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Abstract
Objective—To assess the long term cogni-
tive outcome of unilateral posteroventral
pallidotomy (PVP) and the overall eYcacy
of the surgery.
Methods—Forty two (29 left and 13 right
PVP) patients with Parkinson’s disease
underwent neurological and neuro-
psychological testing before PVP and at 3
and 12 months after PVP. The neuro-
psychological testing battery emphasised
measures of verbal learning and memory,
visuospatial abilities, speed of infor-
mation processing, executive functioning,
and aVective functioning.
Results—All patients demonstrated motor
improvements after surgery during their
oV state, and 86% of patients also showed
improvements in motor functioning in
their on state. Repeated measures ANOVA
showed significant improvements in con-
frontational naming, visuospatial organis-
ation, and aVective functioning 3 months
and 12 months after surgery, with incon-
sistent improvements in executive func-
tioning 12 months post-PVP. Patients
demonstrated a transient impairment in
verbal memory, with verbal learning per-
formance returning to baseline 12 months
post-PVP after a significant decline 3
months after PVP. When three patients
with lesions extending outside of the PVP
were excluded from the analysis, a decline
in verbal fluency performance after PVP
was not found to be significant. DiVer-
ences due to side of lesion placement were
not found on any of the cognitive meas-
ures.
Conclusions—In the largest long term fol-
low up study reported to date, the cogni-
tive changes found up to a year after PVP
are minimal compared with the robust
improvements in motor function. The
findings highlight the need to investigate
the relation between the specific fibre
tracts aVected by the lesions and cognitive
outcome.
(J Neurol Neurosurg Psychiatry 2000;69:326–336)
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Recent advances in neurosurgical, radiological,
and electrophysiological techniques have made
it possible to produce pallidal lesions that result
in marked improvement in the motor symp-

toms of advanced Parkinson’s disease.1–4 Uni-
lateral posteroventral pallidotomy (PVP) has
proved to be an eVective treatment for control
of levodopa induced dyskinesias, and to a lesser
degree, for amelioration of rigidity, bradyki-
nesia, and tremor.3 5–7 Although the eVects of
PVP on the motor symptoms of Parkinson’s
disease have been reported in detail, the long
term eVects of PVP on cognitive functioning
have not been fully evaluated in a large series.

Although several preliminary studies re-
ported few cognitive changes after PVP,8–10

investigations into the impact of the side of
lesion on outcome have more consistently
shown cognitive changes postoperatively.11 12

Riordan et al found a decline in verbal fluency
(word generation from specified initial letters)
and semantic fluency (word generation from
specified categories) after left PVP and a
decline in information processing speed, visu-
ospatial construction, and spatial memory after
right PVP.11 Likewise, Trepanier et al reported
that patients with left PVP experienced a
decline in verbal learning, verbal fluency, and
attentional capacity; whereas the patients with
right PVP demonstrated an improvement in
verbal learning ability and a transient decline in
spatial memory.12 Overall, a decline in verbal
fluency is the most consistent neuropsycho-
logical change after PVP, particularly when
lesion laterality is evaluated.9 13–15

Several methodological issues complicate
interpretation of the current PVP literature.16

For example, the use of large neuropsychologi-
cal batteries with small sample sizes results in a
greater chance of not detecting significant dif-
ferences, the limited reporting of attrition rates
limits the generalisability of the findings, and
the limited reporting of postoperative MRI
findings limits the conclusions that can be
drawn about the relation between lesion size
and cognitive outcome.8 10 14 15 Thus, it is diY-
cult to determine if the conclusions garnered
from these studies are based on representative
samples that adequately reflect the entire
population of patients with PVP.

Although PVP related motor improvements
have been reported to be maintained for up to
4 years after surgery, the cognitive eVects of the
PVP have been described preliminarily for only
up to 12 months post-PVP.5 12 It is essential to
assess thoroughly the long term cognitive out-
come of PVP to fully appreciate the overall
eYcacy of the surgery. To address the afore-
mentioned methodological limitations, we re-
port the cognitive domains aVected by right
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and left PVP in a sample of 42 patients at 3
months and 12 months after PVP.

Method
SUBJECTS

Patients were considered eligible for PVP if: (1)
their clinical findings were consistent with
idiopathic Parkinson’s disease; (2) they had a
history of response to levodopa therapy; and
(3) they had evidence of advanced disease
(disabling motor fluctuations, levodopa in-
duced dyskinesias, or freezing, and a Hoehn
and Yahr Parkinson’s disease staging score of 3
or more during their oV period).17 18 Patients
were excluded if they: (1) had mini mental state
examination (MMSE) scores less than 20; (2)
were 76 years or older; (3) had psychiatric
complications that might interfere with compli-
ance (for example, psychosis, severe major
depression); or (4) had a Hoehn and Yahr score
of 5 during their “on” period.19 The patients
were followed up at the Baylor College of
Medicine Parkinson’s Disease Center and
Movement Disorders Clinic and were main-
tained on an optimal level of anti-Parkinson’s
medication for at least 1 month before PVP.18

The first 42 consecutive patients who under-
went neuropsychological testing preopera-
tively, and at 3 months and 12 months
post-PVP were included in the study. Table 1
describes relevant patient characteristics at the
baseline evaluation for patients with right or
left PVP. All 42 patients (23 men and 19
women) were right handed and had advanced
idiopathic Parkinson’s disease based on clinical
symptoms and neurological examination. The
patients with right or left PVP did not diVer
significantly from each other on any demo-
graphic or neurological variables. Two patients
who had had a previous neurosurgical proce-
dure before PVP were included in the analyses
to capture a representative sample of patients
with PVP. One patient had had an adrenal
implant to the right caudate nucleus nine years
before his PVP; the second patient had had a
left frontal ventriculoperitoneal shunt for
hydrocephalus due to aqueductal stenosis, 10
years before PVP.

PROCEDURES

Surgical procedure
Pallidotomy was performed contralateral to the
side of the body most aVected by motor symp-
toms. Most patients showed more severe motor

symptoms on the right side. If both sides of the
body were similarly aVected, the patients most
often chose to have left PVP to alleviate symp-
toms on their dominant side. Both of these fac-
tors resulted in a larger number of left sided
operations (29 left v 13 right PVP).

