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Summar y y 
ObjectiveObjective In a randomised trial to study the 

efficacyy of unilateral pallidotomy in patients with advanced Parkinson's 

disease,, we compared patients having pallidotomy within one month 

afterr randomisation with patients having pallidotomy after the primary 

outcomee assessment, 6 months later. Of the 37 patients enrolled 32 

hadd a unilateral pallidotomy. Here, we present the follow-up study of 

thesee patients to report: (1) clinical outcome; (2) adverse effects; (3) 

cognitivee and behavioural effects; (4) relationship between lesion location 

andd outcome; and (5) preoperative patient characteristics predictive for 

goodd outcome. 

MethodsMethods Outcome measures were the motor section of the unified 

Parkinson'ss disease rating scale (UPDRS motor), levodopa induced 

dyskinesias,, disability, quality of life, and a comprehensive neuropsycho-

logicall assessment. Multivariate logistic regression was used to identify 

preoperativee patient characteristics independently associated with good 

outcome. . 

ResultsResults Off phase assessment showed a reduction in parkinsonism from 

499 to 36.5 points on the UPDRS motor scale 6 months after surgery. 

Improvementss were also demonstrated for activities of daily living and 

qualityy of life. In the on phase dyskinesias were reduced. All effects lasted 

upp to 12 months after surgery. Three patients suffered major permanent 

adversee effects. Besides worsening of verbal fluency following left-sided 

surgery,, systematic cognitive deterioration was not detected. Patients taking 

lesss than 1000 levodopa equivalent units (LEU) per day were more likely 

too improve. 

ConclusionsConclusions The positive effects of unilateral pallidotomy are stable up 

too one year after surgery. Our study indicated that patients taking less 

thann 1000 LEU per day were most likely to improve. 

DutchDutch pallidotomy study group 
R.M.A.. de Bie, D.A. Bosch, R.J. de Haan, P.R. 

Schuurman,, B. Schmand, J.D. Speelman (Academic Medical Center, 

Amsterdam),, G.N. Beute, P.C.G. Nijssen, E. Wijnalda (Saint Elisabeth 

Hospital,, Tilburg), J.S. de Smet (Twee Steden Hospital, Tilburg), R. 

Haaxma,, M. Koning-Haanstra, M.J. Staal, A.H. van Zomeren (Academic 

Hospitall Groningen, Groningen), and A.W.F. Rutgers (Martini Hospital, 

Groningen) ) 
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Introductio n n 
Patientss with advanced Parkinson's disease often face 

fluctuationss between immobility ('off' phase) and mobility, usually associated 

withh dyskinesias ('on' phase), despite optimal pharmacological treatment. 

Thee results of several studies indicated that unilateral pallidotomy can improve 

parkinsonismm in the off phase and reduce dyskinesias in the on phase,14 especially 

onn the contralateral body-side.5"10 Important issues, however, like the optimal 

lesionn location, risks of adverse effects, possible predictive factors for outcome, 

andd consequences for cognition and behaviour need to be sorted out in more 

detail.11-12 2 

Wee previously published a randomised controlled trial assessing the efficacy of 

unilaterall pallidotomy in patients with advanced Parkinson's disease.113 In the 

triall patients were randomised to unilateral pallidotomy within one month or to 

postponedd pallidotomy, 6 months later. In the present paper, we report the 

follow-upp study of the patients initially participating in the trial. The study consists 

off patients with 6 months postoperative assessment and a subgroup of patients 

withh additional assessment 1 year after surgery. The aims of this study were to: 

(1)) assess clinical outcome; (2) report on adverse effects; (3) study cognitive and 

behaviourall effects; (4) investigate the relationship between lesion location and 

clinicall outcome after 6 months; and (5) investigate possible preoperative patient 

characteristicss predictive for good outcome after 6 months. 

Method s s 
Patient ss and stud y profil e 

Patientss were included in four Dutch hospitals by 

neurologistss whose speciality was movement disorders. The inclusion criteria 

weree (1) idiopathic Parkinson's disease14 and (2) severe response fluctuations, 

dyskinesias,, painful dystonia, and/or bradykinesia, despite optimum pharma-

cologicall treatment. The exclusion criteria were age below 18 years, Hoehn and 

Yahr155 stage 5 at the best moment during the day, a mini mental state examina-

tion166 score of 24 or less, psychosis, and general surgical contraindications 

(unstablee cardiac or pulmonary disease, coagulation disorder). 

Thirty-sevenn patients were included in the original trial, of which 19 were 

randomisedd to unilateral pallidotomy within one month and 18 to postponed 

pallidotomyy after the primary outcome assessment, 6 months later.1 Of the latter 

groupp five patients had no pallidotomy; two patients died, one had no pallidotomy 

duee to complications after hip surgery, and two patients declined pallidotomy, 

becausee they experienced improvement of their situation in the preceding 6 

months.. Therefore, 32 patients participated in the present study. Nineteen patients 

weree followed for 12 months after surgery and 13 for 6 months. 
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Thee study protocol was approved by the ethics committees of the participating 

centress and the patients gave their informed consent. 

Surgica ll  treatmen t 

Surgeryy took place in three Dutch hospitals. The Leksell stereotactic frame was 

appliedd under local anaesthesia or under propofol sedation (three patients). A 

burrr hole was made 2-3 cm lateral from the midline, just anterior to the corona! 

suture.. A positive contrast ventriculography was made for target localisation. 

