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Introduction n q q 

Parkinson' ss  diseas e 
Parkinson'ss disease is a chronic progressive neurodegenerative 

diseasee affecting the motor, autonomic, cognitive, affective and sensory systems.1 

Thee motor symptoms are characterised by the progression of tremor, rigidity, 

bradykinesiaa and postural disturbances. Patients may suffer from drooling, 

excessivee sweating, chronic constipation, and sleep disturbances as a result of 

autonomicc nervous system dysfunction. The disorder mostly begins in later life 

withh an average onset of 60 years of age. The prevalence of Parkinson's disease 

rangess from 84 to 164 per 100,000.2 

Thee aetiology of Parkinson's disease is still unknown. Characteristic neuro-

pathologicall findings in Parkinson's disease are neuronal loss, depigmentation 

off pigmented brainstem structures, and the presence of Lewy bodies.3 The core 

symptomss are caused by dysfunction of the dopaminergic neurotransmission in 

thee substantia nigra-striatum system due to degeneration of dopamine producing 

neurons.. The substantia nigra and the striatum (caudate nucleus and putamen), 

togetherr with the claustrum, globus pallidus, subthalamic nucleus, and the 

neuroness of the ventral tegmental area form the basal ganglia. They were usually 

regardedd as components of several largely segregated circuits serving motor, 

oculomotor,, and cognitive functions.4-5 It is now apparent that the basal ganglia 

systemm is a complex and widely distributed neuronal network comprising a 

markedlyy branched axon collateral network system by which the output nuclei 

off the basal ganglia can be influenced in multiple ways.6 

Theree is still no cure for Parkinson's disease. The symptomatic treatment pre-

dominantlyy consists of adding-on the dopamine deficiency with levodopa (plus 

aa peripheral decarboxylase inhibitor) or — and often in combination with — a 

dopaminee agonist. These can bring about an important improvement of 

bradykinesiaa and rigidity, but they are less effective on tremor, and postural 

disturbances. . 

Afterr 3 to 5 years of pharmacological treatment, problems with therapy may 

arise.. The patient experiences variations in symptoms during the day and this 

necessitatess levodopa dose adjustments. Subsequently, adverse effects may emerge, 

suchh as levodopa-induced involuntary movements or psychiatric complications, 

consistingg of hallucinations and paranoid delusions. In the beginning, involuntary 

movementss occur in a temporal pattern in relation to levodopa administration 

andd they can be temporarily reduced with levodopa dose adjustments. This 

phenomenonn of episodes with good levodopa effect — often with involuntary 

movementss — alternating with episodes of re-emerging parkinsonian symptoms 

iss called response fluctuations. With advancing disease, the response fluctuations 

frequentlyy become abrupt oscillations in motor state, bear no clear temporal 

relationshipp with levodopa dosing and become unpredictable. This form of response 

fluctuationss is referred to as 'on-off fluctuations. 
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Afterr 4 to 6 years of levodopa therapy 40 percent of patients experience response 

fluctuations,, which increases to 70 percent after 9 or more years of levodopa 

therapy.. Eleven to 15 years after disease onset, 55 percent of patients are severely 

disabledd or dead.7,8 

Stereotacti cc  Pallidotom y 
Stereotacticc pallidotomy is a functional neurosurgical 

proceduree during which a lesion is made in the globus pallidus by heating the 

tipp of an electrode that—through a burr hole in the skull — has been placed in 

thee globus pallidus. Stereotactic methods are used to localise the posteroventral 

partt of the globus pallidus.9'10 

Inn 1948, stereotactic pallidotomy was performed for the first time in a patient 

withh Huntington's disease. Soon after that, the procedure was carried out for 

tremorr and rigidity in patients with Parkinson's disease based on the work of 

Meyerss and Fénelon.1113 By the mid-fifties the target for functional stereotactic 

neurosurgeryy in Parkinson's disease gradually moved to the ventrolateral 

thalamus,, because the thalamus seemed to be a better target for tremor and 

waswas associated with less adverse effects.141S After the introduction of levodopa 

inn 1967, the number of stereotactic operations for Parkinson's disease declined 

dramaticallyy and, occasionally, thalamotomy was done for tremor. 

Thee recent revival of pallidotomy has occurred as a result of various factors. In 

thee 1980's, there was an increasing awareness of the limitations and side effects 

off levodopa and dopaminergic agonists. In 1992 Laitinen et al. reintroduced 

pallidotomyy reporting the results of 38 patients with advanced Parkinson's disease 

andd posteroventral pallidotomy.'6 Their results were excellent; 92 percent of the 

patientss experienced great alleviation of rigidity and hypokinesia; and 81 percent 

hadd complete or almost complete relief of tremor contralateral to the pallidotomy. 

Furthermore,, involuntary movements — whether or not levodopa-induced — 

weree reduced substantially by the operation. At approximately the same time, 

anatomicc and physiological studies provided a new model for the organisation 

andd function of the basal ganglia,4 and although the model does not fully predict 

thee effects of pallidotomy,17 it provided a strong rationale for surgical intervention 

inn the basal ganglia. 

Aimm and outline s 
Thee main question of the thesis is: do patients with 

advancedd Parkinson's disease benefit from stereotactic pallidotomy? Therefore, 

wee started a retrospective study on the effects of unilateral pallidotomy in patients 

whoo had undergone surgery in our hospital (chapter 2). Based on these results 
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andd the outcomes of several other cohort studies/8-19 we decided to perform a 

randomised,, single blind, multicentre trial to assess the efficacy of unilateral 

pallidotomyy in advanced Parkinson's disease. Patients were randomised to 

unilaterall pallidotomy within 1 month or to pallidotomy after the primary outcome 

assessment,, 6 months later (chapter 3). In the same trial, cognitive and behavioural 

effectss were studied (chapter 4). Eventually, 32 of the 37 patients enrolled in 

thee trial had undergone a unilateral pallidotomy. In chapter 5, a follow-up of 

thesee patients is reported. Nineteen patients were followed for 12 months after 

surgeryy and 13 for 6 months. We investigated whether or not a relationship 

existedd between lesion location and clinical outcome, and searched for 

preoperativee patient characteristics predictive for good outcome. We evaluated 

thee effects of bilateral pallidotomy in a retrospective study of patients who had 

undergonee bilateral surgery in our hospital (chapter 6). Chapter 7 includes a 

systematicc review dealing with the adverse effects of pallidotomy. The place of 

stereotacticc pallidotomy in the treatment of advanced Parkinson's disease is 

discussedd in chapter 8. A summary in English and Dutch concludes this thesis. 
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Summar y y 
ObjectiveObjective  To evaluate the effects of unilateral 

pallidotomyy in patients withh Parkinson's disease. 

PatientsPatients  and methods  Twenty-six patients with Parkinson's disease 

andd disabling dyskinesias, painful and/or disabling dystonia, and/or pain 

ass part of Parkinson's disease despite optimal pharmacotherapy 

underwentt a unilateral pallidotomy. For assessment the unified 

Parkinson'ss disease rating scale (UPDRS) activitiess of daily living and motor 

section,, Hoehn and Yahr staging, the Schwab and England scale, a 

dyskinesiaa rating scale, and timed tests were used. Assessment was 

performedd in defined 'off' and 'on', and on average 2 months before 

andd 7.5 months after the unilateral pallidotomy. Adverse effects were 

classifiedd as transient or permanent, and as major or minor. 

ResultsResults  In the off phase the median UPDRS activities of daily living 

scoree improved from 26.5 to 20.5 (23 percent) and the median UPDRS 

motorr score improved from 47.5 to 33.0 (31 percent). In the on phase, 

thee dyskinesia rating scale score was reduced from median 2 to 1 

(p<0.001),, and the total UPDRS activities of daily living and motor scores 

remainedd unchanged. Thirteen patients had transient adverse effects, 

threee patients had permanent and two patients had a combination of 

transientt and permanent adverse effects. The transient adverse effects 

inn two patients were classified as major. 

ConclusionsConclusions  Stereotactic unilateral pallidotomy can improve symptoms 

andd disability in the off phase. In the on phase, dyskinesias disappeared 

att the side contralateral to the procedure. Permanent minor complications 

off pallidotomy occurred in 19 percent of the patients. 
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Introductio n n 
Withh the publication by Laitinen et al.1 in 1992 stereotactic 

pallidotomyy was reintroduced as a symptomatic treatment for Parkinson's disease. 

Cohortt studies indicate that pallidotomy improves parkinsonism in the 'off' phase 

andd reduces dyskinesias in the 'on' phase.21' In most of the studies evaluating 

patientss in standardised off and on phases, microelectrode recording followed 

byy stimulation was used to outline the globus pallidus before lesioning.23>11 

Theree are a few studies published with patient assessment in standardised on 

andd off phases and macroelectrode stimulation only to verify the target 

structure.4122 Therefore, we report the results of our first 26 consecutive patients 

withh Parkinson's disease and a unilateral pallidotomy without microelectrode 

recordingg assessed in standardised off and on phases. 

Patient ss and method s 
PatientsPatients  Twenty-six patients with Parkinson's disease 

underwentt a unilateral pallidotomy {table 1). Indications for pallidotomy were 

severee and disabling dyskinesias, painful and disabling dystonia and/or pain as 

partt of Parkinson's disease despite optimal pharmacological treatment. Exclusion 

criteriaa were contraindications for stereotactic neurosurgery (physical condition 

makingg surgery hazardous, severe hypertension, blood coagulation disorder, 

severee dysphagia, and dysphasia) and moderate to severe cognitive dysfunction, 

ass shown with a mini mental state examination13 of 24 or less. The seventh 

Tablee 1. Baseline characteristics of the 26 patients 

Characteristi cc  Value 

Sexx (male/female) 14/12 
Agee in yrs 55.8 (40-74) 
Durationn of disease in yrs 15.3 (4-29) 
Agee at onset of PD in yrs 40.4 (29-53) 
Sidee of surgery (right/left) 13/13 
Hoehnn and Yahr stage 

Off-periodd median (range) 4 (1-5) 
On-periodd median (range) 2.5 (1-5) 

Dailyy preoperative medication dosages 
L-dopa a 

Noo of patients 26 
Dosee in mg* 836(157-5000) 

Pergolide e 
Noo of patients 15 
Dosee in mg 2.1(0.15-8.0) 

Lisuridee in two patients 0.4 and 0.8 mg 
Apomorphinee sc continuously in three patients 50, 70 and 70 mg 

Dataa are mean (range) unless otherwise stated; PD=Parkinson's disease; sc=subcutaneous; 
** without peripheral decarboxylase inhibitor 
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patientt operated had Parkinson's disease for 23 years and was wheelchair bound 

inn her best on phase. Despite an improvement of hand functioning and 

disappearancee of dykinesias, she remained wheelchair-bound and very disabled. 

Sincee then, we exclude patients for operation with Hoehn and Yahr stage14 5 in 

theirr best on phase. Seventeen patients had young-onset Parkinson's disease.15 

Threee patients had mainly unilateral symptoms. The 23 other patients had a level 

off disability that interfered seriously with selfore and activities of daily living. 

AssessmentAssessment  The scales used were the second and third part of the unified 

Parkinson'ss disease rating scale (UPDRS; activities of daily living and motor 

examinationn sections),16 Hoehn and Yahr staging, the Schwab and England scale,16 

andd the dyskinesia rating scale proposed by Goetz et al.17'18 The body weight of 

thee patients was also noted. 

Thee following timed tests, recommended by the core assessment program for 

intracerebrall transplantations (CAPIT) committee, were part of the assessment 

protocoll for the last 20 patients: the pronation-supination test, the tapping test 

andd the stand-walk-sit test.18 

Alll clinical rating scales were performed in defined off and on phases, except 

thee dyskinesia rating scale, which was rated in the on phase only. The off phase 

wass defined as the condition of the patient after withholding antiparkinson 

medicationn for 12 h and being awake for at least 1 h. The on phase was the 

conditionn 1 h after taking the usual first morning dose. Assessment was performed 

att a median of 1 week (range 1 day - 45 weeks) before (baseline) and 5 months 

afterr the pallidotomy (range 1 week - 24 months, 10 patients < 3 months). 

Preoperatively,, patient assessment was performed by JDS (neurologist, one 

patient),, PRS (neurosurgery resident, three patients) and RdB (neurology resident, 

222 patients). Postoperatively, all patients were assessed by RdB, who was not 

blindedd for the treatment. 

Forr analysing the effects of unilateral pallidotomy several items of the UPDRS, 

forr each side of the body, were combined as follows: tremor = arm and leg rest 

tremorr and arm action tremor (scores no 20 + 21); akinesia = finger taps, hand 

movements,, rapid alternating movements of the hand, and leg agility (scores no 

233 + 24 + 25 + 26); rigidity = arm and leg rigidity (scores no 22); postural 

instability/gaitt disorder (PIGD) = posture, gait, and postural stability (scores no 

288 + 29 + 30). We analysed the effect on speech (scores no 5 + 18) and sensory 

disorderss related to parkinsonism (score no 17). 

Forr analysing possible changes in pharmacological treatment, we pooled different 

drugss together in levodopa-equivalent units (LEU) according to the following 

conversionn formula: 100 LEU = 100 mg levodopa, given with a peripheral 

decarboxylasee inhibitor = 133 mg levodopa (plus peripheral decarboxylase 

inhibitor)) in controlled-release tablets = 1 mg pergolide mesylate. 
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SurgicalSurgical  technique  Patients were started on a short schedule of low-dose 

corticosteroidss (phase-out from 10 mg per day in 5 days) the night before surgery 

too reduce oedema around the lesion. Antiparkinson drugs were withheld on the 

dayy of surgery until the end of the procedure. The Lekselt stereotactic frame 

(Elektaa Instruments, Stockholm, Sweden) was applied under local anaesthesia. 

AA burr hole with a diameter of 10 mm was made 2-3 cm lateral from the midline 

justt anterior to the coronal suture. For the ventriculography, 10 ml iohexol (240 

mgg l/ml) was injected into the lateral ventricle. The target coordinates for the 

posteroventrall globus pallidus at the border of the medial and lateral segments 

weree 2 mm anterior to the midcommisural point, 5 mm below the intercom-

missurall line and 22 mm lateral to the midline of the third ventricle. Microelectrode 

recordingg and microelectrode stimulation were not performed. In the trajectory 

towardss the calculated target point, electrical monopolar test stimulation was 

carriedd out, using an electrode with a 2.1 x 4.0 mm bare tip, in 2 mm steps 

startingg 8 mm above the target in the first 20 patients and 6 mm above the 

targett in the last six patients. The stimulus parameters used were: pulse width 

0.11 msec (rectangular monophasic), frequency 2 Hz (low) and 130 Hz (high), 

andd voltage up to 8 V. Low-frequency stimulation was used to determine proximity 

off the internal capsule. If myoclonus were not observed using low-frequency 

stimulationn with a threshold up to 4 V, the distance to the capsule was considered 

safee for lesioning. High-frequency stimulation was used for testing the effects 

onn tremor, rigidity and hypokinesia, and for side effects, such as speech disorders, 

parasthesias,, abnormal eye movements, and visual stimulation responses. 

Hypokinesiaa was tested by pronation-supination movements of the hand, finger 

dexterity,, opening and closing of the hand, and leg movements. If the threshold 

forr myoclonus and side effects was higher than 4 V, radio-frequency thermolesions 

weree produced at C for 60 s directly after stimulation at each 2-mm step. If 

thee patient had any visual stimulation responses with high-frequency stimulation, 

noo lesion would be placed because this could endanger the optic tract. 

AdverseAdverse  effects  Transient (< 3 months) or permanent (> 3 months) adverse 

effectss were classified according to the following properties. Adverse effects 

thatt interfered with the patient's daily routine were considered major adverse 

effects.. If they caused minimal or no interference with the patient's daily routine, 

theyy were labelled minor. Observations concerning medication and adverse effects 

aree reported with a follow-up ranging from 3 months to 2 years. 

StatisticalStatistical  analysis  All data were analysed with Wilcoxon signed-ranks test 

statisticss for the ordinal scales. The timed tests and weight were analysed with a 

ff test. A difference with p<0.01 was considered significant. Timed tests of a 

patientt were excluded for statistical analysis if the patient had not accomplished 

bothh the preoperative and postoperative series. 
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Result s s 
TheThe off  state  Patients improved 31 percent on the total 

UPDRSS motor section and 23 percent on the activities of daily living section 

scoree (table 2). Patients also improved significantly on the Schwab and England 

scalee and in Hoehn and Yahr stage. 

Alll UPDRS item composite scores improved significantly on the side contralateral 

too the side of surgery. The PIGD composite score improved 38 percent. There 

wass a slight worsening of speech and a slight improvement of sensory complaints. 

Bothh were not statistically significant (table 3). 

Thee timed tests were part of the assessment protocol in 20 patients. Four patients 

couldd not complete the preoperative contralateral pronation-supination test, but 

threee of them completed the test postoperatively. The contralateral pronation-

supinationn test of the other 16 patients improved 18 percent (table 4). One 

patientt could not accomplish the pre- and postoperative tapping tests, both 

contra-- and ipsilateral. The mean duration of the tapping tests of the other 19 

patientss improved contra- and ipsilateral with 42 and 25 percent, respectively 

(tablee 4). Only 13 patients could accomplish the stand-walk-sit tests pre- and 

postoperatively,, the mean postoperative time being 3.8 s shorter compared with 

thee preoperative time. The reduction was not significant. Two patients could 

onlyy complete the postoperative stand-walk-sit test (table 4). 

TheThe on state  The UPDRS motor section, the UPDRS activities of daily living 

section,, the UPDRS symptom composite scores, and the Schwab and England 

scalee did not change significantly (table 2 and 3). The dyskinesia rating scale 

scoree was reduced from median 2 to 1 (table 5). 

Thee timed tests did not change significantly. One patient was unable to complete 

thee postoperative ipsilateral pronation-supination test, although she could 

completee it preoperatively. Two patients could not accomplish the preoperative 

Tablee 2. Results of assessments before and after unilateral pallidotomy in 26 patients 

Befor ee Afte r Change 
mediann (range ) media n (range ) median (95% CI) 

OffOff  phase 
UPDRSS motor 47.5 (13-74) 
UPDRSS ADL 26.5 (10-47) 
Schwabb and England scale 50 (10-90) 
Hoehnn and Yahr stage 4 (1-5) 

OnOn phase 
UPDRSS motor 17.5 (1-53) 
UPDRSS ADL 12.0 (2-37) 
Schwabb and England scale 80 (30-100) 
Hoehnn and Yahr stage 2.5 (1-5) 

33.00 (5-74) 14.0 (8.5to19.5)| 
20.55 (5^0) 5.5 (3.0to8.5)t 

655 (20-90) 15 (10to20)t 
33 (1-5) 0.5 (0.25 to 1)* 

15.00 (1-63) 1.0 K0 to5 .0 ) 
11.00 (1-34) 1.0 (-1.5 to 3.0) 

855 (20-100) 5 (Oto 10) 
22 (1-5) 0.25 (Oto 0.5)* 

ADL=activitiess of daily living; * p<0.01; | p<0.001. 
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Tablee 3. Effects of unilateral pallidotomy as measured with combined items of the UPDRS on main 
parkinsoniann symptoms in off and on phases in 26 patients 

Befor ee Afte r Change 
mediann (range ) media n (range ) media n (95% CI) 

OffOff phase 
Akinesiaa ipsilateral 

contralateral l 
Rigidityy ipsilateral 

contralateral l 
Tremorr ipsilateral 

contralateral l 
PIGD D 
Speech h 
Sensoryy Complaints 

OnOn phase 
Akinesiaa ipsilateral 

contralateral l 
Rigidityy ipsilateral 

contralateral l 
Tremorr ipsilateral 

contralateral l 
PIGD D 
Speech h 
Sensoryy Complaints 

-8.0 0 
10.5 5 
3.0 0 
3.5 5 
2.0 0 
3.5 5 
6.5 5 
3.0 0 
2.0 0 

3.5 5 
5.0 0 
1.0 0 
1.0 0 
0.0 0 
0.0 0 
2.0 0 
2.0 0 
0.0 0 

(0-15) ) 
(0-16) ) 
(0-7) ) 
(1-8) ) 
(0-11) ) 
(0-10) ) 
(1-12) ) 
(0-7) ) 
(CM) ) 

(0-9) ) 
(0-13) ) 
(0-6) ) 
(0-5) ) 

(CM) ) 
(0-9) ) 
(0-12) ) 

(0-6) ) 
(0-3) ) 

7.0 0 
6.5 5 
2.0 0 
2.0 0 
1.0 0 
0.5 5 
4.0 0 
4.0 0 
1.0 0 

4.0 0 
4.5 5 
1.0 0 
1.0 0 
0.0 0 
0.0 0 
1.0 0 
3.0 0 
0.5 5 

(0-14) ) 
(2-13) ) 
(0-8) ) 
(0-6) ) 
(0-10) ) 
(0-10) ) 
(0-12) ) 
(1-8) ) 
((M) ) 

(0-13) ) 
(0-11) ) 
(0-7) ) 
(0-5) ) 
(0-1) ) 
(0-7) ) 
(0-11) ) 

(0-8) ) 
(0-3) ) 

0.5 5 
3.5 5 
1.0 0 
1.5 5 
1.0 0 
2.5 5 
2.5 5 

-1.0 0 
0.5 5 

0.0 0 
0.5 5 
0.0 0 
0.0 0 
0.0 0 
0.0 0 
1.0 0 

0 0 
0.0 0 

(-5.00 to 2.0) 
(1 .5 to5 .0 ) t t 
(0.00 to 1.5) 

(1.00 to 2.5)1 
(0.55 to 1.5) 
(1.55 to 3.5)* 

(1.55 to 3.5)1 
(-1.55 to 0) 
(0.00 to 1.0) 

(-1.55 to 0.5) 
(-1.00 to 1.5) 
(-0.55 to 0.5) 
(-0.55 to 0.5) 
(0.00 to 0.0) 
(0.00 to 0.5) 
(0.55 to 1.5) 
(-2.00 to 0.0) 
(-0.55 to 0.5) 

PIGD-posturall instability/gait disturbances; * p<0.01; f p<0.001. 

contralaterall pronation-supination test, which they completed postoperatively. 

