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ABSTRACT

Eighteen patients with restless legs syndrome (RLS) and 4 patients with neuroleptic-induced
akathisia (NIA) underwent all-night polysomnographic recordings before and during clonaze-
pam treatment. Ten normal control subjects and 4 non-akathitic psychiatric patients treated
with neuroleptics underwent polysomnographic recordings, which were compared with those
of the RLS and NIA patients, respectively. Daily treatment with 0.5 to 3 mg clonazepam
improved subjective complaints of 17 out of 18 patients with RLS and all the 4 patients with
NIA. All the 18 patients with RLS exhibited periodic limb movements (PLM) on the polysom-
nograms before treatment, but only 2 of 10 control subjects exhibited PLM. Three of the 4
patients with NIA exhibited PLM, but none of the 4 controls on neuroleptics showed PLM.
Clonazepam decreased the total number of PLM per hour in patients of both RLS and NIA.
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Neuroleptic-induced akathisia (NIA) is a fre-
quent side effect of pharmacotherapy for psycho-
sis. Akathisia is diagnosed only by inquiring
about symptoms and by observing motor restless-
ness in patients, as there are no specific laborato-
ry findings. Restless legs syndrome (RLS) is
characterized by severe dysesthesia, such as feel-
ing as if ants are crawling under the skin, and by
a discomfort deep inside the lower limbs, rarely
including the upper limbs. Patients with RLS
complain of a restlessness manifested by pacing,
foot rubbing, tossing and turning in bed, and
sometimes marching in place or rocking move-
ments. Manifestations often become worse when
the patient is in bed at night. The clinical picture
of NIA is similar to that of RLS, but some differ-
ences are pointed out between two conditions3?).

RLS is frequently associated with periodic limb
movement disorder (PLMD)2’9), which is charac-
terized by stereotyped dorsi-flexion movements at
the ankle joint and flexion movements at the
knee and hip joints. They usually repeat at regu-
lar 20 to 40 sec intervals during non-rapid eye
movement (non-REM) sleep, and although origi-
nally called nocturnal myoclonus, they are

usually not as brief as “true” myoclonus®7:38),
Furthermore, it has been reported that clonaze-
pam improves RLS1?,

These features of RLS led us to examine wheth-
er clonazepam also improves NIA or not. In the
present study, we treated patients with RLS and
NIA with clonazepam and quantified PLM in
polysomnographic findings.

MATERIALS AND METHODS

Eighteen patients with a prolonged history of
restlessness and dysesthesias which were worse
at night and were not attributable to neurolep-
tics, neuropathy, or other causes, were selected at
the clinic of psychiatry of Ehime University Hos-
pital (Table 1). They were 8 males and 10 females
with a mean age of 71 (range 65—-88). The dyses-
thesia in all 18 patients was identified as a dis-
comfort deep inside the lower limbs. One patient
also showed restless arms. They were classified
as moderate or severe RLS according to ASDA
(American Sleep Disorders Association) Criteria?,
The mean duration of illness was 15 years (range
2-45 years). All 18 patients also had a history of
sleep disturbance. Ten control subjects, who were
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Table 1, Profiles of RLS patients and non-RLS control subjects

RLS Case Age Sex Past History Present Concurrent Illness
1 65 male pneumonia anemia
2 65 female ovarian cyst hypertension
3 66 female =) =)
4 66 female =) hypertension
5 66 male =) =)
6 66 male subarachnoid bleeding angina pectoris
7 66 male =) =)
8 68 female uterine cancer =)
9 69 female =) hyperlipidemia
10 69 female epilepsy ()]
11 70 male lung tuberculosis =)
12 70 male =) angina pectoris
13 71 female uterine myoma ]
14 73 male liver disease =)
15 73 female =) =)
16 75 female =) =
17 81 female =) )
18 88 male ) hypertension
non-RLS Control
1 65 male ) )
2 65 male gastric ulcer (-)
3 65 male =) -)
4 68 female - )
5 68 female =) =)
6 70 female ) )
7 70 female pneumonia =)
8 75 male =) =)
9 75 female ) )
10 90 female lung tuberculosis =)

without psychiatric or physical disorders and had
taken medication for at least one year, were
compared with the RLS patients (4 males, 6 fe-
males; mean age 70, range 65-90). No significant
difference in sex and age was found between RLS
patients and controls.