Thee target coordinates for the posteroventral globus pallidus at the border of 

thee medial and lateral segments were 2-3 mm anterior to the midcommissural 

point,, 5 mm below the intercommisural line and 21-23 mm lateral to the midline 

off the third ventricle. Microelectrode recordings were not used. Electrical 

monopolarr test stimulation was carried out using an electrode with a 2.1 x 4.0 

mmm bare tip. In the trajectory towards the calculated target point, low-frequency 

(22 Hz) and high-frequency (100 to 130 Hz) stimulation (pulse width 0.1 ms) was 

performedd in 2 mm steps starting 8 mm above the target. The aim of the 

stimulationn was to determine the proximity of the internal capsule and the optic 

tractt as judged by the clinical effect. With the same electrode, one to four radio-

frequencyy thermolesions were made at C for 60 s step directly after 

stimulation.. No lesion was made at a position if low-frequency stimulation induced 

myoclonuss below 4 V amplitude, if high-frequency stimulation induced dysarthria 

orr paresthesias, or if the patient had any visual stimulation response with either 

low-frequencyy or high-frequency stimulation. 

Outcom ee measure s 

ClinicalClinical outcome We used the activities of daily living and the motor examination 

sectionn of the unified Parkinson's disease rating scale (UPDRS),17 a modified 

versionn of the dyskinesia rating scale proposed by Goetz et al.,1819 the Barthel 

Index,200 the Schwab and England scale,17 and the Parkinson's Disease Quality of 

Lifee questionnaire (PDQL).21 Medication and body weight of the patients were 

alsoo noted. 

Clinicall assessment was performed at baseline and after 6 and 12 months in 

definedd off and on phases. The dyskinesia rating scale and the PDQL were rated in 

thee on phase only. The off phase was defined as the condition of the patient after 

withholdingg antiparkinson medication for 12 h and being awake for at least 1 h, 

Thee on phase was the condition 1 h after taking the usual first morning dose. All 

patientss were assessed on clinical rating scales by the same assessor. 

Severall items of the UPDRS motor scale, for each side of the body, were combined 

too assess the effect on separate symptoms: tremor = arm and leg rest tremor and 

armm action tremor (scores no 20 + 21); akinesia = finger taps, hand movements, 

rapidd alternating movements of the hand, and leg agility (scores no 23 + 24 + 25 
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++ 26); rigidity = arm and leg rigidity (scores no 22); postural instability/gait disorder 

(PIGD)) = posture, gait, and postural stability (scores no 28 + 29 + 30). 

Forr the dyskinesia rating scale the physician observed the patient putting on and 

buttoningg a coat, drinking from a cup, and walking. Dyskinesias of each limb, 

thee head and the trunk were rated according to the following score: 0 = absent; 

11 = minimal severity, no interference with voluntary motor acts; 2 = dyskinesias 

mayy impair voluntary movements but patient is normally capable of undertaking 

mostt motorr acts; 3 = intense interference with movement and daily activities are 

greatlyy limited; 4 = violent dyskinesias, incompatible with normal motor task. 

Thee PDQL questionnaire consists of four subscales: Parkinson, Systemic, Emotional, 

andd Social. The questionnaire was administered in the on phase, but patients 

weree asked to rate their perceived quality of life irrespective of off and on phases. 

Too analyse changes in pharmacological treatment, we pooled different drugs in 

Levodopaa Equivalent Units (LEU) according to the conversion formula: 100 LEU 

== 100 mg regular levodopa, given with a Peripheral Decarboxylase Inhibitor 

(PDI)) = 133 mg levodopa (+ PDI) in controlled release tablets = 10 mg 

bromocriptinee = 1 mg pergolide mesylate. 

AdverseAdverse effects Adverse effects were recorded by a neurologist one week 

afterr the pallidotomy and at the 6 and 12-month assessments, using a structured 

listt of possible complications. 

CognitiveCognitive and behavioural effects Neuropsychological examination was 

conductedd as much as possible while patients were at their best. The examination 

wass suspended whenever a patient indicated that he or she went into an immobile 

phase,, or whenever dyskinesias were interfering with test administration. Duration 

off the examination was three hours. The tests were administered or supervised 

byy a board certified neuropsychologist. The examination was done at baseline, 

att 6 months and at 12 months follow-up. 

RelationshipRelationship between lesion location and clinical outcome MRI scanning 

waswas planned at least 3 months after the pallidotomy. Each lesion was visually 

evaluatedd (RMAB and JDS) on the MRI scans for location and extension in relation 

too the globus pallidus internus (GPi), globus pallidus externus (GPe), putamen, 

andd internal capsule (IC). Additionally, we recorded possible infarcts or 

haemorrhages.. Clinical outcomes were the UPDRS motor off phase change score 

(preoperativee minus 6 months postoperative score) and the neuropsychological 

testt scores. 

PreoperativePreoperative patient characteristics predictive for good outcome We 

analysedd the impact of preoperative age, off phase Hoehn and Yahr stage, off 
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phasee UPDR5 motor score, on phase UPDRS motor score, levodopa effect, 

medicationn in LEU, and side of surgery on good outcome 6 months after 

pallidotomy.. Continuous variables were dichotomised at a predetermined score. 

AA good outcome was defined as an improvement of more than 10 points on the 

UPDRSS motor score in the off phase {UPDRS motor score preoperative minus 6 

monthss postoperative). 

Statistica ll  analysi s 

Changess in clinical assessment data were analysed with the non-parametric 

Wilcoxonn signed rank test and the Friedman's test. Changes in body weight and 

medicationn were analysed with the paired samples t test. 

