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Cognitive function in patients with Parkinson's
disease undergoing stereotaxic thalamotomy

Morten Lund-Johansen, Kenneth Hugdahl, Knut Wester

Abstract
Objective-To determine whether thala-
motomy leads to cognitive disturbances in
patients with Parkinson's disease.
Methods-A total of 53 patients with
Parkinson's disease undergoing stereo-
taxic ventrolateral thalamotomy for
tremor and rigidity were tested for cogni-
tive functions before and after surgery.
The cognitive functions investigated
involved visuospatial perception and
memory, verbal memory, attention shift,
and executive functions including set
maintenance and shift. A neuropsycho-
logical test battery was used that con-
tained the Wisconsin card sorting test,
Street completion test, Stroop test, a
dichotic memory listening test, and a
facial recognition test.
Results-Clinically, a good or moderately
good effect on parkinsonian symptoms
was obtained in 50 patients. The neu-
ropsychological investigation showed that
the patients were impaired compared
with healthy age matched control subjects
on most tests, showing slight improve-
ment postoperatively on verbal memory
and visuospatial perception. No major
differences were found between tests
before and after operation, and there
were no significant differences between
patients undergoing surgery in the right
or in the left thalamus.
Conclusion-The study indicates that
ventrolateral thalamotomy does not
reduce the cognitive capacity in this
group of patients.

(7 Neurol Neurosurg Psychiatry 1996;60:564-57 1)
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Stereotaxic thalamotomy is an effective symp-
tomatic treatment in Parkinson's disease or
other movement disorders.' 5 In this opera-
tion, normal nervous tissue in the ventrolateral
thalamus is destroyed. Although the volume of
the lesion is small (about 50 mm3),2 the target
area has a critical location centrally in the
brain, and adverse clinical effects may there-
fore be caused by thalamotomy. However, the
risk of such complications is low, and most
patients function better after the operation.3 5

The strategically important location of the
thalamus in the diencephalon reflects its
involvement in various functions, such as sen-

sation, language, attention, and memory.6
Therefore, any of these functions may be
affected as a consequence of a thalamotomy.
Unless specifically investigated, such negative
effects may pass unrecognised, overshadowed
by the functional improvement that many
patients experience when their parkinsonian
symptoms are reduced.

Earlier studies of cognitive dysfunction after
thalamotomy mainly dealt with language, and
several studies from the pre-CT and
prelevodopa era showed adverse effects from
the operation.7 We have previously reported
changes in language perception in patients
with Parkinson's disease during and after thal-
amotomy. Using dichotic listening, we found
an acute reduction in the number of perceived
syllables after left sided thalamotomies, with
partial normalisation at three month follow
up."' In his 1992 review of language dysfunc-
tion in relation to thalamotomy, Crosson
stated that since his 1984 review on the role of
the thalamus in language "no significant data
have accumulated".6 " It is therefore uncertain
whether or not thalamotomy does lead to cog-
nitive disturbances in patients with
Parkinson's disease.

In the present study, we have, therefore,
applied a battery of neuropsychological tests to
a group of parkinsonian patients who under-
went stereotaxic thalamotomy. The selected
tests cover broad functions such as memory,
perception, attention, set shift and mainte-
nance, and executive functions as well as
hemispheric lateralisation. Furthermore, we
have compared the preoperative data of the
parkinsonian patients with those of age
matched healthy subjects. Finally, as lesions in
the speech dominant hemisphere might be
considered more hazardous in terms of pro-
ducing unwanted side effects, patients with
surgery on the left and the right thalamus were
analysed separately.