Four patients with schizophrenic disorder re-
ceiving neuroleptics and antiparkinsonian drugs
were diagnosed as suffering from acute neurolep-
tic-induced akathisia (NIA)® at the clinic of psy-
chiatry of Ehime University Hospital (Table 2).
These patients, 2 males and 2 females (mean age
41 years), met DSM-III-R (Diagnostic and Statis-
tical Manual of Mental Disorders, 3rd ed. re-
vised)!) criteria for schizophrenic disorder and
had been treated with oral neuroleptics and anti-
parkinsonian drugs for a mean duration of 3
months. Patients with dystonia, dyskinesia, par-
kinsonism or other physical disorders were ex-
cluded. To compare patients with NIA, we
selected 4 patients with schizophrenic disorder
who also met DSM-III-R criteria, and had been

taking oral neuroleptics and antiparkinsonian
drugs for a mean duration of 3 months without
NIA. They were 2 males and 2 females (mean age
39 years) without any extrapyramidal symptoms
such as dystonia or dyskinesia. No significant dif-
ference in sex, age, and duration of neuroleptic
treatment was observed between patients with
NIA and without NIA.

All RLS and NIA patients and their control
subjects underwent conventional all-night record-
ing including electroencephalography using stan-
dard recording techniques (electrode pairs used:
01-Ag, O9—-A1, C3-Ag, C4~A7), electrooculography
(electrodes at left and right bilateral canthus),
mentalis electromyography, spirography (nasal
air flow), electrocardiography, and limbs electro-
myograms (surface electrodes placed on both ti-
bialis anterior and extensor hallucis longus
muscles). One PLM was counted when one leg
movement resulted in at least one-half of the am-
plitude of maximal ankle dorsiflexion, either of
the unilateral muscle or simultaneously of the
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Table 2. Profiles of NIA patients and non-NIA control subjects
NIA Cases Age Sex Neuroleptics Antiparkinsonian Drugs
(mg/day) (mg/day)

1 37 female chlorpromazine 100 biperiden 1
haloperidol 1.5 promethazine 80

2 41 male chlorpromazine 25 profenamine 60
sultopride 300 promethazine 12.5
zotepine 150

3 42 female chlorpromazine 12.5 biperiden 2
haloperidol 3 promethazine 25
’ trihexyphenidyl 4

4 43 male chlorpromazine 25 biperiden 3
haloperidol 6

non-NIA controls

1 33 male chlorpromazine 50 biperiden 3
haloperidol 3

2 36 female haloperidol 3 biperiden 3
bromperidol 3 promethazine 12.5

3 41 male haloperidol 3 biperiden 3
sulpiride 300

4 45 female chlorpromazine 120 biperiden 3
haloperidol 3 promethazine 75

bilateral muscle”. Additionally, a PLM was
scored only when it occurred as part of a series
of five or more consecutive movements lasting 0.5
to 5.0 sec, with an interval between movements
of 5 to 90 sec”. A PLM index (number of PLM
per hour of sleep) greater than 5 was considered
pathologic?®). Sleep stages were determined in 10
seé:3 )epochs, according to the standardized manu-
al°?’,

FEighteen patients with RLS received an initial
dose of 0.5 mg clonazepam orally 30 min before
bed time. As they reported their subjective re-
sponses, the individual dosage was adjusted in
0.5 mg steps for 15 to 34 days (mean 24 days).
Adjustment stopped once a patient reported a
good subjective response. Before and during clo-
nazepam treatment, all RLS patients underwent
all-night recordings. Patients were asked whether
restlessness or dysesthesias changed during each
phase of treatment. We compared the PLM char-
acteristics polysomnographically before and dur-
ing treatment.

Four patients with NIA were initially treated
with oral clonazepam at a dose of 1.5 mg daily
without changing the dose of neuroleptics and an-
tiparkinsonian medications. The effectiveness of
clonazepam was evaluated according to the com-
plaints of the patients and objective observations

using the Clinical Assessment for Akathisia de-
signed by Yagi*V. The dosage of clonazepam was
adjusted in 0.5 mg steps to 4 mg daily. Before
and during clonazepam treatment, all NIA pa-
tients underwent all-night recordings. We
compared their PLM characteristics before and
during treatment.

Each control subject also underwent an all-
night recording. Informed consent was obtained
from all patients and controls. A statistical analy-
sis was carried out by Wilcoxon’s signed rank
test.