Forr analysis of the neuropsychological test results the sample was divided into a 

left-sidedd and a right-sided pallidotomy subgroup, because many of the tests 

measuree lateralised cerebral functions. Changes in cognitive functioning were 

testedd using the Wilcoxon signed-rank test. Subgroup differences in change 

scoress (change score = 6 months postoperative minus preoperative score) were 

testedd with the Mann-Whitney U test. 

Threee percent of the neuropsychological test scores were missing mostly due to 

prolongedd off phases. These missing data were imputated as follows. At baseline 

aa missing value was replaced by the worst value observed in the patient group 

whenn a patient had attempted a test but was unable to do it. If the test was not 

administered,, the missing value was estimated on the basis of its main correlate 

(e.g.. a missing score of Trailmaking B was estimated using the score obtained at 

Trailmakingg A). Missing values at one of the follow-ups were either replaced by 

thee worst value observed in the patient group when the patient had attempted 

too do the test or else by the value obtained at the previous assessment. 

Too identify preoperative patient characteristics associated with good outcome 6 

monthss after pallidotomy, the Chi-square test was used or the Fisher's exact 

test,, when numbers were small. Additionally, as it was expected that 

characteristicss of patients were interrelated, we analysed the factors with 

multivariatee logistic regression. Characteristics with p<0.50, identified from 

univariatee analysis, were forced into the logistic model. The effect sizes were 

expressedd as odds ratios (ORs) with 95 percent confidence interval (CI). Calibration 

off the regression model was assessed with the Hosmer-Lemeshow goodness-of-fit 

test.. This test compares observed and expected frequencies of the outcome in 

groupss based on the values of the estimated probabilities, using the logistic model. 

Inn this test, a high p-value indicates that the model is performing well, i.e. that 

theree is not a large discrepancy between observed and expected outcome. 

Inn view of the explorative nature of this study, no statistical adjustments for multiple 

comparisonss were made.22 
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Result s s 
Participan tt  flo w and follow-u p 

Tablee 1 shows the baseline characteristics. Of the 19 

patientss with 12 months follow-up, one patient refused follow-up assessment in 

thee defined off phase (other outcome measures were obtained) and one patient 

couldd not be scored for the 12 months assessment due to unrelated disease. Of 

thee 13 patients with 6 months follow-up, one suffered an intracerebral haemor-

rhage,, directly following surgery, and became hemiplegic. Because most rating 

scaless are Parkinson's disease specific and the standardised assessment was 

consideredd too stressful for this patient, we did not perform the follow-up 

assessmentt in this patient. 

Clinica ll  outcom e 

OffOff phase assessment In the standardised off phase the median UPDRS 3 

scoree was reduced from 49 to 36.5 points 6 months after unilateral pallidotomy 

(pO.001,, table 2). Tremor, akinesia, and rigidity contralateral to the side of 

pallidotomyy were improved (pO.001). The ipsilateral symptoms did not change 

afterr pallidotomy, except for a slight improvement in akinesia (p=0.02). Postural 

instabilityy was improved 1.5 points 6 months after pallidotomy (p=0.002). These 

effectss lasted up to 12 months after surgery (table 2). 

Forr activities of daily living, improvements could be demonstrated on the UPDRS 

activitiess of daily living scale, the Barthel Index, and the Schwab and England 

scalee 6 months after pallidotomy (p<0.001) lasting up to 12 months (table 2). 

OnOn phase assessment Six months after surgery the median score on the total 

dyskinesiaa rating scale was reduced from 7.5 to 2 points (p<0.001). The effect 

couldd only be demonstrated on the contralateral body-side (from 3.5 to 0, p<0.001) 

andd was sustained 12 months after surgery (table 3). 

Thee total UPDRS motor score and its sub scores, the UPDRS activities of daily 

livingg score, the Barthel Index and the Schwab and England scale did not change 

inn the on phase (table 3). 

Tablee 1. Baseline characteristics, 32 patients 

Characteristi cc  Value 

Gender:: men / women {no of patients) 16/16 
Meann age in years  SD 60.6  7.2 
Meann age of disease onset in years  SD 44.4  9.2 
Mediann Hoehn and Yahr stage off / on (range) 4 (2-5) / 2.5 (1-4) 
Sidee of surgery: right / left (no of patients) 22 /10 
Meann medication in levodopa equivalent units  SD 961  433 
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Tablee 2. Median (range) scores on clinical outcome scales in standardised off phase 

Measur e e 

66 Month s 
Bestt  score / Preoperativ e postoperativ e 
wors tt  scor e (n=30) (n-30) p-Value * 

122 Month s 
postoperativ e e 

(n=17)) p-Value t 

UPDRSS motor 

tremorr contralateral 
tremorr ipsilateral 
akinesiaa contralateral 
akinesiaa ipsilateral 
rigidityy contralateral 
rigidityy ipsilateral 
PIGD D 

UPDRSS ADL 
Barthell Index 
SEE scale 

0 // 108 

0 // 12 
0 // 12 
0 // 16 
0 // 16 
0 / 8 8 
0 / 8 8 
0 // 12 

0 / 5 2 2 
2 0 / 0 0 
1 0 0 / 0 0 

499 (19-91) 

44 (0-9) 

11 (0-7) 
122 (4-16) 
99 (0-15) 
44 (1-8) 
22 (1-8) 

6.55 (0-12) 

300 (1146) 
100 (4-20) 
300 (10-80) 

