweight is rare
among PD patients, but when present is frequently associated with SRBD.
Congenital Central Hypoventilation syndrome or Ondine’s Curse consists of
failure of autonomic control of ventilation during NonREM sleep, resulting in
hypercapnia and hypoxemia. Congenital central hypoventilation syndrome
was described among PD with autonomic disturbances (Apps et al., 1985;
Feinsilver et al., 1986). Tachypnea may also appear during REM sleep.
Perry et al. published in 1979 a Parkinsonian syndrome with severe alveolar
hypoventilation in two identical twins whose autopsies showed PD with
brainstem damage (Perry et al., 1990). Genetical predisposition was observed
in cases of ventilatory disturbances in PD patients (Feinsilver et al., 1986).
They received strong support from recent genetic studies describing a subset
of dopaminergic neurons in the petrosal ganglia of the glossopharyngeal
nerve, which convey sensory information on hypoxemia from the carotid body
to the central nervous system. These dopaminergic neurons are controlled
by a gene named “brain derived neurotrophic gene” (BDNF) (Balkowiec and
Katz, 1998; Katz and Balkowiec, 1997). The dopaminergic treatment hyper-
activating alternatively this subset of petrosal neurons may determine the
ventilatory disequilibrium. PSG is the ideal method for the correct diagnosis
of SRBD, but the electronic sleep strip recently approved by the FDA can be
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also a simple and efficient method for the detection of the SRBD, as well as
night oximetry.

Treatment

Hypoxia due to SRBD has to be avoided in PD patients by using CPAP or
BIPAP for night sleep. According to the severity of the sleep apnea syndrome
and to the biological state of the patient partial/total UPPP or nasal interven-
tions may be considered. The use of oxygen in PD patients suffering from
SRBD must be avoided because it aggravates sleep apnea and the consequent
hypoxia owing to the elevated threshold of the response to decreased O2 and
increased CO2 during sleep.

Sleep related hallucinations (SRH)

Hallucinations in PD patients are mainly visual and rarely auditory, they may
appear in minor forms, as the sensation of a person or an animal either present
or in a side passage or in an illusion. In major forms like complex hallucina-
tions with relatively stereotyped content of bright colors and dramatic settings
(Fenelon et al., 2000; Manford and Anderman, 1998). The relationship be-
tween hallucinations and sleep may appear in one or more of the following
four aspects: hypnagogic (at sleep onset), hypnapompic (at sleep end), REM
incorporated or WASO (wake after sleep onset) dependent. The association
between altered dreams and hallucinations in PD patients was forcefully
shown, suggesting a common underlying pathogenetic mechanism (Factor
et al., 1990; Fenelon et al., 2000; Manford and Anderman, 1998; Sanchez-
Ramos et al., 1996; Moscovitz et al., 1978). SRH prevalence in PD patients
with altered dreams is considered to be 21.8-29.5% (Factor et al., 1990; Sharf
et al., 1978). Being one of the common causes for nursing home placement, a
correct diagnosis and therapeutic approach is very important (Sanchez-
Ramos et al., 1996). Using a logistic regression analysis in 216 PD patients, 3
predictive factors were identified: cognitive degradation, excessive daytime
sleepiness and long duration of PD (Fenelon et al., 2000). One may add to
these 3 predictive factors, that of advanced age (Manford and Anderman,
1998), and of longstanding treatment with agonistic dopaminergic drugs
(Nausidea et al., 1982; Moskovitz et al., 1978). SRH are suggested to be the
consequence of brainstem lesions affecting cholinergic and serotoninergic
pathways in Parkinson’s disease (Manford and Anderman, 1998), or due to
the stimulation of mesolimbic dopamine receptors by dopaminergic treatment
(Comella et al., 1993). In PD patients under dialysis for renal insufficiency,
SRH appeared close to the end of the dialysis (Askenasy). Another argument
for the highly statistically significant relationship between hallucinations and
altered dreams in PD patients is the presence of REM aberrations among
PD hallucinators compared with PD nonhallucinators (Pappert et al., 1999;
Comella et al., 1993).
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Treatment

The therapeutic approach has to be started in SRH only after exhausting the
benefit of drug adjustment. The adjustment will start with the discontinuation
of selegiline and amantadine, followed by discontinuation of anticholinergic
agents and dopamine agonists. One has to start diminishing progressively the
doses at bedtime, in the late evening and then in the afternoon (Comella et al.,
1993). Dehydration, constipation, interactions with recent drugs or dose
changes of the chronic drugs, urinary or pulmonary infections have to be
taken into consideration (Factor et al., 1995). Psycho-physical assistance will
be directed to illuminating the bedroom at night. Only when SRH persists
despite adjustment of the maximally tolerated reduction of dopaminergic
agents, clozapine may be started. Clozapine (Leponex) is the most efficient
drug (starting with 6.25mg. up to 12.5) despite side effects (agranulocytosis)
which imposes monthly haematologic tests, excessive somnolence and ortho-
static hypotension (Friedman and Lannon, 1989). Clozapine is a less potent
blocker of striatal dopamine receptors and a more potent blocker of the
mesolimbic dopamine receptors (Koller et al., 1994). A starting dose of
12.5mg. at bedtime may be increased to S0mg. Risperidone at a dose of 0.5 to
1.0mg., Olanzepine at a dose of 5-15mg., or Ondansetron at a dose of 4—
12mg., can replace the clozapine in case of contraindication or to an exacer-
bation of the parkinsonism (Koller et al., 1994; Wolters et al., 1996; Zoldan et
al., 1996; Wong et al., 1993; Rich et al., 1995; Zoldan et al., 1993).

