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From off-period dystonia to peak-dose chorea
The clinical spectrum of varying subthalamic nucleus activity
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Summary

The effect of chronic bilateral high-frequency stimulation
of the subthalamic nucleus (STN) on levodopa-induced
dyskinaesias was investigated in eight patients with
fluctuating Parkinson’s disease complicated by function-
ally disabling off-period dystonia. All of the patients also
had severe diphasic and peak-dose chorea, so that it was
possible to study the effect of high-frequency stimulation
on the different types of levodopa-induced dyskinaesias.
Off-period fixed dystonia was reduced by 90% and off-
period pain by 66%. After acute levodopa challenge,
high-frequency stimulation of the STN reduced diphasic
mobile dystonia by 50% and peak-dose choreic
dyskinaesias by 30%. The effect of bilateral high-
frequency stimulation of the STN on the Unified
Parkinson’s Disease Rating Scale motor score had the
same magnitude as the preoperative effect of levodopa.
This allowed the levodopa dose to be reduced by 47%.
The combination of reduced medication and continuous
high-frequency stimulation of the STN reduced the
duration of on-period diphasic and peak-dose dyskinaesias
by 52% and the intensity by 68%. Acute high-frequency
stimulation of the STN mimics an acute levodopa
challenge, concerning both parkinsonism and dys-
kinaesias, and suppresses off-period dystonia. Increasing
the voltage can induce repetitive dystonic dyskinaesias,
mimicking diphasic levodopa-induced dyskinaesias. A
further increase in voltage leads to a shift from a diphasic-
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pattern dystonia to a peak-dose pattern choreodystonia.
Chronic high-frequency stimulation of the STN also
mimics the benefit of levodopa on parkinsonism and
improves all kinds of levodopa-induced dyskinaesias to
varying degrees. Off-period dystonia, associated with
neuronal hyperactivity in the STN is directly affected by
stimulation and disappears immediately. The effect of
chronic high-frequency stimulation of the STN on diphasic
and peak-dose dyskinaesias is more complex and is related
directly to the functional inhibition of the STN and
indirectly to the replacement of the pulsatile dopaminergic
stimulation by continuous functional inhibition of the
STN. Chronic high-frequency stimulation of the STN
allows a very gradual increase in stimulation parameters
with increasing beneficial effect on parkinsonism while
reducing the threshold for the elicitation of stimulation-
induced dyskinaesias. In parallel with improvement of
parkinsonism, the levodopa dose can be gradually
decreased. As diphasic dystonic dyskinaesias are improved
to a greater degree than peak-dose dyskinaesias, both
direct and indirect mechanisms may be involved. Peak-
dose choreatic dyskinaesias, associated with little evidence
of parkinsonism and thus with low neuronal activity in
the STN, are improved, mostly indirectly. Fixed off-
period dystonia, mobile diphasic dystonia and peak-dose
choreodystonia seem to represent a continuous clinical
spectrum reflecting a continuous spectrum of underlying
activity patterns of STN neurons.

STN = subthalamic nucleus; UPDRS Unified Parkinson’s Disease Rating Scale

Introduction

Dystonia in Parkinson’s disease was well known in the prejpatients with advanced disease. Stewart described intermittent
levodopa era. Charcot (Charcot, 1892) described the typicadxertion-induced dystonia of the foot as an early symptom
fixed deformities of the hands and feet in Parkinson’s diseasef Parkinson’s disease a century ago (Stewart, 1898).
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Approximately a quarter to a third of the patients managedlyskinaesias tend to be more severe than beginning-of-dose
before the levodopa era may have eventually developed hardyskinaesias. Diphasic dyskinaesias during the day tend to
and foot dystonia (Marsdeet al., 1982). In the first reports be more severe than after the first dose of levodopa in the
of chronic levodopa therapy, dyskinaesias were recognizethorning. Towards the end of the day, severe and long-lasting
as a complication (Cotzias, 1967, 1969; Barbeau, 1969, 197tyises of diphasic dyskinaesias may represent a therapeutic
1975; Yahret al., 1969). The semiology of levodopa-induced challenge (Zimmermaset al., 1994). Diphasic dyskinaesias
dyskinaesias (LID) varies with the clinical fluctuations of are less common than peak-dose dyskinesia (Barbeau, 1975)
parkinsonism, largely reflecting plasma concentrations ofind typically present in young patients with severe akinesia
levodopa (Fahn, 1982). As with on—off response variationsand a good levodopa response (Lhermétel., 1977).
they become more severe with progression of the disease Peak-dose dyskinaesias (Barbeau, 1975; letes$, 1977)
and increasing drug dosage. According to the levodopaccur at the peak of benefit following the administration of
plasma concentrations, LID are classified into off-period,levodopa, when patients are hypotonic and show only minimal
diphasic and peak-dose dyskinaesias. signs of parkinsonism, and plasma levodopa levels are above
Off-period dystonia typically presents as fixed dystonica certain critical individual concentration (Muentet al,
postures, diphasic dyskinaesias as mobile dystonia, antR77; Agid et al, 1985). An increase in levodopa dosage
peak-dose dyskinaesias as mixed chorea and dystoni@orsens peak-dose dyskinaesias. They most commonly affect
(choreodystonia) or as chorea. Chronic levodopa therapy maype upper part of the body, especially the face, the neck and
accentuate the characteristic dystonic toe and foot posturintpe trunk, but they tend to be generalized, the upper limbs
in patients with Parkinson’s disease (Duvoisinal,, 1972).  being more severely involved than the lower limbs (Luquin
Foot dystonia appears in the off-period with low plasmaet al, 1992; Marconiet al., 1994). They are predominantly
levodopa concentrations (McHaé al., 1990), typically in  choreic in nature but may also show dystonic features
the early morning on awakening, before the first dose of{Marsdenet al, 1982). The occurrence of dyskinaesias
levodopa (Leeset al, 1977; Melamed, 1979; Poewe and depends on the degree of dopaminergic denervation (Blanchet
Lees, 1987; Poewet al, 1988). Off-period dystonia may et al., 1996). In patients with severe akinesia, 50% developed
completely disappear if levodopa is withdrawn for a few peak-dose dyskinaesias after 2 months and 90% after 3 years
days (Melamed, 1979; llsoet al., 1984; Poewet al., 1988).  of treatment with levodopa (Barbeau, 1975). In patients with
One-third of the patients with idiopathic Parkinson’s diseaseHoehn and Yahr stage | or Il at the initiation of levodopa
on chronic medical treatment suffer from debilitating, painful treatment, the incidence of dyskinaesias after 3 years was
foot dystonia (Nausiedat al., 1980). Off-period dystonia is 56% (Blanchetet al, 1996). In the DATATOP study
more frequent in patients with young-onset Parkinson’sParkinson Study Group, 1996) patients also had less severe
disease (Quinet al., 1987; Gibb and Lees, 1988), especially parkinsonism when levodopa was initiated [Hoehn and Yahr
those with severe akinesia and a good levodopa responstage <2 and motor Unified Parkinson’s Disease Rating
(Agid et al, 1979). There is a strong association betweerScale (UPDRS) approximately 20/108 on average]. Thirty
pain and dystonia in Parkinson’s disease (Quhal., 1986). per cent developed dyskinaesias after 12 months of levodopa
Diphasic dyskinaesias appear at the beginning and at thiplus peripheral decarboxylase inhibitor with or without
end of the levodopa effect, when parkinsonism is presentleprenyl) treatment. Patients developing dyskinaesias were
while blood concentrations of levodopa are increasing obeing treated with 387+ 169 mg levodopa whereas a
decreasing (Tolos&t al, 1975; Barbeau, 1976; Muenter matched set of patients who did not develop dyskinaesias
et al, 1977; Leest al,, 1977; Lhermitteet al., 1977; Agid  were receiving a lower daily dose of levodopa.
et al, 1985). They typically present as slow, stereotyped, Levodopa-induced off-period dystonia as well as diphasic
repetitive movements (Marsdehal.,, 1982) due to alternating dyskinaesias constitute a pharmacological paradox, being
contraction of antagonist muscles (Lugquwhal., 1992) and caused and relieved by the same agent (Poewe and Lees, 1987
may be accompanied by a worsening of tremor (Barbeaule Saint Victoret al.,, 1992). The mechanisms underlying the
1975) and akinesia (Merello and Lees, 1992). They usuallyifferent types of dyskinaesias remain largely unknown.
begin distally in the lower limbs during the transition from Striatal cholinergic hyperfunction and a functional
the off to the on state and spread in an ascending wave tdopaminergic deficit, possibly involving only one subclass
the trunk and the upper limbs (Marcoei al, 1994). They of dopamine receptors, have been proposed as the underlying
are generally qualified as dystonic, but if the hips or shouldersnechanisms of foot dystonia in parkinsonism (Par&eal.,
are involved the amplitude of the movements may becomd976; Leeset al.,, 1977; Agidet al.,, 1979, 1985; Poewe and
so great that the violent flailing of the limbs resemblesLees, 1987). The different classes of dopamine receptors, as
ballism (Marsdenet al, 1982; Luquinet al, 1992). Such well as other neurotransmitters, have been proposed to be
episodes can be extremely painful and occur with mentainvolved in the pathophysiology of on-period dyskinaesias
anguish and autonomic changes (Barbeau, 1975; Marsd€Mouradianet al., 1989; Belardet al., 1992; Blanchegt al.,
et al, 1982). An increase in dopaminergic stimulation may1995; Chaset al, 1996; Grondiret al, 1996; Goulett al.,
improve diphasic dyskinaesias in the short term (Lhermittel997; Verhagen Metmant al., 1998). Dyskinesias require
et al, 1977; de Saint Victoret al., 1992). End-of-dose denervation of the nigrostriatal system in the presence of an
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Role of the STN in levodopa-induced dyskinaesias1135