36.55 (11-66) 

00 (0-8) 
00 (0-9) 
77 (0-14) 
88 (1-15) 
22 (0-7) 
22 (0-8) 
55 (0-12) 

23.55 (8-42) 
155 (4-20) 
600 (20-90) 

<0.001 1 

<0.001 1 
0.16 6 

<0.001 1 
0.02 2 

<0.001 1 
0.06 6 
0.002 2 

<0.001 1 
O.001 1 
<0.001 1 

377 (17-71) 

00 (0-3) 
22 (0-7) 
77 (2-16) 
77 (2-16) 
22 (0-5) 
22 (04) 
55 (1-12) 

233 (1442) 
177 (4-20) 
500 (10-90) 

<0.001 1 

0.001 1 
0.06 6 
0.001 1 
0.15 5 

<0.001 1 
0.24 4 
0.03 3 

0.04 4 
0.02 2 
0.01 1 

UPDRS=unifiedd Parkinson's disease rating scale; PIGD=postural instabilty and gait disturbances; SE 
scale=Schwabb and England scale; * data compared with pre-operative data (Wilcoxon Signed-Ranks 
Test);; t data compared with pre-operative and 6 months postoperative data (Friedman test). 

Tablee 3. Median (range) scores on clinical outcome scales in standardised on phase 

Bestt  score / 
Measur ee wors t scor e 

UPDRSS motor 

tremorr contralateral 
tremorr ipsilateral 
akinesiaa contralatera 
akinesiaa ipsilateral 
rigidityy contralateral 
rigidityy ipsilateral 
PIGD D 
DRS S 
DRSS contralateral 
DRSS ipsilateral 

UPDRSS ADL 
Barthell Index 
SEE scale 
PDQL L 

0 / 1 0 8 8 

0 // 12 
0 // 12 
0 // 16 
0 // 16 
0 / 8 8 
0 / 8 8 
0 // 12 
0 / 2 4 4 
0 / 8 8 
0 / 8 8 

0 / 5 2 2 
0 / 2 0 0 
1 0 0 / 0 0 
1 8 5 / 3 7 7 

Preoperativ e e 
(n . . 

19.5 5 

0 0 
0 0 
6 6 

4.5 5 
1 1 

0.5 5 
3 3 

7.5 5 
3.5 5 

2 2 

12 2 
20 0 
80 0 

111 1 

=31) ) 

(1-78) ) 

(0-6) ) 
(0-5) ) 
(0-14) ) 
(0-14) ) 
(0-7) ) 
(0-8) ) 
(0-11) ) 
(0-21) ) 
(0-8) ) 
(0-8) ) 

(4-26) ) 
(11-20) ) 
(30-90) ) 
(61-141 1 

66 Month s 
postoperativ e e 

(n-31 ) ) 

20 0 

0 0 
0 0 
6 6 
5 5 
1 1 
1 1 
2 2 
2 2 
0 0 
2 2 

12 2 
19 9 
80 0 
88 8 

(2-54) ) 

(0-6) ) 
(0-5) ) 
(0-14) ) 
(0-11) ) 
(04) ) 
(04) ) 
(0-10) ) 
(0-8) ) 
(0-3) ) 
(0-5) ) 

(4-26) ) 
(12-20) ) 
(50-100) ) 
(43-163) ) 

p-Value * * 

0.54 4 

0.30 0 
0.23 3 
0.81 1 
0.98 8 
0.15 5 
0.96 6 
0.23 3 

<0.001 1 
<0.001 1 

0.37 7 

0.32 2 
0.92 2 
0.22 2 

O.001 1 

122 Month s 
postoperativ e e 

(n= = 

25 5 

0 0 
0 0 

5.5 5 
4.5 5 

1 1 
0.5 5 

3 3 
2.5 5 

0 0 
1.5 5 

11 1 
19.5 5 

85 5 
95.5 5 

=18)) p-Value t 

(345) ) 

(0-1) ) 
(0-5) ) 
(2-14) ) 
(0-10) ) 
(0-3) ) 

(O*) ) 
(0-12) ) 
(0-13) ) 
(0-5) ) 
(0-5) ) 

(5-21) ) 
(7-20) ) 
(30-90) ) 
(48-142) ) 

0.67 7 

0.09 9 
0.95 5 
0.90 0 
0.82 2 
0.31 1 
0.82 2 
0.02 2 
0.01 1 

<0.001 1 
1.0 0 

0.94 4 
0.72 2 
0.26 6 
0.03 3 

UPDRS=unifiedd Parkinson's disease rating scale; PIGD=postural instabilty and gait disturbances; DRS= 
dyskinesiaa rating scale; SE scale=Schwab and England scale; PDQL=Parkinson's disease quality of life 
questionnaire;; * data compared with pre-operative data (Wilcoxon Signed-Ranks Test); t data compared 
withh preoperative and 6 months postoperative data (Friedman test). 
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Thee PDQL improved from 111 to 88 points (pO.001) 6 months after pallidotomy 

andd was still improved 12 months after surgery (table 3). This improvement 

consistedd of an improvement on all physical and psycho-social subscales. 

Inn the first 6 months, the mean body weight increased from 67.6 kg to 71.6 kg 

(p<0.001,, n=31). The body weight was 70.9 kg 12 months after surgery (p=0.15 

comparedd to baseline; n=18). There were no significant changes in the use of 

medication,, patients used 963 LEU before surgery, 1040 at 6 months follow-up, 

andd 954 at 12 months follow-up. 