Threee patients could not complete the preoperative stand-walk-sit test, of which 

onee could complete it postoperatively. One patient could complete the test 

preoperatively,, but was unable to perform it postoperatively (table 4). 

Thee mean body weight increased from 67.4 kg to 71.8 kg (p<0.01). 

LesionLesion  location  In 23 patients only one track was used. In two patients a 

secondd track was used 2 mm more lateral because low-frequency stimulation 

producedd myoclonus at low thresholds in the first track. In one patient three 

testt tracks were made. A low threshold for myoclonus prompted a position 2 

mmm more lateral, after which three lesions were made. Because there was no 

improvementt of parkinsonism, a third track was tested with stimulation, again 

22 mm more lateral. As improvement of symptoms was observed, in this track an 

additionall 4 lesions were made. The mean number of thermolesions produced 

wass 4.5 (range 3-7) per patient. Magnetic resonance image scanning was done 

inn 16 patients more than 3 months after the pallidotomy. In three patients 

computedd tomography scans were performed 3 months postoperatively. Lesions 

weree situated in the posterior and ventral part of the globus pallidus pars externa 

(GPe)) and interna (GPi) in 15 patients. Two of these patients had an extension 

off the lesion at the dorsal side, which probably represented small infarctions. In 
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Tablee 4. Results of timed tests in 20 patients, expressed in seconds 

OffOff  phase 
Pronation-supinationn test ipsilateral 

contralateral l 
Tappingg test ipsilateral 

contralateral l 
Stand-walk-sitt test 

OnOn phase 
Pronation-supinationn test ipsilateral 

contralateral l 
Tappingg test ipsilateral 

contralateral l 
Stand-walk-sitt test 

n* * 

17 7 
16 6 
19 9 
19 9 
13 3 

19 9 
18 8 
20 0 
20 0 
16 6 

Befor e e 
pallidotom y y 
meann (SD) 

16.66 (3.9) 
18.66 (5.5) 
12.22 (5.0) 
15.00 (6.7) 
16.55 (6.3) 

14.99 (3.0) 
16.11 (4.9) 
8.88 (2.9) 

10.11 (4.6) 
12.99 (4.0) 

Afte r r 
pallidotom y y 
meann (SD) 

17.33 (5.8) 
15.33 (3.4) 
9.22 (3.5) 
8.77 (3.6) 

12.66 (5.7) 

15.33 (6.6) 
14.33 (3.1) 
8.55 (4.4) 
8.44 (5.0) 

12.00 (2.6) 

Changee (95% CI) 

-0.66 (-4.4 to 3.1) 
3.33 (0.6 to 5.9) 
3.00 (1.4 to 4.6)7 
6.33 (3.1 to 9.5)1 
3.88 (-1.7 to 7.8) 

-0.44 (-2.9 to 2.2) 
1.99 (-0.1 to 3.8) 
0.44 (-1.3 to 2.1) 
1.66 (-0.9 to 4.3) 
0.99 (-0.3 to 2.1) 

** Number of patients who accomplished preoperative and postoperative timed tests; t pO.01. 

threee patients the lesions extended in the posterior part of the GPe up to the 

boundaryy with the putamen. One patient had a lesion more anteriorly in the 

GPee close to the putamen. The effectiveness of the pallidotomy in the latter four 

patientss was the same as in the patients in which the lesions included the internal 

andd external segments of the globus pallidus. 

MedicationMedication  The medication was changed as little as possible for the first 3 

postoperativee months. The pooled antiparkinson medication was slightly reduced 

fromm 841 LEU (SD 643) at baseline to 816 LEU (373) at follow-up assessment, 

whichh was not statistically significant. Lisuride and apomorphine medication 

weree not changed postoperatively. 

AdverseAdverse  effects  Thirteen patients (50 percent) had transient adverse effects, 

threee (12 percent) had permanent and two (8 percent) a combination of transient 

andd permanent adverse effects (table 6). 

Majorr transient adverse effects were seen in two patients who were disoriented 

afterr the pallidotomy which interfered with their daily routine directly. In one 

casee this lasted for several weeks. In the other case there was major disorientation 

forr several days after which a permanent reduction in motivation remained. 

Alll other transient side effects were classified as minor: facial paresis (seven), 

dysarthriaa (six), mild short-lasting disorientation (one), and feelings of depression 

(one).. Five patients had bouts of hiccups, which started on the day of surgery or 

thee following day and lasted for 2 or 3 days. Two patients noticed mild chorea 

off the contralateral arm and leg lasting for several hours directly following 

pallidotomy.. We did not classify this as an adverse effect because itt is associated 

withh a favourable surgical outcome.7 In both patients the lesions were situated 



Tablee 5. Effects of unilateral pallidotomy on dyskinesias in the on state as measured with the 
dyskinesiaa rating scale proposed by Goetz et al.17 in 25 patients 

Value e Befor ee (numbe r of patients ) Afte rr  (numbe r of patients ) 

10 0 
10 0 

3 3 
2 2 

Mediann difference 1.0; 95% confidence interval 0.5-1.0; pO.001. 

Tablee 6. Adverse effects of unilateral pallidotomy in 26 patients 

Numbe rr  of patient s 

TransientTransient  (n=13) 
Faciall paresis 
Dysarthria a 
Disorientation n 
Faciall paresis + hiccups 
Dysarthriaa + hiccups 
Faciall paresis + dysarthria + depressed 

PermanentPermanent  (nm3) 
Faciall paresis 
Faciall paresis + emotionally less stable 
Dysarthriaa + reduced motivation 

TransientTransient  and Permanent  (n~2) 
Dysarthriaa (transient) + disorientation (transient^ reduced 
motivationn (permanent) 
Hiccupss (transient) + impaired concentration (permanent) 

inn the posteroventral globus pallidus including the medial and lateral segments. 

Permanentt complications were mild facial paresis (two), dysarthria (one), and higher 

cerebrall dysfunction (four) such as reduced motivation, emotional instability and 

impairedd concentration. Formal neuropsychological evaluation, however, was at 

thatt time not yet part of the research protocol. 

Discussio n n 
AA shortcoming of the present study is the range in follow-

upp assessment. In the study by Lang et al. effects on off state subscores for 

tremor,, rigidity, and bradykinesia were sustained for 2 years; the improvements 

off gait disorders and postural stability however, were not.5 The total UPDRS 

scoress were fairly stable for 2 years. In other studies with follow-up ranging 

fromm 1-4 years and multiple assessments, postoperative parkinsonism and 

contralaterall dyskinesias were fairly stable.3-4'9 The progression of symptoms 

thereforee probably is small compared to the initial effects of pallidotomy. 
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ParkinsonismParkinsonism  and dyskinesias  In the off state, the improvement on the total 

UPDRSS motor score consists of reduced tremor, akinesia and rigidity scores 

contralaterall to the side of the pallidotomy. The UPDRS activities of daily living 

scoree and the Schwab and England scale improved in the off state, indicating 

thatt the changes in impairment improved the level of disability. In the on state, 

dyskinesiass were strongly reduced after unilateral pallidotomy, in contrast to the 

UPDRSS motor score, the UPDRS activities of daily living score and the Schwab 

andd England scale, which did not improve. These results are consistent with 

otherr reports concerning unilateral pallidotomy and alternative methods for 

targett localisation like magnetic resonance imaging, computed tomography, 

andd microelectrode recording.23'5-6'9'10 

Thee UPDRS motor and activities of daily living scores in the off phase postoperatively 

remainedd worse than the on phase scores pre- and postoperatively. The on state 

scores,, except for dyskinesias, were not changed by pallidotomy. This indicates 

thatt improvements in the off phase after pallidotomy do not exceed improvements 

fromm antiparkinson drugs and that it is important to assess the patient's best level 

off functioning while evaluating eligibility for unilateral pallidotomy because the 

patientt will probably not improve beyond this level. 

Wee observed an improvement of PIGD signs indicating that impairment of balance 

andd walking can improve by unilateral pallidotomy. This is supported by the 

reductionn in time for the stand-walk-sit test, which was not significant, probably 

ass a result of the small number of patients. Other groups also found a reduction 

inn PIGD signs or a decreased performance time for the stand-walk-sit test.24'89 In 

thee study by Lang et a I.5 this effect was not permanent. 

Patientss with pain due to parkinsonism often reported relief of pain on the 

contralaterall body side. 

TimedTimed  tests  The tapping test improved contra- and ipsilaterally in the off phase. 

Thee other tests did not change significantly, but some patients were not capable 

off accomplishing all the timed tests recommended by the CAPIT committee.18 

Thiss is in agreement with other reports and it shows how demanding the tests 

aree for these patients.910 Some patients could postoperatively complete a test 

whichh they could not preoperatively. This indicates an improvement, but we 

excludedd the tests for statistical analysis if a patient could not accomplish both 

series.. In the tests proposed by the CAPIT committee, the score would be infinite 

iff a patient can not perform a certain manoeuvre necessary for a timed test. This 

scoree is not feasible for analysis. If, however, the time to perform the manoeuvres 

wouldd be fixed, for example, 30 s, and the score of the test would be the number 

off completed movements, for example, number of movements between two 

pointss 30 cm apart, the score would be zero, which could be used for analysis. 
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AdverseAdverse  effects  Two patients had transient disorientation as a major adverse 

effectt and five patients had minor permanent adverse effects. Thirty percent of 

thee patients had no adverse effects. The frequency of adverse effects in the 

presentt study is in agreement with other studies.5910 In most of these studies 

microelectrodee recording is used for target localisation. The most serious 

complicationss of stereotactic neurosurgery are intracerebral haemorrhage or 

infarction,, which can be fatal and can occur even in experienced hands.20 

LesionLesion  location  Laitinen reported to produce lesions at the border of the GPi 

andd GPe, including parts of both structures.1 Later he moved the target 2 mm 

moree lateral.21 Others reported their lesions were in the GPi.22 At least four 

patientss in our group had a lesion restricted to the GPe. The effects seen in 

thesee patients were the same compared to patients with lesions including both 

GPee and GPi. According to the pathophysiological model of Parkinson's disease 

proposedd by DeLong23 in which the output of the medial segment of the globus 

palliduss is increased, one would expect that a lesion in the GPi would alleviate 

parkinsonismm more effective compared to a lesion in the GPe.24 

SurgicalSurgical  technique  We do not use microelectrode recording during the 

procedure.. The necessity of this technique for adequate, safe procedures is still 

controversial.. Microelectrode recordings are technically demanding for the clinical 

settingg and lengthen the procedure considerably. Samuel et al.9 and Shannon et 

al.100 discuss the possible relationship between the number of electrode tracks 

andd the intracerebral haemorrhages. They do not find a relationship in their 

studiess but the groups are probably too small to exclude it. 

ConclusionConclusion  Severe dyskinesias, dystonia, or pain accompanying Parkinson's 

diseasee not improving with optimal pharmacotherapy can improve with unilateral 

pallidotomy,, especially if the symptoms are asymmetrical. Our results are in 

agreementt with other reports concerning unilateral pallidotomy and alternative 

methodss for target localisation like magnetic resonance imaging, computed 

tomographyy and microelectrode recording. Gait and postural instability problems 

inn the off phase can improve. Adverse effects can be severe, and this has to be 

takenn into account while selecting patients for pallidotomy. 
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Summar y y 
BackgroundBackground  The results of several cohort studies 

suggestt that patients with advanced Parkinson's disease would benefit 

fromm unilateral pallidotomy. We have assessed the efficacy of unilateral 

pallidotomyy in a randomised, single-blind, multicentre trial. 

MethodsMethods  We enrolled 37 patients with advanced Parkinson's disease 

whoo had, despite optimal pharmacological treatment, at least one of 

thee following symptoms: severe response fluctuations, dyskinesias, painful 

dystonias,, or bradykinesia. Patients were randomly assigned to unilateral 

pallidotomyy within 1 month or to pallidotomy after the primary outcome 

assessmentt (6 months later). The primary outcome was the difference 

betweenn the groups in median changes on the motor examination section 

off the unified Parkinson's disease rating scale (UPDRS motor) score done 

inn the off phase. Secondary outcome measures included levodopa-

inducedd dyskinesias (dyskinesia rating scale [DRS]) and extent of disability 

(UPDRSS activities of daily living). 

FindingsFindings  The median UPDRS motor off score of the pallidotomy patients 

improvedd from 47 to 32.5, whereas that of control patients slightly 

worsenedd from 52.5 to 56.5 (pO.001). In the on phase the median DRS 

scoree improved 50 percent in pallidotomy patients compared to no 

changee in controls. The UPDRS activities of daily living off score improved 

withh a median of 7 in the pallidotomy group. Two treated patients had 

majorr adverse effects. 

InterpretationInterpretation  Unilateral pallidotomy is an effective treatment in 

patientss with advanced Parkinson's disease, who have an unsatisfactory 

responsee to pharmacological treatment. 
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Introductio n n 
Patientss with advanced Parkinson's disease frequently show 

rapid,, seemingly unpredictable, swings between mobility ('on' phase), usually 

withh dyskinesias, and immobility ('off' phase). Many of these patients respond 

unsatisfactorilyy to adjustments of the pharmacological treatment. 

Cohortt studies suggest that unilateral pallidotomy in patients with advanced 

Parkinson'ss disease can improve parkinsonism in the off phase and dyskinesias 

inn the on phase.110 We did a randomised controlled trial to assess the efficacy of 

unilaterall pallidotomy in patients with advanced Parkinson's disease. The primary 

aimm was to investigate the effects of unilateral pallidotomy on motor symptoms 

andd signs of Parkinson's disease. Secondary objectives included assessment of 

effectss on levodopa induced dyskinesias, degree of disability, and perceived 

qualityy of life. In addition, we recorded adverse effects and changes in 

pharmacologicall treatment. The protocol also included a comprehensive 

neuropsychologicall assessment, which will be reported elsewhere. 

Method s s 
PatientsPatients  Patients were recruited from four Dutch hospitals 

betweenn May, 1997, and May, 1998. Neurologists whose specialty was movement 

disorderss included patients if they had idiopathic Parkinson's disease11 and, despite 

optimall pharmacological treatment, at least one of the following symptoms: 

severee response fluctuations, dyskinesias, painful dystonias, or bradykinesia. 

Exclusionn criteria were: age below 18 years, Hoehn and Yahr12 stage 5 at the 

bestt moment during the day, a mini mental state examination13 score of 24 or 

less,, psychosis, and contraindications for stereotactic neurosurgery such as a 

physicall disorder making surgery hazardous (severe hypertension, blood 

coagulationn disorder, severe dysphagia, or dysphasia). The study protocol was 

approvedd by the ethics committees of the participating centres. Patients received 

writtenn information about the study and gave their informed consent. Before 

baselinee assessment, we recorded sex, age, age at onset of Parkinson's disease, 

Hoehnn and Yahr stage, and medication use. 

DesignDesign  Patients were randomised to unilateral pallidotomy within 1 month, which 

wee call the pallidotomy group, or to pallidotomy after the primary outcome 

assessment,, 6 months later (control group). Changes in pharmacological treatment 

weree allowed in both groups. 

Afterr inclusion and baseline assessment, the neurologist at the treatment centre 

faxedd the necessary data for randomisation to the Department of Biostatistics 

andd Clinical Epidemiology at the Academic Medical Center, Amsterdam. Patients 

weree allocated randomly by a computer program. A minimisation procedure14 
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wass done according to severity of Parkinson's disease (Hoehn and Yahr stage < 4 

versuss Hoehn and Yahr stage 4 or 5 in the off phase) and treatment centre. The 

minimisationn procedure concentrates on minimising imbalance in the distributions 

off treatment numbers within the various values of each individual possible 

prognosticc factor.14 All analyses were done separately for the patients staged 

Hoehnn and Yahr below 4 and the patients who were Hoehn and Yahr stages 4 

orr 5 in the off phase. Since these showed the same results, we present the 

resultss of the total treatment groups only. 

Alll patients were assessed on clinical rating scales by the same assessor, who was 

unawaree of the treatment allocation. The patients were instructed not to tell the 

assessorr the treatment they received. Before assessment, a nurse provided bald 

patientss with a headcap to conceal the presence or absence of a pallidotomy scar. 

Patientss assigned to pallidotomy within 1 months did not receive antiparkinsonism 

drugss on the day of surgery until the end of the procedure. The Leksell stereotactic 

framee was applied under local anaesthesia (centres 1 and 3) or under propofol 

sedationn (centre 2). A burr hole with a diameter of 10 mm was made 2-3 cm 

laterall from the midline just anterior to the coronal suture. For target localisation, 

aa positive-contrast ventriculography was done. The target coordinates were 2 

mmm anterior to the midcommissural point, 5 mm below the intercommissural 

linee and 22 mm lateral to the midline of the third ventricle. Microelectrode 

recordingg was not done. Electrical monopolar test stimulation was done with an 

electrodee with a 2.1 x 4.0 mm bare tip with low-frequency (2 Hz) and high-

frequencyy (100-130 Hz) stimulation (pulse width 0.1 ms) in 2 mm steps starting 

88 mm above the target. The aim of the stimulation was to determine the proximity 

off the internal capsule and the optic tract. If necessary, the target structure was 

adjusted.. Radio frequency thermolesions were made with the same electrode at 

CC for 60 s at each 2 mm step directly after stimulation. 

Baselinee and 6-month assessments were done in standardised off and on phases. 

Thee off phase was defined as the condition of the patient after withholding 

antiparkinsonismm medication for 12 h and being awake for at least 1 h. The on 

phasee was the condition 1 h after the usual first morning dose. 

Thee primary outcome was the difference between the pallidotomy group and 

thee control group in median change scores (change score = difference between 

baselinee and 6-month assessment score) of the motor examination section of 

thee unified Parkinson's disease rating scale15 (UPDRS motor) done in defined 

offf phase (table 1). Secondary outcome measures included clinical rating scales 

(tablee 1), timed tests, patients' diaries and recording of pharmacological treatment. 

Thee clinical rating scales consisted of the UPDRS motor examination section (on 

phase),, the dyskinesia rating scale proposed by Goetz and colleagues,1617 a 

visuall analog scale (VAS) for pain,18 the Barthel Index,1920 the UPDRS activities of 

dailyy living section,15 the Schwab and England scale,15 and the Parkinson's disease 
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Tablee 1. Clinical rating scales 

Clinica ll  ratin g scales 

PrimaryPrimary  outcome 
UPDRSS 3 

SecondarySecondary  outcome 
UPDRSS 3 
Dyskinesiaa rating scale 
Painn VAS (mm) 
Barthell Index 
UPDRSS 2 
SEE scale 
PDQL* * 

Domai n n 

Parkinsonism m 

Parkinsonism m 
Dyskinesias s 
Pain n 
Disabilityy in ADL 
Disabilityy in ADL 
Disabilityy in ADL 
Perceivedd quality of life 

Bestt  scor e 

0 0 

0 0 
0 0 
0 0 

20 0 
0 0 

100 0 
185 5 

Wors tt  scor e 

108 8 

108 8 
4 4 

100 0 
0 0 

52 2 
0 0 

37 7 

*-_y y 

Phase e 

Off f 

On n 
On n 

Off/on n 
Off/on n 
Off/on n 
Off/on n 

0 n | | 

ADL=activitiess of daily living; * The PDQL consists of the following four subscales: Parkinson, systemic, 
emotional,, and social; | the questionnaire was administered in the on phase, but patients were 
askedd to rate their perceived quality of life irrespective of off and on phases. 

qualityy of life questionnaire21 (PDQL, table 1). The tapping test and the stand-

walk-sitt test — timed tests recommended by the core assessment program for 

intracerebrall transplantations committee1722 — were part of the assessment 

protocoll and were done in the off and the on phases. 

Patientss completed two diaries before baseline assessment. In each diary they 

ratedd every period of 30 min from 0600 h to 2400 h for 7 days. The first diary 

recordedd symptoms. Patients rated periods of 30 min as: asleep, parkinsonism, on 

withoutt dyskinesias, or on with dyskinesias. The second diary focused on functioning 

inn activities of daily living. Patients rated asleep, help needed with all activities of 

dailyy living, help needed with some activities of daily living, or independent. A 

scoree was calculated for each individual diary rating. For example, the periods 

ratedd as parkinsonism were counted. The subsequent sum score was divided by 

144 ([60 min/30 min] x 7 days), giving a score equivalent to h per day. Patients 

completedd the same two diaries at the time of the 6-month assessment. 

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

levodopaa equivalent units (LEU) according to the conversion formula: 100 LEU = 

1000 mg regular levodopa, given with a peripheral decarboxylase inhibitor = 133 

mgg levodopa (plus peripheral decarboxylase inhibitor) in controlled-release tablets 

== 10 mg bromocriptine = 1 mg pergolide mesylate. 

Thee neurologist at the treatment centre completed an adverse-effects form 1 

weekk after pallidotomy and at the time of the 6-month assessment. 

Thee members of the data-monitoring committee were not involved in the study. 

Ann interim analysis by the data-monitoring committee was prospectively planned 

afterr the outcome assessments of the first 16 patients. The objective of the 

interimm analysis was safety control. We sent a photocopy of every completed 

adverse-effectss form to the committee. 
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StatisticalStatistical  analysis  The sample-size estimation for the primary outcome was 

basedd on a two-sided two-sample r test with a=0.05, B=0.20, and SD of 10 points 

inn change scores in the two groups on the UPDRS motor section done in the off 

phase.. A difference of 10 points in change scores between the pallidotomy group 

andd the control group was considered a minimum important difference. We 

estimatedd that at least 17 patients would be needed in each treatment group. 