intact striatal outflow (Schneider, 1989; Boyekal.,, 1990). (Krack et al, 199&). Surprisingly, long-term STN HFS
Levodopa does not induce dyskinaesias in humans who dalso improved peak-dose dyskinaesias (Kratlkal., 1997;
not have Parkinson’s disease (Moresal, 1971; Nutt and Limousinet al., 1998). In the present paper, we investigated
Holford, 1996). Dyskinesias usually appear first on the mosthe effects of STN HFS on off-period dystonia, diphasic
affected side in asymmetrical parkinsonism, indicating thatlyskinaesias and peak-dose dyskinaesias in Parkinson’s
they are related to the severity of dopaminergic denervatiodisease patients with severe motor complications. The primary
(Mones et al, 1971). Dyskinesias are more frequent inintention was to study the effect of STN HFS on off-period
patients with severe central dopaminergic depletion (Agiddystonia, and patients with disabling off-period dystonia were
et al,, 1979; Horstinket al., 1990) and with a good levodopa selected. We found that chronic STN HFS improved all types
response (Monest al., 1971). In monkeys with parkinsonism of LID to a varying degree, the most dramatic effect being
induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridineon off-period dystonia. These observations provide some
(MPTP), dopaminergic agents induce dyskinaesias only ifnsight into the pathophysiology of LID.
those with>95% dopaminergic depletion (Schneider, 1989).
The severity of disease at levodopa initiation seems to be a
more significant risk factor for LID than the duration of Patients and methods
levodopa treatment itself (Bergmaenal., 1987; Blinet al., A series of 27 consecutive patients underwent surgery for
1988; Cedarbaunet al., 1991; Blanchett al, 1996). The bilateral STN HFS, according to a procedure previously
development of dyskinaesias also requires repeatedescribed (Limousinet al, 1995). All the patients had
dopaminergic therapy; the first exposure to levodopa doeBuctuating idiopathic Parkinson’s disease. A levodopa
notinduce dyskinaesias (Monetal., 1971; Nutt and Holford, challenge was carried out twice before surgery following a
1996). The fluctuations of synaptic dopamine inherent inl2-h overnight withdrawal of dopaminergic treatment. A
the usual oral treatment of Parkinson’s disease might resuiuprathreshold dose (Kraokt al, 1998&), exceeding the
in deleterious postsynaptic changes (Sage and Mark, 1992)sual morning dose by 50-100 mg of levodopa, plus a
Continuous dopaminergic therapy can decrease dyskinaesipsripheral decarboxylase inhibitor was given. The UPDRS
induced by pulsatile stimulation of the dopamine receptor§Fahn and Elton, 1987) was rated in the on- and off-drug
(Mouradianet al., 1990; Schuh and Bennett, 1993; Blanchetconditions.
et al., 1995; Colziet al.,, 1998; Syeckt al., 1998). At the 6-month follow-up, a levodopa test using the same
In the pre-levodopa era, rigid dystonic deformities in dose as preoperatively was carried out. UPDRS scores were
advanced Parkinson’'s disease were noted to completelated in off-drug/off-stimulation, off-drug/on-stimulation, on-
disappear after occlusion of the anterior choroidal arterydrug/off-stimulation and on-drug/on-stimulation conditions
(Cooper, 1954). Pallidal surgery improves symptomaticon the same day. Whereas the evaluation always started with
hemiballism or hemichorea (Talairaehal., 1950; Guiot and the off-drug condition, the order of the stimulation condition
Brion, 1952; Gioinoet al, 1966). Pallidotomy (Laitinen was randomized. In each drug condition, the stimulation
et al, 1992; Dogaliet al., 1995; Lozancet al,, 1995; Baron  condition was changed after the motor evaluation, including
et al,, 1996) and pallidal high-frequency stimulation (HFS) the motor score of the UPDRS and timed tests (results of
(Siegfried and Lippitz, 1994; Krackt al.,, 1998&) have been timed tests are not shown in this paper), lasting up to 30 min.
reported to directly improve all types of LID. Lesioning the After a change in the stimulation condition, we waited at
pallidal terminal territory within the thalamus (Narabayashileast 10 min before assessing the new condition. In addition to
et al, 1984; Pageet al, 1993) and thalamic HFS (Caparros the standardized evaluation, overnight stimulation withdrawal
Lefebvreet al.,, 1993) also alleviate LID. In the first patients was done only exceptionally, if tolerated by the patient.
subjected to HFS of the subthalamic nucleus (STN), off-Patients were videotaped during the entire levodopa test,
period dystonia was noted to disappear completely as a direatcluding the timed tests of the core assessment programme
consequence of HFS (Limousat al.,, 1995). Acute HFS of for intracerebral transplantation (Langstenal., 1992), and
the STN using high stimulation parameters can inducevere blinded to the stimulation condition. Off-period, diphasic
dyskinaesias (Mundinger, 1965; Limousat al., 1996) in  and peak-dose dyskinaesias were rated by a non-blinded