Advers ee effect s 

Thee adverse effects are shown in table 4. Altogether, 17 patients had adverse 

effects,, which were permanent in 14. The most frequent adverse effects were 

faciall paresis and drooling. Three patients had major adverse effects. In one 

patientt dysarthria started directly postoperatively, followed by reduced 

consciousnesss for a few hours, and a pseudobulbar syndrome. Six months after 

surgeryy he still had dysphasia, drooling, and postural instability, the last two 

symptomss were still present 12 months after surgery. On the MRI scan the 

lesionn was situated in the GPi and GPe and extended into the internal capsule. A 

Tablee 4. Adverse effects in 32 patients 

Case e 

1 1 

2 2 

3 3 
4 4 
5 5 
6 6 
7 7 

8 8 

9 9 
10 0 

11 1 

12 2 

13+14 4 
15 5 
16 6 
17 7 

Onee wee k afte r surger y 
(322 evaluated ) 

Dysarthria,, reduced 
consciousnesss for a few hours, 
pseudobulbarr syndrome 
Duringg surgery confused, 
surgeryy not completed 
Hiccups s 
Urinaryy incontinence 
Faciall paresis 
Reducedd speech volume 
Dysarthria,, starting some 
dayss after surgery 
Severee headache while supine 
startingg 4 days after surgery, 
lastingg a few days 
Urinaryy incontinence 
Intracerebrall haematoma, 
evacuatedd surgically 
Posturall instability for 6 days, 
dysphasia,, facial paresis 

Faciall paresis, word finding 
difficultiess starting 2 days 
afterr surgery 
Faciall paresis 
None e 
None e 
None e 

66 Month s afte r surger y 
(322 evaluated ) 

Dysphasia,, drooling and 
posturall instability 

Intermittentt hallucinations / 
psychosis s 
Losss of concentration 
Urinaryy incontinence 
Faciall paresis, drooling 
Faciall paresis, drooling, fatigue 
None e 

None e 

None e 
Hemiparesis,, neglect, and 
severelyy disabled 
Dysphasiaa (predominantly 
expressive),, impaired 
coordinationn while swimming 
Faciall paresis, word finding 
difficulties s 

Faciall paresis, drooling 

122 Month s afte r surger y 
(199 evaluated ) 

Droolingg and postural 
instability y 

11 ntermittent hallucinations / 
psychosis s 
Losss of concentration 
Urinaryy incontinence 
Faciall paresis, drooling 
None e 
None e 

None e 

None e 

Sexuall disinihibition, increased libido 
Painfull skin while combing 
Drooling g 



62 2 Chapterr 5 

secondd patient suffered from an intracerebral haemorrhage directly postoperative, 

whichh was evacuated 4 h later. Six months after surgery the patient had a left-

sidedd hemiparesis and neglect. He was severely disabled. In another patient 

surgeryy had to be discontinued, due to psychosis after sedation with propofol, 

whichh was given for fixation of the frame. One lesion was made. The patient 

wass admitted to a psychiatric hospital and remained intermittently psychotic. 

Hee had an episode of depression before inclusion in the study. There was no 

lesionn visible on the MRI scan. 

Tablee 5. Pre-operative scores and 6 months post-operative change scores on neuropsychological tests, 
meann (SD), descriptions of these tests can be found in Schmand et al.13 

Rightt  pallidotom y (n=20) Left pallidotom y (n=9) 

Preoperativ ee Change scor e Preoperativ e Change scor e 
scor ee scor e 

Bostonn Naming Test 
Categoryy fluency 
Letterr Fluency COW AT 
WAISS Similarities (T) 

WAISS Block Design (T) 
Bellss Test left 2 columns 
Bellss Test right 2 columns 
Bellss Test time (sec) 
JOLO O 

Reyy AVLT total 
Reyy AVLT delayed recalt 
Reyy AVLT recognition 
Logicall Memory immediate§ 
Logicall Memory delayed§ 
Recognitionn faces 

Trailmakingg A (sec) 
Trailmakingg B (sec) 
Stroopp words (sec) 
Stroopp colours (sec) 
Stroopp colour-words (sec) 
Stroop-Bohnen n 
MWCSTT errors 
MWCSTT perseverations 
MWCSTT categories 

52.1 1 
37.1 1 
33.1 1 
60.5 5 

46.3 3 
8.2 2 
8.3 3 
135 5 

22.4 4 

36.8 8 
7.1 1 

27.9 9 
8.1 1 
7.1 1 

39.1 1 

77 7 
164 4 
67 7 
88 8 

154 4 
195 5 

16.0 0 
5.8 8 
4.1 1 

(8.1) ) 
(12.9) ) 
(13.7) ) 
(15.4) ) 

(14.5) ) 
(2.0) ) 
(1.7) ) 
(54) ) 

(7.1) ) 

(10.7) ) 
(3.1) ) 
(2.6) ) 
(3.2) ) 
(2.8) ) 
(6.4) ) 

(75) ) 
(115) ) 

(61) ) 
(109) ) 
(159) ) 
(198) ) 
(9.1) ) 
(4.8) ) 
(1.7) ) 

-0.6 6 
-2.8 8 
0.5 5 

-0.4 4 

-1.3 3 
-0.1 1 
0.1 1 

4 4 
-1.5 5 

1.9 9 
0.6 6 

-1.0 0 
1.5 5 
1.5 5 
0.0 0 

0 0 
4 4 

(2.5) ) 
(8.4) ) 
(5.8) ) 
(6.7) ) 

