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Abstract
Objectives—In a randomised trial to study
the eYcacy of unilateral pallidotomy in
patients with advanced Parkinson’s dis-
ease, patients having pallidotomy within 1
month after randomisation were com-
pared with patients having pallidotomy 6
months after the primary outcome assess-
ment. Of the 37 patients enrolled 32 had a
unilateral pallidotomy. The follow up
study of these patients is presented to
report (1) clinical outcome; (2) adverse
eVects; (3) cognitive and behavioural
eVects; (4) relation between lesion location
and outcome; and (5) preoperative patient
characteristics predictive for good out-
come.
Methods—Outcome measures were the
motor section of the unified Parkinson’s
disease rating scale (UPDRS), levodopa
induced dyskinesias, disability, quality of
life, and a comprehensive neuropsycho-
logical assessment. Multivariate logistic
regression was used to identify preopera-
tive patient characteristics independently
associated with good outcome.
Results—OV phase assessment showed a
reduction in parkinsonism from 49 to 36.5
points on the UPDRS 6 months after sur-
gery. Improvements were also demon-
strated for activities of daily living and
quality of life. In the on phase dyskinesias
were reduced. All eVects lasted up to 12
months after surgery. Three patients had
major permanent adverse eVects. Besides
worsening of verbal fluency after left sided
surgery, systematic cognitive deteriora-
tion was not detected. Patients taking less
than 1000 levodopa equivalent units
(LEU)/day were more likely to improve.
Conclusions—The positive eVects of uni-
lateral pallidotomy are stable up to 1 year
after surgery. Patients taking less than
1000 LEU per day were most likely to
improve.
(J Neurol Neurosurg Psychiatry 2001;71:375–382)
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Patients with advanced Parkinson’s disease
often face fluctuations between immobility (oV
phase) and mobility, usually associated with
dyskinesias (on phase), despite optimal phar-
macological treatment.

The results of several studies indicated that
unilateral pallidotomy can improve parkinson-
ism in the oV phase and reduce dyskinesias in

the on phase,1–4 especially on the contralateral
body side.5–10 Important issues, however, such
as the optimal lesion location, risks of adverse
eVects, possible predictive factors for outcome,
and consequences for cognition and behaviour
need to be sorted out in more detail.11 12

We previously published a randomised
controlled trial assessing the eYcacy of unilat-
eral pallidotomy in patients with advanced
Parkinson’s disease.1 13 In the trial patients were
randomised to unilateral pallidotomy within 1
month or to postponed pallidotomy 6 months
later. In the present paper, we report the follow
up study of the patients initially participating in
the trial. The study consists of patients with 6
months postoperative assessment and a sub-
group of patients with additional assessment 1
year after surgery. The aims of this study were
to (1) assess clinical outcome; (2) report on
adverse eVects; (3) study cognitive and behav-
ioural eVects; (4) investigate the relation
between lesion location and clinical outcome
after 6 months; and (5) investigate possible
preoperative patient characteristics predictive
of good outcome after 6 months.

Methods
PATIENTS AND STUDY PROFILE

Patients were included in four Dutch hospitals
by neurologists whose specialty was movement
disorders. The inclusion criteria were (1) idio-
pathic Parkinson’s disease14 and (2) severe
response fluctuations, dyskinesias, painful dys-
tonia, and bradykinesia, despite optimum
pharmacological treatment. The exclusion cri-
teria were age below 18 years, Hoehn and
Yahr15 stage 5 at the best moment during the
day, a mini mental state examination16 score of
24 or less, psychosis, and general surgical con-
traindications (unstable cardiac or pulmonary
disease, coagulation disorder).

Thirty seven patients were included in the
original trial, of which 19 were randomised to
unilateral pallidotomy within 1 month and 18
to postponed pallidotomy, 6 months after the
primary outcome assessment.1 Of the second
group five patients had no pallidotomy; two
patients died, one had no pallidotomy due to
complications after hip surgery, and two
patients declined pallidotomy because they had
experienced improvement of their situation in
the preceding 6 months. Therefore, 32 patients
participated in the present study. Nineteen
patients were followed up for 12 months after
surgery and 13 for 6 months.

The study protocol was approved by the eth-
ics committees of the participating centres and
the patients gave their informed consent.
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SURGICAL TREATMENT

Surgery took place in three Dutch hospitals. A
Leksell stereotactic frame was applied under
local anaesthesia or under propofol sedation
(three patients). A burr hole was made 2–3 cm
lateral from the midline, just anterior to the
coronal suture. A positive contrast ventriculog-
raphy was made for target localisation. The
target coordinates for the posteroventral globus
pallidus at the border of the medial and lateral
segments were 2–3 mm anterior to the
midcommissural point, 5 mm below the inter-
commissural line, and 21–23 mm lateral to the
midline of the third ventricle. Microelectrode
recordings were not used. Electrical monopolar
test stimulation was carried out using an
electrode with a 2.1×4.0 mm bare tip. In the
trajectory towards the calculated target point,
low frequency (2 Hz) and high frequency (100
to 130 Hz) stimulation (pulse width 0.1 ms)
was performed in 2 mm steps starting 8 mm
above the target. The aim of the stimulation
was to determine the proximity of the internal
capsule and the optic tract as judged by the
clinical eVect. With the same electrode, one to
four radiofrequency thermolesions were made
at 80°C for 60 seconds at each 2 mm step. No
lesion was made at a position if low frequency
stimulation induced myoclonus below 4 V
amplitude, if high frequency stimulation in-
duced dysarthria or paraesthesias, or if the
patient had any visual stimulation response
with either low frequency or high frequency
stimulation.