the same way as STN lesions (Martin, 1927). investigator from the video recordings of the levodopa test
Since HFS is known to reproduce the effects of a lesiorbefore surgery and 6 months after surgery in the on-
in the ventro-intermediate thalamic nucleus (Benadticl,  stimulation condition. The intensity of dyskinaesias was rated

1991, 1996), we initially thought that patients with marked separately for the face, neck, trunk and each of the upper
diphasic or peak-dose dyskinaesias would be particularly and lower limbs (Marconet al., 1994). The most severe off-
risk of developing dyskinaesias with STN HFS. For thisperiod, diphasic and peak-dose dyskinaesias observed during
reason the presence of disabling dyskinaesias was initiallthe whole period of motor evaluation were rated for each
an exclusion criterion for STN HFS. As globus pallidus limb separately. As dyskinaesias were rated continuously
internus (GPi) HFS was less effective on akinesia than STNrom the video recordings, repeated evaluation was possible
HFS in our experience, we gradually selected patients withvhenever necessary. The activation modes used were
increasing disability related to dyskinaesias for STN HFSspeaking and the movements performed during both UPDRS
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Table 1 General characteristics of the patients at the time of surgery

Patient Sex Age at onset Duration of disease  Levodopa equivalent Hoehn and Yahr  Hoehn and Yahr
(years) (years) (mg/day) off drug on drug

1 M 40 8 2000 5 2

2 M 36 14 1700 4 2

3 M 35 15 1150 5 3

4 F 48 12 1150 4-5 3

5 M 36 8 1000 4-5 0

6 F 30 12 2000 5 25

7 F 46 18 1700 5 3

8 F 29 16 1200 5 25

Mean = SD 387 13t 4 1490+ 410

examination and timed tests, including walking and hand-evaluations were made with the Wilcoxon signed rank test.
tapping. During these tasks, the wording of a dyskinesidPreoperative and postoperative drug dosages were compared
severity rating scale (Goett al.,, 1994) was used as a guide: using Student's test.
0, absent; 1, minimal severity, no interference with voluntary
motor acts; 2, dyskinaesias may impair voluntary movements
but the patient is normally capable of undertaking most motoResults
acts; 3, intense interference with movement control and (dailyn a series of 27 consecutive patients who underwent bilateral
life) activities are greatly limited; 4, violent dyskinaesias, STN surgery for Parkinson’s disease with on—off fluctuations,
incompatible with any normal motor task (in the body parteight suffered severe off-period dystonia preoperatively, with
affected). To increase the sensitivity and to allow distinctiona rating of at least 3 in at least one limb. The drug changes,
to be made between dyskinaesias being present onistimulation parameters, motor evaluation, off-period dystonia,
intermittently on activation or spontaneously all the time,diphasic dyskinaesias, peak-dose dyskinaesias, subjective
half-points were allowed. Global off-period, diphasic andchanges in pain and the duration and intensity of dyskinaesias
peak-dose scores were calculated by addition of the subscorgsthese eight patients at the 6-month follow-up on chronic
from the different body parts, the maximal global score beingSTN HFS are presented. The levodopa-equivalent dose was
28. As the main objective was to analyse and document theeduced by 47% from 1488 408 mg/day preoperatively to
effect of STN HFS on dystonia, we selected all those patientg86 + 445 mg/day postoperatively?(< 0.01). Monopolar
from the consecutive series who had an off-period dystonidilateral HFS was used continuously in all the patients. The
rating of=3 in at least one limb. Dystonic postures in the off- average voltage used was 2t50.6 V. The frequency was
period were considered as off-period dystonia. Stereotyped,30-185 Hz and the pulse width §& for all patients. The
rhythmic, repetitive dystonic (as well as occasional moreeffect of bilateral STN HFS on the motor score of the UPDRS
clonic, choreodystonic or ballistic) movements (Luqgetral., is shown in Fig. 1. A striking similarity between the effects
1992) during the transition periods between off-drug andof STN HFS and levodopa is seen. On average, the motor
on-drug motor states were considered as diphasic-pattestore improved by 74% (from 634 9.8 to 16.6*+ 9.0) in
dyskinaesias. Choreodystonic, choreic or ballistic movementthe preoperative levodopa challenge and by 71% (to #8.3
during the maximal effect of levodopa on parkinsonian sign®.7) under bilateral STN HFS in the off-drug condition.
were considered as peak-dose dyskinaesias. Bilateral STN HFS reduced the severity of off-period dystonia
The characteristics of the patients are summarized in Tablby 90% (Fig. 2). During the levodopa challenge, using the
1. The levodopa-equivalent dose was calculated on the basseme suprathreshold dose as before the operation, the severity
of the following correspondences adapted from Lozano andf diphasic dyskinaesias was reduced by 50%<( 0.05)
colleagues (Lozanet al, 1995): 1 mg pergolide= 1 mg  and that of peak-dose dyskinaesias by 36%:(0.05) (Fig. 2).
lisuride = 10 mg bromocriptine= 10 mg apomorphine= All of the patients with severe dystonia suffered from
100 mg levodopa+ dopa decarboxylase inhibitor. After severe off-period pain preoperatively. Pain in the off-period
surgery the drug dose was decreased according to th@PDRS item 17) decreased by 66% (from 381.3 to
improvement in parkinsonism induced by STN HFS. Thel.3+ 0.9;P < 0.05). Itwas improved in all the patients except
study received the approval of the Grenoble Universityone complaining of off-period dopa-sensitive abdominal pain
Hospital ethical committee and all patients gave theirwithout visible muscular contraction. Duration (UPDRS item
informed consent. The complete results on parkinsonian sigri32) of the on-period dyskinaesias (diphasic and peak-dose)
and symptoms have been presented elsewhere (Limousdecreased by 52% (from 2:8 0.9 to 1.1+ 0.4; P < 0.05)
et al, 1998). The two preoperative subscores of the UPDR&nd disability related to on-period dyskinaesias (UPDRS item
and of LID were averaged. Pairwise comparisons betweeB3) decreased by 68% (from 2:51.2 t0 0.8+ 0.9;P < 0.05).
the results of the mean of the preoperative and postoperative Side effects were minimal. One patient developed a
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Fig. 1 Preoperative effect of levodopa on the motor Dyskinaesia score of the UPDRS (left), the
postoperative effect of bilateral STN HFS (middle) and the postoperative effect of levodopa and of
levodopa plus stimulation (right) in eight patients. The effect of STN HFS is very close to the
preoperative levodopa effect.

subcutaneous infection at the site of the extension lead. The 2 W Pre-surgery

extension and the stimulator on that side were removed, and O Post-surgery
the patient was treated with antibiotics. The device was re- on stimulation
implanted after 6 months and the follow-up took place 6 15

months after the second implantation. All of the patients
gained weight following surgery (3.6 1.2 kg).

