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ABSTRACT: Objective: To evaluate, in a double-blind fashion, the efficacy of deep brain stimulation of 
the internal segment of the globus pallidus (GPi) contralateral to a previous unilateral medial pallidotomy 
(MP). Methods: This pilot study involved 4 patients with a previous MP and one previously unoperated 
patient unable to tolerate any antiparkinsonian drugs. One of the patients with a prior unilateral MP had 
two electrodes implanted in the contralateral side, one in GPi and one in Vim thalamus. Detailed neuro
logic assessments were performed after overnight drug withdrawal and in the drug "on" state at baseline, 
1 week and 3 months (in all), and 9 and 12 months (one) with patients and evaluators blinded to the status 
of stimulation. Results: GPi stimulation resulted in improvements in "off-period" contralateral bradykine-
sia, rigidity and tremor in all patients. Dyskinesias and freezing episodes were ameliorated in one patient 
each but dyskinesias were transiently induced in another. The patient with GPi+Vim electrodes had com
plete resolution of contralateral tremor with thalamic stimulation but less benefit from acute GPi stimula
tion. One patient experienced a single seizure one week post-op and no other surgical complications were 
observed. Conclusions: Deep brain stimulation can be applied safely and effectively in patients who have 
already had a pallidotomy on the contralateral side. The effect of stimulation at different sites on different 
symptom profiles and levodopa-induced dyskinesias requires further evaluation. 

RESUME: Stimulation pallidale chez les parkinsonians ayant subi une pallidotomie unilateral anterieure-
ment. But: D'evaluer, par une etude a double insu, Pefficacite d'une stimulation du segment interne du globus pal
lidus (GPi) contralateral a une pallidotomie m6diale (PM) unilatfirale subie anterieurement. Methodes: Cette etude 
pilote porte sur 4 patients ayant subi une PM anterieurement et un patient qui n'avait pas subi de chirurgie et qui ne 
tolerait aucun medicament antiparkinsonien. Chez un des patients qui avait subi une PM unilateral, on a implante 
deux electrodes du cote oppose, une dans le GPi et une dans le thalamus Vim. On a precede a une evaluation neu-
rologique dfitaillee alors que les patients n'avaient pas re§u leur medication depuis la veille et sous medication, en 
periode "on", a 1 semaine, 3 mois (chez tous), 9 et 12 mois (chez un), la stimulation etant faite a l'insu des patients et 
des eValuateurs. Resultats: La stimulation GPi a provoque une amelioration dans les periodes "off de la bradykinfeie, 
de la rigidite et du tremblement contralateral chez tous les patients. Les dyskinesies ont ete am61ior6es chez un patient 
et les episodes de blocage chez un autre, mais des dyskinesies ont et6 induites de facpn transitoire chez un autre. Le 
patient chez qui on avait implante des electrodes GPi + Vim a eu une resolution complete du tremblement con
tralateral par la stimulation thalamique, mais moins de benefice de la stimulation GPi aigue. Un patient a eu une crise 
6pileptique unique une semaine apres 1'intervention. Aucune autre complication chirurgicale n'a ete observed. Con
clusions: La stimulation de regions profondes du cerveau peut etre faite de facpn securitaire et efficace chez les 
patients qui ont deja eu une pallidotomie du cote oppose. L'effet de la stimulation de differents sites sur differents pro-
fils de symptomes et sur les dyskinesies induites par la levodopa demande une investigation plus poussee. 
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Pallidotomy has been found to be useful in the management 
of late-stage Parkinson's disease patients especially in those 
affected by severe disabling drug-induced dyskinesias.1"10 

Improvement is obtained in symptoms such as off-period 
bradykinesia and rigidity with marked amelioration of drug-
induced dyskinesias. Recently, deep brain stimulation (DBS) 
has been proposed as an alternative to ablative lesioning for the 
management of many Parkinsonian symptoms and other move
ments disorders.11"18 In preliminary studies, the delivery of high 

frequency deep brain stimulation (DBS) via bilaterally implant
ed electrodes in the globus pallidus internus (GPi)19"21 or the 
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STN16 has been shown to improve symptoms of Parkinsonism 
in humans and in the MPTP treated monkey,22,23 although not all 
reports have been favourable.24 The advantage of DBS is the 
reversible and adaptable nature of the stimulation where differ
ent variables of the stimulus can be adjusted as required. Anoth
er potential benefit is that there is a negligible lesion produced 
during electrode implantation compared with the standard 
destructive neurosurgical procedure possibly resulting in fewer 
permanent complications. 