Alll analyses were based on the intention-to-treat principle. Primary and secondary 

outcomee factors at baseline and at follow-up after 6 months were described in 

mediann scores. The change scores of the pallidotomy and control patients were 

comparedd with the non-parametric Mann-Whitney U test. With regard to the 

patients'' diaries, we analysed the difference between the mean symptom scores 

withh unpaired t tests, and expressed these differences in 95 percent confidence 

intervall (CI). 

Figur ee Study profile 

377 Patients underwent baseline 
assessmentt in off and on 

phasess and were randomised 

199 Assigned pallidotomy within 
11 month after 

baselinee assessment* 

11 Refused off-
phasee assessment 

188 Assigned delayed 
pallidotomyy (control) 

188 Underwent 
6-monthh assessment 

inn off phase 

22 Unavailable for 
follow-up p 

199 Underwent 
6-monthh assessment 

inn on phase 

166 Underwent 
6-monthh assessment 
inn off and on phases 

188 Completed trial 
forr primary outcome 

166 Completed trial 
forr primary outcome 

** Pallidotomy was not completed in one patient. 
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Result s s 
Duringg the study period, we enrolled and randomly 

allocatedd 37 patients (figure). The first patient included (pallidotomy group) 

refusedd follow-up assessment in the off phase, but all other outcome measures 

weree obtained. During the study period, one patient (control group) died of a 

myocardiall infarction. At the time of follow-up assessment, a second control 

patientt could not be scored because of admission to an intensive<are unit for 

surgicall complications after hip replacement (venous thrombosis, lung embolism, 

andd pneumonia). 

Att baseline, the pallidotomy patients scored higher on the pain VAS and controls 

neededd more frequently help with all activities of daily living (tables 2 and 6). 

Thee other baseline variables of the two groups were similar. 

Thee median UPDRS motor off score in the pallidotomy group improved by 31 

percentt (from 47 to 32.5 points), whereas the median score for the control 

groupp worsened by 8 percent (52.5 to 56.5, table 3). The difference in change 

scoress between pallidotomy and control patients was significant (p<0.001). 

Forr off-phase assessment, the median pain VAS change scores did not differ 

significantlyy (table 3). For the disability scales, significant differences in change 

scoress could be shown on the Barthel index (p=0.004), the UPDRS activities of 

Tablee 2. Baseline of patient characteristics 

DemographicDemographic  variables: 
Sexx (male/female) 
Agee (years) 
Durationn of disease (years) 
Agee at onset of PD (years) 
Sidee of surgery (right/left) 
Medicationn (LEU) 

Pallidotom yy grou p 
(n-19) ) 

8 // 11 
60.66 (47-73) 
15.00 (8-26) 

45.0(32-61) ) 
1 3 / 6 6 

925(165-1600) ) 

MinimisationMinimisation  variables  (number  of  patients): 
Centree 1 
Centree 2 
Centree 3 
HYY stage < 4 in off phase 
HYY stage 4 or 5 in off phase 

ClinicalClinical  rating  scales: 
Hoehnn and Yahr stage off/on 
UPDRSS motor off/on 
Dyskinesiaa rating scale on 
Painn VAS (mm) off/on* 
Barthell Index off/on 
UPDRSS ADL off/on 
Schwabb and England scale off/on 
PDQLL on 

9 9 
4 4 
6 6 
8 8 

11 1 

44 (3-5)/ 2.5 (2-4) 
47(24-81)// 19(1-49) 

2(0-3) ) 
277 (0-100)/ 8 (0-53) 
111 (4-20)/ 19(14-20) 
30(11-41)// 12(4-24) 

400 (20-80) / 80 (50-90) 
113(81-141) ) 

Contro ll  grou p 
(n-18) ) 

9 / 9 9 
64.22 (44-73) 
17.5(9-27) ) 

47.00 (27-60) 

862.5(175-1750) ) 

9 9 
6 6 
3 3 
7 7 

11 1 

44 (2-5)/2.5 (14) 
48.55 (23-82)/ 18 (1-48) 

2(0-3) ) 
19.55 (0-87)/ 4 (0-32) 

11.55 (3-19)/ 20 (12-20) 
32(1445)// 11.5(0-27) 
355 (10-80)/80 (50-90) 

106(63-151) ) 

Dataa are median (range) unless otherwise stated; * p-0.02 for the comparison between groups. 
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Tabl ee 3. Primary and secondary outcomes—median (range) scores of clinical rating scales for defined 
offf phase assessment, n=18 for pallidotomy group and n=16 for control group 

Baselin ee 6 Month s Chang e p* 

PrimaryPrimary  outcome 
UPDRSS motor 

Pallidotomyy group 47 (24-81) 32.5 (16-66) 15 (-13 to 27) 0.0004 
Controll group 52.5 (23-82) 56.5 (19-91) -2 (-15 to 9) 

SecondarySecondary  outcome 
Painn VAS (mm) 

Pallidotomyy group 27 (2-100) 14 (0-69) 3.5 (-20 to 77) 0.13 
Controll group 15.5 (0-87) 22 (0-84) -0.5 (-23 to 45) 

Barthell Index 
Pallidotomyy group 10.5 (4-20) 18 (6-20) 2.5 (-2 to 11) 0.004 
Controll group 11.5 (3-19) 8 (4-19) -0.5 (-7 to 3) 

UPDRSS ADL 
Pallidotomyy group 30 (11-41) 21 (8-38) 7 (-8 to 20) 0.002 
Controll group 32 (1445) 35 (1546) -2 (-11 to 6) 

Schwabb and England scale 
Pallidotomyy group 35 (20-80) 70 (20-90) 15 (-10 to 40) 0.0009 
Controll group 35 (10-80) 30 (10-80) -5 (-30 to 10) 

AA positive change score signifies improvement; * Mann-Whitney U test. 

Tabl ee 4. Secondary outcome—median (range) scores of clinical rating scales for defined on phase 
assessment,, n=19 for pallidotomy group and n=16 for control group 

UPDRSS motor 
Pallidotomyy group 
Controll group 

Dyskinesiaa rating scale 
Pallidotomyy group 
Controll group 

Painn VAS (mm) 
Pallidotomyy group 
Controll group 

Barthell Index 
Pallidotomyy group 
Controll group 

UPDRSS ADL 
Pallidotomyy group 
Controll group 

Schwabb and England scale 
Pallidotomyy group 
Controll group 

PDQL L 
Pallidotomyy group 
Controll group 

Baselin e e 

19 9 
18 8 

2 2 
2 2 

8 8 
2.5 5 

19 9 
20 0 

12 2 
10.5 5 

80 0 
80 0 

113 3 
104 4 

(149) ) 
(148) ) 

(0-3) ) 
(0-3) ) 

(0-53)1 1 
(0-30) ) 

(14-20) ) 
(12-20) ) 

(4-24) ) 
(0-27) ) 

(50-90) ) 
(50-90) ) 

(81-141) ) 
(61-141) ) 

66 Month s 

222 (5-54) 
22.55 (1-78) 

11 (0-2) 
22 (04) 

44 (0-32) 
3.55 (0-26) 

199 (12-20) 
200 (11-20) 

122 (4-26) 
12.55 (4-28) 

800 (50-100) 
800 (30-90) 

888 (43-163) 
1088 (61-141) 

Chang e e 

22 (-35 to 34) 
-22 (-60 to 22) 

11 (-1 to 2) 
00 (-1 to 3) 

33 (-24 to 51) 
-0.55 (-11 to 11) 

00 (-5 to 6) 
00 (-6 to 2) 

0 ( - 1 0 t oo 16) 
-2.55 (-8 to 5) 

00 (-20 to 40) 
00 (40 to 10) 

199 (44 to 57) 
-2.55 (-18 to 23) 

P* * 

0.24 4 

0.02 2 

0.04 4 

0.99 9 

0.09 9 

0.09 9 

0.004 4 

AA positive change score signifies improvement; * Mann-Whitney Utest; f p=0.02 for the comparison 

betweenn groups. 
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Tablee 5. Secondary outcome—median (range) scores of timed tests, expressed in seconds 

Baselin e e Change e Pt t 

OffOff  phase 
Tappingg test contralateral 

Pallidotomyy group 
Controll group 

Tappingg test ipsilateral 
Pallidotomyy group 
Controll group 

Stand-walk-sitt test 
Pallidotomyy group 
Controll group 

OnOn phase 
Tappingg test contralateral 

Pallidotomyy group 
Controll group 

Tappingg test ipsilateral 
Pallidotomyy group 
Controll group 

Stand-walk-sitt test 
Pallidotomyy group 
Controll group 

16 6 
16 6 

15 5 
16 6 

9 9 
6 6 

19 9 
16 6 

18 8 
16 6 

14 4 
13 3 

13.33 (7.0-30.6) 
11.99 (5.2-21.3) 

11.44 (6.0-25.8) 
11.77 (4.7-20.2) 

18.99 (9.9-42.8) 
14.66 (8.5-22.7) 

8.66 (4.7-26.2) 
8.11 (4.7-14.9) 

8.33 (4.3-20.9) 
7.88 (4.6-14.3) 

13.00 (7.1-28.4) 
11.77 (7.6-39.5) 

3.11 (-4.1 to 20.7) 
-0.88 (-10.1 to 8.6) 

1.44 (-3.7 to 11.6) 
0.33 (-6.4 to 7.7) 

2.44 (0.9 to 28.2) 
-0.33 (-12.3 to 8.1) 

0.66 (-5.4 to 17.8) 
-0.33 (-8.7 to 6.8) 

0.88 (-4.7 to 10.1) 
-0.22 (-6.3 to 5.9) 

1.11 (-3.7 to 16.1) 
0.22 (-4.7 to 18.1) 

0.04 4 

0.18 8 

0.03 3 

0.46 6 

0.21 1 

0.65 5 

AA positive change score signifies improvement; * number of patients who accomplished baseline 
andd 6-month assessment timed tests; t Mann-Whitney U test. 

dailyy living score (p=0.002), and the Schwab and England scale (p<0.001) in 

favourr of the pallidotomy group (table 3). Not all the patients could accomplish 

alll the timed tests. Compared to the control group, the contralateral tapping 

testt (p=0.04) and the stand-walk-sit test (p=0.03) improved significantly in the 

pallidotomyy patients {table 5). 

Forr on-phase assessment, the median score on the dyskinesia rating scale 

improvedd one point in the pallidotomy group compared with no change in the 

controll patients (p=0.02, table 4). The pallidotomy patients had a higher pain 

VASS score at baseline; at 6-month assessment the scores of both groups were 

similarr (4 vs 3.5). The PDQL questionnaire made it clear that operated patients 

feltt their lives had improved (p=0.004, table 4). With regard to the change 

scoress on the other clinical scales and the timed tests (tables 4 and 5), no 

significantt differences could be detected in the on phase. 

Thee patients' symptom diaries showed that the time rated on without dyskinesias 

wass significantly increased in the pallidotomy group by an average of 2.8 h per 

dayy (p=0.02, table 6). At the same time, pallidotomy patients rated less time on 

withh dyskinesias and less time for parkinsonism. The latter changes were not 

significant. . 

Thee diaries describing functioning for activities of daily living showed that 

pallidotomyy patients scored 1.0 h per day less help needed with some activities, 

whilee the control patients' score increased with 1.8 h (p=0.03, table 6). The 
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Tablee 6. Secondary outcome—patients' diaries (h per day), from 0600 h to 2400 h, mean (SD), 
n=188 for pallidotomy group and n-1 for control group 

Symptoms Symptoms 
Sleep p 

Pallidotomyy group 
Controll group 

Parkinsonism m 
Pallidotomyy group 
Controll group 

Onn without dyskinesias 
Pallidotomyy group 
Controll group 

Onn with dyskinesias 
Pallidotomyy group 
Controll group 

Functioning Functioning 
Sleep p 

Pallidotomyy group 
Controll group 

Helpp needed with all ADL 
Pallidotomyy group 
Controll group 

Helpp needed with some ADL 
Pallidotomyy group 
Controll group 

Independent t 
Pallidotomyy group 
Controll group 

Baselin e e 

2.9 9 
2.3 3 

6.6 6 
6.9 9 

4.4 4 
4.2 2 

3.9 9 
4.6 6 

3.2 2 
3.0 0 

2.3 3 
4.2 2 

7.1 1 
5.3 3 

5.5 5 
5.7 7 

(1.4) ) 
(1.3) ) 

(2.3) ) 
(2.3) ) 

(3.0) ) 
(2.8) ) 

(3.0) ) 
(3.0) ) 

(1.6) ) 
(1.6) ) 

(2.0)t t 
(2.1) ) 

(2.8) ) 
(2.2) ) 

(3.9) ) 
(3.1) ) 

Change t t 

0.3 3 
0.1 1 

-1.3 3 
0.1 1 

2.8 8 
0.3 3 

-1.8 8 
-0.5 5 

0.1 1 
-0.2 2 

-1.4 4 
-1.2 2 

-1.0 0 
1.8 8 

2.2 2 
-0.4 4 

(0.8) ) 
(0.9) ) 

(2.9) ) 
(2.5) ) 

(3.2) ) 
(2.6) ) 

(3.6) ) 
(2.7) ) 

(0.9) ) 
(0.9) ) 

(1.6) ) 
(2.7) ) 

(3.8) ) 
(3.1) ) 

(4.1) ) 
(3.2) ) 

Differenc ee in 
meann chang e 

score ss (95% CI) 

0.22 (-0.4 to 0.8) 

-1.44 (-3.3 to 0.6) 

2.55 (0.4 to 4.6) 

-1.33 (-5.6 to 1.0) 

0.33 (-0.4 to 0.9) 

-0.22 (-1.7 to 1.3) 

-2.77 (-5.3 to -0.2) 

2.66 (0.0 to 5.3) 

P* * 

0.49 9 

0.15 5 

0.02 2 

0.26 6 

0.40 0 

0.79 9 

0.03 3 

0.05 5 

ADL=activitiess of daily living; * comparison of the change scores with the unpaired t test; f change 
scoree is 6-month assessment scores minus baseline scores; % P=0.02 for the comparison between 
groups. . 

meann time pallidotomy patients were independent increased 2.2 h compared 

withh a decrease of 0.4 h per day in the control group (p=0.05). 

Att assessment at 6 months, the medication in LEU was not changed. Pallidotomy 

patientss used a median of 850 LEU (range 165 to 2075) and control patients 

10000 LEU (range 400 to 2250). At baseline, one patient in the pallidotomy 

groupp had continuous subcutaneous apomorphine infusion, which was stopped 

afterr pallidotomy. 

Ninee of the 19 operated patients had adverse effects, two of whom had major 

adversee effects (table 7). One patient had dysarthria and a reduced consciousness 

forr a few hours. At 6-month assessment he had dysphasia, drooling, and postural 

instability.. In the second patient surgery had to be stopped due to psychosis 

afterr stopping the sedation with propofol. One lesion was made. The patient 

wass admitted to a psychiatric hospital and remained intermittently psychotic. 

Thee patient had an episode of depression before participating in the trial. Seven 
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patientss had mild adverse effects. In four of these patients adverse effects were 

stilll present at 6-month assessment (table 7). 

Maskingg of the assessor was unsuccessful for four patients in the pallidotomy 

groupp (including one patient with severe adverse effects) and onee control. Repeated 

analyses,, without the data of these five patients, showed the same results. 

Tablee 7. Secondary outcome—adverse effects 

11 Week after surger y 6-Mont h assessmen t 

Dysarthria,, followed by reduced consciousness Dysphasia, drooling and postural instability 
forr few h, and pseudobuldar syndrome 
Confusedd during surgery, surgery not Intermittent hallucinations/psychosis 
completed d 
Reducedd speech volume Slight facial paresis, drooling, and fatigue 
Hiccupss Loss of concentration 
Urinaryy incontinence Urinary incontinence 
Faciall paresis Slight facial paresis and drooling 
Urinaryy incontinence None 
Dysarthria,, starting 3 days after surgery None 
Severee headache while supine starting 4 days None 
afterr surgery, lasting a few days 

Discussio n n 
Thee results of our randomised trial support the findings of 

earlierr cohort studies that unilateral pallidotomy reduces parkinsonism in the off 

phasee by about 30 percent on the UPDRS motor scale. In addition, our trial 

confirmedd a 50 percent reduction of levodopa-induced dyskinesias by unilateral 

pallidotomy.. The cohort studies showed that the effects are most clear on the 

contralaterall side of the body. Our findings are consistent with other reports on 

unilaterall pallidotomy and alternative methods for target localisation such as 

magneticc resonance imaging, computed tomography, and microelectrode 

recording.1'2'4-5-8'99 Because patients were aware of the treatment allocation, a 

partt of the effect measured could be due to the placebo effect. 

Withh regard to the other outcome measures, we found that unilateral pallidotomy 

improvedd patients' disability in the off phase, their perceived quality of life, and 

thee contralateral tapping and stand-walk-sit test in the off phase. 

Assessmentt in provoked off and on phases is becoming more and more standard 

inn research on the effects of surgery for Parkinson's disease. However, 

interpretationn of these results in the terms of daily life, in which patients may 

unpredictablyy fluctuate between episodes with predominantly parkinsonian 

symptomss and episodes with disabling dyskinesias, is difficult. Therefore, we 

feell the diaries may contribute to understanding of the impact of unilateral 

pallidotomyy on daily life. The diaries showed that patients, after unilateral 

pallidotomy,, were in the on phase without dyskinesias on average an extra 2.8 
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h.. In addition, the time pallidotomy patients were independent increased on 

averagee by 2.2 h. Thus, besides improvement measured in standardised off and 

onn phases, these results support the view that unilateral pallidotomy may lead 

too more independence in daily life. 

Twoo of the 19 patients who underwent unilateral pallidotomy had major 

permanentt adverse effects. In our study, three patients had only transient and 

fourr patients had permanent minor adverse effects. This proportion is in 

agreementt with other reports, in which transient adverse effects vary between 

5-600 percent and permanent effects in up to 40 percent. None of our patients 

hadd a symptomatic intracerebral haemorrhage or infarct. In previous studies on 

pallidotomy,, these complications occurred in up to 20%.lJUJ'9-23'24 

AA remaining question is the place of pallidotomy in advanced Parkinson's disease 

inn view of the results of cohort studies that investigated the effects of deep 

brainn stimulation in the subthalamic nucleus.25 The results of studies comparing 

bothh procedures have to be awaited. 

Unilaterall pallidotomy is therefore an effective treatment in patients with 

advancedd Parkinson's disease, who respond unsatisfactorily to pharmacological 

treatment.. Adverse effects, however, can be severe and this factor has to be 

consideredd when assessing patients for surgical treatment. 
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Summar y y 
ObjectiveObjective  To investigate whether unilateral 

pallidotomyy affects cognitive and behavioural functioning. 

MethodsMethods  At baseline and after 6 months we assessed neuro-

psychologicall functioning in 35 patients with advanced Parkinson's 

disease.. After baseline examination, patients were randomised to 

pallidotomyy within 1 month (six left-sided, 13 right-sided) or to pallidotomy 

afterr follow-up assessment, 6 months later (n=16, control group). We 

performedd neuropsychological tests of language, visuospatial function, 

memory,, attention, and executive functions. Self-ratings and proxy ratings 

off memory problems and dysexecutive symptoms were also collected. 

ResultsResults  No significant differences over time were found between 

pallidotomyy and control groups, with the exception of a decrease of 

verball fluency in the left-sided pallidotomy group. 

ConclusionsConclusions  Unilateral pallidotomy is relatively safe with respect to 

cognitionn and behaviour. Left-sided pallidotomy may lead to minor 

deteriorationn in verbal fluency. The sample size of this study is too small, 

however,, to rule out the possibility of infrequent but clinically important 

sidee effects. 
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Introductio n n 
Patientss with advanced Parkinson's disease frequently have 

levodopa-inducedd dyskinesias and rapid, seemingly unpredictable oscillations in 

theirr motor state despite optimal pharmacological treatment. Pallidotomy is a 

furtherr treatment option in such cases. In the last decade, several cohort studies 

investigatingg the efficacy of posteroventral pallidotomy in advanced Parkinson's 

diseasee have been published.1 The safety of the procedure with respect to 

cognitionn and behaviour has only recently been studied with appropriate 

neuropsychologicall tests. Little or no cognitive or behavioural effects have been 

reported.212 2 

Mostt of these were open studies without a control group. This is a methodological 

flaww because it does not control for practice effects of neuropsychological testing, 

whichh may lead to better performance at follow-up. Absence of test score decline 

inn a treated group, therefore, does not necessarily imply that there are no harmful 

effects.. Only two studies have used control groups. However, these were self-

selectedd groups, introducing possible bias such as a shorter disease duration in 

thee control patients.79 In many studies, follow-up examinations were not 

scheduledd at fixed intervals; this renders the results difficult to interpret.2-5-10'11 

Finally,, few studies appropriately distinguished between left and right pallidotomy 

inn the statistical analysis of the psychological test results.3-610"12 Failure of the 

remainingg studies to do so may have attenuated the capacity to detect lateralised 

cognitivee changes. 

Wee studied the efficacy and possible side effects of unilateral pallidotomy in a 

randomisedd controlled trial. The results concerning motor symptoms have been 

describedd elsewhere.13 In this article we report on cognitive and behavioural 

effectss of the intervention. 