(10.3) ) 
(1.9) ) 
(1.7) ) 
(39) ) 

(5.5) ) 

(7.7) ) 
(2.2) ) 

(2.0)* * 
(3.8) ) 
(3.7) ) 
(4.1) ) 

(25) ) 

(51) ) 
-4(11)** * 
0 0 
2 2 

15 5 
0.0 0 

-1.6 6 
-0.2 2 

(12) ) 
(29) ) 
(58) ) 
(6.9) ) 
(4.7) ) 
(1.3) ) 

52.4 4 
36.7 7 
34.3 3 
57.6 6 

42.8 8 
9.1 1 
9.3 3 
107 7 

25.0 0 

36.4 4 
8.2 2 

27.0 0 
8.0 0 
7.6 6 

38.7 7 

57 7 
161 1 
55 5 
65 5 

143 3 
205 5 
13.3 3 
3.8 8 
3.6 6 

(7.7) ) 
(7.7) ) 

(15.0) ) 
(14.8) ) 

(11.2) ) 
(0.8) ) 
(1.1) ) 
(29) ) 

(5.4) ) 

(12.8) ) 
(3.7) ) 
(3.7) ) 
(2.7) ) 
(2.8) ) 
(6.5) ) 

(21) ) 
(76) ) 

(8) ) 
(13) ) 
(61) ) 
(60) ) 

(7.3) ) 
(2.9) ) 
(1.8) ) 

0.2 2 
-8.3 3 
-7.6 6 
1.1 1 

-0.7 7 
0.0 0 

-0.2 2 
37 7 

-1.0 0 

-0.7 7 
-0.6 6 
0.6 6 
0.1 1 

-0.3 3 
-0.4 4 

8.8 8 
18 8 
5 5 
9 9 
9 9 

-3 3 
3.9 9 
2.0 0 

-0.6 6 

(2.8) ) 

(4.6)** t t 
(10.6)* * 
(5.9) ) 

(7.3) ) 
(1.0) ) 
(1.0) ) 

(36)*T T 
(6.0) ) 

(9.5) ) 
(3.2) ) 
(2.6) ) 
(3.6) ) 
(2.9) ) 
(3.7) ) 

(26) ) 
(59) ) 

(6)t--
(12)T T 
(48) ) 
(63) ) 
(9.9) ) 
(3.3)1 1 
(2.0) ) 

Changee score=6 months postoperative minus preoperative score; * p<0.05; ** p<0.01 Wilcoxon signed-
rankss test of pre-post difference; | p<0.05; $ p<0.01 Mann-Whitney U test of group differences in 
changee score; § Logical memory of the Rivermaid Behavioral Memory Test; COWAT=Controlled Oral 
Wordd Association Test; WAIS=Wechsler Adult Intelligence Scale; JOLO=Judgement Of Line Orientation, 
agee and sex corrected scores; AVLT=Auditory Verbal Learning Test; MWCST=Modified Wisconsin Card 
Sortingg Test; T=age corrected T-score; negative change scores indicate decline in performance except 
forr MWCST errors, MWCST perseverations, and test variables expressed in seconds. 
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Cognitiv ee and behavioura l effect s 

Thee left and right-sided subgroups were similar with respect to gender, age, 

educationall level, premorbid verbal intelligence, and medication use (benzo-

diazepines,, anticholinergic agents, and LEU). There was one left-handed patient 

inn each of the subgroups. 

Thee neuropsychological test scores are shown in table 5. The table provides the 

meann preoperative score and the mean change score (change score = post-

operativee minus 6 months preoperative score) for each test variable. None of 

thee preoperative test scores showed a significant difference between the left 

andd right-sided pallidotomy subgroups. 

Afterr the operation the left-sided pallidotomy subgroup scored significantly less 

att both category fluency and letter fluency. The speed of performance on the 

bellss test also slowed down in the left-sided pallidotomy patients. The right-

sidedd subgroup recognised slightly less words postoperatively at the auditory 

verball memory test. At follow-up they were slightly faster in the word reading 

conditionn of the Stroop test, whereas the left-sided subgroup tended to be slower. 

AA similar pattern was observed in the colour naming condition of the Stroop 

test.. After the operation the right-sided pallidotomy patients perseverated slightly 

lesss at the Modified Wisconsin Card Sorting Test while the left pallidotomy patients 

perseveratedd slightly more. The within-group changes were not significant, but 

thee postoperative difference between the groups was significant. In the remaining 

cognitivee tests no significant changes over time nor subgroup differences in 

changee scores were found. 

Relationshi pp betwee n lesio n locatio n and clinica l outcom e 

Inn 24 patients MRI images were obtained between 1.8 and 18.5 months after 

pallidotomyy (median 7.3 months, one patient less than 3 months). The lesion 

Tablee 6. Lesion location in relation to UPDRS 3 off phase change scores (preoperative minus 6 
monthss postoperative score) 

Preoperativ ee UPDRS 3 off 
phasee scor e Change scor e 

Lesio nn locatio n 

GPi i 
GPe e 
putamen n 
GPii and GPe 
GPi,, GPe and putamen 
GPee and putamen 
GPi,, GPe and !C 
noo lesion visible 