In order to illustrate the characteristics of LID in young
and highly dopa-sensitive patients with severe Parkinson’s
disease complicated by on—off fluctuations, as well as the
effects of acute and chronic STN HFS on the different types
of dyskinaesias, we report in detail the semiology of off-
period, diphasic and peak-dose dyskinaesias before and after
surgery. Detailed results are given for three typical patients 0 Off drug Diphasic Peak-dose
and a summary of the findings in all the patients is provided. dystonia dykinesia dykinesia

Fig. 2 Effects of chronic bilateral STN HFS, 6 months after

surgery, on off-period dystonia, and on diphasic and peak-dose
case report 1 the operation. The chronic dopaminérgic cug dose was reduced_
Off-perlqd dystonla . . by 4?% on average. The posltooperativ% chan%es reflect both direct
Preoperatively, the following dystonic features could beeffects of STN stimulation and indirect effects related to drug
observed. Tonic frontalis contraction. A 90° torticollis to the modifications."P < 0.05.

left slowly evolving into left laterocollis, then into antecollis

and finally right torticollis. Right shoulder abduction, elbow abduction and elevation above the shoulder, left elbow
flexion and finger flexion. Left arm abduction and elevationflexion, hand extension and finger flexion, right foot flexion,

above the shoulder, left elbow flexion. The right arm wasleft equinovarus foot and toe flexion. Dyskinaesia score 13/
passively brought into a normal position; after several minute28. After switching on stimulation, the dystonia disappeared
it very slowly returned to the above-mentioned position.within a few seconds. When the stimulation was switched
Flexed trunk gradually evolving into marked lateral bendingoff, dystonia recurred within seconds but it took several

Dyskinesia score /28

]

and then into 90° flexion. Left intermittent hip flexion, with minutes until the same dystonic posture was reached again.

the knee touching the trunk, and right knee flexion. BilateralThese findings were verified repeatedly at several follow-ups.
ankle flexion; the patient was able to walk with great difficulty

on tiptoes. Intermittent supination and arching of the left

foot. Extension and then flexion of the left big toe as well Diphasic dyskinaesias

as flexion of toes 11-V of the left foot. Foot dystonia improved Preoperative: fixed dystonia of the feet was replaced by
with sensory stimuli, e.g. touching the dystonic foot orrepetitive movements beginning on the right side. There was
putting on slippers. Dyskinaesia score was 20/28. Off-perioc tremor increase in the left leg after 1 min, stereotyped
dystonia was accompanied by marked anxiety. Postoperativegpetitive movements started in the left hand after 2 min,
on stimulation: no dystonia. Dyskinaesia score: 0/28there was a marked increase of tremor amplitude in the right
Postoperative after 12 h without stimulation: the preoperativearm and in parallel a disappearance of the left shoulder
dystonia recurred; 90° torticollis to the right, left arm dystonia and a decrease in neck dystonia after 8 min.
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Akathisia became evident after 9 min. Despite disablingneck, left arm, trunk and both legs. Dyskinaesia score 8/28.
repetitive movements of the lower limbs and hips, the patienPostoperative/on stimulation: mild chorea of neck, left arm
tried to get up and walk around. Neck dystonia disappearednd right leg. Dyskinaesia score 4/28

completely after 10 min. The patient walked with great In the immediate postoperative phase stimulation increase
difficulty due to dyskinaesias of the lower limbs. After 11 was limited by repetitive dystonic movements of the lower
min there was typical choreodystonic posturing of the rightlimbs exactly mimicking the diphasic levodopa-induced
hand while walking, indicating the transition to peak-dosedyskinaesias of this patient

dyskinaesias, and walking gradually improved. Dyskinaesia

score 11/28. Postoperative/on stimulation: sudden onset of

repetitive movements of the lower limbs predominant on theCase report 3

right together with choreodystonia of both hands and finger©ff-period dystonia

and of the neck almost identical to postoperative peak-dosPreoperative: Meige syndrome with prolonged blepharo-
dyskinaesias. No ascending wave. Dyskinaesia score 6/28 spasm. Painful neck dystonia varying from antecollis to left
torticollis, retrocollis and finally right torticollis (Fig. 3).

. . Bilateral elbow flexion. Flexion or extension of the fingers
Peak-dose dyskinaesias of the right hand, flexion of the fingers of the left hand. Left

Preoperative: conjugate upward eye deviation (Withy,ion of the trunk turning into hyperlordosis, then lateral
retrocollis) and lateral gaze deviation. Choreatic rapid ”eClbending to the right and finally marked flexion. Bilateral

movements in all directions. Choreodystonlq of F’Oth han,dsadduction of the big toe and flexion of toes II-V. Dyskinaesia
Lateral swaying of the trunk and copulation-like pelvic

. ) ¢ the | score 20/28. Off-period dystonia was accompanied by marked
movements. Repetiive dystonic movements of the lowet,, ier, postoperative/on stimulation: intermittent dystonic
limbs, involving all the joints. Dyskinaesia score 15/28.

_ . . ) <% posture of the right foot on walking, repetitive right big toe
Postoperative/on stimulation: conjugate eye deviation

: . , extension during activation. Dyskinaesia score 1.5/28.
choreatic neck movements. Mild choreodystonia of both

hands. Repetitive dystonic movements of the lower limbs,
involving all the joints predominantly on right. Dyskinaesia Diphasic dyskinaesias

score 9/28 Preoperative: dystonic neck rotation, bilateral repetitive

In the immediate postoperative phase, stimulation intensitg|now, hand and finger flexion/extension movements and
was limited by choreodystonia of the upper limbs resemblmg:inger abduction movements, lateral swaying of the trunk,

the peak-dose dyskinaesias of this patient. Off-period dystonigjjateral dystonic flexion/extension movements of hips, knees,
was abolished and diphasic dyskinaesias were improved. ankjes and toes. Dyskinaesia score 12/28. Postoperative/

on stimulation: blepharospasm, rotatory neck movements,
Case report 2 bilateral extension pf the proximal_and gxtension of _the distal

phalanges predominantly on the right, internal rotation of the
right leg, extension of the right knee, flexion and inversion
'of the right foot, extension and adduction of the right big
'toe, flexion of the right toes 11-V, adduction of the left big
toe. Dyskinaesia score 9/28.