Patients who have had a unilateral pallidotomy may experi
ence increasing disability due to persistent and progressive signs 
on the unoperated side. Many neurosurgeons are reluctant to 
perform bilateral destructive lesions based on experience with 
bilateral thalamotomies where major morbidity can occur, par
ticularly cognitive, memory and language, and swallowing and 
speech disturbances after a second stage bilateral procedure.25 

Our initial experience in a small number of patients undergoing 
bilateral pallidotomy has confirmed the potential for immediate 
and long-term neuropsychological effects.26 Indeed, there are 
very few reliable data in the recent literature supporting the 
safety or efficacy of bilateral medial pallidotomy.27 

We reasoned that patients with a prior unilateral pallidotomy 
who required another lesioning procedure could benefit from a 
less "destructive" approach. The "reversible" nature of stimula
tion permits the physician to tailor the treatment according to 
patient symptoms and response. If an undesirable side effect is 
observed during stimulation it can be easily corrected by adjust
ing the stimulation parameters. Therefore, implanting contralat
eral DBS electrodes in patients with a prior pallidotomy is a 
reasonable alternative to a bilateral lesioning procedure. 

We present our preliminary short-term experience using DBS 
in 4 patients who had a prior unilateral pallidotomy. A second 
procedure contralateral to the initial pallidotomy was deemed 
necessary for these patients because of persistent disabling ipsi-
lateral parkinsonian symptomatology and drug-induced dyskine
sias. A fifth patient, who could not tolerate dopaminergic drugs, 
had a quadripolar electrode implanted into the GPi as the prima
ry management of his parkinsonism. 

PATIENTS AND METHODS 

Four men and a woman, with a mean age of 63 years and 
mean duration of Parkinson's disease of 10.4 years were includ
ed in the study (Table 1). Four patients had undergone a prior 
left pallidotomy on average 15 months earlier (range: 10 to 24 
months) with improvement experienced predominantly on the 

side contralateral to the surgery. All continued to have severe 
and medically refractory parkinsonian symptoms on the unoper
ated ipsilateral side. All had asked that a second procedure be 
performed. A fifth patient with severe intolerance to antiparkin-
son medication underwent unilateral GPi implantation as the 
primary therapeutic modality for his disabling symptoms. 
Patients gave written informed consent and the study was 
approved by The Toronto Hospital Committee for Research on 
Human Subjects. 

All patients had their antiparkinson drugs withheld the night 
before surgery. The surgical methods used were as reported pre
viously by our group4'28,29 using stereotactic MRI in combina
tion with microelectrode mapping of the target areas. These 
included the GPi in all patients and the Vim thalamus in one 
patient. This latter patient (#5 on Table 1) had disabling rest 
tremor as well as rigidity and bradykinesia. In the final step, 
instead of performing a lesioning procedure, a permanent four 
channel DBS electrode (Medtronic model 3382) was inserted 
into the GPi in all patients (Figure 1) and a second electrode was 
inserted in the ipsilateral Vim in patient #5. The electrode 
cable(s) was exteriorized for one week to allow immediate post
operative DBS testing. The cables were then internalized and 
connected to either an external (Medtronic Xtrel model 3425) or 
internal (Medtronic Itrel model 7424) stimulator. 

Patients were assessed using the Unified Parkinson's Disease 
Rating Scale (UPDRS)30 both with and without stimulation. 
Stimulation parameters adjusted in each patient included elec
trode combinations (bipolar or unipolar), frequency, pulse width 
and amplitude of stimulation. Evaluations of stimulation effects 
in the practically defined worse off state after an overnight with
drawal of antiparkinson medication were performed in a random 
order with both rater and patient blinded to whether stimulator 
was ON or OFF. In order to maintain consistency, the same rater 
(JD) evaluated all patients throughout the study. Prior to these 
blinded evaluations the best stimulator ON state was determined 
when both the patient and investigators agreed that the state rep
resented the maximal therapeutic benefit as demonstrated by the 
total score of the motor subsection of the UPDRS. Specific fea
tures of the UPDRS chosen for reporting included the composite 
score for activities of daily living, and the motor subsections for 
tremor (items 20-21), rigidity (item 22), bradykinesia (items 23-
26), postural stability plus gait disturbances (items 29-30) and 
the total motor score (Items 18-31). Dyskinesias were evaluated 
using a modified Obeso scale.31 (The status of drug treatment 
will be referred to using the lower case "off' and "on" while the 
stimulator status will be referred to using the upper case OFF 

Table 1: Patient Characteristics. 