Patient s s 

2 2 
2 2 
1 1 

11 1 
2 2 
1 1 
1 1 
4 4 

Score e 

44.5 5 
43 3 
19 9 
56 6 
72 2 
43 3 
47 7 
51 1 

Range e 

24/65 5 
42/44 4 

— — 
38/81 1 
53/91 1 

— — 
— — 

44/63 3 

Score e 

15 5 
19 9 
8 8 

19 9 
23.5 5 
18 8 

-13 3 
18 8 

Range e 

6 / 2 4 4 
15/23 3 

__ _ 
1/32 2 

15/32 2 
— — 
— — 

7 /27 7 

GPHnternall segment of the globus pallidus; GPe=external segment of the globus pallidus; IC= 
internall capsule; minus sign indicates deterioration. 
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locationn and the change in UPDRS motor off phase score following pallidotomy 

aree shown in table 6. In eight patients we did not detect a lesion in the GPi, 

althoughh these patients improved a median of 18 points. In four of these patients 

thee lesion was situated outside the GPi and in the other four we did not discern a 

lesion.. There was also no discernible pattern of associations between the location 

off the lesion or the number of lesioned structures as found on MRI images and 

changess in the neuropsychological test scores. 

Preoperativ ee patien t characteristic s predictiv e fo r goo d outcom e 

Tablee 7 shows the univariate relations between preoperative patient characteristics 

andd good outcome. Medication of 1000 or less LEU per day was associated with 

aa good outcome (p=0.05). Age, on phase UPDRS motor score, medication, and 

sidee of surgery (p<0.50) were entered into the multivariate logistic model. The 

resultss showed that medication of 1000 or less LEU (OR 9.1,, p=0.03) was the 

onlyy variable independently associated with good outcome 6 months after 

pallidotomyy (table 8). 

Tablee 7. Preoperative patient characteristics in relation to good outcome 6 months after pallidotomy 
<n=30) ) 

Characteristi c c 
off  patients * 

Age e 
>65y y 
<< 65 y 

HYY stage in off phase 
>3 3 
<3 3 

UPDRSS 3 in off phase 
>50 0 
<50 0 

UPDRSS 3 in on phase 
>> 15 
<< 15 

levodopaa effect on UPDRS 3 score 
<30 0 
>30 0 

medication n 
>10000 LEU 
<10000 LEU 

Sidee of surgery 
right t 
left t 

Poorr  UPDRS 
moto rr  chang e 

score ff  £ 10 

4 4 
5 5 

6 6 
3 3 

4 4 
5 5 

5 5 
4 4 

6 6 
3 3 

7 7 
2 2 

7 7 
2 2 

Goodd UPDRS 
moto rr  chang e 

score ff  > 10 

6 6 
15 5 

14 4 
7 7 

12 2 
9 9 

15 5 
6 6 

11 1 
10 0 

7 7 
14 4 

13 3 
8 8 

p-Valuei i 

0.43 3 

0.69 9 

0.43 3 

0.69 9 

0.05 5 

0.34 4 

** Continuous variables were dichotomised at a predetermined score; | change score=preoperative 
minuss 6 months postoperative score; % differences between frequencies were analysed with Chi-
squaree tests or the Fisher's exact test when numbers were small. 
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Tablee 8. Preoperative patient characteristics in relation to good outcome 6 months after pallidotomy: 
logisticc regression model (n=30) 

Agee < 65 y 
UPDRSS 3 in on phase > 15 
Medicationn in LEU < 1000 
Sidee of surgery: right-side 

Improvemen tt  of > 10 on UPDRS moto r scale in of f phase 

Adjuste d d 
oddss ratio * 

4.5 5 
2.0 0 
9.1 1 
0.4 4 

95%% Clt 

0.55 - 38.6 
0.3-13.8 8 
1.2-70.8 8 
0.04-3.3 3 

p-Valuef f 

0.17 7 
0.48 8 
0.03 3 
0.37 7 

** Reference group are patients with the opposite characteristics; f CI denotes confidence interval; 
tt calculated with Wald statistics; Hosmer-Lemeshow goodness-of-fit test, p=0.62. 

Discussio n n 
Clinica ll  outcom e 

OffOff phase assessment Our study showed an improvement 

off parkinsonism in the off phase of 25 percent, measured with the UPDRS motor 

scale.. Six and 12 months after surgery, tremor, akinesia, and rigidity were improved 

onn the contralateral body-side. In addition, we found that functioning in activities 

off daily living was improved after pallidotomy up to one year. 

Thee results concerning the effect of pallidotomy on akinesia in the off phase, 

shownn by several studies, are varying, but most studies do show an improvement.*

7.9.10.233 Johansson et al.24 found no effect on akinesia, but they did not assess 

patientss in standardised off and on phases. 

Thee current study demonstrated a slight — but statistically significant — effect 

onn postural instability and gait disturbances (PIGD) up to one year after surgery. 

Otherss found the same initial effect on PIGD,6-7'9-2"7 however, in some studies 

thee effect disappeared gradually.528 

OnOn phase assessment The most impressive effect of pallidotomy is the reduction 

off dyskinesias, most clearly on the contralateral body-side.5'7-10 Our study 

demonstratedd a contralateral effect up to one year after surgery. We did not 

findd an ipsilateral dyskinesia effect, though, Samuel et al.7 found an improvement 

off ipsilateral dyskinesias three months after surgery, which had disappeared 

ninee months later.29 The improvement of dyskinesias, together with the unaltered 

severityy of parkinsonism (according to the UPDRS motor score), did not result in 

ann amelioration of functioning in activities of daily living in the on phase. 