OUTCOME MEASURES

Clinical outcome
We used the activities of daily living (UPDRS
2) and the motor examination (UPDRS 3)
section of the unified Parkinson’s disease rating
scale,17 a modified version of the dyskinesia
rating scale proposed by Goetz et al and Lang-
ston et al,18 19 the Barthel index,20 the Schwab
and England scale,17 and the Parkinson’s
disease quality of life questionnaire (PDQL).21

Medication and body weight of the patients
were also noted.

Clinical assessment was performed at base-
line and after 6 and 12 months in defined “oV”
and “on” phases. The dyskinesia rating scale
and the PDQL were rated in the on phase only.
The oV phase was defined as the condition of
the patient after withholding antiparkinson
medication for 12 hours and being awake for at
least 1 hour. The on phase was the condition 1
hour after taking the usual first morning dose.
All patients were assessed on clinical rating
scales by the same assessor.

Several items of the UPDRS 3, for each side
of the body, were combined to assess the eVect
on separate symptoms: tremor=arm and leg
rest tremor and arm action tremor (scores
20+21); akinesia=finger taps, hand move-
ments, rapid alternating movements of the
hand, and leg agility (scores 23+24+25+26);
rigidity=arm and leg rigidity (score 22);
postural instability/gait disorder (PIGD)=
posture, gait, and postural stability (scores
28+29+30).

For the dyskinesia rating scale the physician
watched the patient putting on and buttoning a
coat, drinking from a cup, and walking. Dyski-
nesias of each limb, the head and the trunk
were rated according to the following score:
0=absent; 1=minimal severity, no interference
with voluntary motor acts; 2=dyskinesias may
impair voluntary movements but patient is
normally capable of undertaking most motor
acts; 3=intense interference with movement
and daily activities are greatly limited; 4=vio-
lent dyskinesias, incompatible with normal
motor task.

The PDQL questionnaire consists of four
subscales: Parkinson, systemic, emotional, and
social. The questionnaire was administered in
the on phase, but patients were asked to rate
their perceived quality of life irrespective of oV
and on phases.

To analyse changes in pharmacological
treatment, we pooled diVerent drugs in levo-
dopa equivalent units (LEU) according to the
conversion formula: 100 LEU=100 mg regular
levodopa, given with a peripheral decarboxy-
lase inhibitor (PDI)=133 mg levodopa (+PDI)
in controlled release tablets=10 mg bromocrip-
tine=1 mg pergolide mesylate.

Adverse eVects
Adverse eVects were recorded by a neurologist
1 week after the pallidotomy and at the 6 and
12 month assessments, using a structured list
of possible complications.

Cognitive and behavioural eVects
Neuropsychological examination was con-
ducted as much as possible while patients were
at their best. The examination was suspended
whenever a patient indicated that he or she
went into an immobile phase, or whenever dys-
kinesias were interfering with test administra-
tion. Duration of the examination was 3 hours.
The tests were administered or supervised by a
board certified neuropsychologist. The exam-
ination was done at baseline, at 6 months, and
at 12 months follow up.

Relation between lesion location and clinical
outcome
Magnetic resonance imaging was planned at
least 3 months after the pallidotomy. Each
lesion was visually evaluated (RMAB and JDS)
on the MRI for location and extension in rela-
tion to the globus pallidus internus (GPi), glo-
bus pallidus externus (GPe), putamen, and
internal capsule (IC). Additionally, we re-
corded possible infarcts or haemorrhages.
Clinical outcomes were the change in UPDRS
oV phase score (preoperative minus 6 months
postoperative score) and the neuropsychologi-
cal test scores.

Preoperative patient characteristics predictive for
good outcome
We analysed the impact of preoperative age, oV
phase Hoehn and Yahr stage, oV phase
UPDRS 3 score, on phase UPDRS 3 score,
levodopa eVect, medication in LEU, and side
of surgery on good outcome 6 months after
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pallidotomy. Continuous variables were di-
chotomised at a predetermined score. A good
outcome was defined as an improvement of
more than 10 points on the UPDRS 3 in the oV
phase (UPDRS 3 preoperative minus 6 months
postoperative score).

STATISTICAL ANALYSIS

Changes in clinical assessment data were
analysed with the non-parametric Wilcoxon
signed rank test and the Friedman’s test.
Changes in body weight and medication were
analysed with the paired samples t test.

For analysis of the neuropsychological test
results the sample was divided into left sided
and right sided pallidotomy subgroups, be-
cause many of the tests measure lateralised
cerebral functions. Changes in cognitive func-
tioning were tested using the Wilcoxon signed
rank test. Subgroup diVerences in change
scores (change score=6 months postoperative
minus preoperative score) were tested with the
Mann-Whitney U test.

Three per cent of the neuropsychological
test scores were missing, mostly due to
prolonged oV phases. These missing data were
dealt with as follows. At baseline a missing
value was replaced by the worst value seen in
the patient group when a patient had at-
tempted 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
(a missing score of trailmaking B was estimated
using the score obtained at trailmaking A).
Missing values at one of the follow up periods
were either replaced by the worst value seen in
the patient group when the patient had
attempted to do the test or else by the value
obtained at the previous assessment.

To identify preoperative patient characteris-
tics associated with good outcome 6 months
after pallidotomy, the ÷2 test or the Fisher’s
exact test was used when numbers were small.