Stereotactic CT guidance, microelectrode
recording, and macrostimulation were used to
determine the optimal site of the lesion within
the internal segment of the globus pallidus
(GPi). The coordinates of the lesion were
19–21 mm lateral, 4–5 mm below, and 2–3 mm
anterior to the midpoint of the intercommis-
sural line.20 In general, two lesions spaced 1.5
to 2.0 mm apart were created with the
temperature controlled at 75°C for 60 seconds.
A detailed description of the procedure has
been published elsewhere.21

Neurological evaluation
Patients were evaluated using a modified core
assessment program for intracerebral trans-
plantation protocol (CAPIT), including the
unified Parkinson’s disease rating scale
(UPDRS), the Hoehn and Yahr staging scale,
the Schwab and England activities of daily liv-
ing scale, and additional examinations.17 22 All
formal clinical evaluations were performed by
movement disorder specialists. Patients were
examined in their oV and “on” states. A
detailed description of the neurological evalua-
tions has been presented elsewhere.18

Neuropsychological evaluation
The neuropsychological test battery was se-
lected to assess the pattern of cognitive deficits
previously shown to be impaired in advanced
Parkinson’s disease.23 24 The evaluation was
conducted while the patients were in their best
on state, a condition that might have fluctuated
during the 3 hour testing period. The patients
took their scheduled dosage of medications
throughout testing. Standardised test adminis-
tration procedures were used. The examiners
were not blinded to the patient’s surgical
status. Table 2 describes the neuropsychologi-
cal measures by cognitive domain. The testing
battery emphasised measures of verbal learning
and memory, visuospatial abilities, speed of
information processing, executive functioning,
and aVective functioning.

STATISTICAL METHODS

Repeated measures analyses of variance
(ANOVAs) with time (baseline, 3 months, 12

Table 1 Demographics of pallidotomy patients with preoperative, 3 month, and 1 year follow up evaluations (n=42)*

Right (n=13) Left (n=29) Total (n=42)

Mean (SD) % Mean (SD) % Mean (SD) %

Sex:
Male 54 55 55
Female 46 45 45

Age (y) 58.2 (9.7) 61.6 (9.4) 60.8 (9.4)
Education (y) 13.3 (4.3) 13.5 (2.3) 13.2 (2.5)
Age of onset (y) 45.9 (10.7) 46.5 (9.8) 46.3 (9.9)
Duration (y) 13.3 (4.3) 15.1 (5.5) 14.5 (5.2)
MMSE 28.4 (1.5) 27.7 (2.25) 27.9 (2.1)
Levodopa (mg) 481 (306) 463 (212) 468 (241)
Hoehn and Yahr"on” 2.7 (.60) Range 1–4 2.6 (.75) Range 1–4 2.7 (.12) Range 1–4
Hoehn and Yahr"oV” 4.0 (.71) Range 3–5 4.0 (.66) Range 3–5 4.0 (.11) Range 3–5

*No significant diVerences were found between right and left pallidotomy patients on demographic variables.
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months) as the within subject factor and lesion
side (right versus left) as the between subject
factor were performed for each of the neuro-
logical, neuropsychological, and aVective
measures. Main eVects of time and lesion side
and the time×lesion side interaction eVect were
evaluated. Simple (preoperative to 3 months,
preoperative to 12 months), and Helmert (3 to
12 months) contrasts were conducted for each
significant time main eVect to determine the
source of the significant diVerence. Due to the
number of contrasts performed on the signifi-
cant time main eVects, type I error may have
been increased; therefore, caution should be
exercised when interpreting the results of the
contrasts. The á level was set at 0.05 for all
analyses. The eVect size, or partial å2, was cal-
culated for each significant finding to help
evaluate the proportion of variance accounted
for by the cognitive variable.

A second set of repeated measures ANOVAs
were run for each neuropsychological variable
using standardised scores as the dependent
measure. Published test norms were used to
obtain standardised z scores and percentile
scores. The results of these analyses were simi-
lar to the original repeated measures ANOVAs
using raw scores; therefore, only the analyses
using the raw data will be reported.

There were missing data for several of the
neuropsychological measures in some patients
due to: (1) the patient’s inability to perform a
task, (2) a change in the neuropsychological
testing battery early in the study, or (3) the test
not being given. If a patient was unable to per-
form a task for cognitive reasons, the lowest
score for that task and time point was assigned.
This assignment occurred for three patients on
the COWAT, one patient on the WCST, and
two patients on the SymDigit (table 2). Ten
patients had missing data due to procedural
changes on the WCST and seven patients had
missing data on the CVLT. Therefore, the
analyses with these variables were run with 32
(10 right and 22 left PVP) and 35 patients (11
right and 24 left PVP), respectively. One way
ANOVA showed that the patients with missing
data on the WCST and CVLT did not diVer

from the other patients on any of the
demographic variables.

Attrition rates
The attrition rate for the entire sample of
patients who underwent PVP (n=79) from the
baseline to the 3 month evaluation was 20%
(16 patients) and from the 3 month to 12
month evaluation was 27% (21 patients). The
moderate attrition rates were due to numerous
factors including: travel distance, scheduling
conflicts, and diYculties in cooperation. The
42 study participants did not diVer significantly
on any demographic variable from the 37
patients who did not complete all three testing
evaluations. At baseline evaluation, the study
participants reported fewer symptoms of de-
pression (study: mean=10.2 (SD 7.0) v drop
outs: mean=14.2 (SD 7.9); p=0.02) and scored
slightly higher on the MMSE (study:
mean=27.9 (SD 2.1) v drop outs: mean=26.2
(SD 3.8), p=0.02) than those patients lost to
follow up. Furthermore, the study participants
diVered significantly from the drop outs on the
UPDRS total scores (study: mean=45.2 (SD
12.7) v drop outs: mean=52.5 (SD 12.8)) and
the Schwab and England scores (study:
mean=76.3, (SD 11.4) v drop outs:
mean=70.8 (SD 12.4)) while in the on state
before PVP. However, no significant diVer-
ences were found between study participants
and those patients who did not complete both
follow up evaluations on the neurological
measures while in the oV state.

Results
NEUROLOGICAL MEASURES

Baseline
Table 3 shows the means (SD) for the baseline
neurological measures for the patients with
right or left PVP. Overall, before surgery,
patients demonstrated minimally to moder-
ately severe motor disability during the on
state, (Hoehn and Yahr: mean=2.66 (SD
0.12); UPDRS: mean=46.2 (SD 2.0)), with
severe disability during the oV state (Hoehn
and Yahr: mean=4.00 (SD 0.12); UPDRS:
mean=87.1 (SD 3.0)). During the on state,
patients reported mild limitations in their

Table 2 Neuropsychological measures by cognitive domain

Cognitive domain Description and key variable measured

Mental status:
Mini mental state exam (MMSE)19 Orientation and mental status; total score

Verbal learning and memory:
California verbal learning test (CVLT)25 New learning and recall of a list of 16 categorised words; total 1–5 (sum of words recalled on five free recall trials); long

delay (number of words recalled after a 20-minute filled delay)
Language:

Boston naming test (BNT)26 Confrontational naming; total (number of drawings named correctly or with the aid of semantic cueing)
Verbal fluency test (COWAT)27 Phonemic fluency; total (words generated in 60 seconds for each of three letters)