Method s s 
SubjectsSubjects  Patients were recruited in the three participating 

centress by neurologists specialised in movement disorders. Inclusion criteria were 

idiopathicc Parkinson's disease and at least one of the following symptoms: severe 

responsee fluctuations, dyskinesias, painful dystonias, or bradykinesia despite optimal 

pharmacologicall treatment. Exclusion criteria were Hoehn and Yahr stage14 5 at 

thee best moment of the day, a score of 24 or less on the mini mental state examina-

tion,155 psychosis, and contraindications for stereotactic neurosurgery.16 

Patientss were given written information about the study and gave their informed 

consent.. The study protocol was approved by the institutional review boards of 

thee participating centres. 
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RandomisationRandomisation  After inclusion, scoring of demographic and disease variables, 

andd baseline neuropsychological assessment, patients were randomised to 

pallidotomyy within 1 month (pallidotomy group) or to pallidotomy after follow-

upp assessment, 6 months later (control group). 

SurgicalSurgical  procedure  Patients did not receive antiparkinson drugs on the day of 

surgeryy until the end of the procedure. The Leksell stereotactic frame (Elekta; 

Stockholm,, Sweden) was applied under local anaesthesia or under propofol 

sedation.. A burr hole with a diameter of 10 mm was made 2-3 cm lateral from 

thee midline just anterior to the coronal suture. For target localisation, a positive 

contrastt ventriculography was made. The target coordinates were 2 mm anterior 

too the midcommissural point, 5 mm below the intercommissural line and 22 mm 

laterall to the midline of the third ventricle. Microelectrode recording was not 

performed.. Electrical monopolar test stimulation was carried out using an 

electrodee with a 2.1 x 4.0 mm bare tip with low-frequency (2 Hz) and high-

frequencyy (100 to 130 Hz) stimulation (pulse width 0.1 ms) in 2 mm steps 

startingg 8 mm above the target. Aim of the stimulation was to determine the 

proximityy of the internal capsule and the optic tract. If necessary, the target structure 

wass adjusted. Depending on the results of the stimulation, radiofrequency 

thermolesionss were made using the same electrode at C for 60 s at each 2 mm 

stepp directly after stimulation. 

AssessmentsAssessments  Neuropsychological examination was completed while patients 

weree at their optimal status. The examination was suspended whenever a patient 

indicatedd that he went into 'off', or whenever dyskinesias were interfering with 

testt administration. Duration of the test administration was 3 to 4 h including a 

break.. The tests were administered by a board certified neuropsychologist or a 

testt technician supervised by the neuropsychologist. With a few exceptions 

patientss were tested by the same person at baseline and at follow-up. 

Inn the days before the neuropsychological examination both the patient and a 

closee relative or other proxy completed questionnaires on memory complaints 

andd dysexecutive symptoms. Follow-up assessment was done at 6 months from 

baseline. . 

NeuropsychologicalNeuropsychological  tests  We selected a battery of widely used tests so that 

anyy score declines would be interpretable in terms of clinical relevance. The 

followingg tests were used. 

 Dutch adult reading test (DART).17 Fifty words with irregular spelling are read 

aloud.. The number of correctly read words is transformed into an estimate of 

verball intelligence. The DART is the Dutch counterpart of the national adult 

readingg test (NART).18 This test gives an estimate of premorbid intelligence as 
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itt is relatively insensitive to cognitive deterioration due to neurological disorders. 

Itt was used at baseline to describe the sample. 

 Boston naming test (BNT).19 Sixty line drawings of objects and animals of 

varyingg degrees of familiarity are named. This is a test of naming ability. 

Scoree is raw number correct. 

 Category fluency.20 Naming animals and occupations, for 1 min each. Score 

iss raw number correct in 2 min. 

 Controlled oral word association test (COWAT).21 During 1 minute the subject 

mustt say as many words as he or she can think of that begin with a given 

letter.. Three trials with different letters were done. At follow-up a parallel 

versionn was used. Score is raw number correct in 3 min. 

 Similarities subtest of the Wechsler adult intelligence scale (WAIS).22 The subject 

indicatess what two objects or concepts have in common. This is a test of 

verball concept formation or verbal abstraction. Raw scores are transformed 

intoo age-corrected T-scores. 

 Block design subtest of the WAIS.22 The subject constructs geometric patterns 

usingg coloured blocks. This is a test of visuoconstructive ability. Raw scores 

aree transformed into age-corrected T-scores. 

 Judgement of line orientation (JOLO).23 The subject matches the direction of 

twoo angled line segments with two lines in a fan-shaped arrangement of 11 

lines.. This is a test of the ability to estimate angular relationships. Raw scores 

aree corrected for age and sex. Parallel forms were used at follow-up. 

 Bells test.24 On a sheet of paper the subject detects and circles little bells 

amongg other silhouetted objects as quickly as possible. The distribution of 

thee bells looks random but is divided in seven columns, five bells per column. 

Scoree is the raw number of circled bells in the leftmost two columns and in 

thee rightmost two columns. This is a test of visual hemi-inattention. 

 Auditory verbal learning test (AVLT).25 The subject memorises a series of 15 

wordss in five learning trials. Following a 20-min delay, the subject is asked to 

recalll the word list, followed by a recognition trial in which the subject is 

presentedd with the 15 target words and 15 foils. Raw scores are used. Parallel 

formss were used at follow-up. 

 Logical memory of the Rivermead behavioural memory test.26 A 21-item news 

messagee is read to the subject, who repeats as many items as he or she can 

remember.. After a 15-minute interval he or she is asked to recall the message 

again.. Score is the number of items recalled. Parallel forms were used at 

follow-up. . 

 Recognition memory test faces.27 Photographs of 50 male faces are shown, 

mustt be recognised out of 50 pairs of faces immediately after presentation. 

Raww scores of correctly recognised photographs are used. 

 Stroop colour word test.28 This test measures perceptual interference, response 
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inhibition,, and selective attention by having the subject read words, name 

colours,, and name the colour of ink of the words when the words are printed 

inn a nonmatching coloured ink. In this study a fourth condition was used in 

whichh 20 percent of the words were in rectangular boxes. The instruction 

wass the same as for the third condition, except that the subject now had to 

readd the boxed words instead of naming their colour (Stroop-Bohnen).29 Score 

iss time to completion in seconds. 

 Trail making test part A and part B.30 The task is to connect numbers (part A), 

andd to connect numbers alternating with letters (part B) on a sheet of paper. 

Thiss is a test of visual scanning, visuomotor and conceptual tracking, mental 

flexibility,, and motor speed. Score is time to completion in seconds. 

 Modified Wisconsin card sorting test (MWCST).31 This test uses a deck of 

cardss on which different numbers of different forms in different colours are 

shown.. The task is to sort the cards according to one of three possible sorting 

ruless (colour, number, or form). These rules are not told to the subject; he or 

shee must identify the sorting rules. After each sort feedback is given on whether 

itt was correct. Once a sorting rule has been found (six correct sorts on a row), 

thee subject is asked to change to a different rule. Of particular interest are 

perseverativee errors of the kind where the subject keeps sorting according to 

aa previously correct rule or to a rule, which he was told to be wrong in the 

immediatelyy preceding sort. The MWCST is a test of concept formation and 

sett shifting. Scores are the raw numbers of errors, perseverations and sort 

shiftss ('categories'). 

MoodMood  and behaviour  rating  scales  The DEX Questionnaire of the behavioural 

assessmentt of the dysexecutive syndrome32 and the memory assessment clinic 

ratingg scales (MAC)3334 were completed by the patient and a proxy. The DEX is 

aa 20-item questionnaire for rating dysexecutive symptoms, such as apathy, 

distractibility,, lack of social awareness, and planning problems. The MAC scales 

measuree a wide range of everyday memory abilities and amnestic symptoms. 

MACC scales contain an ability subscale (21 items), which was used in this study. 

Subjectss indicate how well they remember specific types of information such as 

"thee name of a person just introduced to you" or "where you have put objects 

(suchh as keys) in the home or office." High scores indicate good memory abilities. 

Thee reliabilities of the DEX and MAC scales proved to be excellent in this study; 

theirr internal consistencies ranged from 0.87 to 0.94. 

Duringg the test session an abbreviated version of the profile of mood states 

(POMS)355 was filled out by the patient. This is a list of 32 adjectives clustered in 

fivee subscales (depression, anger, fatigue, vigour and tension) by which subjects 

describee their mood during the week preceding the assessment. The reliabilities 

off these subscales ranged from 0.75 to 0.93. 
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StatisticalStatistical  analyses  All analyses were conducted according to the intention-to-

treatt principle. For domains of lateralised cognitive functions (i.e., language, 

visuospatiall and memory functions) the side of pallidotomy was taken into 

consideration.. Therefore, three subgroups were distinguished in these function 

domains:: control, left pallidotomy and right pallidotomy. For the analysis of 

functionss that are not readily lateralisable the control group was compared with 

thee total pallidotomy group. In view of the small and unequal subgroup sizes, 

nonparametricc tests were used (Kruskal-Wallis one-way ANOVA and Mann-

Whitneyy U test) to compare change over time in the two or three subgroups. 

Changee scores were calculated as the score at follow-up minus the score at 

baseline.. p-Values of less than 0.05 (two-tailed) were accepted as significant. 

Wee did not correct the level of significance to reduce the probability of type I 

errorr due to multiple comparisons because we were mainly interested in detecting 

adversee effects of the surgical intervention. Under this circumstance, type II 

errorr (failing to detect an effect when it actually exists) is more serious than type 

II error (considering an effect to be real when it actually is not).36 

Threee percent of the test scores were missing, primarily due to prolonged off 

phase.. All analyses were repeated after imputation of these missing data. At baseline 

aa missing value was replaced by the worst value observed when a patient had 

attemptedd a test but was unable to do it. In other cases the missing value was 

estimatedd on the basis of its main correlate (e.g., a missing score of trailmaking B 

wass estimated using the score obtained at trailmaking A). Missing values at follow-

upp were either replaced by the worst value observed when the patient had 

attemptedd to do the test or else by the baseline value. Missing values of the DEX 

andd MAC Questionnaires were due to administrative errors and were not imputed. 

Tablee 1. Demographic and disease characteristics of the patient sample at baseline 

Contro ll  grou p 
(n-16) ) 

Sexx (male/female) 
Agee years 

Educationn years 

DART-IQ Q 
Diseasee duration years 

Hoehnn and Yahr stage 
On-periodd median (range) 
Off-periodd median (range) 

Medicationn LEU 
Anticholinergics,, number of patients 
Benzodiazepines,, number of patients 

9/7 7 
61.11 (7.8) 

10.9(2.0) ) 

100.8(16.9) ) 
16.3(4.8) ) 

2.5(1-4) ) 
4.00 (2-5) 
9200 (320) 

2 2 
7 7 

Leftt  pallidotom y 
grou pp (n-6) 

2/4 4 
63.00 (5.3) 

10.0(2.3) ) 

102.5(17.3) ) 
15.5(4.7) ) 

2.8(2-4) ) 
4.0(3-5) ) 
7544 (269) 

2 2 
1 1 

Rightt  pallidotom y 
grou pp (n-13) 

6/7 7 
59.2(7.1) ) 

11.5(3.4) ) 

102.8(13.6) ) 
16.6(5.1) ) 

2.55 (2-4) 
4.00 (2-5) 
934(458) ) 

4 4 
5 5 

Dataa are mean <SD) unless otherwise stated; LEUHevodopa equivalent units;13 DART=Dutch adult 
readingg test. 
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Result s s 
Thirty-sevenn patients were included in the study. One 

patientt from the control group died of a myocardial infarction during the follow-

upp interval. Another control patient was lost to follow-up because of hip surgery 

withh complications. Of the remaining patients, 16 were in the control group, six 

underwentt left pallidotomy and 13 right pallidotomy. 

Thee demographic and disease characteristics of the three subgroups are listed in 

tablee 1. The subgroups were similar with respect to gender, age, educational 

level,, and premorbid verbal intelligence. There was one left-handed patient in 

eachh of the three groups. Disease characteristics in terms of duration of disease, 

Tablee 2. Scores on tests of lateralised cognitive functions at baseline and change scores at follow-up 

Right t 
Leftt  pallidotom y p 

Contro ll  grou p pallidotom y grou p 
(n-15-16)) grou p (n-6) (n=12-13) A B C 

Bostonn naming test 
Changee score 
Categoryy fluency 
Changee score 
COWATT letter fluency 
Changee score 
WAISS Similarities (T) 
Changee score (T) 
WAISS Block Design (T) 
Changee score (T) 
JOLOO corrected score 
Changee score 
Bellss test columns left 
Changee score 
Bellss test columns right 
Changee score 
Bellss test (s) 
Changee score (s) 
AVLTT total score 
Changee score 
AVLTT delayed recall 
Changee score 
AVLTT recognition 
Changee score 
Logicall memory immediate 
Changee score 
Logicall memory delayed 
Changee score 
Facee recognition 
Changee score 

52.11 (6.0) 
-0.11 (3.7) 

36.6(12.5) ) 
-0.88 (5.6) 

32.66 (13.5; 
1.33 (4.6) 

57.11 (16.7; 
3.00 (8.3) 

48.44 (14.4) 
-5.88 (8.0) 

20.88 (8.5) 
0.22 (5.7) 
9.11 (1.9) 
0.55 (1.7) 
8.88 (1.5) 

-0.55 (2.3) 
143.33 (59.2) 
-14.11 (39.7) 
37.44 (12.4) 
-0.33 (9.0) 
6.99 (3.6) 
0.33 (2.7) 

27.22 (2.7) 
-0.77 (2.7) 

;; 8.7 (4.2 
-0.33 (3.4) 
8.11 (4.8) 

-0.55 (3.7) 
38.99 (6.2) 
-2.11 (4.8) 

50.3 3 
1.2 2 

39.2 2 
-8.7 7 

34.2 2 
-8.0 0 

53.7 7 
1.3 3 

39.8 8 
-1.7 7 

25.0 0 
-0.5 5 
8.8 8 
0.3 3 
9.0 0 
0.2 2 

105.5 5 
36.0 0 
37.2 2 

0.5 5 
8.8 8 

-1.5 5 
27.8 8 

0.0 0 
7.1 1 
0.7 7 
6.5 5 
0.5 5 

38.0 0 
0.0 0 

(8.7) ) 
(2.8) ) 

(11.1) ) 
(5.5) ) 

(16.6) ) 
(9.5) ) 

(15.5) ) 
(6.8) ) 
(6.3) ) 
(7.7) ) 
(5.2) ) 
(6.2) ) 
(0.8) ) 
(1.0) ) 
(1.3) ) 
(1.0) ) 

(19.5) ) 
(35.9) ) 
(11.7) ) 

(4.5) ) 
(3.1) ) 
(2.5) ) 
(1.9) ) 
(1.1) ) 
(1.6) ) 
(3.7) ) 
(1.5) ) 
(2.4) ) 
(7.6) ) 
(3.7) ) 

51.5 5 
-0.3 3 

36.3 3 
-3.1 1 

30.7 7 
2.6 6 

57.2 2 
0.8 8 

47.8 8 
-4.2 2 

22.8 8 
-1.5 5 
8.5 5 

-0.8 8 
8.6 6 

-0.5 5 
150.3 3 
-12.5 5 
34.1 1 

0.9 9 
6.3 3 
0.6 6 

27.8 8 
-0.6 6 
7.8 8 
0.6 6 
6.9 9 
0.0 0 

30.9 9 
-1.8 8 

(7.2) ) 
(3.5) ) 

(10.9) ) 
(8.9) ) 

(13.1) ) 
(3.9) ) 

(15.1) ) 
(7.6) ) 

(12.2) ) 
(11.1) ) 

(6.2) ) 
(5.7) ) 
(1.3) ) 

(2-3) ) 
(1.3) ) 
(1.9) ) 

(61.5) ) 
(60.2) ) 

(9.3) ) 
(7.1) ) 
(2.8) ) 
(2.2) ) 
(2.7) ) 
(3.0) ) 
(2.9) ) 
(4.1) ) 
(2.7) ) 
(3.5) ) 
(8.0) ) 
(3.7) ) 

0.38 8 

0.04 4 

0.01 1 

0.92 2 

0.49 9 

0.76 6 

0.37 7 

0.91 1 

0.05 5 

0.84 4 

0.27 7 

0.76 6 

0.71 1 

0.79 9 

0.50 0 

0.99 9 

0.006 6 

0.02 2 

0.91 1 

0.27 7 

0.91 1 

0.73 3 

0.91 1 

0.02 2 

0.99 9 

0.26 6 

0.64 4 

0.59 9 

0.54 4 

0.23 3 

0.23 3 

0.91 1 

0.14 4 

0.72 2 

0.41 1 

0.50 0 

0.19 9 

0.72 2 

0.56 6 

0.62 2 

0.68 8 

0.78 8 

0.48 8 

0.75 5 

0.77 7 

Valuess are mean (SD); a negative change scores signifies decline in performance except for speeded 
testt variables; the number of patients varies owing to missing values on some off the test variables; 
A=Kruskal-Walliss test; B=Mann-Whitney U test control vs left pallidotomy group; C= Mann-Whitney 
UU test control vs right pallidotomy group; COWAT=controlled oral word association test; 
WAIS=Wechslerr adult intelligence scale; T=age-corrected T-score; JOLOjudgement of line orientation, 
agee and sex corrected scores; AVLT=auditory verbal learning test. 
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Tablee 3. Scores on tests of nonlateralised cognitive functions at baseline and change scores at 
follow-up p 

Contro ll  grou p 
(n-13-15) ) 

Pallidotom yy grou p 
(n-14-18)) p* 

Stroopp word (s) 
Changee score (s) 
Stroopp colour (s) 
Changee score (s) 
Stroopp colour-word (s) 
Changee score (s) 
Stroop-Bohnenn (s) 
Changee score (s) 
Trailmakingg A (s) 
Changee score (s) 
Trailmakingg B (s) 
Changee score (s) 
MWCSTT errors 
Changee score 
MWCSTT perseverations 
Changee score 
MWCSTT categories 
Changee score 

54 4 
-6 6 
66 6 
-7 7 

115 5 
1 1 

148 8 
6 6 

47 7 
1 1 

136 6 
4 4 

15. 4 4 
-0. 9 9 
5.6 6 

-0. 5 5 
3. 9 9 
0. 2 2 

(27 ) ) 
(23 ) ) 
(21 ) ) 
(17 ) ) 
(32 ) ) 
(37 ) ) 
(55 ) ) 
(14 ) ) 
(17 ) ) 
(14 ) ) 
(78 ) ) 
(75 ) ) 
(9.8 ) ) 
(7.6 ) ) 
(4.3 ) ) 
(3.1 ) ) 
(2.3 ) ) 
(2-2 ) ) 

55 5 
-1 1 
66 6 
-2 2 

124 4 
5 5 

157 7 
-15 5 
62 2 
-1 1 

138 8 
-3 3 

14. 6 6 
0.6 6 
4. 9 9 

-0. 1 1 
4. 0 0 

-0. 9 9 

(13 ) ) 
(14 ) ) 
(10 ) ) 
(10 ) ) 
(34 ) ) 
(26 ) ) 
(51 ) ) 
(37 ) ) 
(36 ) ) 
(25 ) ) 
(65 ) ) 
(43 ) ) 
(7.4 ) ) 
(6.5 ) ) 
(4.0 ) ) 
(4.0 ) ) 
(1.6 ) ) 
(1.6 ) ) 

0.88 8 

0.59 9 

0.49 9 

0.46 6 

0.98 8 

0.92 2 

0.63 3 

0.98 8 

0.50 0 

Valuess are mean (SD); a positive change scores signifies decline in performance (except for the 
modifiedd Wisconsin card sorting test [MWCST] categories); owing to missing values. Stroop and 
Trailmakingg are based on n=13+14; MWCST is based on n-14+18; * Mann-Whitney U test. 

Tablee 4. Scores on questionnaires of dysexecutive symptoms (DEX) and memory abilities (MAC) at 
baselinee and change scores at follow-up 

Contro ll  grou p 
(n-13-16) ) 

Pallidotom yy grou p 
(n-16-19) ) 

DEXX Questionnaire self rating 
Changee score 
DEXX Questionnaire proxy rating 
Changee score 
MACC Questionnaire self rating 
Changee score 
MACC Questionnaire proxy rating 
Changee score 
POMSS Depression 
Changee score 
POMSS Anger 
Changee score 
POMSS Fatigue 
Changee score 
POMSS Vigor 
Changee score 
POMSS Tension 
Changee score 

20. 99 (13.8 ) 
-1. 44 (9.0 ) 
18. 66 (14.6 ) 

1. 66 (7.3 ) 
74. 33 (12.1 ) 
-0. 66 (8.1 ) 

77. 99 (11.6 ) 
-5. 55 (8.6 ) 
8. 44 (6.4 ) 
1. 00 (5.2 ) 
5. 33 (4.9 ) 
0. 77 (5.4 ) 

10. 11 (7.3 ) 
-0. 33 (6.3 ) 
11. 88 (3.1 ) 
0. 11 (5.0 ) 
8. 88 (4.4 ) 
0. 33 (6.0 ) 

21. 8 8 
•1. 3 3 

20. 4 4 
4. 2 2 

70. 9 9 
-0. 3 3 

78. 4 4 
-3. 3 3 
8. 2 2 

-0. 2 2 
3. 8 8 

-0. 2 2 
11. 8 8 
•3. 3 3 
10. 9 9 
-0. 5 5 
8. 6 6 

-1. 6 6 

(8.7 ) ) 
(8.3 ) ) 

(11.2 ) ) 

(11.5 ) ) 
(9.0 ) ) 
(9.9 ) ) 

(12.5 ) ) 
(10.1 ) ) 

(7.0 ) ) 
(9.7 ) ) 
(3.8 ) ) 
(6.6 ) ) 
(8.1 ) ) 
(7.8 ) ) 
(4.0 ) ) 
(5.0 ) ) 
(4.8 ) ) 
(6.0 ) ) 

0.9 0 0 

0.7 1 1 

0.9 4 4 

0.5 0 0 

0.3 6 6 

0.8 4 4 

0.1 6 6 

0.8 6 6 

0.3 8 8 

Valuess are mean (SD); higher DEX scores means more dysexecutive symptoms; higher MAC scores 
meann better memory ability; a negative change score signifies improvement except for MAC; the 
numberr of patients varies owing to missing values on some of the test variables; * Mann-Whitney 
L/test. . 
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Hoehnn and Yahr score in on and off phase, and medication expressed in levodopa 

equivalentt units were the same across the three groups. Medication was not 

changedd during the follow-up interval. 