Additionally, as it was expected that character-
istics of patients were interrelated, we analysed
the factors with multivariate logistic regression.
Characteristics with p<0.50, identified from
univariate analysis, were forced into the logistic
model. The eVect sizes were expressed as odds
ratios (ORs) with 95% confidence intervals
(95% CIs). Calibration of the regression model
was assessed with the Hosmer-Lemeshow
goodness of fit test. This test compares
observed and expected frequencies of the out-
come in groups based on the values of the esti-
mated probabilities, using the logistic model.
In this test, a high p value indicates that the
model is performing well—that is, that there is
not a large discrepancy between observed and
expected outcome.

In view of the explorative nature of this
study, no statistical adjustments for multiple
comparisons were made.22

Results
PARTICIPANT FLOW AND FOLLOW UP

Table 1 shows the baseline characteristics.
Of the 19 patients with 12 months follow up,

one patient refused follow up assessment in the
defined oV phase (other outcome measures
were obtained) and one patient could not be
scored for the 12 months assessment due to
unrelated disease.

Of the 13 patients with 6 months follow up,
one had an intracerebral haemorrhage directly
after surgery and became hemiplegic. Because
most rating scales are Parkinson’s disease spe-
cific and the standardised assessment was con-
sidered too stressful for this patient, we did not
perform the follow up assessment in this
patient.

CLINICAL OUTCOME

OV phase assessment
In the standardised oV phase the median
UPDRS 3 score was reduced from 49 to 36.5
points 6 months after unilateral pallidotomy
(p<0.001; table 2). Tremor, akinesia, and
rigidity contralateral to the side of pallidotomy
were improved (p<0.001). The ipsilateral
symptoms did not change after pallidotomy,
except for a slight improvement in akinesia
(p=0.02). Postural instability was improved 1.5
points 6 months after pallidotomy (p=0.002).

Table 1 Baseline characteristics, 32 patients

Sex: men/women (No of patients) 16/16
Mean age (y (SD)) 60.6 (7.2)
Mean age of disease onset (y (SD)) 44.4 (9.2)
Median Hoehn and Yahr stage oV/on (range) 4 (2–5)/2.5 (1–4)
Side of surgery: right/left (No of patients) 22/10
Mean medication (LEU (SD)) 961 (433)

LEU=Levodopa equivalent units.

Table 2 Median (range) scores on clinical outcome scales in standardised oV phase

Measure
Best score/worst
score

Preoperative
(n=30)

6 months
postoperative
(n=30) p Value*

12 months
postoperative
(n=17) p-value†

UPDRS 3 0/108 49 (19–91) 36.5 (11–66) <0.001 37 (17–71) <0.001
Tremor contralateral 0/12 4 (0–9) 0 (0–8) <0.001 0 (0–3) 0.001
Tremor ipsilateral 0/12 1 (0–7) 0 (0–9) 0.16 2 (0–7) 0.06
Akinesia contralateral 0/16 12 (4–16) 7 (0–14) <0.001 7 (2–16) 0.001
Akinesia ipsilateral 0/16 9 (0–15) 8 (1–15) 0.02 7 (2–16) 0.15
Rigidity contralateral 0/8 4 (1–8) 2 (0–7) <0.001 2 (0–5) <0.001
Rigidity ipsilateral 0/8 2 (1–8) 2 (0–8) 0.06 2 (0–4) 0.24
PIGD 0/12 6.5 (0–12) 5 (0–12) 0.002 5 (1–12) 0.03
UPDRS 2 0/52 30 (11–46) 23.5 (8–42) <0.001 23 (14–42) 0.04
Barthel index 20/0 10 (4–20) 15 (4–20) <0.001 17 (4–20) 0.02
SE scale 100/0 30 (10–80) 60 (20–90) <0.001 50 (10–90) 0.01

UPDRS=Unified Parkinson’s disease rating scale; PIGD=postural instabilty and gait disturbances; SE scale=Schwab and England
scale.
*Data compared with preoperative data (Wilcoxon signed ranks test).
†Data compared with preoperative and 6 months postoperative data (Friedman test).
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These eVects lasted up to 12 months after sur-
gery (table 2).

For activities of daily living (ADL), improve-
ments could be demonstrated on the UPDRS
2, the Barthel index, and the Schwab and Eng-
land scale 6 months after pallidotomy
(p<0.001), lasting up to 12 months (table 2).

On phase assessment
Six months after surgery the median score on
the total dyskinesia rating scale was reduced
from 7.5 to 2 points (p<0.001). The eVect
could only be demonstrated on the contralat-
eral body side (from 3.5 to 0; p<0.001) and
was sustained 12 months after surgery (table
3).

The total UPDRS 3 and its subscores, the
UPDRS 2, the Barthel index, and the Schwab
and England scale did not change in the on
phase (table 3).

The PDQL improved from 111 to 88 points
(p<0.001) 6 months after pallidotomy and was
still improved 12 months after surgery (table
3). This improvement consisted of an improve-
ment on all physical and psychosocial sub-
scales.

In 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 compared with
baseline; n=18). There were no significant
changes in the use of medication; patients used
963 LEU before surgery, 1040 LEU at 6
months follow up, and 954 LEU at 12 months
follow up.