Visuospatial ability:
Hooper visual organisation (Hooper)28 Visuospatial organisation; total (number of pictures identified)

Information processing speed:
Trail making test part A (trailsA)29 Speed and accuracy of visuospatial tracking; total time to completion (seconds)
Symbol digit modalities test (SDMT)30 Oral rate of information processing in a visual task; total (number of symbols transcribed in 90 seconds)

Executive functioning:
Wisconsin card sorting test (WCST)31 Generating hypotheses and abstract concepts, shifting mental sets, and utilising feedback; categories (number of

categories achieved), perseverative errors (persistence in responding to an incorrect concept), and total error (number of
perseverative and non-perseverative errors)

Stroop colour word test (Stroop)32 Mental flexibility and the ability to suppress a preferred response in favour of a competing novel response; interference
(index of the ability to resist interference from competing stimuli)

Trail making test part B (trailsB)29 Mental flexibility and visuospatial tracking; total time to completion (seconds)
AVective functioning:

Beck depression inventory (BDI)33 Depressive symptoms; total score
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ability to perform activities of daily living
(ADLs) (UPDRS ADL: mean=15.6 (SD
0.78); Schwab and England: mean=76.9%
(SD 1.9)), while they required moderate to
total assistance during the oV state (UPDRS
ADL: mean=30.3 (SD 1.0); Schwab and Eng-
land: mean=43.8% (SD 2.3)). Preoperative
mean total daily dose of levodopa was 468 mg
(SD 241) (range=50 to 1000 mg).

Outcome
Table 3 shows the means (SD) for the
neurological measures at the baseline, 3 month
follow up, and 12 month follow up evaluations
for the patients with right or left PVP in the on
and oV states. Overall, patients with right or left
PVP demonstrated significant improvements
in Hoehn and Yahr staging, UPDRS total
score, and UPDRS motor score in the on and
oV states between the baseline and the 3 month
and the 12 month follow up evaluations
(p=0.01). The 3 and 12 month evaluations did
not diVer significantly from each other on any
of these measures ( Hoehn and Yahr: on,
p=0.90, oV p=0.31; UPDRS: on p=0.61, oV
p=0.85; UPDRS motor: on p=0.88, oV
p=0.79). Three months after PVP, 100% of
patients showed motor improvements while in
the oV state, while 86% of patients showed
motor improvements while in the on state.
Between the 3 month and 12 month assess-
ments, three patients showed a 10 point decline
in UPDRS scores while on (95% maintained
improvements from 3 months, n=39), and four
patients showed a 10 point decline in UPDRS
scores while oV (90% maintained improve-
ments from 3 months, n=38).

Furthermore, patients with right or left PVP
experienced overall significant improvements

in UPDRS ADL scores, and Schwab and Eng-
land scores in the on and oV states post-PVP
(p=0.01). The 3 month and 12 month evalua-
tions did not diVer significantly from each
other on either of these measures (UPDRS
ADL: on p=0.81; oV p=0.71; Schwab and
England: on p=0.34, oV p=0.25). Three
months after PVP, 74% of patients showed
more than a 10 point improvement in Schwab
and England scores while on, whereas 88%
reported improvements in their ability to
perform ADLs independently while in the oV
state. Between the 3 month and 12 month fol-
low up evaluations, two patients showed a
decline (>10 point decline in Schwab and
England scores) in their ability to perform
ADLs independently in the on state (95%
maintained improvements from 3 months),
whereas 16 patients demonstrated declines
(>10 point decline in Schwab and England
scores) in their ADL ability in the oV state
(61% maintained improvements from 3
months). In general, improvements in the
patients’ motor functioning and ability to
perform ADLs were maintained for up to 1
year after PVP. These improvements were
achieved while most patients were maintained
on their pre-PVP mean total daily dose of levo-
dopa (p=0.18; table 3) and there was not a sig-
nificant change in other anti-parkinsonian
drugs.

LESION VERIFICATION

The size and location of the PVP lesion was
investigated 1 to 3 days postoperatively and at
a 6 month follow up evaluation by MRI
studies. A detailed description of the MRI pro-
cedure has been published elsewhere.34 In the
early phase and late phase images, the lesion

Table 3 Repeated measures ANOVA results for neurological measures†‡§

Measure

Pre-PVP 3 month Post-PVP

Pre to 3
months p
Value

12 month Post-PVP

Pre to 12
months p
Value

Right
Mean
(SD)

Left
Mean
(SD)

Total
Mean
(SD)

Right
Mean
(SD)

Left
Mean
(SD)

Total
Mean
(SD)

Right Mean
(SD)

Left
Mean
(SD)

Total
Mean
(SD)

H and Y staging (I–V)
On 2.69

(0.60)
2.62
(0.75)

2.66
(0.12)

1.69
(0.66)

1.79
(0.76)

1.74
(0.12)

0.01** 1.73
(0.97)

1.78
(0.74)

1.75
(0.14)

0.01**

OV 4.00
(0.71)

4.00
(0.66)

4.00
(0.12)

2.65
(0.56)

2.85
(0.70)

2.75
(0.11)

0.01** 2.65
(0.56)

3.02
(0.75)

2.84
(0.12)

0.01**

UPDRS Total (0–199)
On 46.8

(9.0)
44.4
(14.1)

46.2
(2.0)

20.6
(6.0)

23.9
(11.1)

22.3
(1.6)

0.01** 21.6
(9.8)

23.7
(10.7)

22.9
(1.7)

0.01**

OV 88.2
(19.2)

85.9
(17.5)

87.1
(3.0)

47.6
(12.2)

50.9
(15.7)

49.3
(2.5)

0.01** 47.0
(11.4)

52.1
(14.7)

49.5
(2.3)

0.01**

UPDRS Motor (0–144)
On 29.5

(8.1)
28.8
(10.7)

29.1
(1.7)

13.8
(4.8)

15.4
(8.9)

14.6
(1.3)

0.01** 14.7
(8.0)

14.8
(7.0)

14.8
(1.2)

0.01**

OV 55.6
(16.3)

55.0
(13.1)

55.3
(2.4)

31.8
(9.2)

32.6
(11.4)

32.2
(1.8)

0.01** 30.5
(8.1)

33.3
(11.1)

31.9
(1.7)

0.01**

UPDRS ADL (0–51)
On 15.5

(4.4)
15.7
(4.8)

15.6
(0.78)

7.15
(4.0)

7.90
(3.7)

7.53
(0.63)

0.01** 6.85
(2.8)

8.07
(3.4)

7.46
(0.53)

0.01**

OV 29.6
(6.7)

30.9
(5.7)

30.3
(1.0)

16.2
(5.7)

18.3
(5.4)

17.3
(0.91)

0.01** 16.2
(3.7)

18.6
(4.8)