Materials and methods
PATIENTS
To be included in the study, the patients had
to meet the following criteria:
(1) Clinical indication for thalamotomy with
incapacitating drug resistant tremor, rigidity,
or both and a history of Parkinson's disease
lasting for more than two years.
(2) All patients were previously examined,
diagnosed, and medically treated as having
Parkinson's disease, and referred to our
department from a practising neurologist or a
neurological department.
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(3) Provided the patient consented to partici-
pate, he or she was presented with a neuropsy-
chological test battery consisting of five
different tests which were given preoperatively
as well as postoperatively. Not all the patients
were tested with all the tests (see later). For
the patient to be included, at least one test had
to be completed at both sessions (before and
after operation).

Altogether 53 consecutive patients (42 men,
11 women, age range 43-74, median 63 years)
were included in the study. The clinical sever-
ity of Parkinson's disease in each patient was
assessed with the Hoehn and Yahr scale,'2
which ranges from 0 (no signs of disease) to 5
(confined to a wheelchair or bedridden unless
aided). Twenty two patients were stage 1, 21
were stage 2, seven were stage 3, two were
stage 4, and one was stage 5. The indication
for thalamotomy was drug resistant severe
tremor alone (32), rigidity alone (13), or both
(eight). The thalamotomy was right sided in
28 and left sided in 25 patients. All patients
were regularly taking levodopa. Three of the
patients had previously undergone a thalamo-
tomy with only temporary relief and the opera-
tion was repeated. These were tested for
cognitive functions in connection with the
ipsilateral reoperation. No patients were oper-
ated on bilaterally.

All patients were routinely admitted to the
hospital three months after surgery for follow
up including neuropsychological testing. The
clinical evaluation of the effect of surgery was
based on the patient's functional level before
and after operation and scored into one of four
categories: good if the tremor or rigidity had
disappeared completely or nearly without any
adverse side effects; moderate if the symptoms
were reduced but still evident, or if the symp-
toms were abolished, but slight undesirable
side effects reduced the gain of the operation;
unchanged if no major effects could be seen;
or worse if the patient's situation was impaired
as a consequence of the operation. The
parkinsonian symptoms are rarely increased as
a result of a thalamotomy. Therefore, the cate-
gory worse included patients in whom any
adverse effects caused by the operation over-
shadowed the beneficial ones, leaving the
patient in a worse situation. The above classifi-
cation was based on the patient's own opinion
as well as the evaluation made by the physician
responsible. There was no disagreement
between the patients' and the physicians' eval-
uations.

Before testing, the patients were checked for
handedness using a Norwegian translation of
the questionnaire developed by Raczkowski et
al."3 This consists of 14 questions related to
manual functions, and one question related to a
pedal item (kicking a ball). To be classified as a
right hander, the patient had to indicate at
least 13 items as performed by the right limb.
All patients were right handed.

CONTROLS
The 53 patients were compared with age
matched healthy control subjects without
Parkinson's disease or dementia as tested with

the mini mental state questionnaire. (For the
Wisconsin card sorting and Street completion
tests, standardised norms were used for
comparison.'4 15) Unless otherwise noted in the
text, the pre-operative scores of the patients
were used for comparison with the controls.

SURGERY
All patients were operated on with a standard
procedure by one surgeon (KW). Details have
previously been published.'0 The stereotaxic
apparatus was of the Leksell type (Elekta
Instruments, Stockholm, Sweden). The target
area for thalamotomy was defined by CT, and
located in the ventrolateral thalamic nucleus 2
mm behind the midcommissural plane, 3 mm
above the intercommissural line, and 14 mm
lateral from the midsagittal plane. Two elec-
trodes were introduced into the target in a
plane parallel to the posterior branch of the
internal capsule, via a burr hole placed just
anterior to the coronal suture, 3 cm from the
midline. The electrode interdistance was 6
mm, and the uninsulated electrode tip mea-
sured 2 mm.
The lesions were produced by thermocoagu-

lation with a maximum temperature of
between 62°C and 65°C. If the parkinsonian
symptoms were not satisfactorily relieved by
this procedure, a new lesion was placed 1 or 2
mm vertically adjacent to the first, along the
same electrode tracks. Hence, the vertical
extension of the lesion was 2, 3, or 4 mm.