ADVERSE EFFECTS

The adverse eVects are shown in table 4. Alto-
gether, 17 patients had adverse eVects, perma-
nent in 14. The most frequent adverse eVects
were facial paresis and drooling. Three patients
had major adverse eVects. In one patient
dysarthria started directly postoperatively, fol-
lowed by reduced consciousness for a few
hours, and a pseudobulbar syndrome. Six
months after surgery he still had dysphasia,
drooling, and postural instability, the last two
symptoms were still present 12 months after
surgery. On MRI the lesion was situated in the
GPi and GPe and extended into the internal
capsule. A second patient had an intracerebral
haemorrhage directly postoperatively, which
was evacuated 4 hours later. Six months after
surgery the patient had a left sided hemiparesis
and neglect. He was severely disabled. In
another patient surgery had to be discontin-
ued, due to psychosis after sedation with
propofol, which was given for fixation of the

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

Measure
Best score/ worst
score

Preoperative
(n=31)

6 months
postoperative
(n=31) p Value*

12 months
postoperative
(n=18) p-value†

UPDRS 3 0/108 19.5 (1–78) 20 (2–54) 0.54 25 (3–45) 0.67
Tremor contralateral 0/12 0 (0–6) 0 (0–6) 0.30 0 (0–1) 0.09
Tremor ipsilateral 0/12 0 (0–5) 0 (0–5) 0.23 0 (0–5) 0.95
Akinesia contralateral 0/16 6 (0–14) 6 (0–14) 0.81 5.5 (2–14) 0.90
Akinesia ipsilateral 0/16 4.5 (0–14) 5 (0–11) 0.98 4.5 (0–10) 0.82
Rigidity contralateral 0/8 1 (0–7) 1 (0–4) 0.15 1 (0–3) 0.31
Rigidity ipsilateral 0/8 0.5 (0–8) 1 (0–4) 0.96 0.5 (0–6) 0.82
PIGD 0/12 3 (0–11) 2 (0–10) 0.23 3 (0–12) 0.02
DRS 0/24 7.5 (0–21) 2 (0–8) <0.001 2.5 (0–13) 0.01
DRS contralateral 0/8 3.5 (0–8) 0 (0–3) <0.001 0 (0–5) <0.001
DRS ipsilateral 0/8 2 (0–8) 2 (0–5) 0.37 1.5 (0–5) 1.0
UPDRS 2 0/52 12 (4–26) 12 (4–26) 0.32 11 (5–21) 0.94
Barthel index 0/20 20 (11–20) 19 (12–20) 0.92 19.5 (7–20) 0.72
SE scale 100/0 80 (30–90) 80 (50–100) 0.22 85 (30–90) 0.26
PDQL 185/37 111 (61–141) 88 (43–163) <0.001 95.5 (48–142) 0.03

UPDRS=Unified Parkinson’s disease rating scale; PIGD=postural instabilty and gait disturbances; DRS=dyskinesia rating scale; SE
scale=Schwab and England scale; PDQL=Parkinson’s disease quality of life questionnaire.
*Data compared with preoperative data (Wilcoxon signed ranks test).
†Data compared with preoperative and six months postoperative data (Friedman test).

Table 4 Adverse eVects in 32 patients

Patient One week after surgery (32 evaluated) Six months after surgery (32 evaluated)
12 months after surgery
(19 evaluated)

1 Dysarthria, reduced consciousness for a few
hours, pseudobulbar syndrome

Dysphasia, drooling and postural instability Drooling and postural
instability

2 During surgery confused, surgery not
completed

Intermittent hallucinations / psychosis Intermittent
hallucinations / psychosis

3 Hiccups Loss of concentration Loss of concentration
4 Urinary incontinence Urinary incontinence Urinary incontinence
5 Facial paresis Facial paresis, drooling Facial paresis, drooling
6 Reduced speech volume Facial paresis, drooling, fatigue None
7 Dysarthria, starting some days after surgery None None
8 Severe headache while supine starting 4 days

after surgery, lasting a few days
None None

9 Urinary incontinence None None
10 Intracerebral haematoma, evacuated surgically Hemiparesis, neglect, and severely disabled
11 Postural instability for 6 days, dysphasia, facial

paresis
Dysphasia (predominantly expressive),
impaired coordination while swimming

12 Facial paresis, word finding diYculties
starting 2 days after surgery

Facial paresis, word finding diYculties

13+14 Facial paresis Facial paresis, drooling
15 None Sexual disinihibition, increased libido
16 None Painful skin while combing
17 None Drooling
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frame. One lesion was made. The patient was
admitted to a psychiatric hospital and re-
mained intermittently psychotic. He had an
episode of depression before inclusion in the
study. There was no lesion visible on MRI.

COGNITIVE AND BEHAVIOURAL EFFECTS

The left and right sided subgroups were similar
in sex, age, educational level, premorbid verbal
intelligence, and medication use (benzodi-
azepines, anticholinergic agents, and LEU).
There was one left handed patient in each of
the subgroups.

The neuropsychological test scores are
shown in table 5. The table provides the mean
preoperative score and the mean change score
(change score=postoperative minus 6 months
preoperative score) for each test variable. None
of the preoperative test scores showed a signifi-
cant diVerence between the left and right sided
pallidotomy subgroups.

After the operation the left sided pallidotomy
subgroup scored significantly less at both
category fluency and letter fluency. The speed
of performance on the Bell’s test also slowed
down in the left sided pallidotomy patients.
The right sided subgroup recognised slightly
less words postoperatively at the auditory
verbal memory test. At follow up they were
slightly faster in the word reading condition of
the Stroop test, whereas the left sided subgroup
tended to be slower. A similar pattern was
found in the colour naming condition of the
Stroop test. After the operation the patients
with right sided pallidotomy perseverated
slightly less at the modified Wisconsin card
sorting test whereas the patients with left palli-
dotomy perseverated slightly more. The within
group changes were not significant, but the
postoperative diVerence between the groups
was. In the remaining cognitive tests no signifi-
cant changes over time or subgroup diVerences
in change scores were found.