17.4
(0.75)

0.01**

S and E ADL (0%–100%)
On 78.5

(8.0)
75.3
(12.6)

76.9
(1.9)

89.6
(8.0)

89.1
(7.1)

89.4
(1.2)

0.01** 87.7
(12.5)

89.3
(7.0)

88.5
(1.5)

0.01**

OV 43.1
(13.2)

44.5
(14.3)

43.8
(2.3)

67.3
(10.5)

63.6
(16.8)

65.5
(2.5)

0.01** 66.9
(10.3)

60.1
(15.4)

63.5
(2.4)

0.01**

Levodopa total daily dose
(mg)¶

481
(306)

463
(212)

468
(241)

587
(329)

500
(315)

526
(318)

0.19 613
(368)

515
(406)

545
(393)

0.16

†No significant diVerences between right and left pallidotomy patients on neurological variables; ‡time factor significant at p<0.01 for all variables unless noted; §3
months did not diVer significantly from 12 months on any neurology measure; ¶p<0.18.
ADL=Activities of daily living; H and Y=Hoehn and Yahr staging, higher number indicates more impairment; S and E=Schwab and England activities of daily living
scale, higher number indicates more independence; UPDRS=united Parkinson’s disease rating scale, higher number indicates more impairment.
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was located in the GPi in all instances. The
mean volume of the late phase lesions was 22
(SD 28.8) mm3.34

POSTOPERATIVE IMAGING STUDIES

Three study participants had adverse events on
postoperative imaging studies. Two patients
had small ischaemic infarctions involving the
corona radiata, and in one a venous infarction
at the entry site of the electrode was detected.
These findings were incidental in two patients,
but ischaemic infarction resulted in mild tran-
sient Broca’s aphasia in one instance. Patient 1
was a 62 year old white man with a 15 year his-
tory of Parkinson’s disease. After left PVP, he
had a mild aphasia that was found to be
secondary to a small ischaemic infarction
involving the corona radiata, the periventricu-
lar white matter, and the dorsal thalamus.
Patient 2 was a 71 year old white woman who
underwent a left PVP to relieve her contralat-
eral motor symptoms. A frontal cortical
subcortical venous infarction was detected on
the routine postoperative MRI at the entry site
of the electrode which, however, was asympto-
matic clinically. Patient 3 was a 61 year old
white woman who had a right PVP after 8 years
of PD. The incidental finding of an asympto-
matic small ischaemic infarction extending
from the pallidal lesion into the corona radiata
was also noted on routine postoperative imag-
ing. Despite these adverse events on postopera-
tive imaging studies all three patients benefited
from improvement in their motor function and
ADLs up to the 1 year clinical follow up. To
determine whether these adverse events on
postoperative imaging studies aVected cogni-
tive outcome after PVP, the neuropsychological
data were analysed a second time excluding
these three patients. Significant changes in
neuropsychological outcome based on the sec-
ond analyses are discussed below by cognitive
domain (see neuropsychology measures sec-
tion).

Table 4 shows the neuropsychological meas-
ures that demonstrated decline (greater than
1SD) from baseline for the three patients with
adverse events on postoperative imaging stud-
ies. Patients 1 and 2 showed subtle declines in
verbal memory, verbal fluency, information
processing, and executive functioning up to 1

year after PVP. Whereas the performance of
patient on trails A showed a stable improve-
ment from his baseline testing, his performance
on trails B declined, suggesting diYculty with
set shifting rather than the motor or infor-
mation processing aspects of the task. Patient 3
showed more subtle and transient declines
after PVP in information processing and
executive functioning with an improvement in
her aVective functioning 1 year after surgery.

NEUROPSYCHOLOGICAL MEASURES

Baseline
Table 5 shows the means (SD) for the baseline
neuropsychological scores for the patients with
right or left PVP. When the patients’ baseline
scores were compared with published norms
for age and education matched non-
Parkinson’s disease groups, average to low
average performance was shown on confronta-
tional naming (BNT), visuospatial organis-
ation (Hooper), verbal new learning (CVLT
total), verbal fluency (COWAT), and mental
flexibility (WCST). Information processing
tasks (SymDigit, trails A) were borderline
impaired and executive functioning tasks re-
quiring a verbal or motor output and switching
set or interference (Stroop, trails B) were
borderline to mildly impaired. Patients re-
ported a minimal level of depressive symptoms
before surgery. This pattern of cognitive
impairment is common in patients with
Parkinson’s disease and suggests involvement
of the frontostriatal cognitive system.35

Outcome by cognitive domain
Table 5 shows the means (SD) for the 3 month
and 12 month follow up evaluations for the
patients with right or left PVP. To distinguish
between improvements due to practice eVects
and improvements due to the eVects of surgery,
alternate test forms of the CVLT were admin-
istered in a counterbalanced fashion. Alternate
forms were not available for the remaining
tests; therefore, significant improvements in
these tests may be due to practice eVects and,
in the absence of a non-surgical control group,
must be viewed with caution.

Table 4 Scores for neuropsychology measures that declined after PVP for three patients with adverse events on postoperative imaging studies*†

Measure

Patient 1 Patient 2 Patient 3

Pre
Raw (SD)‡

3 months
Raw (SD)

12 months
Raw (SD)

Pre
Raw (SD)

3 months
Raw (SD)

12months
Raw (SD)

Pre
Raw (SD)

3 months
Raw (SD)

12 months
Raw (SD)

MMSE 28 28 27 27 27 29 29 26 27

CVLT Total 29 (−2.1)
24 (−3.2) 22 (−3.4)

39 (−1.2)
30 (−2.8) 31 (−2.2)

61 (0.60) 53 (−0.30) 52 (−0.40)↓−1.1 ↓−1.3 ↓−1.6 ↓−1.0

COWAT 28 (−0.30)
20 (−1.7) 18 (−2.0)

43 (0.60)
26 (−1.2) 19 (−2.0)

19 (−0.68) 18 (−0.72) 21 (−0.40)↓−1.4 ↓−1.7 ↓−1.8 ↓−2.6

SDMT 35 (−2.2)
24 (−3.4) 21 (−3.8)

35 (−2.2)
25 (−3.3)

27 (−3.1) 30 (−2.1) 21 (−3.0) 29 (−2.2)↓−1.2 ↓−1.6 ↓−1.1

Trails A 71 (−3.5)
42 (−0.65) 55 (−1.9)

46 (−1.3) 48 (−1.5) 38 (−0.39) 49 (−0.64)
80 (−3.0) 73 (−2.5)

↑−2.9 ↑−1.6 ↓2.4 ↓−1.86

Trails B 151 (−2.8)
288 (−8.0) 257 (−6.9)

147 (−2.2) 164 (−2.8)
200 (−4.2)

154 (−2.5)
199 (−4.1)

146 (−2.2)↓−5.2 ↓−4.1 ↓−2.0 ↓−1.6

WCST Total errors 59 (−1.3)
84 (−2.5)

72 (−2.0) 55 (−.57) 61 (−0.93) 60 (−0.86) 51 (−0.95) 51 (−0.95) 52 (−1.0)↓−1.2
BDI 1 1 3 4 4 8 12 15 6

*BNT, CVLT long delay, Hooper, and Stroop interference did not decline greater than 1 SD for three patients; †see table 2 for description of variables measured;
‡SDs are based on published test norms (see table 2 for references); ↓=decline from baseline >1 SD; ↑=improvement from baseline>1 SD.
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Mental status
No significant diVerences were found between
the baseline, 3 month, and 12 month evalua-
tions on the MMSE (p=0.91) and the
time×lesion side interaction eVect was non-
significant (p=0.33).