Off-period dystonia

Preoperative: painful lateral jaw deviation, inability to speak
mild antecollis, bilateral elbow flexion, right-hand extension
trunk flexion, 90° bilateral flexion of the hips, bilateral hip
adduction, bilateral knee flexion, bilateral foot inversion,
flexion of the toes alternating with toe extension. Dyskinaesia

score 16/28. Off-period dystonia was accompanied by markeppagk-dose dyskinaesias

anxiety and respiratory distress. Postoperative/on-stimulatiorp'reoperative: mild generalized chorea sparing the face.

dyskinaesia score 0/28. Dyskinaesia score 6/28. Postoperative/on-stimulation: mild
chorea of the neck and right leg. Dyskinaesia score 3/28.
Diphasic dyskinaesias In the immediate postoperative phase, acute HFS was able

Preoperative: inability to speak with respiratory distress and® mdulc_:ebrepgtltlv_e lﬂexmr;]/extensmn WOVe;'?e;“S n dthe
an audible stridor (adductor dysphonia), repetitive flexion/PPEr 1IMbS f' e2t|ca to the preoperative | Iphasic dys-
extension movements starting in the right foot, then ascendiné'naes'as' A furd er aCl.Jte Increase in .st|mu- ation mtgnsny
to the knee and hip. Left dystonic hip flexion. Dyskinaesia®UPPressed the diphasic pattern dyskinaesias and induced
score 10/28. Postoperative/on stimulation: dyskinaesia score® V€€ generalized chorea.

0/28

Summary of the semiological findings of LID

Peak-dose dyskinaesias Off-period dystonia
Preoperative: dystonic flexion/extension movements of th&©ff-period dystonia typically appeared in the morning,
right fingers and hand. Minimal choreatic movements ofworsening with exercise and loss of sleep benefit. Off-

¥20Z I1dy 61 U0 3senb Aq §L088E/EE L L/9/ZZ ) /I01ME/UIRIq/WOD dNO OlWapEDE//:Sd)Y WOl papeojumoqg



Role of the STN in levodopa-induced dyskinaesias1139

Fig. 3 Intra-individual variability of off-period dystonia within one body part, showing that off-period dystonia is not a single fixed
dystonic posture but rather may represent slow movements. An antecollis posture slowly turns into left torticollis, then retrocollis and
finally right torticollis (Case report 3), the whole sequence lasting 32 min. Pictures taken from a video recd?ding.05.