RELATION BETWEEN LESION LOCATION AND

CLINICAL OUTCOME

In 24 patients MR images were obtained
between 1.8 and 18.5 months after pallidotomy
(median 7.3 months; one patient <3 months).
The lesion location and the change in UPDRS
3 oV phase score after pallidotomy are shown in
table 6. In eight patients we did not detect a
lesion in the GPi, although these patients
improved a median of 18 points. In four of
these patients the 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 of
the lesion or the number of lesioned structures
as found on MRI and changes in the
neuropsychological test scores.

PREOPERATIVE PATIENT CHARACTERISTICS

PREDICTIVE FOR GOOD OUTCOME

Table 7 shows the univariate relations between
preoperative patient characteristics and good
outcome. Medication of 1000 or less LEU/day
was associated with a good outcome (p=0.05).
Age, on phase UPDRS 3 score, medication,
and side of surgery (p<0.50) were entered into
the multivariate logistic model. The results
showed that medication of 1000 or less LEU
(OR 9.1; p=0.03) was the only variable
independently associated with good outcome 6
months after pallidotomy (table 8).

Discussion
CLINICAL OUTCOME

OV phase assessment
Our study showed an improvement of parkin-
sonism in the oV phase of 25%, measured with
the UPDRS 3. Six and 12 months after
surgery, tremor, akinesia, and rigidity were
improved on the contralateral body side. In
addition, we found that functioning in activities
of daily living was improved after pallidotomy
up to 1 year.

The results concerning the eVect of palli-
dotomy on akinesia in the oV phase, shown by
several studies, are varying, but most studies do

Table 5 Mean (SD) preoperative scores and 6 months postoperative change scores on
neuropsychological tests. Descriptions of these tests can be found in Schmand et al13

Right pallidotomy (n=20) Left pallidotomy (n=9)

Preoperative
score Change score

Preoperative
score Change score

Boston naming test 52.1 (8.1) −0.6 (2.5) 52.4 (7.7) 0.2 (2.8)
Category fluency 37.1 (12.9) −2.8 (8.4) 36.7 (7.7) −8.3 (4.6)**†
Letter fluency COWAT 33.1 (13.7) 0.5 (5.8) 34.3 (15.0) −7.6 (10.6)*
WAIS similarities (T) 60.5 (15.4) −0.4 (6.7) 57.6 (14.8) 1.1 (5.9)
WAIS block design (T) 46.3 (14.5) −1.3 (10.3) 42.8 (11.2) −0.7 (7.3)
Bells test left 2 columns 8.2 (2.0) −0.1 (1.9) 9.1 (0.8) 0.0 (1.0)
Bells test right 2 columns 8.3 (1.7) 0.1 (1.7) 9.3 (1.1) −0.2 (1.0)
Bells test time (s) 135 (54) 4 (39) 107 (29) 37 (36)*†
JOLO 22.4 (7.1) −1.5 (5.5) 25.0 (5.4) −1.0 (6.0)
Rey AVLT total 36.8 (10.7) 1.9 (7.7) 36.4 (12.8) −0.7 (9.5)
Rey AVLT delayed recall 7.1 (3.1) 0.6 (2.2) 8.2 (3.7) −0.6 (3.2)
Rey AVLT recognition 27.9 (2.6) −1.0 (2.0)* 27.0 (3.7) 0.6 (2.6)
Logical memory

immediate§
8.1 (3.2) 1.5 (3.8) 8.0 (2.7) 0.1 (3.6)

Logical memory delayed§ 7.1 (2.8) 1.5 (3.7) 7.6 (2.8) −0.3 (2.9)
Recognition faces 39.1 (6.4) 0.0 (4.1) 38.7 (6.5) −0.4 (3.7)
Trailmaking A (s) 77 (75) 0 (25) 57 (21) 8.8 (26)
Trailmaking B (s) 164 (115) 4 (51) 161 (76) 18 (59)
Stroop words (s) 67 (61) −4 (11)** 55 (8) 5 (6)‡
Stroop colours (s) 88 (109) 0 (12) 65 (13) 9 (12)†
Stroop colour-words (s) 154 (159) 2 (29) 143 (61) 9 (48)
Stroop-Bohnen 195 (198) 15 (58) 205 (60) −3 (63)
MWCST errors 16.0 (9.1) 0.0 (6.9) 13.3 (7.3) 3.9 (9.9)
MWCST perseverations 5.8 (4.8) −1.6 (4.7) 3.8 (2.9) 2.0 (3.3)†
MWCST categories 4.1 (1.7) −0.2 (1.3) 3.6 (1.8) −0.6 (2.0)

*p<0.05; **p<0.01 Wilcoxon signed ranks test of pre−post diVerence; †p<0.05; ‡p<0.01 Mann-
Whitney U test of group diVerences in change score.

Change score=6 months postoperative minus preoperative score; § Logical memory of the River-
mead behavioural memory test; COWAT=controlled oral word association test; WAIS=Wechsler
adult intelligence scale; JOLO=judgement of line orientation, age and sex corrected scores;
AVLT=auditory verbal learning test; MWCST= modified Wisconsin card sorting test; T=age
corrected T score.
Negative change scores indicate decline in performance except for MWCST errors, MWCST
perseverations, and test variables expressed in seconds.