Verbal learning
Between the baseline and 3 month follow up
evaluation, patients showed a significant de-
cline in the total number of words recalled over
five trials on the CVLT (p=0.004). There was
not a significant diVerence between the base-
line and 12 month scores on this measure
(p=0.42); but the 3 month and 12 month
scores diVered significantly (p=0.04). The
time×lesion side interaction was not significant
(p=0.73). Time accounted for 22% of the vari-
ance in CVLT total scores, which is a
moderately large eVect size. Patients showed a
transient decline in verbal learning and
memory at 3 months post-PVP with a return to
baseline performance by the 12 month evalua-
tion. When the three patients with adverse
events on postoperative imaging studies were
excluded from this analysis, the decline in total
number of words recalled on the CVLT
remained significant but the magnitude de-
creased from the p<0.01 level to the p<0.05
level. Scores on the CVLT long delay did not
diVer significantly across time periods
(p=0.18), and the time×lesion side interaction
eVect was non-significant for CVLT long delay
(p=0.70).

Language
Scores on the BNT improved significantly
between the baseline and the 3 month evalua-
tions and between the baseline and the 12
month evaluations (p=0.01 and p=0.001,
respectively). Time accounted for 40% of the
variance in BNT scores, which is a large eVect

size. The 3 month and 12 month scores on the
BNT did not change significantly (p=0.29)
and the time×lesion side interaction eVect was
not significant (p=0.75).

With the exclusion of the three patients with
adverse events on postoperative imaging stud-
ies, verbal fluency scores on the COWAT
showed an overall non-significant trend for
decline over time (p=0.08). When these three
patients were included in the analyses, verbal
fluency showed a significant decline between
the baseline and 3 month evaluations and
between the baseline and 12 month evaluations
(p=0.04 and p=0.03, respectively). The 3
month and 12 month scores on the COWAT
did not diVer significantly (p=0.77) and the
time×lesion side interaction eVect was non-
significant (p=0.25). Time accounted for 14%
of the total variance in COWAT scores, which
is a small eVect size.

Visuospatial
Visuospatial organisation ability as measured
by the Hooper improved significantly between
the baseline and the 3 month evaluations and
between the baseline and 12 month evaluations
(p=0.02 and p=0.05, respectively). Time
accounted for 15% of the variance in Hooper
scores, which is a small eVect size. There was
not a significant diVerence between the 3
month and 12 month evaluations (p=0.99) and
the time×lesion side interaction eVect was not
significant (p=0.99).

Information processing
SDMT and trails A did not show significant
diVerences across time periods (SDMT:
p=0.85; trails A: p=0.77) and the time×lesion
side interaction was not significant for either
measure (SymDigit: p=0.74; trails A: p=0.12).
Patients did not show any significant changes

Table 5 Repeated measures ANOVA results for neuropsychological measures for total sample (n=42)†*

Measure

Pre-PVP 3 month Post-PVP
Pre to 3
months
p Value

12 month Post-PVP
Pre to 12
months
p Value

Right
Mean (SD)

Left
Mean (SD)

Total
Mean (SD)

Right
Mean (SD)

Left
Mean (SD)

Total
Mean (SD)

Right
Mean (SD)

Left
Mean (SD)

Total
Mean (SD)

Mental status:
MMSE (0–30) 28.4 (1.5) 27.7 (2.3) 28.0 (.34) 27.9 (1.8) 28.1 (2.3) 28.0 (0.36) 0.94 28.1 (2.1) 27.8 (2.3) 28.0 (0.37) 0.71

Verbal learning:
CVLT Total 1–5‡
(0–80)

41.4 (11.6) 41.6 (11.0) 41.4 (2.1) 39.2 (11.0) 37.1 (12.6) 36.5 (2.2) 0.004↓ 39.8 (14.1) 41.0 (10.4) 40.3 (2.2) 0.42

CVLT Long delay
(0–16)

8.33 (2.9) 8.08 (3.2) 8.18 (.58) 8.15 (4.0) 7.43 (3.7) 7.37 (0.68) 0.10 8.09 (3.8) 7.67 (3.9) 7.81 (0.73) 0.34

Language:
BNT (0–60) 52.8 (6.7) 52.3 (8.0) 52.3 (1.4) 54.8 (4.6) 53.7 (5.7) 54.0 (1.0) 0.01↑ 55.3 (7.6) 55.1 (7.6) 54.8 (1.4) 0.001↑
COWAT 32.2 (10.9) 32.8 (9.9) 32.5 (1.7) 31.6 (9.1) 28.3 (8.8) 29.9 (1.5) 0.04↓ 30.2 (11.4) 29.0 (12.1) 29.6 (1.9) 0.03↓
COWAT§ 33.3 (10.6) 32.6 (10.0) 32.8 (1.1) 32.8 (8.5) 28.7 (9.0) 29.9 (1.9) 0.07 31.0 (11.5) 29.8 (12.2) 30.2 (1.9) 0.06

Visuospatial:
Hooper (0–30) 23.1 (3.3) 23.1 (4.5) 23.1 (0.70) 24.1 (3.8) 24.1 (4.2) 24.1 (0.68) 0.02↑ 24.1 (3.8) 24.0 (4.3) 24.1 (0.69) 0.05↑

Info processing:
SDMT 37.8 (11.4) 34.0 (11.8) 35.9 (2.0) 36.2 (11.7) 34.6 (12.0) 35.4 (2.0) 0.74 36.9 (8.4) 35.4 (12.9) 36.1 (2.0) 0.89
Trails A 47.8 (24.6) 55.5 (29.8) 51.6 (4.9) 53.1 (26.9) 46.8 (18.2) 49.8 (3.7) 0.61 50.8 (22.6) 54.4 (33.4) 52.5 (5.3) 0.85