PATIENT SEX AGE DISEASE PREVIOUS PREDOMINANT ELECTRODE FINAL FOLLOW/UP 
NUMBER DURATION PALLIDOTOMY SYMPTOMS* SITES STIMULATION TIMES 

SITE 

1 
2 
3 
4 
5 

M 
M 
M 
M 
F 

69y 
siy 
59y 
65y 
72y 

18y 
13y 
lOy 
4y 
7y 

Left 
Left 
Left 
NIL 
Left 

B/R/G/Dys 
B/R/G 
B/R/G/Dys 
B/R/T 
B/R/T 

GPi 
GPi 
GPi 
GPi 
GPi/Vim 

GPi 
GPi 
GPi 
GPi 
Vim 

3M 
3,9,12M 
3M 
3M 
3M 

*B = Bradykinesia, R = rigidity, G = gait, T = tremor, Dys = dyskinesias, GPi = globus pallidus, Vim = Ventral intermediate nucleus of the thalamus 
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three patients and tremor and drug-induced dyskinesias in two 
patients. The GPi was the final site of chronic stimulation in 
four patients. One patient (#5), who had both thalamic and GPi 
electrode implantation, chose Vim thalamus (after careful blind
ed assessments of both sites) as the permanent site for stimula
tion due to the greater beneficial effects obtained on her 
disabling contralateral tremor compared to the results observed 
in her rigidity and bradykinesia. 

RESULTS 

GPi stimulation 
There were no obvious changes seen in UPDRS scores with 

stimulation when the patients were in their "best on" state, hav
ing taken their usual doses of antiparkinsonian medications. 
Changes in dyskinesias in two patients are described below. 
Unless otherwise stated, the scores reported are for the practical
ly defined "worse off' state with the patient off all antiparkinson 
medications overnight for a minimum of twelve hours. The total 
motor scores are provided in Table 2. Four patients completed a 
3 month follow up of chronic GPi stimulation, and one of these 
(patient 2) completed 9 months and 12 months. GPi stimulation 
resulted in a mean of 33% improvement in the total motor 
scores at one week compared to the stimulator in the OFF state 
in all five patients and 33% improvement at 3 months in 4 
patients. In patient 2 there was a 25% improvement at 12 
months. 

Subscores of the motor component of the UPDRS are pre
sented in Table 2. Evaluation of these was complicated by a 
variety of factors. For example, the difference between the pre
operative total motor UPDRS scores and the 1 week stimulation 
OFF scores, as well as the increase in total motor OFF scores 
between one week and three months (Table 2) suggest the 
occurrence and subsequent decline of a beneficial micropallido-
tomy effect from the mapping and implantation surgery. Further 
evidence for a partial lesion effect was seen in patient 1 where 
contralateral limb rigidity, which was present at baseline, was 
barely evident at 1 week and absent at 3 months post-op and in 

Table 2: 

Patient 
Number 

1 

2 

3 

4 

5 

MEANS 
(+/- SD) 

UPDRS Scores* 

TOTAL MOTOR 
PRE- 1WK 
OP OFF/ON 

58 

75 

51 

31.5 

37 

50.5 
(17.3) 

25.5/22.5 

38.0/20.0 
9M 
38.5/35.0 

18.5/17.0 

15.0/7.5 

41.0/25.0 

27.6(11.6)/ 
18.4(6.78) 

3M 
OFF/ON 

40.5/23.5 

44.0/38.0 
12 M 
33.0/24.5 

43.0/34.0 

29.0/9.0 

N/A 

39.1(6.91)/ 
26.1(13.0) 

RIGIDITY 
IWK 3M 
OFF/ON OFF/ON 

1.0/0.0 

3.0/1.0 
9M 
2.0/2.0 

2.0/2.0 

1.0/0.0 

2.0/1.0 

1.8(0.83)/ 
0.8(0.83) 

0.0/0.0 

2.0/2.0 
12 M 
2.0/1.5 

4.0/2.5 

2.0/0.0 

N/A 

2.0(1.63)/ 
1.13(1.31) 

BRADYKINESIA 
IWK 3M 
OFF/ON OFF/ON 

5.0/2.5 

11.0/6.0 
9M 
8.5/7.0 

3.5/3.0 

8.5/2.5 

7.0/3.0 

7.0(2.94)/ 
3.4(1.47) 