Table 6 Lesion location in relation to UPDRS 3 oV phase change scores (preoperative
minus 6 months postoperative score)

Lesion location Patients

Preoperative UPDRS 3 oV
phase score Change score

Score Range Score Range

GPi 2 44.5 24/65 15 6/24
GPe 2 43 42/44 19 15/23
Putamen 1 19 — 8 —
GPi and GPe 11 56 38/81 19 1/32
GPi, GPe, and putamen 2 72 53/91 23.5 15/32
GPe and putamen 1 43 — 18 —
GPi, GPe, and IC 1 47 — −13 —
No lesion visible 4 51 44/63 18 7/27

GPi=Internal segment of the globus pallidus; GPe=external segment of the globus pallidus;
IC=internal capsule; minus sign indicates deterioration.
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show an improvement.5–7 9 10 23 Johansson et al24

found no eVect on akinesia, but they did not
assess patients in standardised oV and on
phases.

The current study demonstrated a slight —
but statistically significant — eVect on postural
instability and gait disturbances (PIGD) up to
1 year after surgery. Others found the same ini-
tial eVect on PIGD,6 7 9 25–27 however, in some
studies the eVect disappeared gradually.5 28

ON PHASE ASSESSMENT

The most impressive eVect of pallidotomy is the
reduction of dyskinesias, most clearly on the
contralateral body side.5 7 10 Our study demon-
strated a contralateral eVect up to 1 year after
surgery. We did not find an ipsilateral dyskinesia
eVect, although, Samuel et al7 found an improve-
ment of ipsilateral dyskinesias 3 months after
surgery, which had disappeared 9 months later.29

The improvement of dyskinesias, together with
the unaltered severity of parkinsonism (accord-
ing to the UPDRS 3 score), did not result in an
amelioration of functioning in activities of daily
living in the on phase.

Six months after surgery, we found a clear
improvement of the perceived quality of life,
which remained significant up to 12 months
after surgery. Although the PDQL question-
naire was administered in the on phase,

patients were asked to rate their perceived
quality of life irrespective of oV and on. The
improved oV phase symptomatology and the
reduction of dyskinesias, together with the
improved functioning in activities of daily
living, could explain the eVects on the per-
ceived quality of life.

The mean body weight increased. Weight
increase after pallidotomy2 7 30 and after electri-
cal stimulation of the nucleus subthalamicus31

has been reported before.

ADVERSE EFFECTS

In our study, three of the 32 patients operated
on had only transient and 11 had permanent
minor adverse eVects. This is in agreement
with other reports, in which transient adverse
eVects vary between 5% and 60% and perma-
nent eVects between 0 and 40%.5–9 24–26

Three patients had major permanent adverse
eVects. One of the patients became psychotic
after the discontinuation of the propofol seda-
tion before the lesion was made. We consider
the impact of the experience in the operating
room, frame fixation to the head, and being oV
medication, so frightful for the patient that this
precipitated the psychosis, instead of the small
pallidotomy lesion. In one patient, the lesion
encroached on the internal capsule, and caused
severe adverse eVects. It is possible that micro-
electrode recordings for lesion placement
reduce the risk of harming the internal capsule,
although groups using microelectrode record-
ings have reported this complication too.8 32

The extension of the lesion into the internal
capsule could also be due to infarction. The
necessity of microelectrode recordings for
adequate, safe procedures is still controver-
sial.11 12 33 Microelectrode recordings are tech-
nically very demanding for the clinical setting
and lengthen the procedure considerably.
Another patient had an intracerebral haemor-
rhage. In previous studies on pallidotomy,
frequencies of infarcts and intracerebral bleed-
ing ranged from 0% to 20%.5–9 24–26 As func-
tional stereotactic neurosurgery in Parkinson’s
disease is not without risk, even in experienced
hands, we think that the indication for
pallidotomy should be restricted to patients
with advanced disease, who are still mobile at
their best moment during the day.

COGNITIVE AND BEHAVIOURAL EFFECTS

The neuropsychological test results confirmed
the findings of our initial trial.13 As before, the
main finding was a decrease in verbal fluency
after left sided pallidotomy. This seems to be a
permanent eVect, as it was still present 1 year
after surgery in the patients with left sided pal-
lidotomy (data not shown). A reduction of ver-
bal fluency has been found in several studies as
an eVect of both pallidotomy and pallidal
stimulation.34–36

The results on the MWCST suggest some
impairment of mental flexibility in the left
sided group. This eVect is small and not seen in
other tests of executive functioning (Stroop test
and trailmaking).

The sample size of this study, however, was
too small to rule out the possibility of

Table 7 Preoperative patient characteristics in relation to
good outcome 6 months after pallidotomy (n=30)

Characteristic of
patients*

Poor UPDRS
3 change
score† <10

Good
UPDRS 3
change
score†>0 p Value‡

Age:
>65 y 4 6 0.43
<65 y 5 15

Hoehn and Yahr stage in oV phase:
>3 6 14 1
<3 3 7

UPDRS 3 in oV phase:
>50 4 12 0.69
<50 5 9

UPDRS 3 in on phase:
>15 5 15 0.43
<15 4 6

Levodopa eVect on UPDRS 3 score:
<30 6 11 0.69
>30 3 10

Medication:
>1000 LEU 7 7 0.05
<1000 LEU 2 14

Side of surgery:
Right 7 13 0.34
Left 2 8

*Continuous variables were dichotomised at a predetermined
score.
†Change score=preoperative minus 6 month postoperative
score.
‡DiVerences between frequencies were analysed with ÷2 tests or
the Fisher’s exact test when numbers were small.

Table 8 Preoperative patient characteristics in relation to good outcome 6 months after
pallidotomy: logistic regression model (n=30)

Improvement >10 on UPDRS 3 in oV phase

Adjusted odds
ratio* 95% CI p Value†

Age <65 y 4.5 0.5–38.6 0.17
UPDRS 3 in on phase>15 2.0 0.3–13.8 0.48
Medication in LEU<1000 9.1 1.2–70.8 0.03
Side of surgery: right side 0.4 0.04–3.3 0.37

*Reference group are patients with the opposite characteristics.
†Calculated with Wald statistics.
Hosmer-Lemeshow goodness of fit test, p=0.62.
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infrequent but clinically important cognitive
and behavioural side eVects.