Executive functions:
Stroop interference‡ −0.904 (5.9) −0.309 (8.7) −0.606 (1.3) −3.72 (6.9) 0.629 (8.7) −1.54 (1.4) 0.41 1.08 (6.9) 3.77 (8.0) 2.43 (1.3) 0.02↑
Trails B 200.6 (189) 154.4 (107) 177.5 (23) 159.7 (81) 168.8 (130) 164.8 (20) 0.57 153.6 (66) 175.1 (165) 165.5 (25) 0.61
WCST total errors‡ 61.5 (15.9) 57.3 (16.5) 58.8 (2.9) 58.5 (22.8) 53.8 (20.2) 57.4 (4.0) 0.58 50.1 (21.8) 52.8 (22.4) 50.7 (3.8) 0.01↑

AVective functioning:
BDI§ (0–63) 13.2 (9.0) 8.90 (5.6) 11.1 (1.1) 9.15 (7.0) 7.28 (5.5) 8.21 (1.0) 0.02↑ 7.23 (5.6) 8.69 (7.2) 7.96 (1.1) 0.01↑

†No significant diVerences between right and left pallidotomy patients on neuropsychological variables; ‡Significant improvement between 3 month and 12 months
evaluations (p<.05); *Results did not change with the exclusion of three patients with postoperative adverse events unless otherwise noted; §COWAT scores exclud-
ing three patients with postoperative adverse events; §trend for diVerence between right and left PVP (p>0.05); Bold=Significant contrasts with significant time main
eVect (p<0.05); ↑=improvement; ↓=decline.
BDI=Beck depression inventory; BNT=Boston naming test; COWA=controlled oral word association test; CVLT=California verbal learning test, trials 1–5, long
delay; Hooper=Hooper visual organization test; MMSE=mini mental state examination; Stroop=Stroop colour word test, interference; WCST=Wisconsin card sort-
ing test, total errors.
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in their information processing abilities after
surgery.

Executive functioning
The total number of errors on the WCST
decreased between the baseline and 12 month
evaluations and the 3 month and 12 month
evaluations (p=0.01 and p=0.04, respectively).
The time×lesion side interaction eVect was not
significant for the WCST total error score
(p=0.45). Time accounted for 20% of the vari-
ance in WCST total error scores, which is a
small eVect size. Patients with right or left PVP
also demonstrated delayed improvement in the
ability to resist interference from competing
stimuli as measured by the Stroop test between
the pre-PVP and 12 month evaluations and
between the 3 month and 12 month evalua-
tions (p=0.01 and p=0.01, respectively). The
time×lesion side interaction eVect was not sig-
nificant for the Stroop test (p=0.26). Time
accounted for 21% of the variance in Stroop
interference scores, which is a small eVect size.
Time to completion of trails B, WCST catego-
ries, and WCST perseverative errors did not
show significant changes over time (trails B:
p=0.82; WCST categories: p=0.42; WCST
perseverative errors: p=0.21) and the
time×lesion side interaction eVect was not sig-
nificant for any of these variables (trails B:
p=0.32; WCST categories: p=0.29; WCST
perseverative errors: p=0.68).

HEMISPHERE SPECIFIC CHANGES

No significant main eVects for lesion side or
time×lesion side interaction eVects were found
for any of the neuropsychological measures.
The patients with right or left PVP did not dif-
fer on any neuropsychological measure be-
tween the preoperative and follow up evalua-
tions or between the 3 month and 12 month
assessments. A second series of repeated meas-
ures ANOVAs were performed to test the
interaction of sex and lesion side on neuro-
psychological outcome. The analyses did not
show any significant sex×lesion side interac-
tions. Male and female patients with right or
left PVP did not diVer significantly on any
neuropsychological variables.

AFFECTIVE FUNCTIONING

Scores on the BDI improved significantly
between the baseline and 3 month post-PVP
evaluations and the baseline and 12 month fol-

low up evaluations (p=0.02 and p=0.02,
respectively), but not between the 3 month and
12 month evaluations (p=0.84). The
time×lesion side interaction showed a non-
significant trend (p=0.07). In general, the
improvement in BDI scores was unrelated to
any alteration in antidepressant drug regimen.
When the three patients with adverse events on
postoperative imaging studies were excluded
from the analysis, the time×lesion side interac-
tion was not found to be significant (p=0.14;
table 5).

RELATION BETWEEN PREOPERATIVE MOTOR

SYMPTOM SEVERITY AND COGNITIVE OUTCOME

To assess the eVect of preoperative level of
motor symptom severity on cognitive outcome,
a repeated measures ANOVA with time (base-
line, 3 months, 12 months) as the within
subject factor and motor impairment (severe
versus mild to moderate) as the between
subject factor was conducted for each of the
cognitive variables that demonstrated a signifi-
cant diVerence at either 3 months or 12 months
post-PVP. The patients were divided into two
subgroups based on their preoperative Hoehn
and Yahr scores both in the on and oV states.
Patients who were severely impaired before
PVP (Hoehn and Yahr on>3 and Hoehn and
Yahr oV>4, seven patients) were compared
with patients with less severe preoperative
motor impairments ( Hoehn and Yahr on<2
and Hoehn and Yahr oV<3, 28 patients). The
mild to moderately motor impaired patients
did not diVer from the severely impaired
patients on any demographic variable
(p>0.05). As expected, the severely impaired
patients showed significantly worse preopera-
tive neurology scores while in on and oV states
(p<0.05). Table 6 shows the means (SD) of
each neuropsychological variable for the se-
verely impaired and mildly to moderately
impaired groups on the preoperative, 3 month,
and 12 month follow up evaluations. A signifi-
cant time×motor impairment interaction was
found for CVLT Total 1–5 (F(2,32)=3.19,
p=0.05). Post hoc analyses showed that the
severely impaired group had lower scores on
the CVLT at the 3 month evaluation than the
mild to moderate group (p=0.05). However,
patients with severe preoperative motor impair-
ments scored higher than those patients with
mild to moderate preoperative impairments on

Table 6 Repeated measures ANOVA results for significant neuropsychological measures by motor impairment

Measure

Pre-PVP 3 month post-PVP 12 month post-PVP

Mild/mod.
Mean (SD)

Severe
Mean (SD)

Mild/mod.
Mean (SD)

Severe
Mean (SD)

Mild/mod.
Mean (SD)

Severe
Mean (SD)

Verbal learning:
CVLT Total 1–5 (0–80)* 41.3 (10.6) 42.0 (14.1) 37.2 (12.4)† 32.1 (10.4)† 39.5 (11.2) 44.4 (14.0)

Language:
BNT (0–60) 53.1 (7.2) 49.4 (8.8) 54.0 (5.6) 52.9 (5.6) 55.5 (7.4) 52.1 (8.9)
COWAT 33.6 (10.1) 29.2 (10.0) 29.2 (9.6) 29.7 (6.4) 29.8 (12.4) 27.7 (9.6)