6.5/3.5 

9.0/7.5 
12 M 
6.0/6.5 

10.5/6.5 

11.5/6.0 

N/A 

9.3(2.17)/ 
5.8(1.70) 

TREMOR 
IWK 
OFF/ON 

1.0/0.0 

2.0/0.0 
9M 
0.0/0.0 

1.0/0.0 

4.0/2.0 

4.0/1.0 

2.4(1.52)/ 
0.6(0.89) 

3M 
OFF/ON 

5.0/1.0 

1.0/0.0 
12 M 
0.0/0.0 

0.0/0.0 

8.0/0.0 

N/A 

3.5(3.7)/ 
0.25(.50) 

GAIT/PS** 
IWK 3M 
OFF/ON OFF/ON 

4.5/3.5 

3.5/0.0 
9M 
2.0/1.0 

2.5/1.5 

2.5/0.0 

4.0/4.0 

3.4(0.89)/ 
1.8(1.89) 

'Scores obtained in drug-off state (patient withdrawn overnight for at least 12 hours), evaluated by rater blinded to whether stimulator was 
OFF. Rigidity, Bradykinesia and Tremor Scores are for the limbs contralateral to the GPi stimulator. 

** Postural stability 

4.5/3.5 

4.5/2.0 
12 M 
1.0/0.0 

4.5/3.5 

1.5/0.0 

N/A 

3.8(1.50)/ 
2.3(1.66) 

ON or 
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Figure: T2 weighted MRl (Patient 2) 5 days after implantation of the 
DBS electrode showing the previous right pallidotomy (high intensity 
lesion) and the location of deep brain stimulation electrode in the GPi 
on the left. 

and ON.) In order to avoid the confounding effects of a persis
tent micropallidotomy causing improvement in symptoms post-
microrecording and electrode implantation, only scores obtained 
OFF and ON stimulation at the follow-up time points were com
pared (i.e., rather than comparing the post-op ON stimulation 
scores to baseline scores). 

Follow up assessments were performed in all patients at one 
week after implantation of electrodes for chronic GPi stimula
tion. Four patients completed 3 months follow up and one 
patient completed 9 and 12 months. In all patients antiparkinson 
medication remained unchanged over the follow-up period. 

The predominant symptoms and treatment characteristics for 
each patient are listed in Table 1. Bradykinesia and rigidity were 
present in all patients, followed by major gait disturbances in 
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patient 3 tremor was minimal at 1 week and absent at the 3 
months follow-up. Patient 2, followed for 12 months, demon
strated a declining effect of stimulation on the composite 
bradykinesia scores over that time (comparing the stimulator 
OFF to ON scores). However, stimulation OFF bradykinesia 
scores had slowly declined and the 12 months score was identi
cal to the stimulation ON score at week 1 (which was 60% less 
than the stimulation OFF score at that time point). This change 
suggests a degree of cumulative or "carryover" effect on 
bradykinesia of chronic pallidal stimulation. 

Contralateral tremor improved in response to GPi stimulation 
by an average of 75% at 1 week in all five patients and 93% at 3 
months in the 3 patients demonstrating tremor at that time point. 
The contralateral "off" state bradykinesia composite score 
improved an average of 51% with the stimulator ON at 1 week 
and 37% at 3 months. Gait and postural stability composite 
scores showed an overall improvement at one week of 47% and 
40% at 3 months. Patient 2 showed the most striking changes 
with sustained benefit for up to 12 months. There was a 50% 
improvement at 9 months and complete amelioration of gait dis
turbances at 12 months. Again, changes in stimulation OFF 
scores suggested a carryover effect of prolonged pallidal stimu
lation. 

Activities of daily living (ADL) scores were not routinely 
obtained at the times of blinded motor evaluations. These scores 
were available at variable follow-up time points. At 1 week GPi 
stimulation in the 4 patients subsequently undergoing chronic 
stimulation at this site resulted in a 76% improvement in off-
period ADL scores (mean +/- standard deviation: STIM OFF = 
22 +/- 6.28, STIM ON = 5.25 +/- 6.25). ADL scores were avail
able at 3 months for 2 of these 4 patients and at 6 months and 12 
months in one-each. There was an average improvement of 65% 
combining these time points (STIM OFF = 22.5 +/- 6.52; STIM 
ON= 7.87+/-6.81). 