Cerebral CT was performed within three
months before surgery, in connection with the
stereotaxic procedure one to two days post-
operatively, and at the follow up.

NEUROPSYCHOLOGICAL TESTS
The patients were tested in three sessions; the
day before surgery, the day after surgery, and
at follow up. At each session, which lasted for
about an hour, a battery of five different neu-
ropsychological tests was given in the follow-
ing order: dichotic verbal memory test, Street
completion test, Bergen facial recognition test,
Stroop test, and Wisconsin card sorting test;
(table 1). Only data from the preoperative and
follow up tests are presented here. A total of
28 patients completed all tests in both ses-
sions. The remaining patients completed one
test (eight), two tests (one), three tests (four),
or four tests (12 patients).
A brief description of the tests is given

below.

Dichotic memory test
The dichotic memory test has previously
proved sensitive in reflecting changes in verbal
memory in localised head traumas'6 and
intracranial expansive lesions.'7
The dichotic stimuli consisted of six lists of

10 common Norwegian nouns and verbs which
were presented with free intervals of two sec-
onds via headphones to one ear of the subject,
and with each word simultaneously presented
in reverse to the opposite ear. After the first 10
word/inverse word pairs, the experimenter told
the subject to repeat as many of the words as he
or she could remember (immediate free recall),
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Table 1 Neuropsychological test battery applied to 53 Parkinson patients who underwent stereotactic thalamoto7ny: main
functions investigated by the tests and a briefsummary of the findings

Parkinson Patieents v Preoperative v
Test Function investigated control subjects postoperatnve

Wisconsin card sorting test Executive function, attention Lower number of categories, No difference
shift, set formation and within control range for
maintenance errors

Stroop test As above Slower than controls, more No difference
errors

Bergen facial recognition test Visuospatial function, spatial Recalled fewer items when No difference
perception and memory more than one face was

presented
Street completion test As above Recognised fewer items Postoperative improvement
Dichotic verbal memory test Verbal memory Recalled fewer items Better recall from left ear

postoperatively

and scored the number of correct words. The
next list of words was presented to the alternate
ear after about 20 seconds, the starting ear
being randomised. The test was continued until
the subject had received and responded to all

Figure 1 Examples of displays used in the Street completion test. The task of the patient is
to identify the object on each stimulus card. There are 20 cards in the test, with increasing
difficulty due to filtering of stimulus elements.

six lists of words. In order not to present the
subject with the same word lists on each test
occasion, three different versions of the test
were used. The words were read on to a
chrome-dioxide cassette and played to the sub-
ject from a Sony WM DD-II minicassette
player through SONY plug-in type earphones,
the experimenter receiving the same informa-
tion simultaneously from an additional headset.
Memory was scored for right and left ear

separately, and the average of the two values
was calculated as well.

Street completion test
This is a test based on the Gestalt psychology
principle of "visual closure" and measures
visual perception and recognition. It is particu-
larly sensitive to right hemispheric dysfunc-
tion.'8 The present version was the one used
by Gade et al ' and consists of 20 black and
white pictures that are progressively difficult to
recognise because of degradation of stimulus
information in the pictures (for example, see
fig 1). The subject was shown each picture for
10 seconds and told to identify the displayed
object. Each correct answer was scored.

Bergen facial recognition test
This test was designed by one of us (KH), and
was included to evaluate the existence of a
visuospatial deficit in parkinsonian patients.2' It
also taps spatial memory.2' 22 The subject was
presented with a series of nine line drawings
showing a symmetric cartoon type face, in
which the curving and angle of the eyebrows
and mouth each varied in three different
modalities, hence allowing a total of nine differ-
ent variations of the drawing (fig 2). Each face
was presented on a 21 x 29 cm card for five
seconds and then removed, and the subject was
then asked to identify the correct face on a ref-
erence card showing all nine faces. After nine
single faces had been shown, cards with two
faces were shown, thus requiring the identifica-
tion of two faces from the reference card. In the
third run, cards with three faces were used, and
after removal of the stimulus the subject was
similarly told to identify the three correct faces
on the reference card. Each correct answer was
scored.