Visuospatial:
Hooper (0–30) 24.2 (3.5) 19.4 (4.5) 24.9 (3.6) 20.9 (4.0) 24.9 (3.7) 21.0 (4.2)

Executive functions:
Stroop interference −0.422 (8.0) −0.75 (7.7) −0.605 (8.7) −1.12 (7.3) 3.05 (8.0) 2.56 (6.8)
WCST Total errors 58.0 (17.2) 55.0 (8.2) 56.8 (22.2) 55.0 (19.7) 49.4 (21.8) 60.5 (35.7)

*Time×motor impairment eVect, p<0.05; BNT=Boston naming test; COWA=controlled oral word association test;
CVLT=California verbal learning test, Trials 1–5; Hooper=Hooper visual organisation test; Stroop=Stroop colour word test, inter-
ference; WCST=Wisconsin card sorting test, total errors.
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verbal learning at the 12 month evaluation,
with scores for both groups returning to base-
line 1 year after surgery (p=0.05; figure). No
other significant time×motor impairment inter-
action eVects were found for any of the other
neuropsychological variables. Patients with
mild to moderate preoperative motor impair-
ment did not diVer on cognitive outcome from
the patients with severe preoperative motor
impairment, with the exception of the CVLT
total score.

RELATION BETWEEN PREOPERATIVE COGNITIVE

FUNCTIONING AND COGNITIVE OUTCOME

To assess the eVect of preoperative cognitive
functioning on neuropsychological outcome, a
repeated measures ANOVA with time (base-
line, 3 months, 12 months) as the within
subjects factor and mental status (impaired v
intact) as the between subjects factor was con-
ducted for each of the neuropsychological vari-
ables that showed a significant change from
baseline at either 3 months or 12 months post-
PVP. The sample was divided into two
subgroups based on their preoperative MMSE
scores. Patients who registered preoperative
impairment on the MMSE (MMSE<26) were
compared with patients in the normal range
(MMSE>27).36 No significant time×mental
status interaction eVects were found for any of
the neuropsychological variables. Patients with
intact preoperative mental status did not diVer
significantly on cognitive outcome from pa-
tients who showed below expected mental sta-
tus scores preoperatively.

Discussion
This study of 42 patients with advanced
Parkinson’s disease who underwent preopera-
tive, 3 month post-PVP, and 12 month
post-PVP evaluations is the largest long term
follow up study of cognitive outcome after PVP
reported to date. While in the oV state, all
patients showed significant improvements in
motor symptoms 3 months post-PVP, with
these improvements being maintained by 95%
of the patients for up to 1 year after surgery.
These motor improvements were achieved

while maintaining patients on essentially the
same levodopa dosage as before PVP. There-
fore, the motor and cognitive changes after the
surgery are not likely attributable to increases
in medication regimens. The neuropsychologi-
cal testing was conducted during the patient’s
best on state to optimise patient performance
and to allow for completion of the neuro-
psychological testing battery. Consequently,
conclusions drawn from the results cannot be
generalised to a patient’s cognitive perform-
ance during the oV state.

SUMMARY OF NEUROPSYCHOLOGICAL

IMPROVEMENTS

Patients with right or left PVP showed
significant improvements in confrontational
naming and visuospatial organisation up to 1
year after PVP. Executive functioning tasks
produced an inconsistent trend toward im-
provement 12 months after PVP. Whereas per-
formance did not change over time on trails B,
patients were better able to resist interference
from competing stimuli on the Stroop test and
made fewer errors on a task of hypothesis gen-
eration. It is diYcult to determine the clinical
significance of these improvements without a
clear consensus of the influence of practice on
these measures. Consistent with previous
reports, patients reported lower levels of
depressive symptoms after surgery.9 11 Patients
reported minimal levels of depressive symp-
toms after PVP, which was an improvement
from the mild symptoms they reported before
surgery.

SUMMARY OF NEUROPSYCHOLOGICAL DECLINES

Our patients showed a transient decline in
learning verbal material 3 months post-PVP,
with this deficit returning to baseline scores by
the 12 month evaluation. This finding of
cognitive decline after unilateral PVP is gener-
ally consistent with previous reports of neuro-
psychological outcome after PVP.11 12 The
finding of transient declines in learning verbal
material may be clinically significant to patients
after PVP. Memory compensation techniques
(for example, memory journals, computerised
medication prompts) may be initiated before
surgery to prepare patients for these transient
memory problems after surgery.

The analyses were run excluding the two
patients with a previous neurosurgical history
and the three patients with adverse events after
surgery. When the two patients who had had a
previous neurosurgical procedure were ex-
cluded from the analyses, the findings did not
change. Thus, these patients were included in
the current analyses. When three patients who
had adverse events on postoperative imaging
studies were excluded from the analysis, a
decline in verbal fluency performance after
PVP was not found to be significant. This find-
ing suggests that larger lesions that may have
encroached on adjacent structures (for exam-
ple, internal capsule, putamen) may aVect cog-
nitive outcome after PVP. Patients with satis-
factory lesion placement and without adverse
events on postoperative imaging studies did not
show a decline in verbal fluency after PVP.

Impairment of verbal learning before and after pallidotomy.
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When Baron et al excluded the data from two
patients with small frontal subdural haemato-
mas, none of their neuropsychological variables
showed a significant change at 3 or 12 months
post-PVP.8 Our current findings, along with
those of Baron et al, highlight the need to
investigate the relation between the specific
nuclei and fibre bundles interrupted after PVP
and cognitive outcome.8

Our results diVer from previous reports in
that the expected hemisphere-specific decline
in verbal fluency for patients with left PVP
compared with patients with right PVP was not
found in the present study. Verbal fluency has
been shown in patients with head injury to have
high sensitivity to frontal lobe damage regard-
less of the side of lesion.37 The overall lack of
hemisphere-specific cognitive changes in a
patient population of adequate size to detect
diVerences suggests that cognitive deficits after
PVP may be due to changes in the basal ganglia
thalamocortical circuitry regardless of the side
of lesion placement. However, the lack of find-
ings may also be due to limitations in the scope
of the test battery. Future long term outcome
research utilising more comprehensive neuro-
psychological test batteries with repeated
measures multivariate analyses is needed to
replicate and validate the current findings.