The response of drug-induced dyskinesias to GPi stimulation 
in patients 1 and 3 was evaluated in the drug-on state. Contralat
eral dyskinesias were consistently ameliorated in patient 1. At 1 
week there was complete resolution of dyskinesias with the 
stimulator ON (contralateral dyskinesia score (maximum = 4) 
STIM OFF = 2; STIM ON = 0); and at 3 months they 
improved by 50% (STIM OFF = 2; STIM ON = 1). In patient 3 
there was consistent but transient worsening of drug-induced 
dyskinesias with the stimulator ON as seen at 1 week (STIM 
OFF = 3; STIM ON = 4). However, it was possible to repro-
gram the stimulator to improve his parkinsonian symptoms at a 
lower stimulation voltage maintaining the antiparkinsonian 
effect without a pronounced increase in dyskinesias. Further
more, in this patient mild contralateral dyskinesias were 
consistently induced by GPi stimulation in the practically 
defined worst-off state, even though the patient had taken no 
antiparkinsonian medications for over 12 hours (drugs off, 
STIM OFF = 0; drugs off, STIM ON = 2). 

We did not discern that varying the specific electrodes stimu
lated had differing effects on inducing or relieving dyskinesias. 

Thalamic stimulation (Patient 5). 

Patient 5 had simultaneous unilateral GPi and Vim electrodes 
implanted with testing of both in the first post-operative week. 
Acute GPi stimulation incompletely reduced scores for tremor, 
bradykinesia, and rigidity but not gait or postural stability (Table 

2). Vim stimulation completely ameliorated the contralateral 
tremor but had little effect on other Parkinsonian scores. Based 
on this differential response, she chose to have chronic thalamic 
stimulation because tremor was her most disabling symptom. 
The GPi electrode was left in place and the connecting wires 
were buried under the skin. We have followed this patient for 
approximately 2 years since Vim implantation. Although tremor 
continues to respond well, other Parkinson symptoms are caus
ing greater disability and we are now considering connecting the 
GPi electrode to a chronic stimulator. 

Complications 

Patient 2 (followed for 12 months) had a single seizure one 
week after surgery and was treated with routine anticonvulsant 
therapy for three months without recurrence. All patients experi
enced transient paresthesias at the highest levels of stimulation 
and one patient had a transient dose-limiting worsening of 
dysarthria during GPi stimulation. Patient 2 noted an initial flash 
of light when turning the GPi stimulator ON. No overt cognitive 
changes were noted after insertion of the electrodes or when 
stimulation was turned ON. 

DISCUSSION 

This pilot study involved a small number of patients with a 
relatively short follow-up. Despite this, we can draw some 
important tentative conclusions, particularly given the blinded 
evaluations of clinical efficacy performed. Our preliminary 
observations demonstrate that GPi stimulation can improve the 
major symptoms of PD and that DBS of the contralateral GPi or 
Vim thalamus in patients who have already had a destructive 
pallidotomy can be performed safely and successfully. We have 
also demonstrated in one patient the feasibility of implanting 2 
quadripolar electrodes into 2 different sites on the same side. 
This allows post-operative testing in order to determine the opti
mum site(s) for subsequent stimulation. 

This is the first study to report blinded evaluations of GPi deep 
brain stimulation and the first to report the use of DBS in patients 
who have had a previous unilateral pallidotomy. Although the 
improvement in scores between baseline and stim OFF at 1 week 
and the decline between the 1 week and 3 month stim OFF scores 
both suggest the occurrence of a waning micropallidotomy effect, 
this cannot account for the clear differences found between the 
stim ON and OFF states. One potentially important observation 
which may confound the future long-term evaluations of DBS in 
nonthalamic sites is the apparent cumulative or carryover effect 
seen in the patient with the longest follow-up. It is quite possible 
that long-term continuous DBS will induce adaptive changes in 
the basal ganglia which need to be considered when attempting to 
evaluate ongoing response to this therapy. 

It is currently accepted that many of the symptoms of Parkin
son's disease are due to the overactivity of the inhibitory pallid-
ofugal pathways originating from the GPi; the GPi being driven 
in part by an overactive STN. The net effect is the inhibition of 
cortically-mediated impulses via the thalamocortical loop.32'"36 

This is supported by recent positron emission tomography studies 
which have shown activation of nonprimary cortical motor areas 
(supplementary motor area, dorsolateral prefrontal cortex) in 
response to GPi and STN stimulation.37'38 Because of our current 
knowledge of their anatomical relationships and physiological 
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functions and the ease with which these structures can be 
accessed through current neurosurgical techniques, the GPi, 
STN and thalamus are suitable targets in PD patients for elec
trode implantation and neuromodulation using DBS. In our 
patients, GPi stimulation regularly resulted in improvement in 
all major off-period symptoms on the side contralateral to the 
stimulation. GPi stimulation may also improve off-period axial 
symptoms such as gait and postural stability as seen in patient 2. 
Furthermore, those parkinsonian patients who cannot tolerate 
medication despite best therapeutic efforts may benefit from 
DBS as primary treatment, as demonstrated by patient 4. 