Stroop test
The Stroop test measures the ability to shift
attentional set in order to conform to changing
demands.'423 Furthermore, it measures the
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Figure 2 Outline of the Bergen facial recognition test (BFRT). (A) Example of the single
face stimulus card (total of nine single cards). Each face displays an emotion rangingfrom
positive through neutral to negative by varying the angle of the eyebrows / \, \ 1, or - - and
the curve of the mouth, up, down, or straight line. (B) Two stimulus faces shown
simultaneously to the patient. (C) Three faces presented simultaneously. At the bottom is
the reference card. This is shown to the patient after each single, two, or three faces display,
and the patient responds by naming the numbers that correspond to the faces shown on the
stimulus card.

ability to suppress the brain's "default" setting
to first process semantic information in a stimu-
lus compound, when there is additional
competing information in the compound. In
the version of the Stroop test used here, three
21 x 29 cm cards were used. The stimuli on
each card were arranged in a 6 x 8 matrix. The
first card consisted of 48 colour dots (green,
blue, yellow, red, white, and black), and the
subject was asked to name the colour of each
dot as fast as possible. Naming time, errors,
and self corrected errors were scored (similarly
in all three cards). The second card displayed
48 colour words (the same colours as in card 1)
written in black against a white background.
The subject was asked to read the words as fast
as possible. The third card showed 48 colour

words, all written in incongruent colours (such
as the word "RED" written in blue). The sub-
ject was asked to name the colour of each word,
ignoring the word information, as fast as possi-
ble. The cards were presented in order as
described above, to maximise the Stroop effect
due to verbal priming from the reading task in
card 2 to the interference colour naming task in
card 3.

Wisconsin card sorting test
This test deals with frontal lobe executive
function, abstract concepts, and shift and
maintenance of attentional and motor sets. 14 15 24
The test is often used in neuropsychology. For
a detailed description see Heaton.'5 Briefly, in
the version used in this study the test person
was presented with four stimulus cards laid
next to each other on a table. Card 1 showed a
red triangle, card 2 two green stars, card 3
three yellow crosses, and card 4 four blue dots.
The patient was then asked to sort a deck of
64 cards similarly designed into four piles in
response to the experimenter, who responded
"right" or "wrong" each time the test subject
placed a card into one of the four piles. The
experimenter changed the sorting criteria
(colour, shape, number) in a standardised
fashion during the test without the test subject
knowing. The subject being tested therefore
had to find out and adapt to the new criterion
each time it was changed. The number of sort-
ing categories, errors, and perseverative errors
were scored.

STATISTICAL METHODS
For the comparison of preoperative versus
postoperative data in the same group of
patients, a type 2 two tailed Student's t test for
dependent samples was used.
When the right versus left operated patients

were compared, as well as when the patients
were compared with the controls, a type 1 two
tailed t test for independent samples was used.
In both circumstances, the limit of statistical
significance was defined as P < 0 05.
A separate analysis of variance (ANOVA)

was performed on the verbal memory data, to
evaluate interaction effects related to ear
asymmetry due to the dichotic presentation
mode.

