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Parkinson’ s disease (PD) surgery field, some authorsreported that the best clinical effects on akinesia and rigidity may be
5ioning sites different from those producing the resolution of Levodopa Induced Dyskinesia (LID).

- consecutive PD patients bilaterally implanted with quadripolar electrodesin the GPi for deep brain stimulation (DBS), w
yer ative (six months) apomor phine tests to study the dose-response curve for dyskinesias. The clinical statuswas also assess
linical improvement and Abnormal Involuntary Movements apomor phine - related, wer e assessed with different modalities:
extracellular recordings and apomor phine challenge wer e used to establish cells respons veness to the drug and sensitivity
duced dyskinesias to DBSwith the selected contacts.

2surgery and after surgery with off stimulation all the patients showed the same sever dyskinetic response to apomor phine.
luced a decrease a mean decrement of the UPDRS scor e of 66%and a drop from 12,5 to 1,5 of the mean score for abnorma
1s) following the admnistration of the larger dose of 4.5 mg of apomor phine. Monopolar stimulation by the uppermost conte
)f the UPDRS scor e of 56%and reduction of from 12,5 to 2,75 of the mean AIMs score. Stimulation with the lower most cont
;ore decrease of 76%but a mean AlMs scor e decrease from 12,5 to 4,5. NMR postoper ative imaging showed that all the el e
n the GPi with the lowermost contact in the ventral part of the nuclei and the uppermost contact in the border between GPi

e GPe.

ve suggest that bipolar stimulation of GPi is able to produce both i) amelioration of rigid-akinetic symptomsin PD and ii) t
"ug-induced dyskinesias, while monopolar stimulation only produces good antiparkinsonian or antidyskinetic effects. The di
I other groups results may be explained by the hypothesis that dorsal and ventral GPi may have different functional roles. 1



2to affect both dorsal and ventral GPi, may obtain all the effects seen separately with monopolar stimulation in other and i

ID and akinesia resolution by DBS

1 of radiofrequency lesions or the best position of quadripolar stimulating electrodes within the GPi is recently a disputed argL
tic surgery in Parkinson’ s disease (PD). Some authors reported that the best clinical effects on akinesia and rigidity are obtain
ions different from those producing the resolution of levodopa-induced dyskinesias (L1D).1-3 According to these Authors, thi
ion make difficult to obtain both effects with a single electrode lead stimulation or a limited lesion, as often should be necesse
“agood LID control is achieved, this may lead to an increase in levodopa therapy.1-7 These considerations may strongly supy
ucleus (STN) asthe ideal target in PD.8 STN stimulation improves so much akinesia and rigidity that levodopa therapy may b
lucing the L1D appearance.9-12

the data from four consecutive severe PD patients bilaterally implanted in the GPi with stimulating electrodes. We demonstra
ulation is able to produce a relevant clinical amelioration of main parkinsonian symptoms (akinesia and rigidity) to make the |
ary. At the same time the stimulation of the same site is able to counteract dyskinetic movements induced by apomorphine. v
10t produce the same effects. NMR study of electrodes sites did show a positioning within the GPi of all the electrodes. We pr
IS bipolar stimulation and, the intra-operative procedure for the selection of the site of permanent stimulation, may influence t
edure and account for the discrepancies with other groups.

) METHODS

vas a male Caucasian 53 years old PD patients with 12 years disease history and 10 years of LID. Patient 2) M.F. wasa male
ientswith 11 years disease history and 6 years of LID. 3) M.R. was a male Caucasian 48 years old PD patient with 12 years ¢
arsof LID. Patient 4) B.T. was a male Caucasian 56 years old PD patient with 22 years of disease history and 4 yearsof LID.
1e patients are reported in Table 1.