We found the effects of GPi stimulation on dyskinesias to be 
complex and varied. Since this study was completed, Bejjani et 
al.39 and Krack et al.40 have reported a differential response to 
stimulation in different parts of the pallidum: stimulation of the 
lower contact of the quadripolar electrode (in the posteroventral 
GP) dramatically reduced levodopa-induced dyskinesias but could 
worsen parkinsonism with the exception of rigidity and even block 
the beneficial effects of levodopa, while stimulation of the upper 
contact (in the dorsal GP, probably including the GPe) improved 
parkinsonism but could induce dyskinesias in the off state and 
worsen them in the on state. In our 2 patients, we had not observed 
a site-dependent response of dyskinesias although this question 
was not methodically tested as it was by Bejjani and Krack and 
their colleagues. As with pallidotomy, where lesion location and 
size may determine clinical response, it is reasonable to expect that 
the location of electrodes, parameters of stimulation (voltage, fre
quency and pulse width) and volume of tissue influenced by DBS 
may result in varying responses of parkinsonism and dyskinesias. 
Further studies in larger numbers of patients will be required to 
address these issues. 

Experience in patient 5 provides preliminary evidence for the 
power of the double electrode implantation approach which 
allowed testing and comparisons of stimulation in two sites 
before committing to long-term therapy. Although we have 
obtained pronounced improvement in tremor with GPi stimula
tion, her response to Vim stimulation was greater. The retention 
of the non-stimulated electrode in situ (in this case in the GPi) 
provides the option of using this electrode for DBS at a later 
time when other symptoms begin to cause a greater proportion 
of the total disability. However, stimulation of the STN can 
result in pronounced benefit to all of the features of Parkinson's 
disease.16 Preliminary evidence suggests that STN stimulation 
may be as effective for tremor as stimulation of the Vim.41 If, as 
our own recent personal experience suggests, this effect is con
sistently confirmed, then the STN may become the target of first 
choice for patients such as our case #5, eliminating the advan
tage of being able to compare stimulation of Vim to an alterna
tive site provided by double electrode implantation. 

Our recent experience in two patients who had staged bilater
al destructive pallidotomies, which improved their disabling 
drug-induced dyskinesias, but resulted in problematic cognitive 
disturbances26 supports the interaction of the basal ganglia with 
the orbitofrontal, limbic and dorsolateral prefrontal cortical 
areas. Thus, the performance of bilateral destructive lesioning 
procedures should only be performed after careful consideration 
of the potential risks involved, when the patient and relatives are 
aware of the possible serious, persistent adverse effects and only 
in those patients with symptoms of late-stage Parkinson's dis
ease known to be responsive to the lesion in whom no other 

medical or surgical alternatives exist. DBS may provide a safer 
alternative to bilateral lesioning procedures for these patients. 

Based on this pilot study the following preliminary conclu
sions can be made: a) implanting quadripolar electrodes into the 
contralateral GPi in patients who already had a unilateral palli
dotomy is technically feasible and safe and may provide an 
alternative to bilateral ablative stereotactic procedures; b) the 
preliminary observations in patient 5 with implantation of both 
GPi and Vim quadripolar electrodes on the same side of the 
brain suggest that the double electrode implantation approach 
may be useful for determining the best site for subsequent 
chronic stimulation, although STN stimulation may become a 
better first choice in this situation; c) DBS contralateral to prior 
pallidotomy improves off period symptoms on the contralateral 
side and may also improve gait and postural stability; and d) 
GPi stimulation may be used as primary treatment of parkinso
nian symptoms in patients unable to tolerate antiparkinsonian 
medications, as demonstrated in one of our patients. As the dif
ferential responses of specific symptoms of parkinsonism and 
levodopa-induced dyskinesias to stimulation at different 
anatomical sites are better elucidated, it should become possible 
to tailor the stimulation more effectively to patient needs. The 
response of dyskinesias39'40 and the neuropsychological effects42 

of DBS need further exploration. In the future, rigorous 
prospective evaluation in a larger number of patients is required 
to determine duration of response and long-term effects. 
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