period dystonia worsened during the neurological evaluation3 illustrates the intra-individual variability of off-period
including the UPDRS and timed tests. It most frequentlydystonia. Although off-period dystonia was frequently
affected the toes, causing flexion of toes II-V and extensiomprovoked by exercise, e.g. dystonic claudication on walking,
of the big toe. The foot was frequently inverted and the anklespontaneous fluctuations also occurred without any
was either flexed or extended. In addition to this classicatecognizable trigger factor. Off-period dystonia was improved
foot dystonia, however, other features of off-period dystoniawith sensory tricks, by analogy with idiopathic dystonia. It
were observed, most typically blepharospasm, neck dystonigould also be restricted to a specific motor task not involving
hand dystonia [the ‘main creuse’ of Garcin (Garcin, 1955)],another motor programme in the same limb. Off-period
truncal flexion and hip flexion, but all other body parts coulddystonia was most frequently seen on the side with the most
be involved (e.g. jaw opening, laryngeal stridor, shouldersevere parkinsonism, but the opposite occurred with on-
antepulsion, arm elevation, elbow flexion, abdominalperiod dyskinaesias, which were always the worst on the
dystonia, hip adduction, knee flexion or extension). Patientside most affected by parkinsonism. Off-period dystonia
with off-period dystonia generally complained of pain in the could change from one side of the body to the other,
muscles that were visibly involved in the dystonic posturesand occasionally prevailed on the side less affected by
Pain or discomfort could also precede less visible dystoniaParkinson’s disease.
typically localized in the paravertebral region, most
commonly neck and lower back pain or pain in the buttocks.
In addition to pain, several patients suffered from a suffocatinddiphasic dyskinaesias
sensation and anxiety. Diphasic dyskinaesias could be the first symptom to indicate
Off-period dystonia showed great variability over time; it the action of levodopa or to herald the recurrence of
waxed and waned over periods of minutes and could changearkinsonism after an on-period. In most patients, diphasic
from one body part to another. Beginning as a focal dystoniadyskinaesias disappeared completely during the peak-dose
it could spread into a segmental dystonia, hemidystonia ophase. In others, some of the diphasic features reappeared in
generalized dystonia. In one body part, dystonia could prevaitbetween, depending on activation. End-of-dose dyskinaesias
in antagonistic muscles at different times. For example, atended to last longer than the onset-of-dose dyskinaesias.
antecollis turned into a left torticollis, then a retrocollis and Diphasic dyskinaesias also occurred together with or at the
finally a right torticollis. The trunk was flexed and minutes onset of dose, and could be preceded by other typical motor
later a lateral bending occurred. The foot was flexed andr non-motor symptoms that indicate levodopa response.
minutes later it was extended in a dystonic posture. Figurdhese were yawning, the return of facial expression, dramatic
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mood swings with the sudden disappearance of off-periodvere always more severe on the side most affected by
depression, a sense of well-being and a return of initiativeParkinson’s disease.
often with transient logorrhoeic speech and akathisia. In one
patient who was able to walk without freezing but with very
slow shuffling steps in the off-period, diphasic akathisia wasEffect of STN HFS on dyskinaesias
accompanied by marked freezing, which disappeared witiWhen switching on the STN HFS postoperatively, the first
the peak-dose effect of levodopa. A transient worsening o§ign to improve was off-period dystonia. Low HFS parameters
parkinsonism, such as difficulty in breathing or an increaséiad to be used in the immediate postoperative phase to avoid
in tremor, was gradually replaced by more irregular, sloweithe induction of disabling dyskinaesias. During this period,
repetitive movements. Effects ranging from transient anxiehHFS was less effective on akinesia than levodopa and
to panic attacks could be observed. Transitory vegetativeould induce a diphasic pattern of dyskinaesias, which often
signs such as sweating, flushing, tachycardia and hypertensionimicked the diphasic levodopa-induced dyskinaesias of the
also occurred. At the onset of dosing, fixed dystoniaindividual patient (e.g. Case report 3). An acute increase of
disappeared in an ascending wave in the same way astherlevodopa or HFS parameters suppressed both levodopa-
parkinsonism. Fixed off-period dystonia often graduallyand HFS-induced diphasic pattern dyskinaesias, sometimes
changed into repetitive stereotyped diphasic dystonia in théhen inducing generalized chorea or ballism (e.g. Case report
transition from the off- to the on-period. Diphasic 3). The stimulation-induced dyskinaesias gradually decreased
dyskinaesias could be activated by motor tasks, especially afith chronic HFS, allowing a gradual increase in stimulation
the body part involved. They could be position- or action-parameters up to the optimal effect on akinesia. In parallel,
dependent. Proximal diphasic limb dyskinaesias could bé¢he levodopa dose could be reduced. At the 6-month follow
slow and dystonic or more rapid and ballistic. In addition toup, chronic STN HFS generally had almost the same effect
dystonia, myoclonus could be observed. Diphasicon parkinsonism as levodopa at its best. The threshold for
dyskinaesias were always more severe on the side mothe induction of dyskinaesias either by HFS or by levodopa
affected by Parkinson’s disease. had increased. Off-period dystonia only rarely reappeared
after overnight withdrawal of medication even if the
stimulation was switched off overnight. If residual off-period
dystonia recurred, then HFS with parameters effective on
Peak-dose dyskinaesias akinesia led to disappearance of the dystonia within seconds
There was minimal parkinsonism at the peak response angfter switching on the contralateral STN stimulator. The
patients were not rigid but could be hypotonic. They lostduration of diphasic dyskinaesias was much shorter in the
some of the initiative seen during the onset of the dose phassn-stimulation condition compared with the preoperative
and some became drowsy. Peak-dose dyskinaesias wees/odopa challenge, and there was an almost immediate
mainly choreic in nature but also showed dystonic featurestransition from off-period akinesia to an on-period with peak-
the movements being faster and less repetitive. The diphasifose pattern dyskinaesias. STN HFS and levodopa showed
movements sometimes reappeared intermittently. Peak-dosglditive effects on dyskinaesias: switching on the stimulation
dyskinaesias were activated by motor acts, even in distarfuring a levodopa test shifted diphasic pattern dyskinaesias
parts of the body. Speaking, eating, the motor tests of theo peak-dose pattern dyskinaesias or worsened pre-existing
UPDRS and especially the timed tests markedly aggravatepeak-dose chorea. Even if dyskinaesias were reduced in
choreatic movements. Mental stress also worsened peak-doggensity, the preoperative individual topographical and
dyskinaesias. They could be generalized, typically affectingsemiological patterns of off-period, diphasic or peak-dose
the face, neck and upper limbs. Blepharospasm or faciallyskinaesias could still be recognized.
grimacing was a frequent feature and ocular movements
could also be involved. The neck often showed repetitive
alternating rotation. The upper limbs showed a typicalDiscussion
choreodystonic feature: the hand was flexed with a slight ulnaThe severity of off-period dystonia was reduced by 90% in
abduction, the fingers were flexed at the metacarpophalangeile defined off condition at the 6-month follow-up on chronic
joints and the distal joints were extended. The trunk showe®TN HFS in comparison with the preoperative defined off
dancing movements. The lower limbs also showedcondition. This was accompanied by a 66% decrease in pain
choreodystonic movements. Generalized chorea, even during the off-period. During a levodopa challenge, using
embarrassing for the relatives, was mostly well tolerated byhe same suprathreshold dose as before the operation and
the patients, in contrast to off-period dystonia or diphasiowith the stimulation on, diphasic dyskinaesias were reduced
dyskinaesias. It was not very disabling or painful and theby 50% and peak-dose dyskinaesias by 30%. The average
patient was relieved from the parkinsonism, the psychiatricdaily levodopa equivalent dose was reduced by 47%.
changes and distress of the off and diphasic periods. If th&herefore, on-period LID in everyday life were even more
limbs were proximally affected, however, movements couldreduced than during the acute levodopa challenge using a
be ballistic with functional disability. Peak-dose dyskinaesiashigh dose. Their duration decreased by 52% whereas their
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intensity decreased by 68%. Severe, disabling off-perioct al., 1977). Off-period dystonia is very distressing to the
dystonia occurred in a third of our patients who had undergoneatient and it may occur with agonizing pain, difficulty in
surgery for severe dopa-sensitive parkinsonism with longbreathing (McHaleet al., 1990) and marked anxiety. This
term motor complications, generally in patients with young-often leads to a vicious circle, with increases in levodopa
onset Parkinson’s disease. Thus, it is not rare in surgicalloses leading to a further worsening of the off-period
candidates and it may be the most disabling symptom thadystonia. STN HFS is highly effective in suppressing this
leads to an operation. There were no permanent side effecekymptom.

apart from a gain in weight, and all of the patients had major

benefits from surgery with regard to motor function, pain
and dyskinaesias. Patients with young-onset Parkinson
disease, characterized by severe akinesia, a high degree
sensitivity to levodopa and a tendency to develop sever
dyskinaesias, especially painful dystonia, seem to be ide
candidates for bilateral STN HFS. Off-period dystonia tend
to be more generalized than previously described. It appea
in bouts, it may wax and wane with exertion or with loss of
sleep benefit, and the muscles primarily involved may chang

?/ﬁriability in time of off-period dystonia
8 -period dystonic postures are generally considered as
xed (llsonet al., 1984), as opposed to the more mobile on-
eriod or idiopathic dystonia. However, when observing
atients over a period of time, it is evident that these postures
ry slowly, over minutes. Off-period dystonia also shows
intra-individual variability that is not seen in idiopathic
NI ﬁystonia and is more typical of dopa-responsive dystonia
W|th|r_1 minutes from one part of the bo_dy to another, or from Nygaardet al, 1991). For example, a patient may have an
agonist to antagonist. This symptom is generally com_pletel_ ntecollis posture that very gradually evolves into laterocollis
supp_resse_d by STN HFS. STN HFS reduces d'_phas'fnen into retrocollis. Early morning dystonia has been
dyskinaesias to a greater degree than peak-dose dyskmaea&gseribed to subside slowly after 1-2 h even if the first dose
STN HFS is an interesting alternative to pallidal surgery forof levodopa is withheld (Marsdeet al, 1982), but during a
the treatment of levodopa-induced motor complications tha&rug holiday it may reappear on séveral cjonsecutive days

cannot be sufficiently controlled by medical strategies. before eventually disappearing completely (Melamed, 1979).
Intermittent bouts of off-period dystonia have been described

Topographical distribution of off-period dystonia only rarely (Poeweet al., 1988), but are regularly observed