'se of the four patients was very similar. After initial benefit from therapy (3-7 years), “ on-off” fluctuations and marked LID «
observation, the best therapeutic effects did not avoid one to two hours of severe dyskinesias after each administration, preve
g patient’ s walking ability, followed by an “ off” period. The true “ on” period between dyskinetic phases was often reduced t
sHoehn & Yahr stagein “ off” was 5 and during “ on” phase was between 2 and 3. They were all tested with mental deteriora
d dementia or systemic disease. After 15 days of therapy withdrawal, in the four preoperative days, we administered to the p:
of subcutaneous apomorphine (1.5, 3.0, and 4.5 mg in different days) to study the complete dose-response curve for abnorme
/1s) assessed by a modified Abnormal Involuntary Movements Scale. 14 Repeated domperidon 30-40 mg doses were associate
s selected a dose for the intraoperatory test producing a clear clinical improvement although not so large to induce dyskinesia
he test dose was administered two timesin order to verify the reproducibility of the response. Electrodes implantation in each
sthesia in two operating sessions separated by one month. The surgical technique was similar to that reported by Limousine el
Irive allowed five smultaneous trajectories, with four trajectories each at 2 mm apart from the central one, arranged in“ x” ¢



electrodes, 1.0-1.5 MOhm) inserted into each trajectory, allowed to record single and multi-unit activity aswell to stimulate |
0 Hz, 80-200 ps pulse width, 0-150 Volts) with an external stimulator (Grass model 8800 coupled to a stimulusisolation unit ¢
ratory high frequency stimulation was used to assess the electrode producing the best clinical results (20-30% reduction) on ri
1 sessions a subcutaneous apomorphine injection of the selected test dose was performed. Smultaneous extracellular recordin
ttified GPi neurones showed a clear cut apomorphine-induced firing decrease. 15 The selected trajectory for the permanent ele
ore evident anti-parkinsonian effects among those in which apomorphine-sensitive cells have been recorded. The clinical effe
Iwaystested. The permanent quadripolar electrodes were positioned according to trajectories laying between 60 and 80 degre
d between 65 and 75 degrees in the coronal plane. After one month from the last surgical section, two permanent Medtronic I
' positioned, connected to the upper contact (positive) of each electrode referred to the lower one (negative) with a stimulatiol
2width, voltage 2.9-5.3 V. Only bilateral stimuli were assessed and adjusted in each side to obtain the best clinical effects. Th
nptoms in the post-surgery period were much more evident than during the intraoperatory test because the lower electrode re:
flow. Thus pharmacological therapy was administered only during the night when stimulation was off (10 p.m.-08 a.m. = off ti
)erform the dose-response curve without stimulation, the stimulators were not switched on in the morning in the testing day ar
| the evening before according to CAPIT procedure. 16 Results of stimulation were assessed in different days at the same day
h the stimulators either in bipolar or monopolar mode. The effects of stimulation, either bipolar or monopolar (uppermost or I«
'Versus cage positive) on AIMs were assessed by means of new dose-response curves to apomorphine performed with and wi
d sesson. The apomorphine-induced U.P.D.R.S. amelioration was also compared in the five following conditions: i) before sul
"he aim was to assess whether the antiparkinsonian effect of the drug was reduced by stimulation.
iswas performed by means of non parametric Wilcoxon test.

eral bipolar stimulation, akinesia and rigidity were reduced of a range between 63.45% and 71.43% in comparison to the pre-¢
1e results reported in Table 2 show that bilateral bipolar stimulation of GPi produced a mean clinical improvement of 66.32%
y score and of 56.52% in comparison to the post-surgery off stimulation score. Moreover AlMsinduced by the larger dose of
most completely blocked by bipolar GPi stimulation. The range of AIMs produced by 4.5 mg of apomorphine in the four patie
r surgery with off stimulation was from 12,5 to 11,5, while decreased to a range between Oand 5 (mean 1,5) with bipolar stimt
I monopolar stimulation with the upper leads counteracts apomorphine dyskinetic effects in a satisfactory manner (see Table
1 4.5 mg of apomorphine was 2,75 (rangel and 5), although less efficient than bipolar stimulation, but produced a clinical ame
esia (see Table 2) significantly (p< 0.05 Wilcoxon test) lower than that observed with bipolar stimulation (56.40% versus 66.<
Jlation with the lower contacts produced an AIMs counteraction significantly (p< 0.05) less efficient (mean 4,5 range:2-7) the
olar and upper monopolar stimulation (see Table 3). The clinical improvement of U.P.D.R.S. score was on the contrary the m
‘ange 64.88-84.83, p< 0.05). See Table 2.