Thee main effects of surgery on motor symptoms were the following.13 During 

offf phase, the motor performance of pallidotomy patients increased with a median 

off 31 percent, whereas control patients slightly worsened. The pallidotomy 

patientss became less dependent on caregivers with respect to activities of daily 

livingg when in the off phase. In the on phase, dyskinesias improved overall {i.e., 

leftt and right) with 50 percent in pallidotomy patients compared to no change 

inn controls. 

Thee neuropsychological test scores in the subgroups are shown in tables 2 and 

3;; the results of the behaviour and mood ratings are presented in table 4. The 

tabless provide the mean score at baseline and the mean change score at follow-

upp for each test (data as observed, i.e., without imputation). For lateralised 

functionn domains (language, visuospatial, and memory functions, table 2), the 

distinctionn between left and right pallidotomy was maintained. For the remaining 

cognitivee domains (attention and executive functions, table 3) and for the 

behaviourr and mood ratings both pallidotomy groups were combined. 

Categoryy fluency and letter fluency showed significant group differences in change 

scoress (table 2). For both types of fluency the left-sided pallidotomy subgroup 

scoredd significantly lower at follow-up than the control group. The speed of 

performancee on the bells test slowed down in the left pallidotomy patients. 

However,, they had been relatively quick at baseline and worked somewhat more 

accuratelyy at follow-up. We therefore do not see this as a meaningful group 

difference.. In the remaining cognitive tests no significant subgroup differences in 

scoree changes were found (tables 2 and 3). There were no significant differences 

onn the behaviour rating scales, although there seems to be a consistent trend 

towardd mood improvement in the pallidotomy group (table 4). 

Whenn these analyses were repeated after imputation of missing data, the pattern 

off results was the same. Two patients' (control group) scores were at a level, 

whichh is usually found in demented patients (although they had passed the 

MMSEE criteria at inclusion). Another patient (right pallidotomy) was psychotic 

duringg the intervention and remained confused during the follow-up interval 

(forr details, see de Bie et al.13). Removal of these three patients from the analyses 

didd not change the pattern of results. Analyses of the nonlateralised functions 

maintainingg the three subgroups' division also yielded the same pattern of results. 

Theree were no significant correlations (at p<0.01 two-tailed) of the demographic 

andd disease characteristics with the change scores on the neuropsychological 

tests.. We found no significant practice effects in the control group. Block design 

waswas the only test showing a significant retest effect, but this was a decline in 

performance. . 
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Discussio n n 
Thee main finding of this study was an isolated effect on 

verball fluency in patients who underwent left-sided pallidotomy. We could not 

detectt any effects of lesioning the right globus pallidus. Neither did we find 

effectss in the other cognitive and behavioural domains. Patients' proxies did not 

reportt changes in cognitive or behavioural symptoms. 

Detrimentall effects of left-sided pallidotomy on verbal fluency have been reported 

before.3*-10022 This decrease in verbal fluency is likely the most robust adverse 

effectt of left-sided pallidotomy on cognitive functioning. It has also been found 

afterr pallidal stimulation,37-38 although not consistently.39 The finding of a 

decreasedd fluency in itself is not surprising, because symptoms of aphasia after 

subcorticall lesions in the dominant hemisphere are not uncommon.40 The fact 

thatt it is fluency that is affected, and not picture naming or verbal abstraction 

(ass evidenced by the absence of score changes on the Boston naming test and 

thee similarities subtest of the Wechsler adult intelligence scale), is perhaps due 

too the speeded character of the fluency task and to its high psychometric reliability. 

Thesee characteristics render it a very sensitive task. Thus, speed of word generation 

iss reduced, but quality of verbal functioning is not affected. Perhaps this explains 

whyy we did not find a parallel increase in reported symptoms on the self and 

proxyy ratings. Even a specific MAC subscale aiming at semantic memory did not 

showw a decrease of semantic ability in the left-sided pallidotomy group (data not 

shown).. Thus, although statistically significant, the decrease of fluency probably 

hass little impact on the patients' daily lives. 

Severall studies found an effect on other cognitive functions. Baron et al.2 found 

aa decline of verbal memory after 1 year, but not at intermediate assessments. 

Thee lack of a control group precludes the conclusion that this was an effect of 

thee intervention per se and not, for example, of disease progression. Two other 

studiess found a decline in verbal memory 3 to 6 months after left-sided 

pallidotomy.. In one of these studies the verbal memory of right-sided pallidotomy 

patientss also declined.3 More in accordance with what one would expect, this 

wass not the case in the other study.10 Both studies reported right hemisphere 

dysfunctionn in visuospatial abilities and nonverbal memory after right pallidotomy. 

Thesee abnormalities resolved after one year.10 The same two studies also found 

declinee in executive functioning regardless of the side of lesion, which again 

precludess drawing etiological conclusions. The decline may be an effect of surgery 

butt also of disease progression. In defence of these studies, one might say that 

thee follow-up duration of a year or less is too short to show much cognitive 

declinee as a result of disease progression. This consideration, in combination 

withh our own finding of absence of significant practice effects in untreated 

patients,, gives more credence to the results of these earlier studies. 

Inn all studies conducted until now, including our own, sample sizes were small 
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(maximumm n=42). Neuropsychological assessments were performed as secondary 

analyses;; the primary analyses concerned the effect of surgery on motor 

symptoms.. In these primary analyses no distinction was made between left and 

rightt pallidotomy. However, in the analysis of neuropsychological test results 

thee left-right distinction is essential, so that larger samples are needed. Still greater 

numberss of patients are necessary for the detection of clinically important but 

infrequentt side effects. 
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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 
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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 



66 6 Chapterr 5 

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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Summar y y 
ObjectiveObjective  To evaluate the effects of bilateral 

pallidotomyy in patients with advanced Parkinson's disease. 

MethodsMethods  Thirteen patients with Parkinson's disease had a staged 

bilaterall pallidotomy if they had severe response fluctuations, dyskinesias, 

painfull dystonia, or bradykinesia despite optimum pharmacological 

treatment.. Assessment scales were the unified Parkinson's disease rating 

scalee (UPDRS), the Schwab and England scale, and a questionnaire on 

thee effects of disability in activities of daily living and adverse effects. 

Postoperativee magnetic resonance imaging was evaluated for lesion 

locationn and extension. 

ResultsResults  The median off phase UPDRS motor score was reduced from 

43.55 to 29 points after the first pallidotomy and it was further reduced 

too 23.5 points after the second pallidotomy (n=8). The UPDRS activities 

off daily living off phase score improved from 28.5 to 20.5 points after 

thee first pallidotomy and was 19 after the second pallidotomy (n=6). 

Thee Schwab and England scale off phase score showed an improvement 

afterr both procedures, first from 40 to 60, and thereafter to 90 (n=8). 

Onn phase dyskinesias were reduced substantially. Of the thirteen patients, 

tenn had adverse effects of whom five had problems with speech. One 

patientt became hemiplegic due to a delayed infarction. Ten patients 

experiencedd further benefit from the second procedure. 

ConclusionsConclusions  Bilateral pallidotomy reduces dyskinesias. A second 

contralaterall pallidotomy may reduce parkinsonism, although to a lesser 

degreee compared to the first pallidotomy and with an increased risk for 

adversee effects. 
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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 optimum pharmacological treatment. The 

resultss of several studies indicate that unilateral pallidotomy can improve 

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

onn the contralateral body-side.^10 

Theree are a few reports on bilateral pallidotomy, most concerning a small number 

off patients. Some groups claim a good and sustained effect, without many 

adversee effects,11'13 while others report a high risk for adverse effects and cognitive 

decline.2'14-17 7 

Betweenn 1994 and 1999 we performed staged bilateral pallidotomies in 13 

patientss with Parkinson's disease. We present the follow-up of these patients to 

contributee in the discussion concerning the validity of this procedure. 

Method s s 
Patient s s 

Alll patients with idiopathic Parkinson's disease, who had a 

bilaterall pallidotomy in our hospital, participated in this follow-up study. Patients 

weree eligible for unilateral pallidotomy if they had (1) idiopathic Parkinson's 

disease188 and (2) severe response fluctuations, dyskinesias, painful dystonia, and/ 

orr bradykinesia, despite optimum pharmacological treatment. Patients with a 

successfull unilateral pallidotomy, who suffered from ipsilateral severe response 

fluctuations,, dyskinesias, painful dystonia, and/or bradykinesia — despite 

optimumm pharmacological treatment — were offered a second contralateral 

pallidotomy.. Exclusion criteria were: a mini mental state examination19 score of 

244 or less, psychosis, or general surgical contraindications (e.g. unstable cardiac 

orr pulmonary disease, coagulation disorder). 

Surgica ll  treatmen t 

Bilaterall pallidotomies were always done in two sessions. The first and second 

—— contralateral — pallidotomy were done in a similar way. The technique has 

beenn described earlier.1 For target localisation, a positive contrast ventriculography 

wass done. The target coordinates for the posteroventral globus pallidus at the 

borderr of the medial and lateral segments were 2-3 mm anterior to the 

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

too the midline of the third ventricle. Microelectrode recording was not done. 

Electricall monopolar test stimulation was carried out using an electrode with a 

2.11 x 4.0 mm bare tip. With the same electrode, radio-frequency thermolesions 

weree made at C for 60 s at each 2 mm step. The number of lesions varied 
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betweenn two and five (median five) and was equal for the first and second 

pallidotomy.. The number of lesions depended on the effects of electrical monopolar 

testt stimulation and the effects of lesioning. 

Outcom ee measure s 

ClinicalClinical  assessment  In most cases, clinical assessment before the first and 

secondd pallidotomy had been performed in provoked off and on phases. Patients 

weree assessed during a follow-up visit after the second pallidotomy. The off 

phasee was defined as the condition of the patient after withholding antiparkinson 

medicationn for 12 h and being awake for at least 1 h. The on phase was the 

conditionn 1 h after taking the usual first morning dose. 

Thee scales used were the motor examination and the activities of daily living 

sectionn of the unified Parkinson's disease rating scale (UPDRS)20 and the Schwab 

andd England scale.20 

Duringg this follow-up visit patients filled out a questionnaire with the following 

questions:: (1) how is your impairment in activities of daily living at present 

comparedd to the level of impairment in activities of daily living before the first 

pallidotomy;; (2) how is your impairment in activities of daily living at present 

comparedd to the level of impairment in activities of daily living before the second 

pallidotomy;; and (3) would you choose again for a second pallidotomy. The first 

twoo questions could be answered with: clearly worse, moderately worse, slightly 

worse,, unchanged, slightly improved, moderately improved, or clearly improved. 

Thee third question could be answered with yes or no. 

AdverseAdverse  effects  At the follow-up visit patients filled out a questionnaire about 

adversee effects. Patients classified the adverse effects as transient {< 3 months) 

orr permanent (> 3 months). 

LesionLesion  location  All the postoperative magnetic resonance imaging (MRI) done 

inn the patients were collected. Each lesion was visually evaluated (RdB and JDS) 

onn the MRI scans for location and extension in relation to the globus pallidus 

parss interna (GPi), globus pallidus pars externa (GPe), putamen, and internal 

capsule.. Additionally, we recorded possible infarctions or haemorrhages. 

Statistica ll  analysi s 

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

Friedmann test. If the Friedman test showed a p<0.05, Wilcoxon signed-rank test 

statisticss were used to determine between which assessments differences 

occurred. . 
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Result s s 
PatientPatient  flow  and follow-up  In our centre 13 patients 

hadd a staged bilateral pallidotomy (table 1). Patient two and four had a 

thalamotomyy before the first pallidotomy. 

Thee mean interval between the two operations was 45 weeks {range 6-98). 

Preoperativee assessments in standardised conditions were performed in nine 

patients.. Follow-up assessments in standardised conditions were performed in 

ninee patients 41 weeks (range 1-97) after the first pallidotomy and in 12 patients 

966 weeks after the second pallidotomy (range 7 weeks - 4 years, three < 1 year, 

fourr between 1 and 2 years, and five > 2 years). 

Patientt four became hemiplegic two weeks after the second pallidotomy and he 

remainedd severely disabled. We did not perform an assessment after his second 

pallidotomy.. Patient six refused off phase assessment at follow-up after the 

secondd pallidotomy. Patient one and two did not have response fluctuations 

afterr the second pallidotomy, therefore, we did only off phase assessments. The 

UPDRSS activities of daily living score of patient eight was missing. Patient 13 

livess far away from our centre, therefore we could not perform assessment in 

standardisedd conditions after the second pallidotomy, however, he did fill out 

thee questionnaire. There were no significant changes in the use of medication; 

patientss used a median of 725 levodopa equivalent units1 before surgery and 

6877 at the follow-up visit. 

Tablee 1. Baseline characteristics of the 13 patients 

Characteristi cc  Value 

Gender:: men / women [no of patients] 7/6 
Meann age in years  SD 53.3  7.8 
Meann age of disease onset in years  SD 35.5  8.8 
Mediann Hoehn and Yahr stage off / on (range) 4 (2.5-5) / 3 (2-4) 
Mediann medication in levodopa equivalent units1 (range) 725 (325-5000) 

ClinicalClinical  assessment  The UPDRS motorr score was reduced from median 43.5 

too 29 points after the first pallidotomy (n=8, Wilcoxon signed-rank test p=0.025, 

tablee 2) and to 23.5 after the second procedure, which was not statistically 

significant.. The UPDRS activities of daily living off phase score improved from 

28.55 to 20.5 points after the first pallidotomy and was 19 after the second 

pallidotomyy (n=6). The Schwab and England scale showed an improvement after 

bothh pallidotomies, first from 40 to 60 (n=8, Wilcoxon signed-rank test p=0.048) 

andd subsequently to 90 percent (Wilcoxon signed-rank test p=0.026). 

Forr on phase assessment, the UPDRS motor, the UPDRS activities of daily living, 

andd the Schwab and England scale did not show any significant changes (table 3). 
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Tablee 2. Scores in standardised off phase 

UPDRSS activitie s Schwab and Englan d 
UPDRSS moto r of dail y livin g scale 

Patient t 

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 3 

Media n n 

Pre e 

70 0 
60 0 
98 8 
--

41 1 
46 6 
33 3 
25 5 
46 6 
69 9 
49 9 
33 3 
13 3 

43. 5 5 

Inter r 

17 7 
--
--
56 6 
30 0 
46 6 
39 9 
18 8 
28 8 
36 6 
47 7 
14 4 
17 7 

29 9 

Post t 

27 7 
34 4 
33 3 
--
18 8 
--
23 3 
24 4 
26 6 
22 2 
44 4 
14 4 
--

23. 5 5 

Pre e 

23 3 
--
--
--
29 9 
23 3 
20 0 
--
24 4 
28 8 
32 2 
31 1 
13 3 

28. 5 5 

Inter r 

. . 
--
25 5 
--
14 4 
40 0 
21 1 
20 0 
11 1 
24 4 
28 8 
20 0 
12 2 

20. 5 5 

Post t 

15 5 
23 3 
19 9 
--
22 2 
--
17 7 
21 1 
13 3 
21 1 
32 2 
13 3 
--

19 9 

Pre e 

50 0 
50 0 
40 0 
--
30 0 
30 0 
40 0 
70 0 
60 0 
40 0 
30 0 
20 0 
60 0 

40 0 

Inter r 

40 0 
--
--

50 0 
80 0 
30 0 
60 0 
60 0 
80 0 
60 0 
40 0 
80 0 
80 0 

60 0 

Post t 

80 0 
90 0 
80 0 
--

90 0 
--

90 0 
60 0 
90 0 
90 0 
40 0 
90 0 
--

90 0 

Pre=preoperative,, lnter=after first and before second pallidotomy, Post=after second pallidotomy; 
** for the UPDRS motor and Schwab and England scale, patients 1, 5, 7, 8, 9, 10, 11, and 12 were 
includedd and for the UPDRS activities of daily living, patients 5, 7, 9, 10, 11, and 12 were included; 
Friedmann test UPDRS motor p=0.005, UPDRS activities of daily living p=0.07, and Schwab and 
Englandd scale p=0.02. 

Tablee 3. Scores in standardised on phase 

UPDRSS activitie s Schwab and Englan d 
UPDRSS moto r of dail y livin g scale 

Patien tt  Pre Inter Post Pre Inter Post Pre Inter Post 

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 3 

Media n n 
score * * 

• • 

--
20 0 
9 9 
1 1 
3 3 
7 7 
4 4 
9 9 

11 1 
4 4 

8 8 

• • 

32 2 
--

12 2 
8 8 
8 8 

11 1 
9 9 
5 5 
7 7 

10 0 
5 5 

8. 5 5 

• • 

31 1 
--

16 6 
17 7 
26 6 
12 2 
22 2 
9 9 

16 6 
4 4 
--

16 6 

~ ~ 

--
--

17 7 
10 0 
8 8 
--
9 9 
9 9 
13 3 
11 1 
10 0 

10 0 

• • 

15 5 
--

12 2 
28 8 
7 7 
14 4 
7 7 
4 4 
1 1 
12 2 
16 6 

7 7 

" " 

15 5 
--

18 8 
20 0 
12 2 
16 6 
13 3 
11 1 
20 0 
11 1 
--

13 3 

• • 

--
--
70 0 
90 0 
80 0 
90 0 
80 0 
80 0 
90 0 
90 0 
80 0 

85 5 

• • 

--
--
90 0 
90 0 
90 0 
80 0 
90 0 
90 0 
80 0 
90 0 
90 0 

90 0 

• • 

80 0 
--
90 0 
80 0 
90 0 
80 0 
90 0 
90 0 
80 0 
90 0 
--

90 0 

Pre=preoperative,, lnter=after first and before second pallidotomy, Post=after second pallidotomy; 
** for the UPDRS motor and Schwab and England scale, patients 5, 6, 7, 8, 9, 10, 11, and 12 were 
includedd and for the UPDRS activities of daily living, patients 5, 6, 7, 9, 10, 11, and 12 were 
included;; Friedman test UPDRS motor p=0.09 and UPDRS activities of daily living p=0.10. 
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Theree was a trend towards worsening on the UPDRS motor scale. Almost all 

patientss suffered from levodopa induced dyskinesias before the first pallidotomy, 

andd although we did not use a scale to assess dyskinesias, it was obvious that 

thee involuntary movements were reduced significantly on both sides after bilateral 

pallidotomy. . 

Patientt four, who suffered a delayed infarction, did not fill out the questionnaire. 

Thee question "how is your impairment in activities of daily living at present 

comparedd to the level of impairment in activities of daily living before the first 

pallidotomy?"" was answered as improved by all patients (table 4). The question 

"howw is your impairment in activities of daily living at present compared to the 

levell of impairment in activities of daily living before the second pallidotomy?" 

wass answered as unchanged by one and as improved by 11 patients. Two of 

thee 12 patients who filled out the questionnaire, would not choose for a second 

pallidotomyy if they could choose again. 

Tablee 4. Follow-up questionnaires 

Patien t t 

1 1 
2 2 
3 3 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 

Howw is you r impairmen t in 
activitie ss of dail y livin g 
compare dd to the level of 
impairmen tt  in activitie s of 
dail yy  livin g befor e the firs t 
pallidotomy ? ? 

Clearlyy improved 
Slightlyy improved 
Clearlyy improved 
Clearlyy improved 
Moderatelyy improved 
Clearlyy improved 
Clearlyy improved 
Clearlyy improved 
Moderatelyy improved 
Moderatelyy improved 
Moderatelyy improved 
Clearlyy improved 

Howw is you r impairmen t in 
activitie ss of dail y livin g 
compare dd to the level of 
impairmen tt  in activitie s of 
dail yy  livin g befor e the secon d 
pallidotomy ? ? 

Clearlyy improved 
Moderatelyy improved 
Slightlyy improved 
Clearlyy improved 
Unchanged d 
Moderatelyy improved 
Clearlyy improved 
Slightlyy improved 
Slightlyy improved 
Moderatelyy improved 
Slightlyy improved 
Clearlyy improved 

Choos ee again for 
secon d d 
pallidotomy ? ? 

Yes s 
Yes s 
Yes s 
Yes s 
No o 
No o 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 

AdverseAdverse  effects  Ten patients had adverse effects (table 5). Patient four suffered 

aa delayed infarction two weeks after the second, right-sided pallidotomy. He 

remainedd hemiplegic with severe dysarthria. Patient two, who had a contralateral 

thalamotomyy previously, suffered from severe dysarthria after the first pallido-

tomy,, which did not deteriorate after the second pallidotomy. The third patient 

hadd a left-sided congruous superior homonymous quadrantanopia following the 

secondd pallidotomy. Patient five had mild dysarthria after the first pallidotomy 

thatt did not worsen after the second procedure. In addition, he noticed mild 

choreaa of the contralateral arm en leg lasting for several hours directly following 

thee first pallidotomy. We did not classify this as an adverse effect since it is 
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Tablee 5. Adverse effects in 13 patients 

Patien t t 

2 2 
3 3 
4 4 

5 5 

7 7 

8 8 
9 9 

10 0 

11 1 

12 2 

Afte rr  firs t pallidotom y 

Transien t t 

Faciall paresis 

Dysphasia a 

Permanen t t 

Dysarthria a 

Slightt facial paresis, 
changedd personality 

Afte rr  secon d pallidotom y 

Transien t t 

Changedd personality 

Dysarthria a 

Hiccups,, intermittent 
duringg 1 day 

Confusion,, the day 
afterr surgery 

Permanent * * 

Dysarthria a 
Visuall field defect 
Delayedd infarct, hemiplegic, 
severee dysarthria 
Dysarthria,, emotional 
flattening g 
Slightt facial paresis, changed 
personality,, severe dysarthria 
Dysarthria,, drooling 
Dysarthria a 
Mildd dysarthria, emotional 
flattening g 
Hypophonia,, emotional 
flattening g 

** Permanent effects after the second pallidotomy includes permanent adverse effects after first 
pallidotomy. . 

associatedd with favourable surgical outcome.4 Following the second pallidotomy, 

patientt seven had severe dysarthria. He would not choose for a second 

pallidotomyy if he could choose again, because speech decline outweighed the 

benefitss he experienced from the second pallidotomy. Patient eight, nine and 

tenn suffered from mild, non disabling dysarthria after the second pallidotomy. 