RELATION BETWEEN LESION LOCATION AND

CLINICAL OUTCOME

The optimal location and size of the lesions
within the globus pallidus are unknown. The
model proposed by Alexander and Crutcher37

predicts improvement of parkinsonian symp-
toms and an increase of dyskinesias following
destruction of the GPi, and many authors state
that they try to make the lesion in the Gpi.3–5

Others prefer to make the lesion in the poster-
oventral pallidum on the border of the internal
an external segments.38 There were variations
in the location of our visible lesions. In four
patients we did not detect a lesion at all on
MRI, although these patients improved 18
points on the oV phase UPDRS 3. In another
four cases the lesion was situated outside the
GPi. Although the conclusion that it is not
necessary to lesion a part of the GPi cannot be
drawn from these results, because resolution
may have influenced our findings, this finding
suggests that a small lesion, even partly in the
GPi, may be suYcient to improve symptoms.

PREOPERATIVE PATIENT CHARACTERISTICS

PREDICTIVE FOR GOOD OUTCOME

Predictive factors for reduction of dyskinesia
could not be established because contralateral
dyskinesias are clearly diminished in almost all
patents. In our study, 22 of the 31 evaluated
patients scored preoperatively two or more
points for contralateral dyskinesias, whereas
only one patient had a score higher than one
point postoperatively.

As a possible predictor of reduction in oV
phase parkinsonism, we found that patients
taking 1000 LEU or less were more likely to
have a good outcome than patients taking more
than 1000 LEU.

We could not find an association between
preoperative oV phase Hoehn and Yahr stages,
UPDRS 3 oV phase scores, or preoperative
levodopa response on the UPDRS 3 scores and
good outcome. Our sample size, however, was
not large enough to exclude the existence of
important associations. Samuel et al7 found a
significant correlation between magnitude of
preoperative levodopa response and clinical
outcome. Baron et al25 showed that age was
inversely related to postoperative improvement
in total UPDRS scores, whereas the study of
Kishore et al9 showed the opposite; older
patients tended to show greater improvement.
Our results and the results of other studies
supported neither of these hypotheses.3 26 39

Conclusion
Unilateral pallidotomy in advanced Parkin-
son’s disease improves parkinsonism in the oV
phase and reduces dyskinesias in the on phase.
The eVects are stable up to 1 year after surgery.
Unilateral pallidotomy also leads to an im-
proved functional health and perceived quality
of life. Other than reduction of verbal fluency
after left sided surgery, we did not detect
systematic cognitive deterioration after palli-
dotomy. We found no relation between age or

levodopa response and outcome of surgery, but
patients taking less than 1000 levodopa equiv-
alent units/day are most likely to improve.

The study was funded by the Prinses Beatrix Fonds.

Appendix
Dutch 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
Centre, Amsterdam), G N Beute, P C G Nijs-
sen, 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 Hospital
Groningen, Groningen), A W F Rutgers (Mar-
tini Hospital, Groningen).

1 de Bie RMA, de Haan RJ, Nijssen PCG, et al. Unilateral
pallidotomy in Parkinson’s disease: a randomised, single-
blind, multicentre trial. Lancet 1999;354:1665–9.

2 Scott R, Gregory R, Hines N, et al. Neuropsychological,
neurological and functional outcome following pallidotomy
for Parkinson’s disease: a consecutive series of eight simul-
taneous bilateral and twelve unilateral procedures. Brain
1998;121:659–75.

3 Uitti RJ, Wharen RE, Turk MF, et al. Unilateral pallidotomy
for Parkinson’s disease: comparison of outcome in younger
versus elderly patients. Neurology 1997;49:1072–7.

4 Merello M, Cammarota A, Betti O, et al. Involuntary move-
ments during thermolesion predict a better outcome after
microelectrode guided posteroventral pallidotomy. J Neurol
Neurosurg Psychiatry 1997;63:210–13.

5 Lang AE, Lozano AM, Montgomery EB, et al. Posteroven-
tral medial pallidotomy in advanced Parkinson’s disease. N
Engl J Med 1997;337:1036–42.

6 Masterman D, DeSalles A, Baloh RW, et al. Motor,
cognitive, and behavioral performance following unilateral
ventroposterior pallidotomy for parkinson’s disease. Arch
Neurol 1998;55:1201–8.

7 Samuel M, Caputo E, Brooks DJ, et al. A study of medial
pallidotomy for Parkinson’s disease; clinical outcome, MRI
location and complications. Brain 1998;121:59–75.

8 Shannon KM, Penn RD, Kroin JS, et al. Stereotactic
pallidotomy for the treatment of Parkinson’s disease
eYcacy and adverse events at 6 months in 26 patients. Neu-
rology 1998;50:434–8.

9 Kishore A, Turnbull IM, Snow BJ, et al. EYcacy, stability
and predictors for outcome of pallidotomy for Parkinson’s
disease. Six-month follow-up with additional 1-year obser-
vations. Brain 1997;120:729–37.

10 Dalvi A, Winfield L, Yu Q, et al. Stereotactic posteroventral
pallidotomy: clinical methods and results at 1-year follow
up. Mov Disord 1999;14:256–61.

11 Bronstein JM, DeSalles A, DeLong MR. Stereotactic
pallidotomy in the treatment of Parkinson’s disease. Arch
Neurol 1999;56:1064–9.