RESULTS

Therapeutic Response

Seventeen of 18 patients with RLS reported
subjective improvement of restlessness, dysesthe-
sias, and sleep disturbances within 3 days from
the start of clonazepam treatment. The effective
dosage of clonazepam was in the range of 0.5-1.5
mg per night (ten patients received 0.5 mg, three
1 mg, and one 1.5 mg). One patient (Case 15)
who had “restless arms” reported no subjective
improvement with clonazepam treatment by 0.5
mg up to 2 mg per night. All 4 patients with NIA
resolved their symptoms within 8 days from the
start of treatment. The effective dosage of clona-
zepam ranged from 1.5 to 3 mg daily (two pa-
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tients received 1.5 mg, one 2.5 mg, and one 3
mg). No serious side effects were observed.

Polysomnographic Findings:
A case example (RLS Case 1)

Figure 1 shows the all-night polysomnogram of
Case 1 with RLS. Periodic muscular discharges of
PLM appeared repetitively in the EMGs recorded
from bilateral anterior tibialis and extensor hal-
lucis longus muscles. The intervals between the
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discharges were about 20 sec, with discharge pe-
riods of 3 to 4 sec. Soon after the onset of each
discharge, arousal responses appeared in the
mentalis EMG and EEG.

In Case 1, we counted a total number of 117
PLM in the left leg and 5 in the right before me-
dication (Fig. 2 (a)). After clonazepam treatment
for 18 days, we counted a total number of 17
PLM in the left leg and 1 PLM in the right (Fig.
2 (b)). Both the total number of PLM and the
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Fig. 1. PLM of RLS Case 1 (65 year-old male with sleep disturbance)
Rhythmic PLM discharges were observed bilaterally on the tibialis anterior and extensor hallucis longus
muscles. The interval was about 20 seconds and duration was 3 to 4 sec.
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Fig. 2 (a). Sleep pattern and number of PLM per minute before treatment (RLS Case 1)
The upper part of the figure shows the sleep pattern. The number of PLM per minute in both legs is

demonstrated in the lower part of the figure.
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Fig. 2 (b). Sleep pattern and number of PLM per minute during treatment (RLS Case 1)
The sleep pattern is shown in the upper part of the figure. The number of PLM per minute is shown

in the lower part of the figure.
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Fig. 2 (¢). Sleep pattern and numbers of PLM per minute (Non-RLS Control Case 3)

No PLM are shown in this figure.

number, of PLM per hour during sleep decreased
in both legs while under medication. Frequent
awakenings were recorded both before and dur-
ing treatment with relatively scarce stage 3 and
4 sleep.

Total Number of PLM

All patients with RLS showed PLM on polysom-
nograms both before and during clonazepam
treatment. We compared the total number of
PLM bilaterally before and during medication.
Cases with a decrease in numbers of PLM are
shown by solid lines and those with an increase
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Fig. 3. Total numbers of PLM in RLS patients before and during treatment "
Cases with a decreased number of PLM are shown by solid lines, and cases with an increased number

of PLM are shown by broken lines.

Table 3. PLM of NIA patients
. total number of PLM number of PLM per hour  mean interval of PLM(sec)
Case left right : - -

before during before during before during
1 left 143 27 81 5 32.1 475
right 132 20 76 4 35.0 48.1
2 left 62 9 8.5 1 32.4 45.2
right 133 26 18.3 4 27.8 43.8

3 left 17 0 1.7 0 49.1 =)
right 40 2 4.0 0.2 46.5 60.3

4 left 0 0 0 0 = =)

right 0 0 0 0 =) =)

in numbers of PLM by broken lines (Fig. 3). Clo-
nazepam decreased significantly the total number
of PLM bilaterally (p<.05).

Two control subjects without RLS exhibited
PLM. The sleep recording of a control subject
(non-RLS Control 3) was shown in Fig. 2 (¢). He
had a generally stable sleep with less frequent
awakenings and more frequent stage 3 and 4
sleep than RLS patients.

Remarkable changes in PLM with clonazepam
treatment were observed in three out of 4 NIA
patients (1-3) in both their legs (Table 3). Clona-
zepam decreased their total number of PLM bi-
laterally. Case 4, the mildest one according to the
Clinical Assessment for Akathisia?®, did not
show any PLM before or during treatment. No
non-NIA controls showed any PLM.