LesionLesion  location  Magnetic resonance imaging was done in all patients after the 

firstt pallidotomy and in ten patients after the second pallidotomy (table 6). For 

thee left side (n=11), seven patients had the lesion in the posterior part of the GPi 

andd GPe, three patients had a lesion in the GPi only, and one patient had a 

lesionn in the GPe only. For the right side (n=12), eight patients had a lesion in 

thee GPi and GPe, of whom in one the lesion extended into the putamen. One 

patientt had a lesion in the GPi and a delayed infarction in the internal capsule 

twoo weeks after surgery and three patients had a lesion in the GPe only. 

Discussio n n 
AA shortcoming of the present study is the range in follow-

upp assessments. Assessments were unblinded and included self reported efficacy 

andd adverse effects, which are subject to biases. The results after unilateral 

pallidotomyy of patient five, six, seven, ten, 11 and 13, and the results after 

bilaterall surgery of patient one, two and three have been reported earlier.1121 

Thee patients' off phase UPDRS motor, UPDRS activities of daily living, and Schwab 
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Tablee 6. Lesion location 

Patien tt  Righ t side Left side 

1 1 
2* * 
3 3 
4t t 
5 5 
6 6 
7 7 

»t t 
9 9 

10 0 
11 1 
12 2 
13 3 

GPi i 

X X 

X X 

X X 

X X 

--

— — 
X X 

X X 

--
X X 

X X 

X X 

GPe e 

X X 

X X 

X X 

--
X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

GPi i 

X X 

X X 

X X 

X X 

— — 
X X 

X X 

X X 

X X 

X X 

X X 

GPe e 

X X 

X X 

--
X X 

X X 

X X 

X X 

X X 
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Magneticc resonance imaging was done in all 
patientss after the first pallidotomy and in 10 
patientss after the second pallidotomy. 
—— No lesion visible. 
** Lesion in left thalamus from earlier surgery. 
tt  Lesion in the right internal capsule (delayed 

infarction)) and left thalamus from earlier 
surgery. . 

11 Lesion right putamen. 

andd England scale score improved after the first pallidotomy. These results are 

inn agreement with earlier studies.15 Following the second pallidotomy there was 

aa trend for improvement in off phase UPDRS motor and Schwab and England 

scalee score. 

Inn the on phase, dyskinesias were significantly decreased. The median on phase 

UPDRSS motor scale score showed a trend for decline, which is probably related 

too disease progression. The UPDRS activities of daily living and the Schwab and 

Englandd scale on phase scores were unchanged. 

Tenn of the 13 patients experienced adverse effects. Three patients had severe 

permanentt adverse effects, of whom one suffered a delayed infarction. The two 

otherr patients had severe dysarthria. Six patients had non disabling permanent 

adversee effects, of whom five had a problem with speech. Four patients stated 

thatt they have experienced permanent emotional flattening or changed 

personality.. Neuropsychological assessments were not performed and therefore 

itt is likely that we overlooked neuropsychological adverse effects. Ghika et al.16 

reportedd the outcome in four patients and showed that cognitive, mood, and 

behaviourall deficits may follow bilateral contemporaneous pallidotomy. The 

proportionn of adverse effects in our cohort is in agreement with other reports 

onn bilateral pallidotomy and is higher compared to unilateral pallidotomy, in 

particularr for speech problems.2'12-14"17 This seems analogous to the adverse effects 

inn unilateral versus bilateral thalamotomy.2224 

Despitee the less important effects on parkinsonism and the number of adverse 

effects,100 patients stated that they had made the right decision when they opted 

forr the second contralateral pallidotomy. We feel that the balance between 

improvementss and adverse effects should be thoroughly investigated prior to 

judgingg whether bilateral pallidotomy could be a treatment for Parkinson's 
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disease.. A remaining question is the place of pallidotomy in advanced Parkinson's 

diseasee in view of the cohort studies that investigate the effects of deep brain 

stimulationn in the subthalamic nucleus.25 The results of studies comparing both 

proceduress have to be awaited. 

Bilaterall pallidotomy reduces dyskinesias. The findings of our study suggest that 

aa second contralateral pallidotomy may reduce off phase parkinsonism, although 

too a lesser degree compared to the first pallidotomy and with an increased risk 

forr adverse effects. 
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Summar y y 
ObjectiveObjective  To study the frequency of morbidity 

andd mortality of pallidotomy. 

MethodsMethods  We searched the MEDLINE electronic database for 'pallidotomy' 

articless published between January 1992 and December 2000. We selected 

studiess by the following criteria: original clinical data, unequivocal 

descriptionn of morbidity and mortality, and unselected consecutive cases. 

Wee extracted: number of patients, unilateral or bilateral procedures, age, 

localisationn technique, follow-up time, number of patients with adverse 

effects,, number of patients with permanent adverse effects (> 3 months), 

typess of adverse effects, and mortality. 

ResultsResults  For unilateral pallidotomy, 12 prospective studies contained 

3344 patients. Of these patients, 30.2 percent (CI 25.3-35.2) had adverse 

effectss and 13.8 percent (CI 10.1-17.5) had permanent adverse effects. 

AA symptomatic infarction or haemorrhage occurred in 3.9 percent (CI 

2.1-6.6).. Mortality was 0.9 percent (CI 0.2-2.6). The frequency of adverse 

effectss was 14.4 percent (CI 4.7-24.1) higher and the frequency of stroke 

wass 4.9 percent (CI 1.4-8.4) higher in the series with microelectrode 

recording.. The most frequent adverse effects were problems with speech 

(11.11 percent) and facial paresis (8.4 percent). For bilateral pallidotomy, 

fivee historical cohort studies were eligible, containing 20 patients. 

Fourteenn patients had an adverse effect and most frequent were 

impairmentss of speech and cognition. 

ConclusionsConclusions  Unilateral pallidotomy has a risk of 14 percent for 

permanentt adverse effects. A symptomatic infarction or haemorrhage 

occurss in 4 percent of patients and mortality is 0.9 percent. 
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Introductio n n 
Afterr the reintroduction of pallidotomy as a treatment for 

Parkinson'ss disease in 19921 many studies have been published on the efficacy 

off the procedure.2 The most consistent effect of pallidotomy is the reduction of 

contralaterall levodopa-induced dyskinesias and dystonia. In addition, symptoms 

likee contralateral tremor, hypokinesia and rigidity are reduced.3"5 

Inn recent years, stereotactic techniques have changed, mainly due to advances 

inn neuroimaging and the increasing use of physiological intraoperative localisation 

techniques.. The studies concerning efficacy of pallidotomy and widely accepted 

outcomee measures are small and most are uncontrolled. Adverse effects and 

mortalityy have been reported in varying frequencies.4-6 We systematically review 

thee frequency of morbidity and mortality of unilateral and bilateral pallidotomy. 

Method s s 
LiteratureLiterature  search  We searched the MEDLINE electronic 

databasee for English articles published between January 1992 and December 

20000 using the key word 'pallidotomy'. The reference lists of the relevant articles 

weree scanned for additional studies. 

StudyStudy  selection  We selected studies according to the following criteria: (1) 

reportingg of clinical data in Parkinson's disease (no radiological procedures or 

technicall notes), (2) reporting of original data (no reviews or editorial notes), (3) 

unequivocall description of morbidity and mortality, (4) and reporting of unselected 

consecutivee cases (no case reports). For studies with overlapping data sets, we 

choosee the one with the largest population. In case of a dual publication, the study 

waswas used only once. 

Iff it was clearly stated or deducible from the article that the described study was 

prospective,, it was labeled as such. The other studies were regarded as historical 

cohortt studies. The latter set included reports in which was not clearly stated 

whetherr or not there was a study protocol prior to the actual pallidotomies, 

irrespectivee of the use of the core assessment program for intracerebral 

transplantationss protocol (CAPIT).7 

DataData extraction  Two investigators (RMAdB and JDS) independently reviewed all 

reports.. A standard checklist was used to assess eligibility and to extract the following 

data:: number of patients, unilateral or bilateral procedures, age, localisation 

techniquee (MRI or CT, ventriculography, microelectrode recording, and micro-

electrodee or macroelectrode stimulation), follow-up time, number of patients with 

adversee effects, number of patients with permanent adverse effects (>3 months), 

typess of adverse effects, and mortality. Weight increase was not regarded an adverse 

effect.. Results were compared and discrepancies were resolved in a meeting. 
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AnalysisAnalysis  We summed the data from the different studies and calculated the 95 

percentt confidence interval (CI) to assess overall accuracy. Differences in 

frequenciess are expressed in CIs. 

Result s s 
Off the 328 publications yielded by the literature search, 

3011 were excluded for the following reasons: not reporting clinical data 

concerningg pallidotomy in Parkinson's disease (83), no original data (70), no 

unequivocall description of morbidity and mortality (119), reporting of selected 

orr non consecutive cases (seven), and double publication (22). 

UnilateralUnilateral  pallidotomy  For unilateral pallidotomy, 23 studies were included; 

122 were considered prospective and 11 historical cohort studies. The prospective 

studiess incorporated 334 patients (table 1). One hundred and one patients (CI 

25.2-35.22 percent) experienced at least one adverse effect and 46 patients (CI 

10.1-17.55 percent) had permanent adverse effects. A symptomatic infarction or 

Tablee 1. The frequency of patients with adverse effects from unilateral pallidotomy; prospective studies 
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haemorrhagee occurred in 13 patients (Cl 2.1-6.6 percent). Four patients (CI 0.3-

3.00 percent) died following unilateral pallidotomy; two following a deep 

haemorrhage,, one with a massive hemorrhagic infarction, and one suffered an 

intracerebrall haemorrhage 2 weeks after surgery. In the studies with microelectrode 

recording,, the frequency of adverse effects was 14.4 percent (CI 4.7-24.1) higher 

andd the frequency of infarction or haemorrhage was 4.9 percent (C11.4-8.4) higher. 

Inn eight studies adverse effects were defined as major or minorM;13;18;21;23 Of these 

2422 patients, 15 patients (CI 3.5-10.0 percent) experienced major permanent 

adversee effects, including the three patients that died, and 22 patients (CI 5.8-

13.44 percent) experienced minor permanent adverse effects. 

Thee historical cohort studies incorporated 359 patients (table 2). At least one 

adversee effect was experienced by 73 patients (CI 16.2-24.5 percent) and 

permanentt adverse effects by 23 (CI 4.1-9.5 percent). Seven patients (CI 0.8-4.0 

percent)) had a symptomatic infarction or haemorrhage and one patient died. 

Theree was no difference in frequency of adverse effects and mortality between 

seriess with or without microelectrode recording. 

Tablee 2. The frequency of patients with adverse effects of unilateral pallidotomy; historical cohort studies. 
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Thee proportion of patients with at least one adverse effect was 9.9 percent (CI 3.5-

16.4)) higher and the proportion of permanent adverse effects was 7.4 percent (CI 

2.9-11.8)) higher in the prospective series compared to the historical cohort series. 

Tablee 3 shows the types of adverse effects. Of the 334 patients in the prospective 

seriess 37 (11.1 percent) experienced problems with speech, which was permanently 

affectedd in 20 patients (6.0 percent) including anarthria (one), dysarthria (12), 

hypophoniaa (four), and dysphasia (three). Seventeen patients suffered from 

dysphagia,, which was permanent in eight and 13 patients had acute confusion or 

somnolencee following unilateral pallidotomy. 

Tablee 3. Adverse effects of unilateral pallidotomy in the prospective studies (334 patients) 
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Somee patients had more than one adverse effect; * Other than psychosis. 

BilateralBilateral  pallidotomy  For bilateral pallidotomy, five studies were eligible, which 

weree all historical cohort studies (table 4). These studies included 20 patients. 

Fourteenn patients had an adverse effect. There were no patients with a stroke 

andd there was no mortality. Five patients had problems with speech, four patients 

sufferedd from cognitive decline, three patients had a visual field defect, and 

threee a depression. 
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Tablee 4. The frequency of patients with adverse effects of bilateral pallidotomy 
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Discussio n n 
Ourr study showed that approximately 30 percent of 

patientss experienced an adverse effect after unilateral pallidotomy, which was 

permanentt in about 14 percent of patients in the prospective studies. A 

symptomaticc infarction or haemorrhage occurred in almost four percent of the 

patientss and mortality was one percent. These numbers are in agreement with 

otherr stereotactic neurosurgical procedures; for example, the rate of permanent 

complicationss of stereotactic thalamotomy ranges from nine to 47 percent,8-10 

andd the rate of intracerebral haemorrhage in general stereotactic neurosurgery 

fromm one to four percent.1112 Although these numbers are high, most authors of 

thee included reports conclude that improvements outweigh adverse effects. 

Wee only found five historical cohort studies on bilateral pallidotomy unequivocally 

reportingg adverse effects. Numerous articles reported both on unilateral and 

bilaterall procedures without differentiating the adverse effects and without 

statingg clearly which patients underwent unilateral and which patients underwent 

bilaterall procedures. Because we only found 20 patients who had undergone 

bilaterall pallidotomy, the outcome—adverse effects in 70 percent of the patients 

—— has to be interpreted with major reservations. 

Randomisedd trials would provide the most accurate information on adverse effects 

andd their frequencies. However, only three small randomised trials were done 

andd one of them was published as an abstract only.51314 These trials alone cannot 

providee sufficient information regarding adverse effects and their frequencies, 
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certainlyy not for the less frequent adverse effects, simply because of the large 

numberr of patients required. For that reason, we performed a systematic review 

off trials and consecutive cohort studies. 

Wee divided the studies in two sets. One set included studies which were 

prospectivee in design. The other set consisted of historical cohort studies. The 

latterr set included reports in which was not clearly stated whether or not there 

waswas a study protocol before the pallidotomies took place. We found that the 

proportionn of patients with at least one adverse effect was almost ten percent 

higherr in the prospective series compared to the historical cohort series. The 

numberr of patients with permanent adverse effects was eight percent higher in 

thee prospective series. These findings are consistent with the hypothesis that 

surgicall studies with prospective collection of data report considerably higher 

ratess of adverse effects than retrospective studies.15-16 

Onlyy studies published after 1992 were included, because in that year pallidotomy 

wass reintroduced1 and by that time the stereotactic functional neurosurgical 

proceduree had been modernised, which could affect morbidity and mortality. 

Onee of the main controversies in stereotactic functional neurosurgery concerns 

thee use of microelectrode recording for target localisation. The main arguments 

inn favor of microelectrode recording have been: improved accuracy of lesion or 

deepp brain stimulation electrode placement, decreased lesion size, and a decrease 

off adverse effects, which altogether would bring about better results of surgery.17 

Wee found that with microelectrode recording for pallidotomy the frequency of 

adversee effects was 14 percent higher and the frequency of stroke was five 

percentt higher. It could be that groups using microelectrode recording are more 

reliablee in reporting their results, another reason could be that these groups are 

moree likely to report on their first pallidotomies, or that microelectrode recording 

involvess more electrode passes for target localisation. However, regarding the 

naturee of the data, we cannot address with certainty the relative benefits or 

adversee effects related to the use of microelectrode recording. The results of 

randomisedd trials investigating the risks and benefits of microelectrode recording 

havee to be awaited. 

Untill now, stereotactic functional neurosurgery has been reserved for patients 

inn an advanced stage of the disease with an unsatisfactory response to 

adjustmentss of pharmacological treatment. Because of the risks on adverse effects 

andd mortality, we find it undesirable to perform unilateral pallidotomy in patients 

withh less severe disease. On the other hand, functioning in activities of daily 

livingg has to be reasonably well in the on phase, since patients will probably not 

improvee beyond this level.5 
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Adversee effects: transient hiccuos QR R 

Hiccupp is defined as an abrupt intermittent, involuntary, contraction of the 

diaphragmaticc and external (inspiratory) intercostal muscles, with inhibition of 

expiratoryy intercostal activity. This results in a sudden inspiration, abruptly opposed 

byy closure of the glottis.1 Hiccup may result from various structural or functional 

disorderss of the medulla, the afferent or efferent nerves to the respiratory muscles, 

andd the gastrointestinal tract.2-3 Newson Davis performed a study of hiccup with 

electrophysiologicall techniques and concluded that hiccup is served by a 

supraspinall mechanism distinct from that generating rhythmic breathing.3 The 

principall site of interaction of the hiccup discharge with other descending drives 

too the respiratory motorneuron is at the spinal level. Neurogenic hiccup is 

particularlyy associated with structural lesions of the medulla oblongata. 

Sincee 1994 we have performed 66 pallidotomies for Parkinson's disease in 60 

patients.. So far, we have seen transient hiccups in seven patients after the 

operationn (table). Our target coordinates for the posteroventral globus pallidus 

att the border of the medial and lateral segments are 2-3 mm anterior to the 

midcommissurall point, 5 mm below the intercommisural line, and 22 mm lateral 

too the midline of the third ventricle. Ventriculography was performed for target 

localisation.. Patients started with a short schedule of corticosteroids (5 days) the 

nightt before surgery. 

Tablee Patient characteristics 

Ag e e 
at t 

surger y y 

1 1 

1 1 
3 3 
4 4 
b b 

6 6 

/ / 

66 6 

43 3 
49 9 
50 0 
53 3 

55 5 
61 1 

Sex x 

M M 

F F 
M M 
M M 
M M 

M M 
f--

Yr r 
wit h h 
PD D 

8 8 

7 7 
15 5 
12 2 
14 4 

13 3 
15 5 

HH and Y* 
on/of f f 

2 / 5 5 

2 / 2 . 5 5 
2 / 2 2 
2 / 2 2 

2 . 5 / 4 4 

2 . 5 / 3 3 
2 . 5 / 4 4 

UPDRSoff t t 
prepallidotomy / / 
pos tt  pallidotom y 

577 / NPJ 

2 2 / 7 7 
5 5 // 15 
4 5 / 2 2 2 
6 9 / 3 6 6 

4 8 / 2 7 7 
555 /NP 

Side e 

R R 

L L 
L L 
L L 
R R 

L L 
R R 

Transien tt  sid e 
effect s s 

Slightt facial paresis, 
swallowingg problems, 
drooling g 
Slightt dysarthria 
Faciall paresis 
Slightt dysarthria 
Faciall paresis, 
hypophonia a 
Faciall paresis, aphasia 

Medicatio nn additiona l 
too levodop a 

Tryptizol,, temazepam, 
alprazolam, , 
apomorphinee supp. 
Trihexifenidyl l 
Pergolide,, amantadine 
Selegeline,, biperideen 
Pergolide,, selegeline 

Selegeline,, biperideen 
Clozapine,, temazepam, 
cisapride e 

** H and Y=Hoehn and Yahr stage; | UPDRS off-unified Parkinson's disease rating scale motor examination 
sectionn in standardised off state, 12 h without antiparkinson medication; % NP-not performed. 

Thee hiccups started immediately after the operation or the next day, were 

intermittentt and the bouts of hiccup of six patients, with a duration of hours, 

resolvedd within 3 days after the procedure. One patient complained of yawning 

moree often and frequent bouts of hiccup for 6 months. 

Fivee patients were men. All patients were right handed. The mean age at surgery 

wass 54 years and the mean duration of Parkinson's disease was 12 years. All 
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patientss were taking levodopa. In four patients the hiccups appeared after a left 

sidedd pallidotomy. Patient 2 had a right sided thalamotomy 4 years before the 

pallidotomy.. Patient 5 underwent a left sided pallidotomy 10 months before the 

rightt sided pallidotomy which caused the hiccups. The pallidotomies improved 

parkinsonismm in the 'off' state (table), contralateral dyskinesias, and pain accom-

panyingg Parkinson's disease. Six patients had transient adverse events: four 

patientss had a transient facial paresis postoperatively and two a slight transient 

dysarthriaa (table). Two patients had choreatic movements after the pallidotomy 

att the contralateral side which resolved spontaneously within 2 h and is associated 

withh a favourable surgical outcome.4 

Postoperativee magnetic resonance imaging scans were obtained in the first six 

patients,, and showed that in five patients the lesions were located in the posterior 

partt of the globus pallidus pars externa (GPe) and interna. In patient 5 the lesion 

wass situated slightly more anterior in the GPe and putamen. In patient 3 there 

wass a small separate lesion more dorsal, probably an infarct. 

Wee never encountered hiccups in 150 other stereotactic procedures for 

Parkinson'ss disease, such as thalamotomies or deep brain stimulation electrode 

implantationn in the thalamus and therefore it is unlikely that medication or positive 

contrastt medium ventriculography with iohexol evoked the hiccups. 

AA possible cause for the transient hiccups could be the lesion in the ventral 

mediall segment of the globus pallidus or pressure, due to oedema, on an adjacent 

structuree like internal capsule or putamen. We could not find other reports of 

hiccupss as an adverse event after functional stereotactic surgical interventions, 

norr after lesions of other aetiology involving the striatium.5 Based on our 

experiencee we hypothesise that the globus pallidus or a neighbouring structure 

mayy be involved in a supramedullary system involved in triggering hiccups. 
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Discussion n QQ Q 

Thee main question of the thesis is: do patients with advanced Parkinson's disease 

benefitt from stereotactic pallidotomy? 