Sleep related psychotic behavior (SRPB)

SRPB consists in a) nocturnal wandering, panic, anxiety, depression and
paranoid delusions during WASO (wake after sleep onset) periods; b) agita-
tion uncontrolled behavior with vocalization and screaming during NonREM
and REM sleep (Juncus, 1999; Friedman, 1998; Stoppe et al., 1999). SRPB
has become increasingly common with PD owing to a greater longevity and
improved therapy (Valldeoriola and Molinuevo, 1999). The most frequent
SRPB is due to depression. The low motor level of PD patients may mask the
characteristic depressive features (Valldeoriola and Molinuevo, 1999). De-
pression and anxiety were evaluated in 99 PD patients and 47-control age/sex
matched subjects. PD patients were found to have significantly higher scores
of disturbed sleep variables. The disturbed sleep variables in depressed PD
patients were directly related to on-off phenomena, levodopa dose and age
(Menza and Rosen, 1995). The depression score accounted for most of the
variance in a stepwise regression analysis of the effect of clinical variables;
showed that depression is the most important factor associated with sleep
disorder (Starkstein et al., 1991). The prevalence of depression in PD patients
is of 47% (Dooneief et al., 1992). The incidence of depression in PD patients
was found to increase 1.86%/year when compared with aged subjects (0,14 %/
year in men and 0.19%/year in women) (Dooneief et al., 1992). Depressive
PD patients display RLS more frequently. Interestingly PD with depressive
illness often experienced mood, tremor and rigidity improvements with fa-
tigue (Demet et al., 1999). Sleep deprivation may activate mechanisms, which
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are typical of suppressing cholinergic activity, which is thought to be excessive
in relation to monoaminergic transmission in depressed and PD patients
(Demet et al., 1999). When comparing the depressed PD patients with the
nondepressed a significantly shorter REM latency was found in the depressed
PD group (Kostic et al., 1989). A REM latency of 65 minutes was found in
69% of 39 PD patients (Kostic et al., 1989). Anxiety is common in PD and
causes insomnia, fatigability and daytime sleepiness (Henderson et al., 1992;
Mayeux, 1987). Following depression and anxiety the third risk factor for
PD patients to develop SRPB is dementia (Juncus, 1999; Valldeoriola and
Molinuevo, 1999; Stoppe et al., 1999).

Treatment

The therapeutic approach is meant to improve the QoL owing to a correct
analysis of the underlying causes of the SRPB. It is wise to start antidepres-
sants after discontinuation of selegiline (Cote, 1999). Most current anti-
depressive drugs could be administered in PD patients such as: tricyclic
antidepressants, MAO inhibitors and selective serotonin reuptake inhibitors
with two amendments: a) in the presence of confusion and hallucinations it is
best to avoid tricyclics; b) in cases of very severe motor conditions serotonin
reuptake blockers and MAO inhibitors have to be avoided (Cote, 1999;
Vallderiola et al., 1997; Treves et al., 1995; Cohen, 1997). In very severe cases
of depression electroconvulsive therapy can be useful (Factor et al., 1995).
Except in depression and dementia the drug of choice in SRPB is Clozapine
in low doses (up to 50mg/day) (Valldeoriola and Molinuevo, 1999; Stoppe et
al., 1999; Vallderiola et al., 1997; Trosch et al., 1998; Musser and Akil, 1996).
When dementia is obviously dominant risperidone at a dose of 0,5 to 2mg/day
is useful (Stoppe et al., 1999). Ondansteron at a dose of 12-24mg. is effective
in paranoid delusions (Rich et al., 1995; Lesser et al., 1979). Olanzepine was
recommended in SRPB patients at a dose of 5-15mg/day (Wolters et al.,
1996). The drug of choice for anxiety is a benzodiazepine, such as alprazolam
before bedtime. In more severe anxiety clorazepam or prazepam may be
useful. In cases the anxiolitic effect was not obtained by means of diazepines
one can try Buspiron 10-40mg. which is a serotoninergic anxyolitic, or
imipramine 50 mg.daily (Feldman et al., 1997).