12 Hariz MI. Controversies in pallidal surgery. Acta Neurochir
1997;68(suppl):1–10.

13 Schmand B, de Bie RMA, Koning-Haanstra M, et al. unilat-
eral pallidotomy in Parkinson’s disease: a controlled study
of cognitive and behavioral eVects. Neurology 2000;54:
1058–64.

14 Hughes AJ, Daniel SE, Kilford L, et al. Accuracy of clinical
diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychia-
try 1992;55:181–4.

15 Hoehn MM, Yahr MD. Parkinsonism: onset, progression
and mortality. Neurology 1967;17:427–42.

16 Folstein MF, Folstein SE, McHugh PR. “Mini-mental
state” a practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 1975;12:189–98.

17 Fahn S, Elton RL, Members of the UPDRS Development
Committee. Unified Parkinson’s disease rating 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.

18 Goetz CG, Stebbins GT, Shale HM, et al. Utility of an
objective dyskinesia rating scale for Parkinson’s disease:
inter- and intrarater reliability assessment. Mov Disord
1994;9:390–4.

19 Langston JW, Widner H, Goetz CG, et al. Core assessment
program for intracerebral transplantations (CAPIT). Mov
Disord 1992;7:2–13.

20 Mahoney FI, Barthel DW. Functional evaluation: the
Barthel index. Maryland State Medical Journal 1965;14:61–
5.

21 de Boer AGEM, Wijker W, Speelman JD, et al. Quality of life
in patients with Parkinson’s disease: development of a
questionnaire. J Neurol Neurosurg Psychiatry 1996;61:70–4.

22 Rothman KJ. No adjustments are needed for multiple com-
parisons. Epidemiology 1999;1:43–6.

23 Lozano AM, Lang AE, Galvez-Jimenez N, et al. EVect of
GPi pallidotomy on motor function in Parkinson’s disease.
Lancet 1995;346:1383–7.

Outcome of unilateral pallidotomy in advanced Parkinson’s disease 381

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.3.375 on 1 S

eptem
ber 2001. D

ow
nloaded from

 

http://jnnp.bmj.com/


24 Johansson F, Malm J, Nordh E, et al. Usefulness of
pallidotomy in advanced Parkinson’s disease. J Neurol Neu-
rosurg Psychiatry 1997;62:125–32.

25 Baron MS, Vitek JL, Bakay RAE, et al. Treatment of
advanced Parkinson’s disease by posterior GPi
pallidotomy: 1 year results of a pilot study. Ann Neurol
1996;40:355–66.

26 Dogali M, Fazzini E, Kolodny E, et al. Stereotactic ventral
pallidotomy for Parkinson’s disease. Neurology 1995;45:
753–61.

27 Ondo WG, Jankovic J, Lai EC, et al. Assessment of motor
function after stereotactic pallidotomy. Neurology 1998;50:
266–70.

28 Samii A, Turnbull IM, Kishore A, et al. Reassessment of
unilateral pallidotomy in Parkinson’s disease. A 2 year fol-
low up study. Brain 1999;122:417–25.

29 Schrag A, Samuel M, Caputo E, et al. Unilateral
pallidotomy for Parkinson’s disease: results after more than
1 year. J Neurol Neurosurg Psychiatry 1999;67:511–17.

30 Lang AE, Lozano A, Tasker R, et al. Neuropsychological
and behavioral changes and weight gain after medial palli-
dotomy. Ann Neurol 1997;41:834–6.

31 Limousin P, Krack P, Pollak P, et al. Electrical stimulation of
the subthalamic nucleus in advanced Parkinson’s disease.
N Engl J Med 1998;339:1105–11.

32 Krauss JK, Desaloms JM, Lai EC, et al. Microelectrode-
guided posteroventral pallidotomy for treatment of Parkin-
son’s disease: postoperative magnetic resonance imaging
analysis. J Neurosurg 1997;87:358–67.

33 Carroll CB, Scott R, Davies LE, et al. The pallidotomy
debate. Br J Neurosurg 1998;12:146–50.

34 Trépanier LL, Saint-Cyr JA, Lozano A, et al. Neuropsycho-
logical consequences of posteroventral pallidotomy for the
treatment of Parkinson’s disease. Neurology 1998;51:207–
15.

35 Kubu CS, Grace GM, Parrent AG. Cognitive outcome fol-
lowing pallidotomy: the influence of side of surgery and age
of patient at disease onset. J Neurosurg 2000;92:384–9.

36 York MK, Harvey HS, Grossman RG, et al. Neuropsycho-
logical outcome following unilateral pallidotomy. Brain
1999;122:2209–20.

37 Alexander GE, Crutcher MD. Functional architecture of
basal ganglia circuits: neural substrates of parallel process-
ing. TINS 1990;13:266–71.

38 Laitinen LV. Pallidotomy for Parkinson’s disease. Neurosurg
Clin N Am 1995;6:105–12.

39 Kazumata K, Antonini A, Dhawan V, et al. Preoperative
indicators of clinical outcome following stereotaxic palli-
dotomy. Neurology 1997;49:1083–90.

www.jnnp.com

Link to Medline from the homepage and get straight into the National Library of Medicine's

premier bibliographic database. Medline allows you to search across 9 million records of bibliographic

citations and author abstracts from approximately 3,900 current biomedical journals.

Medline

Direct Access to Medline

382 de Bie, Schuurman, Bosch, et al

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.3.375 on 1 S

eptem
ber 2001. D

ow
nloaded from

 

http://jnnp.bmj.com/