e-induced U.P.D.R.S. amelioration following the three doses of apomorphine in the five conditions (before surgey, after surge
nulus on in bipolar, monopolar upper and monopolar lower stimulation) are reported in Table 4. It is evident that the “ on stimi



stion of the percentage apomorphine-induced amelioration of the U.P.D.R.S. score. Thisreduction isin accordance with the a
wlation itself.

| after surgery before Itrel 11 positioning, showed that the electrodes were positioned in the GPi in all the hemispheres, the low
tral part of the nucleus and the uppermost contact in the border between the GPi and GPe according to the trajectories report

strate in four consecutive PD patients that permanent bipolar stimulation of the GPi may dramatically ameliorate parkinsoniar
and 71.43%) and abolish antiparkinsonian therapy-induced dyskinesias as well. These findings seem to be in contrast with tho
3 Krack and coll. 3 data are someway more comparable to our findings because their intra-operative procedure employs both
multiple electrodes in different trajectories and test stimulation from the same electrodes to assess clinical effects on rigidity e
1Ie main not comparable aspect isthat no mention is given by the Authors about the angles of the trajectoriesin the coronal an
sapparently smilar procedure, they showed that the best antiparkinsonian effects with unilateral stimulation, were obtained t
f the permanent electrodes, while the best anti-L 1D effects were obtained by means of the lower contacts. Moreover stimulat
1D effects, also produced a reduced antiparkinsonian efficacy of levodopa therapy that the authors 2parallel to the post-operat
y reported by other authors after GPi lesions. 4 Similar results have been reported by Bejiami et al..

ar to be different, almost the opposite because the lower lead produced the larger antiparkinsonian effect while the upper pro
ffects. Thus, the differences between the two procedures must be highlighted. The main difference isthat our permanent stim
ateral mode either with bipolar or monopolar mode. The bilateral stimulation probably produces a potentiation of the effectsc
ation used by Krack and coll in their studies. Our intra-operative data on the effect of unilateral test stimulation show a much
-30%) than those observed with bilateral permanent stimulation (66-76%). Moreover the bipolar stimulation between the upp
cct in each electrode may produce a coupling of the effects observed separately by the previous works and by ourselvesin the
stimulation. It can be hypothesised that bilateral bipolar stimulation might have produced similar results also in the series of fi
>k and call.

e must be explained: why the upper contact stimulation is producing a larger antiparkinsonian effect in Krack series, while we
»nian effect utilising the lower contact. This difference may be the results of a different positioning of the electrodes in pallida
) groups.

igement of the pallidal complex (GPe and GPi) is very complicate. The coronal and sagittal angles for electrode positioning wi
what we consider the optimal positing of the electrode: the lower contact in the postero-ventral GPi and the upper contact in-
Jlex at the border between the GPe and the GPi. We do not know the trajectory followed by Krack and coll., but the lower cc
' same ventro-posterior site of the GPi since the Authors aimed their trajectory to the optic tract. However a different orientat
without or with small coronal inclination, or with smaller sagittal inclination, both may produce a different positioning of the
he postero-ventral part of the GPi, then the upper may result more peripheral and less inside the core of the pallidal complex.
in the GPi-GPe complex, then the lower may be out of the postero-ventral part. This may account for the different clinical re



1 coll procedure® does not include an intraoperatory test with apomorphine thus avoiding the possibility to test the effect of tr
ted area. GPi cells have been reported to be inhibited by dopaminergic agonists or dopamine precursor both in MPTP monke
) patients.15: 18 From the functional point of view, it could be relevant to ensure that GPi cells of the selected area are those |
aminergic treatment.

duced reduction of levodopa effect was reported by Krack and coll 3, and presumed by Krack and coll.l in patients series rep
yugh the mentioned authors do not agree.20 Similar reduced efficacy of levodopa therapy following GPi stimulation has been |
d by Verhagen and coll.4 after pallidotomy. We observed a“ reduced” percentage efficacy of apomorphine during stimulatior
1e improved status of the patients when the stimulus was on both in bipolar and in monopolar mode. This can be considered a
nulation which improves the clinical status so that apomorphine may only produce a smaller improvement.