Arousal disturbances
Sleep attacks (SA)

SA have been observed in PD patients. The phenomenon was described
mainly during car driving. It consists in sudden irresistible attacks of sleep
during wakefulness, occurring in PD patients treated with antiparkinsonian
drugs. The dopaminergic drugs published in the medical literature as caus-
ing SA are Promipexole, Ropinorole, Pergolide, Bromocriptine, Lisuride, and
Piribedil (Frucht et al., 1999; Schapira, 2000; Ferreira et al., 2000). Frucht who
published a study of 9 PD patients causing accidents by falling asleep while
driving, mentioned that 5 of them experienced no warning signs before falling
asleep (Frucht et al., 1999). Ferreira who published 3 PD patients suffering
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from sleep attacks, while treated with ergot alkaloids and piribedil a DA
agonist with vasodilator effect, believe that all dopamine agonists can induce
sleep attacks, despite the well-known arousal effect of levodopa and pergolide
(Ferreira et al., 2000).

Treatment

The therapeutic approach in these cases is stopping and progressively chang-
ing the drug.

Excessive daytime somnolence (EDS)

EDS consists in inappropriate short periods of sleep or somnolence, appear-
ing during wakefulness, any time the PD patient is in a passive state (not
performing an activity), alone or in the presence of others. They may appear
at any hour of the day, even during the major arousal periods, such as
early morning or early evening, in a sitting or supine position. The circadian
rhythm of PD patients, usually aged around 65 years, has a physiologic
tendency to become biphasic, being inclined to falling asleep at siesta time
(0,5 to 20% of the nonPD elderly population has this tendency). When 90
nondepressive PD patients were compared with 71 aged matched healthy
controls, on a detailed questionnaire method, the incidence of EDS was found
significantly high in PD patients (van Hilten et al., 1993). When comparing
the presence of EDS in 3 groups, the results showed 15,5% in PD group,
4% in the diabetic group and 1% in the healthy control group (Whitney et al.,
1998). Others denied the prevalence of EDS in PD patients (Askenasy and
Yahr, 1984; Morewitz, 1988; Carskaden, 1989). It may be suggested that
PD patients lose the capacity of separating the wake period from the sleep
period, and the two states are intermingled. The PD patients displaying
EDS had significant advanced stages of the disorder, were more disabled
and showed a higher frequency of cognitive decline (Tandberg et al., 1999).
When analyzing the frequency of EDS and sleep benefit (SB) on motor
performance it was found that PD with EDS and SB has the longest duration
of levodopa treatment, and significantly more fluctuations and dyskinesias
than EDS without SB (Tandberg et al., 1999). It can be stipulated that EDS is
frequently observed in late PD patients, contrary to the sleep attacks syn-
drome. One has to differentiate the EDS from excessive daytime fatigue
(EDF) consisting in physical tiredness and lack of energy. EDF was reported
to be present in 43% of the PD patients (Smith et al., 1997). The permanent
excessive fatigue of these patients was found to be related more to motor
deficits than to circadian factors (van Hilten et al., 1993). EDF expresses the
impairment of the complex arousal mechanism of the central nervous system
(Rye et al., 2000; El-Ad and Korczin,1998). Depression is frequently present
among EDF PD patients, this is the reason why antidepressants may improve
it. Multiple sleep latency test is the exam of choice in EDS. When performed
in 27 PD patients EDS was obviously less associated with impaired quality
and quantity of prior sleep but more primary impairment of waking and
REM sleep (Tandberg et al., 1999; Rye et al., 2000). Because MSLT is time-
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consuming Epworth Sleepiness Scale is preferred (Johns, 1993, 1994) (Table
1).

Treatment

The therapeutic approach in EDS is first of all nonspecific (see psycho-
physical assistance recommendations) with emphasis on psycho-physical
assistance by avoiding sleep periods during the day, in order to strengthen
sleep at night. One has to take into consideration that, the total number of
sleep hours is the same as before the PD onset, but diffusely distributed along
the 24 hours. Arousal drugs like caffeine have to be used with great caution,
in order to avoid increasing hyperactivity at night. In extreme cases of very
severe EDS, clinically difficult to differentiate from hypersomnia, one can try
Modafinil (Modiodal, Provigil 10mg/day).

Conclusion

We suggest the following types of sleep disturbances to be considered in each
PD patient and to be scored according to the following scheme:

V. Sleep-arousal disturbances:
— Sleep disturbances

Light Fragmented Sleep (LFS)

Abnormal Motor Activity During Sleep (AMADS)
REM Behavior Disorders (RBD)

Sleep Related Breathing Disorders (SRBD)

Sleep Related Hallucinations (SRH)

Sleep Related Psychotic Behavior (SRPB)

— Arousal disturbances

e Sleep Attacks (SA)
e Excessive Daytime Sleepiness (EDS).

Each syndrome has to receive a score between: 0 = absent; 1 = mild; 2 =
moderate; 3 = severe.
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