Sixx months after surgery, we found a clear improvement of the perceived quality 

off life, which remained significant up to 12 months after surgery. Although the 

PDQLL questionnaire was administered in the on phase, patients were asked to 

ratee their perceived quality of life irrespective of off and on. The improved off 

phasee symptomatology and the reduction of dyskinesias, together with the 
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improvedd functioning in activities of daily living, could explain the effects on the 

perceivedd quality of life. 

Thee mean body weight increased. Weight increase following pallidotomy27'30 

andd following electrical stimulation of the nucleus subthalamicus31 has been 

reportedd before. 

Advers ee effect s 

Inn our study, three of the 32 patients operated had only transient and 11 had 

permanentt minor adverse effects. This is in agreement with other reports, in 

whichh transient adverse effects vary between 5 and 60 percent and permanent 

effectss between 0 and 40 percent.^9'24-26 

Threee patients had major permanent adverse effects. One of the patients became 

psychoticc foil owing the discontinuation of the propofol sedation before the lesion 

wass made. We consider the impact of the experience in the operating room — 

framee fixation to the head and being off medication — so frightful for the 

patientt that this precipitated the psychosis, instead of the small pallidotomy 

lesion.. In one patient, the lesion encroached on the internal capsule, and caused 

severee adverse effects. It is possible that microelectrode recordings for lesion 

placementt reduce the risk of harming the internal capsule, although groups 

usingg microelectrode recordings have reported this complication too.832 The 

extensionn of the lesion into the internal capsule could also be due to infarction. 

Thee necessity of microelectrode recordings for adequate, safe procedures is still 

controversial.1112333 Microelectrode recordings are technically very demanding 

forr the clinical setting and lengthen the procedure considerably. Another patient 

sufferedd from an intracerebral haemorrhage. In previous studies concerning 

pallidotomy,, frequencies of infarcts and intracerebral bleeding ranged from 0 to 

200 percent.5-924"26 As functional stereotactic neurosurgery in Parkinson's disease 

iss not without risk, even in experienced hands, we feel that the indication for 

pallidotomyy should be restricted to patients with advanced disease, who are still 

mobilee at their best moment during the day. 

Cognitiv ee and behavioura l effect s 

Thee neuropsychological test results confirmed the findings of our initial trial.13 

Ass before, the main finding was a decrease in verbal fluency following left-sided 

pallidotomy.. This seems to be a permanent effect, as it was still present one 

yearr after surgery in the left-sided pallidotomy patients (data not shown). A 

reductionn of verbal fluency has been found in a number of studies as an effect 

off both pallidotomy and pallidal stimulation.3^36 

Thee results on the MWCST suggest some impairment of mental flexibility in the 

left-sidedd group. This effect is small and not seen in other tests of executive 

functioningg (Stroop test and Trailmaking). 
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Thee sample size of this study, however, was too small to rule out the possibility 

off infrequent but clinically important cognitive and behavioural side effects. 

Relationshi pp betwee n lesio n locatio n and clinica l outcom e 

Thee optimal location and size of the lesions within the globus pallidus are 

unknown.. The model proposed by Alexander et al.37 predicts improvement of 

parkinsoniann symptoms and an increase of dyskinesias following destruction of 

thee GPi, and many authors state that they try to make the lesion in the GPi.35 

Otherss prefer to make the lesion in the posteroventra! pallidum on the border of 

thee internal an external segments.38 There were variations in the location of our 

visiblee lesions. In four patients we did not detect a lesion at all on the MRI scans, 

although,, these patients improved 18 points on the off phase UPDRS motor 

scale.. In another four cases the lesion was situated outside the GPi. Although, 

thee conclusion that it is not necessary to lesion a part of GPi can not be drawn 

fromm these results, because resolution may have influenced our findings, this 

findingg may suggest that a small lesion, even partly, in the GPi may be sufficient 

too improve symptoms. 

Preoperativ ee patien t characteristic s predictiv e fo r goo d outcom e 

Predictivee factors for dyskinesia reduction could not be established because 

contralaterall dyskinesias are clearly diminished in almost all cases. In our study, 

222 of the 31 evaluated patients scored preoperative^ two or more points for 

contralaterall dyskinesias, while only one patient had a score higher than one 

pointt postoperatively. 

Ass a possible predictor of reduction in off phase parkinsonism, we found that 

patientss taking 1000 LEU or less were more likely to have a good outcome than 

patientss taking more than 1000 LEU. 

Wee could not demonstrate an association between preoperative off phase Hoehn 

andd Yahr stages, UPDRS motor off phase scores, or preoperative levodopa 

responsee on the UPDRS motor scores and good outcome. Our sample size, 

however,, was not large enough to exclude the existence of important 

associations.. Samuel et al.7 found a significant correlation between magnitude 

off preoperative levodopa response and clinical outcome. Baron et al.2S showed 

thatt age was inversely related to postoperative improvement in total UPDRS 

scores,, while the study of Kishore et al.9 demonstrated the opposite; older patients 

tendedd to show greater improvement. Our results and the results of other studies 

supportedd neither of these hypotheses.326-39 

Conclusio n n 

Unilaterall pallidotomy in advanced PD improves parkinsonism in the off phase 

andd reduces dyskinesias in the on phase. The effects are stable up to one year 
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afterr surgery. Unilateral pallidotomy leads also to an improved functional health 

andd perceived quality of life. Besides reduction of verbal fluency, following left-

sidedd surgery, we did not detect systematic cognitive deterioration following 

pallidotomy.. We found no relation between age or levodopa response and 

outcomee of surgery, but patients taking less than 1000 levodopa equivalent 

unitss per day are most likely to improve. 
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