Dystonia can occur in untreated parkinsonism (Charcot, 189
and may be an early sign of the disease (Stewart, 1898), b
chronic dopaminergic stimulation leads to a worsening o
dystonia (Duvoisinet al, 1972) during the off-period,

especially in the morning, several hours after the last intak
of levodopa (Melamed, 1979). Off-period dystonia was mos
often more severe on the side more affected by parkinsonisn;olt,
as described previously (Melamed, 1979; lissral., 1984;

o without dopaminergic therapy for many hours. Off-period

S/stonia waxes and wanes over time, typically worsening

ith physical exercise (Stewart, 1898) but often without any
obvious contributing factor. Off-period dystonia disappears
%uring sleep (Arnulfet al., 1998). The loss of sleep benefit
nd resulting changes in cerebral dopamine levels may play
major role in the pathophysiology of early morning dystonia.
. Bouts of dystonia seem to occur together with an increase
Poewe et al, 1987). However, exceptions were found in parkinsonism, but it is difficult to distinguish between

(Melamed, 1979; I\_/Ic_HaIet aI.,_1990; Marconet al, 199‘_1)’ immobility and increased tone due to painful fixed dystonia
and this relationship is less evident than that between dlphasgznd an increase in akinesia and rigidity. Like idiopathic

or peak-dose dyskinaesias and the most affected side. Icﬂ/stonia, off-period dystonia was sometimes modified by

some patlents dystonia was thg first sign of the dlseas‘?s’ensory tricks in our patients, and within one limb off-period
ey e orsel of pakenar by severalyears, 1 ysionia was sometimes restcted 1o & partcuiar ot
is typical in Parkinson’s disease (Stewart, 1898; Melameo:kB gramme, as in writing dystonia.

1979; Poeweet al, 1988). Approximately one-third of

parkinsonian patients who receive treatment with levodopa ) ] )

for >5 years develop painful foot dystonia (Poewe and Lees!S parkinsonian posture related to dystonia

1987). This study shows the distribution and variability of rather than to rigidity?

off-period dystonia in advanced Parkinson’s disease in youndf was not possible to differentiate severe postural
highly levodopa-sensitive patients. In this population, off-abnormalities due to akinesia and rigidity from axial dystonia
period dystonia is not restricted to the typical ‘striatal toe’in some of our patients. The typical flexed posture of a
or inverted foot: all body parts may be affected. Off-periodparkinsonian patient is generally thought to be due to rigidity.
dystonia involving proximal parts of the legs or other partsDenny-Brown (1962) discussed the relationship between
of the body has been described only rarely (llsenal,  parkinsonian rigidity and dystonia. According to his concept
1984; Poeweet al., 1986; McHaleet al., 1990). Generalized of ‘flexion dystonia’ in paralysis agitans, every stage of

off-period dystonia is frequent in young-onset Parkinson’stransition between plastic rigidity and dystonia can be found
disease, by analogy with diphasic dyskinaesias (Lhermittén extrapyramidal disease. A ‘rigid dystonic’ hand deformity,

uring preoperative assessments and surgery, when patients
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which improved in a Parkinson’s disease patient followingwith low-voltage HFS. Off-period dystonia disappears within
anterior choroidal artery occlusion, led Cooper to investigateseconds after switching on the contralateral STN stimulator
surgery for torsion dystonia (Cooper, 1958, 1977). Antecollisusing parameters effective against akinesia. Low-voltage
adduction of the arms, flexed elbows, ‘main creuse’ (GarcinSTN HFS may induce diphasic pattern dyskinaesias which
1955), flexed hips, flexed knees and flexed or extended anklesn mimic the diphasic dyskinaesias of an individual patient.
tend to be related to rigidity, but these features were commonl further increase in voltage then suppresses the diphasic
observed in the setting of severe generalized off-perioghattern dyskinaesias and induces generalized choreodystonia.
dystonia in our patients. In contrast, inversion of the footThere seems to be a continuous spectrum from fixed dystonia
and flexion of the toes are considered to be dystonic postures) the off-period over a more intermittent diphasic dystonia
and foot dystonia has been described as the most prominettt choreodystonia with decreasing STN activity, related either
type of off-period dystonia (Poewat al., 1988). If a posture to increased dopaminergic activity or to higher STN HFS
is extended instead of flexed, e.g. extension of the big togyarameters.
finger, knee or elbow, or retrocollis, everybody will agree in
calling this dystonia. This is even more obvious if there is a
combination of flexion and extension, as is often seen ifPathophysiological implications
different combinations in the fingers or toes. We observedn MPTP parkinsonism, a model of pure dopaminergic deficit,
marked variability of dystonic postures during the off-period.there is a glutamatergic neuronal hyperactivity of the STN
In a selected population of young-onset severe Parkinson@Bergmanet al,, 1994). STN lesions lead to a decrease in
disease patients with severe dystonia in one body part, wWBTN neuronal activity and subsequently to normalization of
observed a tendency of the dystonia to generalize. Thedbe parkinsonian triad in the MPTP model (Bergnetral.,
observations indicate that off-period dystonia may be morel990) and in patients with Parkinson’s disease (Gill and
frequent and more generalized in severe Parkinson’s diseasteywood, 1997; Obeset al, 1997). STN HFS has been
than previously reported and that at least some of the featureshown to replicate not only the effects of an STN lesion on
attributed to rigidity may be caused by dystonia. Moreoverparkinsonism in monkeys treated with 1-methyl-4-phenyl-
off-period dystonia tends to evolve into stereotyped repetitivel,2,3,6-tetrahydropyridine (Benazzaetzl., 1993) and on the
diphasic dystonic movements of the same limb, and finallyparkinsonian triad in Parkinson’s disease patients (Limousin
into peak-dose choreodystonic movements associated witht al., 1995; Kracket al., 199; Limousinet al., 1998), but,
hypotonia. These movements, when dystonic, are not usualiy the same way as a STN lesion (Martin, 1927), it can also
related to rigidity. When rating dystonia, it may be difficult induce dyskinaesias (Limousiet al, 1996). Although the
to estimate the relative contributions of parkinsonism andexact mechanism of the effect of HFS is not known, these
dystonia to the resulting handicap during a task. Ratingpbservations favour a functional inhibition of the STN. Based
rigidity in a patient with a fixed dystonic posture is misleading.on the known pathophysiology of the STN, the results of the
present study make it possible to speculate about the role of
the STN in the pathophysiology of the different types of LID.

