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Parkinsonian tremor loses its alternating aspect
during non-REM sleep and is inhibited by REM
sleep

J J M Askenasy, M D Yahr

Abstract
Non-REM sleep transforms the waking
alternating Parkinsonian tremor into
subclinical repetitive muscle contrac-
tions whose amplitude and duration
decrease as non-REM sleep progresses
from stages I to IV. During REM sleep
Parkinsonian tremor disappears while
the isolated muscle events increase
significantly.
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Changes in serotoninergic, aminergic,
cholinergic and neuropeptidergic neurotrans-
mitters occur in sleep.'2 These changes
influence the basal ganglia and locus niger3
(fig 1).
By activating the hypnagogic structures

sleep may influence the Parkinsonian features.
Gowers commented on "the persistence of
tremor during the dormant state".' At the
turn of the century Froment showed that the
disappearance of Parkinsonian tremor during
sleep is a constant feature.5 In 1964 Brain
described it as an important diagnostic feature
of Parkinson's disease.6 The introduction of
polysomnography led a number of authors to
study the persistence of the tremor during
sleep.'-lo

In his experiments Jouvet disturbed the
REM sleep in cats by depleting the dopa-
minergic vesicles with reserpine, and restoring
REM sleep with dopamine precursors."
Recently, we showed reversal of the sleep
disturbance in Parkinson's disease by
dopaminergic agonists, demonstrating that
biogenic amines have a role in sleep.'2 13
We aimed to study the behaviour of the

dynamic changes of Parkinsonian tremor
during sleep.

Method
Ten patients, (eight males and two females)
with idiopathic Parkinson's disease in stage
III-IV according to the Hoehn-Yahr scale,
were chosen for the study. Their mean age
was 56 with a range of 36 to 71. They were
classified into four subgroups according to
their tremor and rigidity. The four subgroups
consisted of:
1) severe tremor-mild rigidity; 2) severe
tremor-severe rigidity; 3) mild tremor-
severe rigidity and; 4) mild tremor-mild
rigidity. The tremor characteristics were
mainly a rest tremor with a range of frequency
of 4-7 Hz. Elements of essential, enhanced

physiological and intention tremor were
present. Their treatment was reduced to a
standard of 125/500 mg carbidopa/levodopa.
A depressive patient, treated with the mono-
amine oxidase inhibitor (MAOI) phenelzine,
45 mg per day, was added to this study. Ten
normal subjects matched for sex and age
constituted the control group.
Two techniques were used in parallel:

1) Polysomnography for two nights following
an adaptation night, was scored according to
the standards of Rechtschaffen and Kales.'4
Polysomnography consisted of: electro-
encephalography recorded with gold cup
electrodes at C3-A1/A2 with a DC resistance
less than 3000 Ohms. Electro-oculography
(EOG) was recorded with Ag-AgCl Beckman
electrodes which were located lateral to the
right and left outer canthi. Electromyography
(EMG) was recorded with Beckman surface
electrodes interspaced at 15 mm and applied
as close as possible to the motor point of the
muscle surface. The EMG band pass was
adjusted to 1-100 Hz with a 10 x lower
sensitivity. The time constants were 0 003 for
EMG, 0 3 for EEG and 5 for EOG. The

Figure 1 Interrelations between sleep and
extrapyramidal structures. C = caudate; P = putamen;
SNR = pars reticularis of substantia nigra;
SNC = pars compacta of substantia nigra; LC = locus
caeruleus; GTF = gigantocellular tegmentalfield;
PR = pontine raphe nuclei.
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reference to amplitude; b) One bout of
tremor was scored as one muscle event when
rhythmic repetitive multiple potentials
appeared for at least five equal periods;
c) Burst-tremor was defined as a short-lasting
interference pattern followed by repetitive
EMG potentials of equal time intervals. The
burst-tremors were scored as bursts and not
as tremors.

All the EMG events were scored per sleep
stage for every sleep cycle separately on five
specially designed files. Standard deviations

_ " and ANOVA tests of significance were
computed.

1

Figure 2 Repetitive muscle contractions in non-REM sleep stage I. RA T = right
anterior tibial EMG; RMG = right medial gastrocnemius EMG; LA T = left anterior
tibial EMG.

recorded muscles for the upper limbs were
flexor carpi ulnaris and extensor digitorum
and for the lower limbs anterior tibialis
and medial gastrocnemius. Respiration and
electrocardiography were recorded by means
of transducers and surface electrodes. A
video-tape closed-circuit television ensured a
continuous videomonitoring.
Muscle events were scored separately for

each epoch of 30 seconds on specially
designed files. Transition epochs and epochs
including arousals less that 1/4, as well as

transition epochs were included.
2) The second technique consisted of a multi-
channel recording system of the anterior
tibialis by means of 16 surface electrodes
monitoring muscle potentials on eight
channels.
For scoring tremor the following criteria

were used:
a) Tremor was defined based on the
repetitiveness of the time interval between
multiple EMG potentials only, without
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Figure 3 Repetitive muscle contractions in non-REM sleep stage II. RFCU = right
flexor carpi ulnaris EMG; RED = right extensor digitorum EMG.