Results
CLINICAL EFFECT AND CT FINDINGS
At follow up, the clinical effect of the opera-
tion was scored as "good" in 43 patients. In
seven patients there was a "moderate" benefi-
cial effect, two were "unchanged," and one
patient was regarded as "worse." This was a
man aged 70 years who had a 3 mm high
lesion in the right thalamus. This led to a
complete relief of rigidity, but he developed a
permanent reduction of muscle tone in his left
side, probably caused by effects on the inter-
nal capsule. As a result he had a tendency to
fall to the left, and his walking ability was
impaired.
The average height of the lesion was 2-96

mm in the right thalamus and 2-56 mm in the
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Table 2 Dichotic verbal memory test: data from 53
patients with Parkinson's disease and 32 age related
normal control subjects

Test Left ear Right ear
Side of lesionl occasion % (SD) % (SD)

Right n (n = 28) Preop 22 3 (111)* 24-8 (10 5)*
Postop 27.3 (14-1) -t 29-1 (16 0)*

Left (n = 25) Preop 24-7 (15-6)* 30 7 (11 7)*
Postop 28-4 (14-7)*t 32-2 (13 7)*

Controls (n = 32) 44-9 (16-0) 39 2 (13-9)

Data are % correct responses (SD). *Significantly different
from controls. tSignificantly different from preoperative
values.

Table 3 Street completion test: data from 46 patients
with Parkinson's disease and 30 age related healthy control
subjects

Correct recognition
Side of lesioni Test occasion % (SD)

Right (n = 25) Preop 52 9 (20 6)*
Postop 60 9 (21-7)t

Left (n = 21) Preop 52 5 (18 0)*
Postop 63 5 (17 8)t

Controls (n = 30) 63-5 (11 5)

Data are % correct responses (SD). *Significantly different
from controls. tSignificantly different from preoperative
values.

left; this difference was statistically significant
(type 1 two tailed t test, P = 0 05)
There was no difference in surgical out-

come between patients operated on the left or
the right side. The first postoperative CT typi-
cally showed a diffusely demarcated hypo-
dense lesion with a diameter of 5-10 mm in
the region of the ventrolateral nucleus of the
thalamus on the operated side. Usually, a
sharply demarcated and much smaller lesion
remained detectable on the scans obtained at
the three month control.

NEUROPSYCHOLOGICAL TESTS
There was no significant difference in the
number of tests that each patient succeeded in
performing before versus after operation (not
shown). The reason why some patients did not
complete all tests was usually fatigue.
Furthermore, a few patients at the beginning
of the study were not given all five tests. Three
patients were excluded from the Stroop and
the Wisconsin tests because of colour blind-
ness. Table 1 presents the main findings of the
test studies.

Table 4 Bergen facial recognition test: data from 42 patients with Parkinson's disease
and 30 healthy age related control subjects

Onie face Two faces Three faces
Side of lesion Test occasion % (SD) % (SD) % (SD)

Right (n = 21) Preop 64-5 (22-9) 44 0 (24.3)* 40-2 (32.2)*
Postop 65-1 (22-0) 44-6 (23.0)* 38-6 (25.3)*

Left (n = 21) Preop 64-5 (24 2) 48-2 (24.5)* 33.9 (24.4)*
Postop 69-8 (20 6) 41 7 (22.9)* 41-8 (18-4)*

Controls (n = 30) 75 9 (22 8) 67-9 (22 6) 57 0 (18 8)

Data are % of correct responses (SD). *Significantly different from control.

Dichotic memory listening
Compared with the controls, the patients
recalled significantly fewer items from the 10-
word lists (P < 0 05; table 2).

For both lesion sides, there was an

improved postoperative recall from the left ear

(P < 0 05). A separate analysis of variance
(ANOVA) was performed to evaluate any dif-
ferences between the right and left ear scores

for patients and controls. The ANOVAs were

performed separately on the preoperative and
postoperative data, and no significant ear

advantage was found among the patients.

Street completion test
The patients performed significantly worse

than the control subjects (P < 0 05). When
tested at follow up, however, the performance
level of the patients improved significantly
(P < 0 05, both lesion sides) with no differ-
ence from the normative data (table 3).

Bergen facial recognition test
When the recognition of only one face was

required, the patients responded within the
range of the control subjects. However, when
the demand was increased to two or three
faces, the patients' performance dropped sig-
nificantly below that of the controls
(P < 0 05).
The surgery did not significantly affect the

performance of the patients (table 4).