Concerningg unilateral pallidotomy, the answer is yes. It can improve parkinsonism 

andd patients' disability in the off phase, dyskinesias in the on phase, and patients' 

perceivedd quality of life. Unilateral pallidotomy should be confined to non-

dementedd patients in at least the moderately advanced stages of Parkinson's 

disease,, who have unsolvable complications with drug therapy and 'on' states 

inn which they are mobile. 

Moree research is needed to answer the question for bilateral pallidotomy. Bilateral 

pallidotomyy reduces parkinsonism and dyskinesias, but its effectiveness is limited 

byy the high complication rate. Ten out of 13 patients in our retrospective study 

(chapterr 6) and 14 out of 20 patients yielded by the literature search {chapter 

7A)) experienced adverse effects. The most frequent adverse effects were 

impairmentss of speech and cognition. 

AA remaining question is the place of pallidotomy in advanced Parkinson's disease 

inn view of the results of recent studies that investigated the effects of deep brain 

stimulationn (DBS). Three randomised trials involving DBS in Parkinson's disease 

havee been done. The first trial is a comparison between thalamotomy and DBS 

off the thalamus. The procedures were equally effective for drug resistant tremor, 

butt DBS of the thalamus had fewer adverse effects and resulted in a greater 

improvementt in function.' In the second trial the efficacy and safety of unilateral 

pallidotomyy (n=7) and unilateral DBS of the globus pallidus (n=6) were compared.2 

Thee effects of both procedures were similar, however, the researchers themselves 

broughtt up the small number of patients and the short period of follow-up (3 

months).. The third trial is a comparison of bilateral DBS of the globus pallidus 

(n=4)) and bilateral DBS of the subthalamic nucleus (n=5), in which both groups 

demonstratedd a comparable response.3 The authors mentioned that "a larger 

comparativee study is needed to establish conclusively whether there is an 

importantt difference in efficacy between globus pallidus and subthalamic nucleus 

stimulationn and to determine whether some symptoms respond better to 

stimulationn of one target or another." 

Evenn though a randomised controlled trial to corroborate the efficacy of bilateral 

DBSS of the subthalamic nucleus has not been performed, the procedure is now 

widelyy applied.4-5 Groups with the greatest experience in DBS have almost or 

completelyy abandoned the globus pallidus as a surgical target in favour of the 

subthalamicc nucleus.6 The main arguments in favour of subthalamic nucleus 

surgeryy have been — from uncontrolled studies — the striking effect on 'off' 

phasee parkinsonism and the reduction of dopaminergic drug dosage.78 It seems 

thatt other factors, like patient selection, adverse effects, the burden of a 

stimulationn device, and the various surgical techniques to determine target 
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location,, are left aside, although it is obvious that they influence the results of 

surgery.. This highlights an important problem in the application of new surgical 

therapies:: in contrast to the intensive assessment required before a new drug is 

establishedd as sufficiently safe and efficacious for widespread use, no such 

standardss exist for surgery.4 

Thee only method to learn the place of various surgical interventions in the 

treatmentt of advanced Parkinson's disease is to compare them directly. Therefore, 

wee want to emphasize the importance of critical assessment of the available 

dataa and the need for randomised, controlled clinical trials with change in 

functionall abilities as outcome. 
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Patientss with advanced Parkinson's disease frequently show 

rapid,, seemingly unpredictable, swings between mobility (on phase), usually 

withh dyskinesias, and immobility (off phase). Many of these patients respond 

unsatisfactorilyy to adjustments of the pharmacological treatment. Cohort studies 

suggestt that unilateral pallidotomy in patients with advanced Parkinson's disease 

cann improve parkinsonism in the off phase and dyskinesias in the on phase. The 

mainn question of this thesis is: do patients with advanced Parkinson's disease 

benefitt from stereotactic pallidotomy? 

Inn chapte r 2 a retrospective study to evaluate the effects of unilateral pallidotomy 

inn patients with advanced Parkinson's disease is presented. Twenty-six patients 

withh Parkinson's disease and disabling dyskinesias, painful or disabling dystonia, 

orr pain as part of Parkinson's disease despite optimal pharmacotherapy underwent 

aa unilateral pallidotomy. In the off phase the median unified Parkinson's disease 

ratingg scale (UPDRS) activities of daily living score improved from 26.5 to 20.5 

(pO.001)) and the median UPDRS motor examination score improved from 47.5 

too 33.0 (p<0.001). In the on phase, the dyskinesias rating scale score was reduced 

fromm median 2 to 1 (p<0.001), and the UPDRS activities of daily living and motor 

examinationn scores remained unchanged. Thirteen patients had transient, three 

patientss had permanent and two patients had a combination of transient and 

permanentt adverse effects. The transient adverse effects in two patients were 

classifiedd as major. The results of this study suggest that unilateral pallidotomy 

mayy improve symptoms and disability in the off phase and relieves contralateral 

dyskinesiass in the on phase. 

Inn chapte r 3 a randomised, single-blind, multicentre trial is reported, in which 

wee have assessed the efficacy of unilateral pallidotomy in patients with Parkinson's 

disease.. We enrolled 37 patients with advanced Parkinson's disease who had, 

despitee optimal pharmacological treatment, at least one of the following 

symptoms:: severe response fluctuations, dyskinesias, painful dystonias, or 

bradykinesia.. Patients were randomly assigned to unilateral pallidotomy within 

11 month or to pallidotomy after the primary outcome assessment, 6 months 

later.. The primary outcome was the difference between the groups in median 

changess on the motor examination section of the UPDRS score done in the off 

phase.. Secondary outcome measures included levodopa-induced dyskinesias 

(dyskinesiaa rating scale) and extent of disability. The median UPDRS motor 

examinationn off phase score of the pallidotomy patients improved from 47 to 

32.5,, whereas that of control patients slightly worsened from 52.5 to 56.5 

(pO.001).. In the on phase the median dyskinesia rating scale score improved 

500 percent in pallidotomy patients compared to no change in controls (p=0.02). 

Thee UPDRS activities of daily living off phase score improved with a median of 7 

inn the pallidotomy group (p=0.002, compared to controls). Two treated patients 

hadd major adverse effects. We concluded that unilateral pallidotomy is an effective 
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treatmentt in patients with advanced Parkinson's disease, who have an unsatis-

factoryy response to pharmacological treatment. 

Inn the same trial, we investigated whether unilateral pallidotomy affects cognitive 

andd behavioural functioning, which is reported in chapte r 4. At baseline and 

afterr 6 months, we assessed neuropsychological functioning. We performed 

neuropsychologicall tests of language, visuospatial function, memory, attention, 

andd executive functions. Self ratings and proxy ratings of memory problems and 

dysexecutivee symptoms were also collected. No significant differences over time 

weree found between pallidotomy and control groups, with the exception of a 

decreasee of verbal fluency in the left-sided pallidotomy group. The study suggests 

thatt unilateral pallidotomy is relatively safe with respect to cognition and 

behaviour. . 

Inn chapte r 5 the follow-up study of the trial mentioned above is reported. The 

aimss of this study were to: (1) assess clinical outcome; (2) report the adverse 

effects;; (3) study cognitive and behavioural effects; (4) investigate the relationship 

betweenn lesion location and outcome; and (5) investigate possible preoperative 

patientt characteristics predictive for good outcome. Of the 37 patients enrolled, 

322 had a unilateral pallidotomy. Multivariate logistic regression was used to 

identifyy preoperative patient characteristics independently associated with good 

outcome.. Off phase assessment showed a reduction in parkinsonism from 49 to 

36.55 points on the motor section of the UPDRS 6 months after surgery (p<0.001). 

Improvementss were also demonstrated for activities of daily living (p<0.001) 

andd quality of life (p<0.001). In the on phase dyskinesias were reduced (p<0.001). 

Alll effects lasted up to 12 months after surgery. Three patients suffered major 

permanentt adverse effects. Besides worsening of verbal fluency following left-

sidedd surgery, systematic cognitive deterioration was not detected. We were 

nott able to discern an association between lesion location and outcome. Patients 

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

too improve (adjusted odds ratio 9.1, 95 percent confidence interval [CI] 1.2-

70.8).. We concluded that the positive effects of unilateral pallidotomy are stable 

upp to one year after surgery and that patients taking less than 1000 LEU per day 

aree more likely to improve. 

Inn Chapte r 6 we report a retrospective study, which we did to evaluate the 

effectss of bilateral pallidotomy in patients with advanced Parkinson's disease. 

Thirteenn consecutive patients with Parkinson's disease had a staged bilateral 

pallidotomy.. The median off phase UPDRS motor examination score was reduced 

fromm 43.5 to 29 points (n=8, p=0.025) after the first pallidotomy and it was 

furtherr reduced to 23.5 points after the second pallidotomy (not statistically 

significantt [NS]). The UPDRS activities of daily living off phase score improved 

fromm 28.5 to 20.5 points after the first pallidotomy and was 19 after the second 

pallidotomyy (n=6, NS). The Schwab and England scale off phase score showed 
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ann improvement after both procedures, first from 40 to 60 (n=8, p=0.048), and 

thereafterr to 90 (p=0.026). On phase dyskinesias were reduced substantially. 

Tenn of 13 patients had adverse effects of which five had problems with speech. 

Onee patient became hemiplegic due to a delayed infarction. We concluded that 

bilaterall pallidotomy reduces dyskinesias. A second contralateral pallidotomy 

mayy reduce parkinsonism, although to a lesser degree compared to the first 

pallidotomyy and with an increased risk for adverse effects. 

Wee did a systematic review to study the frequency of morbidity and mortality of 

stereotacticc pallidotomy, which is reported in chapte r 7a. The MEDLINE electronic 

databasee was searched for articles published between January 1992 and 

Decemberr 2000 using the key word 'pallidotomy'. Studies were selected 

accordingg to the following criteria: reporting of clinical data, reporting of original 

data,, unequivocal description of morbidity and mortality, and reporting of 

unselectedd consecutive cases. For unilateral pallidotomy, 12 prospective studies 

weree included containing 334 patients. Of these patients, 30.2 percent (CI 25.3-

35.2)) had adverse effects and 13.8 percent (C110.1-17.5) had permanent adverse 

effects.. A symptomatic infarction or haemorrhage occurred in 3.9 percent (CI 

2.1-6.6).. Mortality was 0.9 percent (CI 0.2-2.6). The most frequent adverse effects 

weree problems with speech (11.1 percent) and facial paresis (8.4 percent). For 

bilaterall pallidotomy, five historical cohort studies were eligible, containing 20 

patients.. Fourteen patients had an adverse effect and most frequent were 

impairmentss of speech and cognition. 

Inn chapte r 7b, we report on transient hiccups after pallidotomy for Parkinson's 

disease,, which we saw in seven patients. The hiccups started immediately after 

thee operation or the next day, were intermittent and the bouts of hiccup of six 

patientss resolved within 3 days after the procedure. One patient complained of 

yawningg more often and frequent bouts of hiccup for 6 months. Based on our 

experiencee we hypothesise that the globus pallidus or a neighbouring structure 

mayy be involved in a supramedullary system involved in triggering hiccups. 

Inn chapte r 8 we conclude that unilateral pallidotomy is an effective treatment 

inn patients with advanced Parkinson's disease, who respond unsatisfactorily to 

pharmacologicall treatment. Bilateral pallidotomy reduces parkinsonism and 

dyskinesias,, but its effectiveness is limited by the high complication rate. An 

importantt question is the place of pallidotomy in advanced Parkinson's disease 

inn view of the results of cohort studies that investigated the effects of deep 

brainn stimulation in the subthalamic nucleus. The results of studies comparing 

bothh procedures have to be awaited. 
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Patiëntenn met de ziekte van Parkinson in een vergevorderd 

stadiumm hebben vaak last van snelle, soms onvoorspelbare wisselingen tussen 

periodenn waarin ze mobiel zijn (on-fase), vaak met onwillekeurige bewegingen, 

enn perioden waarin ze traag en stijf zijn (off-fase). Bij een groot aantal van deze 

patiëntenn kan geen verbetering worden bereikt met aanpassingen van het 

medicatieschema.. Er zijn aanwijzingen vanuit cohortonderzoek dat de stereo-

tactischee pallidotomie verbetering geeft van parkinsonisme in de off-fase en 

dyskinesieënn in de on-fase. De primaire vraag van dit proefschrift is: kunnen 

patiëntenn met een ernstige vorm van de ziekte van Parkinson baat hebben bij 

eenn stereotactische pallidotomie? 

Inn hoofdstu k 2 worden de resultaten besproken van een retrospectief onderzoek 

naarr de effecten van de unilaterale pallidotomie bij 26 patiënten met de ziekte 

vann Parkinson. Deze patiënten hadden reeds een unilaterale pallidotomie 

ondergaann in verband met invaliderende dyskinesieën, een pijnlijke of invaliderende 

dystonie,, of pijn als onderdeel van de ziekte van Parkinson ondanks een optimale 

medicamenteuzee therapie. De 'activities of daily living section' (ADL) score van de 

'unifiedd Parkinson's disease rating scale' (UPDRS) verbeterde in de off-fase van 

26,55 (mediaan) naar 20,5 punten (p<0,001) en de UPDRS 'motor examination 

section'' (motor) score van 47,5 naar 33,0 (p<0,001). In de on-fase verbeterde de 

dyskinesieschaall van 2 naar 1 (p<0,001), terwijl de UPDRS ADL en motor score 

gelijkk bleven. Dertien patiënten hadden tijdelijke bijwerkingen, drie patiënten 

blijvendee en twee patiënten een combinatie van tijdelijke en blijvende bijwerkingen. 

Bijj twee patiënten waren de tijdelijke bijwerkingen ernstig. De resultaten van de 

studiee suggereren dat een unilaterale pallidotomie symptomen en functionele 

beperkingenn in de off-fase kan verbeteren en contralateral dyskinesieën in de on-

fasee vermindert. 

Inn hoofdstu k 3 beschrijven wij een gerandomiseerd, enkelvoudig geblindeerd, 

'multicentre'' onderzoek naar de effectiviteit van de unilaterale pallidotomie bij 

patiëntenn met de ziekte van Parkinson. Zevenendertig patiënten met de ziekte 

vann Parkinson in een vergevorderd stadium met daarbij ernstige respons-

fluctuaties,, dyskinesieën, pijnlijke dystonie of bradykinesie ondanks optimale 

medicamenteuzee therapie namen deel aan het onderzoek. Patiënten werden 

gerandomiseerdd voor een unilaterale pallidotomie binnen één maand of een 

pallidotomiee na het primaire meetmoment, zes maanden later. De primaire 

uitkomstt was het verschil tussen de medianen van de verschilscores (= pre-

operatievee minus postoperatieve score) van beide groepen op de UPDRS motor 

scoree verricht in de off-fase. Secundaire uitkomsten waren levodopa-geïnduceerde 

dyskinesieënn (dyskinesieschaal) en beperkingen in dagelijkse activiteiten. De 

UPDRSS motor score van pallidotomiepatiënten verbeterde van 47 (mediaan) naar 

32,55 in de off-fase, terwijl de score van de controlepatiënten verslechterde van 

52,55 naar 56,5 (p<0,001). In de on-fase verbeterde de mediaan van de 
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dyskinesieschaalscoree met 50 procent in de pallidotomiegroep en was er geen 

veranderingg bij de controles (p=0,02). De mediaan van de UPDRS ADL score 

verbeterdee met 7 punten bij de pallidotomiepatiënten (p=0,002, vergeleken met 

dee controlegroep). Twee patiënten hadden ernstige bijwerkingen. Wij con-

cludeerdenn dat de unilaterale pallidotomie een effectieve behandeling is bij 

patiëntenn met de ziekte van Parkinson in een vergevorderd stadium die geen 

baatt meer hebben bij aanpassingen van de medicamenteuze therapie. 

Inn hetzelfde onderzoek bestudeerden we of de unilaterale pallidotomie effect 

heeftt op cognitie en gedrag; dit bespreken we in hoofdstu k 4. Patiënten 

ondergingenn een neuropsychologisch onderzoek bij aanvang van de studie en 

zess maanden later. Het neuropsychologisch onderzoek bevatte testen betreffende 

taal,, visuospatiële functies, geheugen, aandacht en executieve functies. Tevens 

vuldenn de patiënten en hun partners/verzorgers een enquête in over eventuele 

geheugenproblemenn en dysexecutieve functies. Behalve een afgenomen verbale 

'fluency'' bij de pallidotomiepatiënten die links waren geopereerd vonden we 

geenn verschillen tussen pallidotomie- en controlegroep. De resultaten van de 

studiee suggereren dat een unilaterale pallidotomie veilig is ten aanzien van 

cognitiee en gedrag. 

Inn hoofdstu k 5 beschrijven we het vervolgonderzoek van bovengenoemde studie. 

Dee doelstellingen van dit onderzoek waren: (1) het bestuderen van de klinische 

effecten;; (2) het rapporteren van de bijwerkingen; (3) het bestuderen van de 

effectenn op cognitie en gedrag; (4) het vaststellen van een mogelijke relatie 

tussenn letsel locatie en klinische uitkomst en (5) te bepalen of preoperatieve 

karakteristiekenn van patiënten een goed resultaat kunnen voorspellen. Van de 

377 patiënten die deelnamen aan de studie hebben uiteindelijk 32 een unilaterale 

pallidotomiee ondergaan. We hebben gebruik gemaakt van multivariate logistische 

regressie-analysess om preoperatieve patiëntenkarakteristieken, die onafhankelijk 

zijnn geassocieerd met een goede uitkomst, te identificeren. Scoring in de off-

fase,, zes maanden na de operatie, liet een verbetering zien op de UPDRS motor 

scoree van 49 naar 36,5 punten <p<0,001). De beperkingen in dagelijkse activiteiten 

(p<0,001)) en de kwaliteit van leven verbeterden eveneens <p<0,001). De 

dyskinesieënn in de on-fase waren verminderd (p<0,001). Al deze effecten hielden 

aann tot twaalf maanden na de operatie. Drie patiënten hadden ernstige blijvende 

bijwerkingen.. Behalve een afgenomen verbale fluency na een pallidotomie links 

vondenn we geen systematische cognitieve verslechtering. We vonden geen relatie 

tussenn de uiteindelijke locaties van de letsels en de uitkomst van de operatie. 

Patiëntenn die minder dan 1000 levodopa equivalente eenheden (LEE) per dag 

gebruiken,, hebben meer kans op verbetering door een unilaterale pallidotomie 

('adjustedd odds ratio' 9,1; 95 procent betrouwbaarheidsinterval [BI] 1,2-70,8). 

Wijj concludeerden dat de positieve effecten van een unilaterale pallidotomie 

gelijkk blijven tot één jaar na de operatie en dat patiënten die minder dan 1000 

LEEE gebruiken hierbij een grotere kans hebben op verbetering. 
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Inn hoofdstu k 6 bespreken wij een retrospectief onderzoek naar de effecten van 

dee bilaterale pallidotomie bij patiënten met de ziekte van Parkinson in een 

vergevorderdd stadium. Dertien opeenvolgende patiënten met de ziekte van 

Parkinsonn en daarbij ernstige responsfluctuaties, dyskinesieën, pijnlijke dystonie 

off bradykinesie ondanks optimale medicamenteuze therapie hadden reeds een 

bilateralee pallidotomie in twee sessies ondergaan. De mediane score op de UPDRS 

motorr schaal in de off-fase was afgenomen van 43,5 naar 29 punten (n=8; p=0,025) 

naa de eerste pallidotomie en verder gedaald tot 23,5 punten na de tweede 

pallidotomiee (niet statistisch significant [NS]). De UPDRS ADL off-fase score 

verbeterdee van 28,5 naar 20,5 na de eerste pallidotomie en was 19 punten na de 

tweedee pallidotomie (n=6; NS). De 'Schwab and England' schaal off-fase score liet 

eenn verbetering zien na beide operaties, eerst van 40 naar 60 (n=8; p=0,048) en 

vervolgenss naar 90 punten (p=0,026). De dyskinesieën in de on-fase waren 

belangrijkk verbeterd. Tien van de dertien patiënten hadden bijwerkingen, waarvan 

vijff problemen hadden met de spraak. Eén patiënt kreeg een hemiparese als gevolg 

vann een herseninfarct twee weken na de tweede pallidotomie. Wij concludeerden 

datt een bilaterale pallidotomie dyskinesieën vermindert. Een tweede contralaterale 

pallidotomiee kan leiden tot een vermindering van het parkinsonisme; dit is echter 

minderr in vergelijking tot een eerste pallidotomie. Bovendien gaat een tweede 

contralateralee pallidotomie gepaard met een grote kans op bijwerkingen. 

Inn hoofdstu k 7a bespreken wij een systematische literatuurstudie die wij hebben 

verrichtt om de frequentie van morbiditeit en mortaliteit bij de stereotactische 

pallidotomiee te bepalen. We zochten met het MEDLINE elektronische databestand 

artikelenn die waren gepubliceerd van januari 1992 tot en met december 2000 

mett het sleutelwoord 'pallidotomy'. We selecteerden de studies aan de hand 

vann de volgende criteria: worden klinische gegevens gerapporteerd, bevat de 

studiee originele data, worden morbiditeit en mortaliteit duidelijk beschreven, en 

wordenn niet-geselecteerde opeenvolgende patiënten beschreven. Met betrekking 

tott de unilaterale pallidotomie vonden wij 12 prospectieve studies, die in totaal 

3344 patiënten omvatten. Van deze patiënten had 30,2 procent (BI 25,3-35,2) 

eenn bijwerking en 13,8 procent (B110,1-17,5) blijvende bijwerkingen. Een sympto-

matischh herseninfarct of hersenbloeding trad op bij 3,9 procent (BI 2,1-6,6). De 

mortaliteitt was 0,9 procent (BI 0,2-2,6). De meestvoorkomende bijwerkingen waren 

problemenn met de spraak (11,1 procent) en aangezichtsverlammingen (8,4 

procent).. Met betrekking tot de bilaterale pallidotomie vonden wij vijf historische 

cohortstudiess met in totaal twintig patiënten. Veertien patiënten hadden een 

bijwerking:: problemen met spreken en cognitie kwamen het meest voor. 