The vast literature on the dissociation in
performance between verbal fluency and con-
frontational naming allows for further investi-
gation of the cognitive processes that may be
negatively aVected by PVP. When the total
sample was included in the analyses, the
current study found a significant decline in
verbal fluency and a significant improvement in
confrontational naming 12 months post-PVP.
Firstly, this dissociation suggests that the
decline in verbal fluency is not likely due to
word finding diYculties, which the BNT often
shows.38 39 Secondly, HuV argued that a disso-
ciation between these tasks may be due to the
automatic processing required by the BNT
compared with the eVortful processing re-
quired by the verbal fluency task.40 Thirdly,
Margolin et al argued that the tasks diVer in the
type of verbal processing that is required, with
a decline in verbal fluency suggesting phono-
logical processing dysfunction, rather than
semantic processing, which is required by the
naming task.41 Fourthly, the verbal fluency task
emphasises response speed whereas the nam-
ing task is not timed, suggesting that the disso-
ciation is related to general information
processing speed abilities. Fifthly, whereas ver-
bal fluency has been shown to be sensitive to
frontal lobe damage and mental flexibility
impairment, naming is dependent on frontal
and temporal lobe functioning and memory
retrieval.42 43 Declines in verbal fluency after
PVP may be due to failures in several cognitive
areas including eVortful processing, lexical
processing, general speed of information
processing, and mental flexibility.44 45 The total
number of words generated from the verbal
fluency task (the current measure of analysis)
does not provide information on these specific
underlying components of the task. Future
research into these components, including

semantic versus lexical processing, timed
versus untimed responding, and clustering (for
example, generating words within subcatego-
ries) versus switching (shifting between sub-
categories), may lead to a clearer understand-
ing of the specific cognitive processes aVected
by PVP.46

Patients with severe versus mild to moderate
preoperative motor impairment and those with
impaired versus intact preoperative mental sta-
tus were investigated separately to further
clarify the eYcacy of PVP for subgroups of
patients with Parkinson’s disease. With the
exception of a transient decline in verbal learn-
ing performance at 3 months post-PVP,
patients with severe motor impairment did not
diVer on cognitive outcome from patients with
less severe preoperative motor impairment.
Likewise and consistent with the findings of
Riordan et al patients with impaired preopera-
tive mental status did not diVer on cognitive
outcome from patients with intact mental
status.11 Patients with varying motor symptom
severity and mental status received equal
benefit from PVP with minimal changes in
cognitive outcome. It has been stated that
“dementia is widely accepted as a contraindica-
tion” for PVP.14 We think that patients with
mild to moderate dementia with MMSE scores
above 20 should not be denied surgery
automatically. Patients with more severe de-
mentia, on the other hand, are not suitable
candidates for surgery as they might not gain
suYcient benefit in daily activities even though
their motor symptoms might be improved.
Future research considering the utility of
preoperative cognitive status as an exclusion
criterion for PVP is needed for a consensus to
be reached.

Our investigation attempted to address
several methodological limitations present in
published reports of the neuropsychological
outcome after PVP, including sample size, fol-
low up periods, attrition rates, and practice
eVects, as well as to correlate accurate place-
ment of the lesion and the presence of
additional adverse events on postoperative
imaging studies with outcome. By contrast
with several preliminary reports, the present
study investigated a large sample of patients
who each received two follow up evaluations;
thus allowing for the use of repeated measures
multivariate statistical analysis to assess signifi-
cant diVerences over time and between right
and left PVP.8 10 15 Furthermore, the current 12
month follow up evaluation of cognitive
outcome was based on an adequate sample size
to draw more definite conclusions regarding
the long-term eYcacy of the surgery.

The reporting of rates of attrition in the
sample, along with the diVerences between the
study participants and those patients who were
lost to follow up, aids in describing the sample
and allows for more specific comparisons
across sites. To date, attrition rates have not
been considered in the pallidotomy literature.
The moderate attrition in the current sample
points out the main limitation of the study and
highlights the need to report rates of attrition in
future studies. Further analysis showed that
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most of those patients who were lost to follow
up were restricted by long travel distances and
elected to receive follow up evaluations closer
to home. The significant diVerences found
between the study participants and those who
dropped out may pose a threat to the external
validity of the study. Whereas study partici-
pants did not diVer presurgically from those
who dropped out either with motor problems
or in their ability to perform ADLs while in the
oV state, study participants were significantly
less impaired in motor function and more able
to perform ADLs independently while on than
those who did not return for both follow up
evaluations. Thus, the interpretation of the
current findings may be limited to patients who
demonstrate distinct on and oV states, with
mild to moderate impairments while on and
more severe impairments while in the oV state.
The presurgical diVerences between the study
participants and those who dropped out may
become more salient after surgery; therefore,
home visits may need to be implemented to
obtain follow up data on a larger number of
patients and to help reduce attrition rates.

Cognitive improvements were found for
several tasks in which alternate forms were not
available, raising the question of the role of
practice eVects on outcome. However, some of
these measures have been shown to be
relatively resistant to the eVects of practice.
The Hooper test and the BNT have high test-
retest reliabilities without a significant shift in
scores after repeated administrations (Hooper,
0.86; BNT,0.94).45 47 Although experience
with the Stroop test does aVect performance,
this executive functioning measure is more
resistant to practice eVects than the WCST,
which has a specific, easily conceptualised
solution.48 49 However, the Stroop test requires
a timed verbal response; therefore, an im-
provement in performance may be in part sec-
ondary to the marked motor improvement
seen after surgery. The SDMT and trails A
and B, which are tests with a prominent motor
component, failed to show the expected
improvement with practice, which may be evi-
dence of a negative outcome. On the other
hand, rather than showing the expected
practice eVects on the COWAT, patients
showed a decline in verbal fluency perform-
ance, suggesting that the main eVect of time on
COWAT scores may have been underesti-
mated in our study. Although the eVects of
practice cannot be ruled out in the current
study, it is unlikely that the demonstrated cog-
nitive improvements after PVP are due entirely
to previous experience with the measures.
Alternative methods for contending with prac-
tice eVects in serial assessment, such as
non-surgical comparison groups and statistical
methods (for example, growth curves and
change scores), need to be employed.

Due to the lack of a non-surgical comparison
group, we were unable to consider the role of
cognitive decline as a component of the natural
course of Parkinson’s disease after PVP. With
prevalence estimates of dementia ranging from
10% to 40% in patients with Parkinson’s
disease, PVP superimposes an intervention on

a progressive and highly variable disease.50–52 To
determine the proportion of changes after PVP
that are related exclusively to the surgery and
those that are related to natural cognitive
decline due to the progressive nature of the
disease, a systematic study including a non-
surgical comparison group and a more com-
prehensive neuropsychological battery would
be an invaluable addition to the literature.

Nonetheless, the current findings suggest
that male and female patients with right or left
PVP with varying preoperative mental status
and motor symptom severity receive equal
benefit from PVP for up to 1 year after surgery.
Although three patients showed subtle cogni-
tive decline subsequent to postoperative ad-
verse events, these patients received consider-
able motor benefit from the surgery allowing
them more independence in their ability to
perform ADLs. In the largest long term follow
up study of PVP reported to date, the cognitive
changes after unilateral PVP are minimal com-
pared with the robust improvements seen in
motor function.
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