of our population was the relatively young age at disease onset and at operation time. This may be a condition explaining the
yroup. However this does not seem to be a main difference with other groups patients because Krack and coll 21 recently repc
simulated GPi young-onset PD patients of a mean age of 51 years at surgery time, with a mean disease history of 16 years. Af
eir U.P.D.R.S section Il score improved from 53.6 to 32.5 which is only the 39.4% of improvement.

r data demonstrate that bilateral bipolar stimulation of the GPi may simultaneoudly produce antiparkinsonian and anti-dyskine
possibility to have pro-dyskinetic effect of STN stimulation, our data should suggest a caution in selecting in all the patients S
r DBSin Parkinson’s disease. A adequate trail comparing the STN stimulation effects with those of GPi in the same patientsr
ply that a selected population will be implanted bilaterally in both sites STN and GPi and that afterwards the clinical effects
sompared.
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Table 2

Tot. UPDRSIncr % Tot. UPDRSIincr %
Bipolar Mono UP
Pre-Post off Pre-Post on  Post off-on Patients PrePostoff Pre-Poston Pogt off-on
13,6 71,43 67,12 AP 13,1 53,57 46,58
13,1 63,45 57,94 FM 13,1 65,52 60,32
21,37 64,78 45,63 MR 21,37 52,2 26,21
15,7 65,62 55,4 BT 15,7 54,3 43,7
15,94 66,32 56,52 Mean 15,82 56,40 44,20

Tot. UPDRSincr %

Mono Low
Pre-Post off Pre-Post on Post off-on

13,1 64,88 59,59
13,1 84,83 82,54
21,37 79,87 68,93
15,7 75,84 69,01
15,82 76,36 70,02



Tot. UPDRSincr %

Table 4

PRE
Apol5mg Apo3mg  Apo4,5mg Patients
22 28,5 23 AP
9 41 50 FM
0,5 93 83 MR
11 35,3 50 BT
10,6 39,7 51,5 Mean
POST-ON Bipolar
Apolbmg Apo3mg Apo45mg Patients
0,5 0,5 0,5 AP
41 80 22 FM
25 35 39 MR
22,3 37,8 19,7 BT
22,2 38,3 20,3 Mean
POST-ON Mono Low
Apol5mg Apo3mg Apo45mg
0,8 15 20
4 9 0,9
43 52 43
15 24,8 20
15,7 25,2 20,97

Tot. UPDRSincr %

POST-OFF
Apol5mg Apo3mg Apo4,5mg
51 64 23
8 41 50
27 60 58
27,2 54 42,5
28,3 54,75 43,4

POST-ON Mono Up
Apol5mg Apo3mg Apo4,5mg
21 20 22
38 0,8 0,9
17 42 63
24 19,6 27,6
25,0 20,6 28,4






Table 1
CHARACTERISTICS OF PARKINSON'SDISEASE GROUP

Agesurg PD diagn L D onset LTTS wW/O Dysk LD before
53 41 42 43 Y Y 1500
52 41 42 46 Y Y 1200
56 34 43 47 N Y 880
48 35 40 45 N Y 1000



Table 3

AIMsPRE
Apol5mg Apo3mg Apo4,5mg
4 6 10
2 12 20
0 5 10
0 6 10
15 7,25 12,5
AIM s POST-ON Bipolar
Apol5mg Apo3mg Apo4,5mg
0 0 0
0 2 0
7 4 5
2 1 1
2,25 1,75 15
AIMs POST-ON Mono Low
Apol5mg Apo3mg Apo4,5mg
0 0 2
2 8 6
0 5 7
1 3 3

0,75 4,0 4,5

Patients
AP
FM
MR
BT

M ean

Patients
AP
FM
MR
BT

M ean

AIMsPOST OFF

Apol5mg Apo3mg Apo4,5mg
4 6 7
0 5 18
4 5 11
2 5 10
2,0 5,25 11,5
AIMsPOST-ON Mono Up
Apol5mg Apo3mg Apo4,5mg
1 2 1
1 1 3
0 7 5
1 1 2
0,75 2,75 2,75