Results
The scoring of the sleep patterns in the
Parkinson's disease patients, stages III-IV,
showed the presence of a light fragmented sleep
when compared with the normal controls. The
PD patients slept 62% of the time compared
with 82% in the controls. The mean number of
arousals per total sleep time was 12 compared
with four in the controls.

Parkinsonian tremor was present during the
non-REM sleep in all sleep stages in the 10
Parkinsonian patients. Parkinsonian tremor
was absent during REM sleep in all 10
Parkinsonian patients (fig 2, 3). The rhythmic
repetitive multiple potentials of one episode of
tremor displayed moderate variations of the
beat to beat amplitude. In the MAOI-treated
patient tremor was also present during all
non-REM sleep stages.

In the two severe tremor subgroups tremor
was quantitatively increased compared with
the two non-tremor subgroups, p < 0 05.
Despite being statistically non-significant
there was more tremor during sleep in the
severe tremor-severe rigidity subgroup than
the severe tremor-mild rigidity subgroup.
Tremor during sleep was predominant in the

muscles which showed the most tremor during
wakefulness.

Analysis of the inter-relationship between
video-monitored movement and EMG tremor
showed that Parkinsonian tremor during sleep
was not associated with movement. Parkinson-
ian tremor during sleep is a subclinical event.
Twitches associated with bursts appeared in
sleep stage II and sleep stage I, but not inREM
sleep. The EMG bursts did not have clinical
correlates when they were shorter than 600 ms,
and their amplitude was less than 175 mv.
The Parkinsonian tremor during sleep lacks

the alternating aspect and consists of repetitive
muscle contractions of the agonists, antagonists
and synergists. During the short arousals
(< 3 s) between sleep periods the alternating
aspect of wake tremor is sometimes lacking
(fig 4).
Three major variables of the Parkinsonian

tremor during sleep were analysed: frequency,
amplitude, and duration. All the frequencies of
repetitive muscle contractions from 1 to 13 Hz
were found during sleep in Parkinsonian
patients. But in each individual in the same
muscle for the same sleep stage, the frequency
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Figure 4 Short arousal during sleep stage II showing repetitive muscle contractio?
different rates offrequency. C4 - A,A2 = electroencephalogram;
EOG = electrooculogram; The lastfour channels display the electromyograms of t
chin; RA T = right anterior tibial; RMG = right medial gastrocnemius acid;
LA T = left anterior tibial.

was constant or changed less than I
the end of the sleep stage.
There was a direct relationship t

frequency of the sleep repetiti
contractions and the tonic muscle
the muscle. Flexors exhibited a moi

tonic muscle activity and more
muscle contractions than extens
sleep.
Amplitude decreases linearly wi

REM sleep progression from Stage
parallels the decrease in tonic musc
The mean duration of repetit

contractions was 30s with a range of
repetitive muscle contraction durat
more and more fragmented with
sleep progression from Stage I to I'

Amplitude and duration of repeti
contractions may decrease to a ter
initial value with the sleep cycle I

from Stage I to IV.

Figure 5 The dissociation
of repetitive muscle
contractions and EMGE
during REM sleep. The
mean of muscle events and
tremor bouts of two nights
in one patient.
EMGE== electro-
myographic events.
W= wakefulness.
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REM sleep abolishes repetitive muscle
contractions. The continuous random muscle
phasic events during REM sleep which are not
associated with movement are considerably
increased in Parkinsonian patients. When
quantifying the sleep electromyographic events
(EMGE) in PD patients, we found that the
mean (SD) number of EMGE per minute of
sleep was 2-81 (1 15) in the lower limbs com-
pared with 1-25 (0-91) in the controls and 1-36
(0 94) in upper limbs compared with 0-79
(0 32) for the controls.
The temporal distribution of muscle phasic

events behave in a contradictory way to
repetitive muscle contractions during REM
sleep (fig 5).
During the arousals between sleep, episodes

of tremor were sometimes associated with
120,uV movement which persisted during sleep Stage I

but disappeared with the onset of sleep Stage
II. The bursts of motor unit potentials, usually
associated with twitch movements (category 1)

zs in 3 in Parkinsonian patients appear as burst-
tremor (fig 6).