Inn hoofdstu k 7b beschrijven we zeven patiënten die de hik hadden na een 

pallidotomie.. De hik begon meteen na de operatie of de volgende dag, trad op 

inn aanvallen en was bij zes patiënten drie dagen na de operatie gestopt. Eén 

patiëntt had meer last van geeuwen en aanvallen van de hik tot zes maanden na 

dee operatie. Op basis van deze ervaring nemen wij aan dat de globus pallidus of 
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eenn nabijgelegen structuur onderdeel zou kunnen zijn van een supramedullair 

mechanismee dat betrokken is bij de hik. 

Inn hoofdstu k 8 concluderen wij dat de unilaterale pallidotomie een effectieve 

behandelingg is bij patiënten met de ziekte van Parkinson in een vergevorderd 

stadiumm die niet voldoende verbeteren met medicamenteuze therapie. De 

bilateralee pallidotomie vermindert parkinsonisme en dyskinesieën, maar gaat 

gepaardd met veel complicaties. Een belangrijk punt is de plaats van de stereo-

tactischee pallidotomie in de behandeling van de ziekte van Parkinson gezien de 

resultatenn van cohortstudies die de effecten van 'deep brain stimulation' van de 

nucleuss subthalamicus onderzochten. Hiervoor zullen onderzoeken moeten 

plaatsvindenn waarin beide operaties met elkaar worden vergeleken. 
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Parkinson'ss disease quality of life questionnaire 
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HoehnHoehn  & Yahr  score 

Hoehnn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology 1967; 17: 
427442. . 

Stagee 0 No signs of disease. 

Stagee 1 Unilateral disease. 

Stagee 1,5 Unilateral plus axial involvement. 

Stagee 2 Bilateral disease, without impairment of balance. 

Stagee 2,5 Mild bilateral disease, with recovery on pull test. 

Stagee 3 Mild to moderate bilateral disease; some postural instability; 

physicallyy independent. 

Stagee 4 Severe disability; still able to walk or stand unassisted. 

Stagee 5 Weelchair bound or bedridden unless aided. 
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UnifiedUnified  Parkinson's  disease  rating  scale,  motor  examination  section 

Fahnn S, Elton RL, Members of the UPDRS Development Committee. Unified Parkinson's disease 
ratingg scale. In: Fahn S, Marsden CD, Calne DB, eds. Recent developments in Parkinson's disease, 
Voll 2. Florham Park, NJ: Macmillan Healthcare Information, 1987:153-163, 293-304. 

18.18. Speech: 
00 - Normal. 
11 = Slight loss of expression, diction and/or volume. 
22 - Monotone, slurred but understandable; moderately impaired. 
33 = Marked impairment, difficult to understand. 
44 = Unintelligible. 

19.19. Facial expression: 
00 = Normal. 
11 - Minimal hypomimia, could be normal 'poker face'. 
22 = Slight but definitely abnormal diminution of facial expression. 
33 = Moderate hypomimia; lips parted some of the time. 
44 = Masked of fixed fades with severe or complete loss of facial expression; lips parted 

VAVA inch or more. 

20.20. Tremor at rest: 
0== Absent. 
11 = Slight and infrequently present. 
22 - Mild in amplitude and persistent. Or moderate in amplitude, but only intermittently 

present. . 
33 = Moderate in amplitude and present most of the time. 
44 = Marked in amplitude and present most of the time. 

21.. Action or postural tremor of hands: 
0== Absent. 
11 - Slight; present with action. 
22 = Moderate in amplitude; present with action. 
33 = Moderate in amplitude with posture holding as well as action. 
44 = Marked in amplitude; interferes with feeding. 

22.22. Rigidity: (Judged on passive movement of major joints with patient relaxed in sitting 
position,position, cogwheeling to be ignored) 
0== Absent. 
11 - Slight or detectable only when activated by mirror or other movements. 
22 = Mild to moderate. 
33 = Marked, but full range of motion easily achieved. 
44 - Severe, range of motion achieved with difficulty. 

23.23. Finger taps: (Patient taps thumb with index finger in rapid succession with widest 
amplitudeamplitude possible, each hand separately.) 
00 - Normal. 
11 = Miid slowing and/or reduction in amplitude. 
22 - Moderately impaired. Definite and early fatiguing. May have 

occasionall arrests in movement. 
33 - Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. . 
44 = Can barely perform the task. 
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24.24. Hand movements: (Patient opens and doses hands in rapid succession with widest 

amplitudeamplitude possible, each hand separately) 

00 = Normal. 

11 = Mild slowing and/or reduction in amplitude. 

22 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. . 

33 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movements. . 

44 = Can barely perform the task. 

25.25. Rapid alternating movements of hands: (Pronation-supination movements of hands, 

verticallyvertically or horizontally, with as large an amplitude as possible, both hands 

simultaneously) simultaneously) 

00 = Normal. 

11 = Mild slowing and/or reduction in amplitude. 

22 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. . 

33 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. . 

44 = Can barely perform the task. 

26.26. Leg agility: (Patient taps heel on ground in rapid succession, picking up entire leg. 

AmplitudeAmplitude should be about 3 inches) 

00 = Normal. 

11 = Mild slowing and/or reduction in amplitude. 

22 = Moderately impaired. Definite and early fatiguing. May have occasional arrests in 

movement. . 

33 = Severely impaired. Frequent hesitation in initiating movements or arrests in ongoing 

movement. . 

44 = Can barely perform the task. 

27.27. Arising from chair: (patient attempts to arise from a straight-back wood or metal chair 

withwith arms folded across chest) 

00 = Normal. 

11 = Slow; or may need more than one attempt. 

22 = Pushes self up from arms of seat. 

33 = Tends to fall back and may have to try more than one time, but can 

gett up without help. 

44 = Unable to rise without help. 

28.28. Posture: 

00 = Normal erect. 

11 = Not quite erect, slightly stooped posture; could be normal for older person. 

22 = Moderately stooped posture, definitely abnormal; can be slightly leaning to one side. 

33 = Severely stooped posture with kyphosis; can be moderately leaning to one side. 

44 = Marked flexion with extreme abnormality of posture. 

29.29. Gait: 

00 = Normal. 

11 = Walks slowly, may shuffle with short steps, but no festination or propulsion. 

22 - Walks with difficulty, but requires little or no assistance; may have some festination, 

shortt steps, or propulsion. 

33 = Severe disturbance of gait, requiring assistance. 

44 = Cannot walk at all, even with assistance. 
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30.30. Postural stability: (Response to sudden posterior displacement produced by pull on 
shouldersshoulders while patient erect with eyes open and feet slightly apart. Patient is prepared.) 
00 - Normal. 
11 = Retropulsion, but recovers unaided. 
22 = Absence of postural response; would fall if not caught by examiner. 
33 « Very unstable, tends to lose balance spontaneously. 
44 - Unable to stand without assistance. 

31.31. Body bradykinesia and hypokinesia: (Combining slowness, hesitancy, decreased 
armswing,armswing, small amplitude, and poverty of movement in general) 
00 = None. 
11 - Minimal slowness, giving movement a deliberate character; could be normal for 

somee persons. Possibly reduced amplitude. 
22 = Mild degree of slowness and poverty of movement which is definitely abnormal. 

Alternatively,, some reduced amplitude. 
33 = Moderate slowness, poverty or small amplitude of movement. 
44 = Marked slowness, poverty or small amplitude of movement. 
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DyskinesiaDyskinesia  rating  scaie 

Goetzz CG, Stebbins GT, Shale HM, et al. Utility of an objective dyskinesia rating scale for 
Parkinson'ss disease: inter-and intrarater reliability assessment. Mov Disord 1994; 9:390-394. 

Langstonn JW, Widner H, Goetz CG, et al. Core assessment program for intracerebral 
transplantationss (CAPIT). Mov Disord 1992; 7: 2-13. 

Directions: Directions: 

11 View the patient walk, drink from a cup, put on a coat and button clothing. 

22 Rate the severity of dyskinesias. These may include chorea, dystonia, and other dyskinetic 

movementss in combination. Rate the patient's worst function. 

33 Check which dyskinesias you see (more than one response possible). 

44 Check the type of dyskinesia that is causing the most disability on the tasks seen on the 

tapee (only one response is permitted). 

SeveritySeverity rating code: 

00 absent 

11 minimal severity, no interference with voluntary motor acts 

22 dyskinesias may impair voluntary movements but patient is normally capable of 

undertakingg most motor acts 

33 intense interference with movement control and daily life activities are greatly limited 

44 violent dyskinesias, incompatible with any normal motor task 
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BarthelBarthel  activities  of  daily  living  index  - Nederlandse  versie 

dee Haan R, Limburg M, Schilling J, Broeshart J, Jonkers L, van Zuylen P. Clinimetric evaluation 
off the Barthel Index, a measure of limitations in daily activities [Klinimetrische evaluatie van de 
Barthel-index,, een maat voor beperkingen in het dagelijks functioneren]. Dutch, Abstract in 
English.. Ned Tijdschr Geneeskd 1993; 137:917-921. 

1.. Darm 
 incontinent 
 af en toe een ongelukje 
 continent 

6.. Transfer " 
00  niet in staat 
11  veel hulp (1-2 mensen, lichamelijk) 
22  weinig hulp (met woorden of 

lichamelijk) ) 
 onafhankelijk 

Blaas s 
incontinentt of catheter en niet in staat 0 
daarmeee om te gaan 
aff en toe een ongelukje (max. 1 keer 1 
perr 24 uur) 
continentt (gedurende meer dan 2 
77 dagen) 

3.. Uiterlijk e verzorgin g 
 heeft hulp nodig 
 onafhankelijk; gezicht, haar, tanden, 
scheren n 

7.. Mobilitei t 
 kan zich niet verplaatsen 0 
 onafhankelijk met rolstoel inclusief 1 
hoekenn enz. 

 loopt met hulp van 1 persoon 2 
(mett woorden of lichamelijk) 

 onafhankelijk (maar mag gebruik 3 
makenn van een hulpmiddel b.v. stok) 

8.. Aan- en uitklede n 
 afhankelijk 0 
 heeft hulp nodig maar kan ongeveer 1 
dee helft zelf 

 onafhankelijk 2 

Toiletgebrui k k 
afhankelijk k 
heeftt enige hulp nodig, maar kan 
sommigee dingen zelf 
onafhankelijkk (op en af, uit- en 
aankleden,, afvegen) 

9.. Trappe n 
00  niet in staat 0 
11  heeft hulp nodig (met woorden, 1 

lichamelijk,, het dragen van hulpmiddel) 
22  onafhankelijk naar boven en naar 2 

beneden n 

5.. Eten 
 niet in staat 
 hulp nodig bij snijden, smeren van 
boter,, enz. 

 onafhankelijk 

10.. Baden/douche n 
00  afhankelijk 
11  onafhankelijk 
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BarthelBarthel  activities  of  daily  living  index  - English  version 

Mahoneyy Fl, Barthel DW. Functional evaluation: The Barthel Index. Md State Med J1965; 14: 
61-65. . 

1.. Bowel s 
 incontinent (or needs to be given 
enamata) ) 

 occasional accident (once/week) 
 continent 

2.. Bladde r 
 incontinent, or catherized and 
unablee to manage 

 occasional accident (max. once 
perr 24 hours) 

 continent (for over 7 days) 

3.. Groomin g 
 needs help with personal care 
 independent face/hair/teeth shaving 
(implementss provided) 

4.. Toile t use 
 dependent 
 needs some help, but can do 
somethingg alone 

 independent (on and off. 
dressing,, wiping) 

0 0 

1 1 
2 2 

0 0 

1 1 

2 2 

0 0 
1 1 

0 0 
1 1 

2 2 

6.. Transfe r 
 unable (no sitting balance) 
 major help (one or two people, 
physical),, can sit 

 minor help (verbal or physical) 
 independent 

7.. Mobilitei t 
 immobile 
 wheel chair independent 
includingg corners, etc. 

 walks with help of one person 
(verball or physical) 

 independent (but may use any aid, 
e.g.. stick) 

8.. Dressin g 
 dependent 
 needs help, but can do about 
halff unaided 

 independent (including button, 
zips,, laces, etc.) 

9.. Stair s 
 unable 
 needs help (verbal, physical. 
carryingg aid) 

 independent up and down 

0 0 
1 1 

2 2 
3 3 

0 0 
1 1 

2 2 

3 3 

0 0 
1 1 

2 2 

0 0 
1 1 

2 2 

S.. Feeding 
 unable 0 
 needs help cutting, spreading butter, etc. 1 
 independent (food provided in reach) 2 

10.. Bathin g 
 dependent 0 
 independent (or in shower) independent 1 
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UnifiedUnified  Parkinson's  disease  rating  scale,  activities  of  daily  living 
section section 

Fahnn S, Elton RL, Members of the UPDRS Development Committee. Unified Parkinson's disease 
ratingg scale. In: Fahn S, Marsden CD, Calne DB, eds. Recent developments in Parkinson's disease. 
Voll 2. Florham Park, NJ: Macmillan Healthcare Information, 1987:153-163, 293-304. 

5.. Speech: 
00 = Normal. 
11 = Mildly affected. No difficulty being understood. 
22 = Moderately affected. Sometimes asked to repeat statements. 
33 - Severely affected. Frequently asked to repeat statements. 
44 - Unintelligible most of the time. 

6.6. Salivation: 
00 - Normal. 
11 = Slight but definite excess of saliva in mouth; may have nighttime drooling. 
22 = Moderately excessive saliva; may have minimal drooling. 
33 = Marked excess of saliva with some drooling. 
44 = Marked drooling, requires constant tissue or handkerchief. 

7.7. Swallowing: 
00 = Normal. 
11 = Rare choking. 
22 - Occasional choking. 
33 = Requires soft food. 
44 - Requires NG tube or gastrotomy feeding. 

8.8. Handwriting: 
00 = Normal. 
11 = Slightly slow or small. 
22 = Moderately slow or small; all words are legible. 
33 - Severely affected; not all words are legible. 
44 = The majority of words are not legible. 

9.9. Cutting food and handling utensils: 
00 = Normal. 
11 = Somewhat slow and clumsy, but no help needed. 
22 - Can cut most foods, although clumsy and slow; some help needed. 
33 = Foods must be cut by someone, but can still feed slowly. 
44 - Needs to be fed. 

10.10. Dressing: 
00 = Normal. 
11 = Somewhat slow, but no help needed. 
22 - Occasional assistance with buttoning, getting arms in sleeves. 
33 = Considerable help required, but can do some things alone. 
44 = Helpless. 

11.. Hygiene: 
00 = Normal. 
11 = Somewhat slow, but no help needed. 
22 - Needs help to shower or bathe; or very slow in hygienic care. 
33 = Requires assistance for washing, brushing teeth, combing hair, going to bathroom. 
44 = Foley catheter or other mechanical aids. 
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12.12. Turning in bed and adjusting bed clothes: 
00 = Norma!. 
11 = Somewhat slow and clumsy, but no help needed. 
22 = Can turn alone or adjust sheets, but with great difficulty. 
33 = Can initiate, but not turn or adjust sheets alone. 
44 = Helpless. 

73.. Falling: (Unrelated to freezing) 
00 = None. 
11 = Rare falling. 
22 = Occasionally falls, less than once per day. 
33 = Falls an average of once daily. 
44 = Falls more than once daily. 

74.. Freezing when walking: 
00 = None. 
11 = Rare freezing when walking; may have start-hesitation. 
22 = Occasional freezing when walking. 
33 = Frequent freezing; occasionally falls from freezing. 
44 = Frequent falls from freezing. 

75.. Walking: 
00 = Normal. 
11 = Mild difficulty. May not swing arms or may tend to drag leg. 
22 = Moderate difficulty, but requires little or no assistance. 
33 = Severe disturbance of walking, requiring assistance. 
44 = Cannot walk at all, even with assistance. 

16.16. Tremor: (Symptomatic complaint of tremor in any part of body) 
00 = Absent. 
11 = Slight and infrequently present. 
22 = Moderate; bothersome to patient. 
33 = Marked interferences with many activities. 
44 = Severe interferences with most activities. 

77 7. Sensory complaints related to parkinsonism: 
00 = None. 
11 = Occasionally has numbness, tingling, or mild aching. 
22 = Frequently has numbness, tingling, or mild aching. 
33 = Frequent painful sensations. 

44 = Excruciating pain. 
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SchwabSchwab  and England  activities  of  daily  living  scale 

Fahnn S, Elton RL, Members of the UPDRS Development Committee. Unified Parkinson's disease 
ratingg scale. In: Fahn S, Marsden CD, Calne DB, eds. Recent developments in Parkinson's 
disease,, Vol 2. Florham Park, NJ: Macmillan Healthcare Information, 1987:153-163, 293-304. 

100%% Completely independent. Able to do all chores without slowness, difficulty 

orr impairment. Essentially normal. Unaware of any difficulty. 

90%% Completely independent. Able to do all chores with some degree of 

slowness,, difficulty and impairment. Might take twice as long. Beginning 

too be aware of difficulty. 

80%% Completely independent in most chores. Takes twice as long. Consious 

off difficulty and slowness. 

70%% Not completely independent. More difficulty with some chores. Three to 

fourr times as long in some. Must spend a large part of the day with chores. 

60%% Some dependency. Can do most chores, but exceedingly slowly and with 

muchh effort. Errors; some impossible. 

50%% More dependent. Help with half, slower, etc. Difficulty with everything. 

40%% Very dependent. Can assist with all chores, but few alone. 

30%% With effort, now and then does a few chores alone or begins alone. 

Muchh help needed. 

20%% Nothing alone. Can be a slight help with some chores. Severe invalid. 

10%% Totally dependent, helpless. Complete invalid. 

0%% Vegetative functions such as swallowing, bladder and bowel functions 

aree not functioning. Bed-ridden. 
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DeDe Parkinson's  Disease  Quality  of  Life  questionnaire 

dee Boer AGEM, Wijker W, Speelman JD, de Haes JGM. Quality of life in patients with Parkinson's 
disease:: development of a questionnaire. J Neurol Neurosurg Psychiatry 1996; 61: 70-74. 

Dee vragen die nu volgen gaan over uw gezondheid, uw gevoelens en uw sociale activiteiten, 
meestall in verband met uw ziekte. Het gaat hier steeds om hoe vaak in de afgelope n 3 
maande nn  iets voorkwam. 

Hoee vaak in de 3 afgelope n maande n heeft u last gehad van: 

Nooi tt  Soms Regel- Vaak Heel 
mati gg vaak 

1.. stijfheid? 
2.. u gewoon niet lekker voelen? 
3.. dat u uw hobby's niet meer kunt doen? 
4.. gespannen zijn? 
5.. u onzeker voelen door uw lichamelijke beperkingen? 
6.. het beven van uw hand(en)? 
7.. een gevoel van vermoeidheid of u zonder 

energiee voelen? 
8.. problemen om aan uw vrijetijds- of 

sportactiviteitenn te doen? 
9.. onhandigheid? 

10.. in verlegenheid gebracht voelen door uw ziekte? 
11.. schuifelen? 
12.. dat u sociale activiteiten moest uitstellen of 

afzeggenn door uw ziekte? 
13.. een gevoel van grote uitputting? 
14.. moeite met omdraaien? 
15.. bang zijn voor het mogelijk verder gaan van 

dee ziekte? 
16.. moeite met schrijven? 
17.. dat u minder op vakantie kon dan voor uw ziekte? 
18.. u onzeker voelen in contact met anderen? 
19.. moeite om een goede nachtrust te krijgen? 
20.. 'on/off' perioden? 
21.. moeite met het aanvaarden van de ziekte? 
22.. moeite met praten? 
23.. moeite met het zetten van een handtekening 

inn het openbaar? 
24.. moeite met lopen? 
25.. kwijlen? 
26.. u depressief of ontmoedigd voelen? 
27.. moeite met (lang) stil zitten? 
28.. urineverlies en/of vaak moeten plassen? 
29.. moeite met vervoer? 
30.. plotselinge grote bewegingen? 
31.. moeite met concentreren? 
32.. moeite met opstaan (bv. uit stoel)? 
33.. constipatie? 
34.. moeite met uw geheugen? 
35.. moeite met omdraaien in bed? 
36.. dat uw ziekte uw sexuele activiteit belemmert? 
37.. zorgen over (de eventuele gevolgen van) een 

operatiee in verband met uw ziekte? 

22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 

22 3 4 5 
22 3 4 5 
22 3 4 5 

22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 

22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 
22 3 4 5 




	Cover
	Titlepage
	Contents
	Chapter 1 Introduction
	Chapter 2 Unilateral pallidotomy in advanced Parkinson's disease: a retrospective study of 26 patients
	Chapter 3 Unilateral pallidotomy in Parkinson's disease: a randomised, single-blind, multicentre trial
	Chapter 4 Unilateral pallidotomy in Parkinson's disease: a controlled study of cognitive and behavioural effects
	Chapter 5 Outcome of unilateral pallidotomy in advanced Parkinson's disease: cohort study of 32 patients
	Chapter 6 Bilateral pallidotomy in Parkinson's disease: a retrospective study
	Chapter 7a Morbidity and mortality following pallidotomy in Parkinson's disease: a systematic review
	Chapter 7b Transient hiccups after posteroventral pallidotomy for Parkinson's disease
	Chapter 8 Discussion: the place of stereotactic pallidotomy in the treatment of advanced Parkinson's disease
	Summary
	Samenvatting
	Dankwoord
	Curriculum Vitae
	Appendix Clinical rating scales
	Cover