. ition f f iod d . STN HFS mimics the action of levodopa: the UPDRS is
Progressive transition from off-period dystonia improved to the same degree with either levodopa or STN

to peak-dose dyskinaesias both with levodopa HFs (Krack et al, 199%; Limousin et al, 1998), both

and STN HFS acting on the complete parkinsonian triad. The effects on
A progressive transition from fixed dystonia in severelydyskinaesias follow a similar pattern according to the level
akinetic—rigid patients to mobile dystonia, chorea or ballism,of dopaminergic activation or voltage. Off-period dystonia
with increasing benefit on parkinsonism, was observed botis abolished at a low level and diphasic pattern dyskinaesias
during the levodopa test and with STN HFS. During theoccur at a higher level. At a further level, high dopaminergic
levodopa test, generalized off-period dystonia disappeared iactivation suppresses diphasic dyskinaesias but may induce
an ascending wave, similar to that described for thepeak-dose dyskinaesiastogether with a maximal improvement
appearance of diphasic dyskinaesias (Marainal., 1994). in parkinsonism (de Saint Victoet al, 1992), an effect
Moreover, repetitive diphasic dystonic movements were oftersimilar to that produced by acute high-voltage HFS. However,
encountered in limbs which were in a fixed dystonic positionchronic dopaminergic activation or stimulation influences
during the off-period. In these patients, the repetitive diphasidyskinaesias in different ways. Whereas chronic levodopa
movements could be interpreted as a repetitive waxing antherapy worsens dyskinaesias, chronic STN HFS tends to
waning of their off-period dystonia with an increasing rhythm. decrease dyskinaesias (Kraekal., 1997@) (Limousinet al.,

The appearance of peak-dose choreodystonic or choreati®98). This difference might be related to the pulsatile
dyskinaesias generally accompanies the disappearance adtivation of the dopaminergic system by levodopa, with
diphasic-pattern dyskinaesias and parkinsonism, muscle torsibsequent pharmacodynamic changes superimposed on
becoming minimal or even hypotonic. The same observationpharmacokinetic variations (Mouradiat al, 1989, 1990;
were made for dyskinaesias induced by STN HFS. Off-Schuh and Bennett, 1993), whereas HFS is continuous. A
period dystonia is the first sign to disappear postoperativelgimilar progressive decrease in dyskinaesias is seen after
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permanent lesions of the STN in non-parkinsonian patientss necessary. Furthermore, the threshold of HFS-induced
(Shannon, 1990). dyskinaesias increases with chronic HFS over time (Limousin

Off-period dystonia disappears within seconds afteret al, 1998).
switching on the contralateral HFS and may recur within The major output from the STN is to the GPi, which then
seconds following HFS arrest. Fixed dystonia can be grojects mainly to the prefrontal cortex through the ventral
presenting symptom of Parkinson’s disease (Stewart, 1898halamus. Dyskinesias are thought to be related to an altered
and may thus be pathophysiologically close to Parkinson’pattern of GPi activity (Suareet al, 1997) and not to a
disease. Off-period dystonia occurs only with parkinsonisnsimple decrease in activity, because a lesion placed in the
and is directly improved by STN HFS together with the ventroposterolateral part of the GPi, supposed to be the
parkinsonian triad; thus, it is very likely to be associatedsensorimotor part, abolishes all types of dyskinaesias.
with cellular hyperactivity in the STN. Off-period dystonia Pallidotomy dramatically reduces levodopa-induced diphasic
corresponds to a very low level of levodopa concentrationand peak-dose dyskinaesias in Parkinson’s disease (Lozano
whereas total absence of levodopa after a drug holiday lastingt al., 1995; Baroret al., 1996), tardive dyskinaesias (Wang
a few days may lead to the disappearance of off-perioctt al, 1997) and idiopathic dystonia (Lozarmd al, 1997,
dystonia (Melamed, 1979). The action of STN HFS on on-Ondoet al., 1998) as well as hemiballism consecutive to a
period dyskinaesias is more complex. Off-period dystoniavascular lesion (Suarezt al., 1997). In Parkinson’s disease
may show a gradual transition to diphasic dyskinaesias witlpatients, dyskinaesias after apomorphine injections are
repetitive alternation of dystonic activity in antagonistic associated with a decrease in the firing rate of GPi neurons
muscles (Marconiet al, 1994). It is likely that diphasic (Hutchinsonet al, 1997). The characteristics of pallidal
dystonia reflects an altered pattern of STN neuronal activityneuronal activity in hemiballism were recently reported by
with alternating periods of hyperactivity (dystonia) and Suarezet al. (1997). According to the figure shown in their
decreased activity (decrease in tone) in groups of cellpaper, the average spike rate was much lower than that in
responsible for a specific muscle. An increase either irParkinson’s disease patients even in the on-period. Long
dopaminergic stimulation or in the electrical parameters ofpauses in firing were interrupted by short high-frequency
STN HFS leads to a shift from the diphasic patternbursts. This is the type of pattern one would expect if the
dyskinaesias to peak-dose pattern dyskinaesias through GPiwere no longer driven by the STN. If off-period dystonia
further decrease in cellular activity. Peak-dose dyskinaesiais related to overactivity of the STN, the GPi would also be
associated with maximal decrease in parkinsonism woulaveractive. So, a pallidotomy would improve off-period
correspond to STN hypoactivity induced by high-voltagedystonia in the same way as it improves on-period
HFS. This hypothesis fits well with dyskinaesias occurringdyskinaesias. STN HFS leads to a complete and dramatic
after a spontaneous lesion of the STN in humans (Suarearrest of off-period dystonia. The same has been observed in
et al, 1997) and with the schematic diagram of the basapallidal surgery. Given the major effects induced by STN
ganglion pathophysiology in dyskinetic states (All@nhal., HFS on various dystonic states, the involvement of the direct
1989). Levodopa and HFS have additive actions orstriatal-GPi pathway in the appearance of off-period dystonia
parkinsonism and dyskinaesias, as both reduce STN activitynay be minor.

The actions of chronic STN HFS on on-period dyskinaesias
are threefold. First, there is a direct action reducing the
hyperactive part of the altered pattern of STN activity andConclusion
thus shifting diphasic pattern dyskinaesias to peak-dosByskinesias can be related either to hyper- or hypoactivity
pattern dyskinaesias. This may explain why the dystoniof the STN. A continuous spectrum of dopaminergic
diphasic dyskinaesias are improved to a greater degreend STN glutamatergic activity is proposed as the basis
than peak-dose dyskinaesias. Secondly, the HFS inducedf the continuous spectrum of the clinical symptoms
improvement in parkinsonism allows a decrease in levodopé) parkinsonism; (ii) off-period dystonia; (iii) diphasic
dosage, and thus a decrease in pulsatile dopaminergatyskinaesias; (iv) hypotonia and peak-dose dyskinaesias. The
stimulation, which is the basis of dyskinaesias (Mouradiarpathophysiology of LID is not well understood, and the
et al, 1990; Belard et al, 1992; Sage and Mark, 1992; implication of different transmitters has been discussed
Schuh and Bennett, 1993; Obestal., 1994; Blancheet al,  (Bedardet al, 1992). Our findings indicate a key role in the
1995; Syedet al, 1998; Colziet al, 1998). Thirdly, by glutamatergic STN—GPIi interaction in the pathophysiology
analogy with the progressive disappearance of dyskinaesiag not only parkinsonism but also dyskinaesias. The effects
with time after a stable STN lesion (Shannon, 1990), theref levodopa seem to be largely mediated by this interaction.
seem to be gradual pharmacodynamic changes in response
to a stable change in STN neuronal activity related to the
continuous mode of chronic STN HFS. In the immediateAcknowledgements
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