Number of PLM per hour

The number of PLM per hour significantly de-
creased on each side during clonazepam treat-
ment in patients with RLS (left, p<.05; right,
p<.01) (Fig. 4). The number of PLM per hour de-
creased bilaterally in NIA patients on each side
during clonazepam treatment (Case 1-3 in Table
3).

Inter-movement Intervals

The inter-movement intervals were prolonged
in 7 RLS patients, and shortened in 4 RLS pa-
tients by clonazepam treatment (Fig. 5). Seven
patients with PLM less than 10 were excluded.
The mean inter-movement intervals in all 3 NIA
cases were prolonged by treatment (Table 3).
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Fig. 4, Total numbers of PLM per hour in RLS patients before and during treatment
The frequency represents numbers of PLM in an hour. The solid and broken lines are explained in Fig. 4.
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Fig. 5. Intervals between movements of PLM in RLS patients before and during treatment
Increased and decreased intervals before and during treatment are expressed by solid and broken lines,

respectively.

DISCUSSION

Drugs such as vasodilators'®, analgesics!?),
sedatives!®), hypnoticslo), iron!V) and anticonvul-
sants including clonazepam®26:36) have been re-
ported to be of value in treating RLS. We
examined the effect of clonazepam on RLS using

15 patients in our previous study!®.

Antiparkinsonian drugs such as biperiden or
trihexyphenidyl have been recommended for
treating NIA, though drugs such as proprano-
1012V and clonazepam!” have been reported to be
effective. We first reported the usefulness of clo-
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nazepam in 21 patients with NIA1®), Sandyk re-
ported a successful treatment of a NIA patient
using baclofen and clonazepam in 198534,

In this study, clonazepam ameliorated symp-
toms of RLS and NIA in all patients except for
one with RLS. Clonazepam is known to increase
the waking threshold and muscle relaxation,
making sleep stage 2 longer, and shortening sleep
stages 3, 4 and REM39. Although symptoms of
RLS and NIA in most of our patients were im-
proved by clonazepam, the basic mechanism of
RLS and NIA is still not fully clarified. We have
reported that patients with RLS and NIA had
significantly lower serum iron concentrations
than controls!®), together with the effectiveness
of iron treatment in NIA patients2%).

Except for one subject, all the RLS -cases
showed PLM in the present study. Few investiga-
tions have been performed on PLM in NIA. Lipin-
ski et al. have reported that eight of nine
patients with NIA exhibited 10 to 40 sec bursts
of increased muscle tone before sleep onset on
all-night polysomnography??, and we also de-
tected PLM in a patient with NIA on an all-night
polysomnogram?9),

Mitchell first described PLMD as a specific
sleep disorder?®, He noted a similarity to “sleep
jerks” on falling asleep and also suggested a pos-
sible relationship to “foot fidgets.” Symonds con-
sidered it epileptic myoclonus, using the name
“nocturnal myoclonus®43%), but Lugaresi et al re-
corded polysomnograms and found no epileptic
activity on EEGs23). Since the pattern and length
of the movements differed from those of true my-
oclonusz4), the term PMS (periodic movements in
sleep) had been used”39. Recently, PMS have
been termed PLMD by the International Classifi-
cation of Sleep Disorders (ICSD; 1990). PLM has
been found in various sleep-wake disorders®?. In
the present study, 2 of 10 non-RLS control sub-
jects exhibited PLM, but were unaware of them
and did not complain of insomnia. Coleman et al.
have reported that 53% of healthy elderly indi-
viduals have PLM by polysomnography®.

A number of drugs such as clonazepam3V), ba-
clofen'?), maprotiline, septiptillin and opiates!®
have been advocated for the treatment of PLMD.
Montplaisir et al. have reported that PMS (PLM)
may result from reduced dopaminergic activity in
the CNS, possibly resulting from the decreased
sensitivity of postsynaptic dopamine recep-
tors27:28), They found that L-DOPA was an effec-
tive drug for PMS (PLM). A previous study
reported higher levels of free dopamine and ho-
movanillic acid in the CSF of a patient with PMS
(PLM)27), Decreased serotonin activity was found
to be involved in non-periodic myoclonus in hu-
mans3” but 5-hydroxytryptophan not found effec-
tive in treating PMS (PLM)!®. Clonazepam
reduces serotonin utilization3?, and affects dopa-
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minergic neurotransmission??.

In short, we found that clonazepam significant-
ly decreased PLM and resulted in electrophysio-
logical improvement for both RLS and NIA.
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