the The burst-tremor events appeared in sleep
Stages I and II, but of significantly high
frequency in sleep Stage II (p < 0 05). Among
the normal controls, a 51 year old man showed
four episodes of repetitive muscle contractions
with a frequency of 4 c/s during sleep.Hiz towards

Jetween tne Discussion
ve muscle The resting tremor of 4-6 Hz during wakeful-
activity of ness was found in 2500 of the Parkinsonian
~~eincre asednd in 5

re pcreased patients. Resting tremor may be associated
with action tremor, enhanced physiological

,ors during tremor, or essential tremor."''9 In the
Parkinsonian resting tremor, the alternating

th the non- aspect is a constant waking characteristic,'5 16

Ieto IV.and while essential and postural tremor was
le activity, shown to be either "alternating" or "syn-
ive muscle chronous".'5 16 Our study shows that the
'6-48s. The alternating aspect of Parkinsonian tremor dis-
ion became appears during sleep, and flexors and extensors
non-REM oscillate independently with non-alternating

V. frequencies. Interestingly this characteristic
itive muscle was present in familial tremor during wakeful-
nth of their ness.'9 It seems that the alternating aspect
progression of Parkinsonian tremor is conditioned by

an aroused nervous system. Two phenomena
could be associated with the disappearance of
alternating Parkinsonian tremor during sleep:
a) The existence of a suppressive phenomenon
ensuring inactive periods of 200 ms. In theory
this suppressive phenomenon originated in the
nucleus ventralis intermedius (VIM), rhyth-
mic firing of which exhibits the frequency of
the tremor.20"2 VIM destruction abolishes
tremor during wakefulness.20 We are not aware
of any other studies on muscle activity during
sleep in stereotactic VIM lesioned patients. It
may be hypothesised that the very strong
inhibition of VIM activity during paradoxical
sleep may explain the inhibition of repetitive
muscle contractions during REM sleep.
Moreover, even in patients treated with MAOI
whose REM sleep is characterised by a motor

IV REM phasic hyperactivity, REM sleep suppresses
the repetitive muscle contractions.22
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inhibition characterising REM sleep.28 29 These
results contradict previous observations.930

In summary, the sleep process strongly
influences the Parkinsonian feature of tremor.
Unalternating tremor persists during all stages
of non-REM sleep at a subclinical level and
disappears during REM sleep. The alternating
aspect of Parkinsonian tremor characterises
wakefulness and is lacking during sleep in
which tremor is transformed into repetitive
muscle contractions. Parkinson's intuition in
his book published in 1817, at a time when very
little was known about sleep, presented two
situations in which the sleep-wake tremor
contrast was evident:3 "The tremulous motion
of the limbs occur during sleep, and augment
until they awaken the patient" (p7). "His
attendants (case VI) observed that of late the
trembling would sometimes begin in his sleep,
and increase until it awakened him" (pl7).

Figure 6 Burst-tremor during sleep stage II in PD patients.

b) The alternating tremor was considered to
be the consequence of a reciprocal inhibition of
the agonists while antagonists contract and
vice-versa.2324 During sleep there is a lack of
reciprocal inhibition, which may contribute to
the transformation of the alternating tremor
into repetitive muscle contractions.26 Denny
Brown believed that reciprocal inhibition is
lacking when the basal ganglia are damaged.23 24

During wakefulness the frequency of the
alternating tremor depends on the grade of
muscle tone.25 This direct relationship persists
and is not influenced by the sleep process. The
fact that during sleep the subgroup of patients
with severe tremor-severe rigidity is more
tremorigenic than the subgroup of severe
tremor-mild rigidity, supports this
observation.
Two mechanisms could underly the self-

maintained Parkinsonian tremor during wake-
fulness: central and peripheral.2627 According
to this concept duration and amplitude seem to
have a strong cortical component, and
frequency mainly a subcortical and peripheral
one.26 27

Frequency is the most stable feature of the
repetitive muscle contraction during sleep in
Parkinsonian patients. The dramatic change of
the amplitude and duration suggests that the
two variables are strongly influenced by the
dynamics of the sleep process, while the
pacemakers responsible for the repetitive
muscle contraction frequency are not.

This study reports a complete absence of
tremor during REM sleep contrasting with the
significant increase of EMG isolated motor
muscle potentials."0 12 13 22 29 While Parkinsonian
tremor parallels the EMG events during the
non-REM sleep, dissociation appears during
REM sleep with the disappearance of tremor.
It seems that the isolated motor muscle
potentials escape to the strong postsynaptic
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