Stroop test

The patients were significantly slower than the
controls in responding to card 1 (colour dots)
and card 3 (incongruent colour/word) of the
test (P < 0 05). Furthermore, the patients pro-
duced more errors than the controls when
reading card 3 (table 5).

Surgery did not significantly affect perfor-
mance on any aspect of the Stroop test when
values before and after operation were com-

pared (both lesion sides). At follow up, the
patients with surgery on the right thalamus
produced fewer errors and self corrected errors

when reading card 3, but this improvement
failed to reach statistical significance.

Wisconsin card sorting test
When compared with the closest fitting age
matching norms, presented by Spreen and
Strauss14 for subjects aged 60-79 years, the
patients performed 2 SD below the normal
mean when comparing number of categories
achieved (table 6). The Spreen and Strauss
norms do not contain errors and perseverative
errors. These variables were therefore com-

pared with the norms of Heaton5 and were

found to be within the normal range, differing

Table 5 Stroop test: data from 32 patients with Parkinson's disease and 30 healthy age related control subjects
Side of lesion Test occasion Card 1 (SD) Errors C errors Card 2 (SD) Errors C errors Card 3 (SD) Errors C errors

Right (n = 14) Preop 40 4 (12-6)* 0 9 (1-2) 0 7 (1 1) 24-2 (11-6) 0-1 (0 5) 0 96-6 ( 49.5)* 4-2 (5.2)* 1-3 (1-5)
Postop 38-7 (10-9) 0 4 (0 6) 0-1 (0 4) 22-8 (5 5) 0-1 (0-3) 0 92-0 (45.1)* 2-4 (3 0) 0 9 (1-3)

Left (n = 18) Preop 409 (13-0)* 0-1 (02) 0-2 (04) 236 (78) 02 (05) 0 85-1 (30.4)* 7.7 (12-6)* 1-5 (24)
Postop 44-6 (13-6)* 0 3 (0.5) 0 5 (0 8) 25-5 (9-4) 0-1 (0 2) 0 98-7 (44.4)* 4.3 (4.6)* 3-1 (3 2)

Controls (n = 30) 33-1 (7-9) 0 2 (0 6) 0-3 (0-8) 20-1 (3-3) 0 0-1 (0 3) 68-8 (21-8) 1 2 (2-3) 1-2 (1-6)

Data are mean time required to read the three cards (SD), number of errors (SD), and number of self corrected errors (C errors) (SD).
*Significantly different from control.
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Table 6 Wisconsin card sorting test: data from 36 patients with Parkinson's disease
compared with standardised norms'4 15

Number of
categories Errors Perseverative errors

Side of lesion Test occasion % (SD) % (SD) % (SD)

Right (n = 17) Preop 2-6 (1-9) 38-7 (19-2) 8-5 (6 8)
Postop 2-3 (2-0) 41-6 (19-5) 11-5 (10-2)

Left (n = 19) Preop 2-4 (1-6) 38-4 (13-7) 9-3 (8 26)
Postop 2-2 (1-5) 35 9 (17-4) 10-5 (12-5)

Norms 5-6 (1-1) 32-5 (15-8) 11-8 (8 9)

Errors and perseverative errors are % of total responses (SD).

from the standardised norms by less than 05
SD.

For both lesion sides, the performance did
not change significantly after surgery.

INDIVIDUAL PATIENTS
When the patients were analysed as a group,
surgery did not seem to impair the patients
neuropsychologically. However, the possibility
might exist that individual patients were
impaired. To investigate this, we compared all
tests before and after operation for each of the
27 patients who had gone through all the five
tests on both test occasions. There were no
patients who showed impairment on all tests.
Seven patients had lower scores on four tests
postoperatively. In these cases, however, the
differences between values before and after
operation were usually small.

Furthermore, an increasing age may be
associated with a progressive risk of develop-
ing postoperative cognitive impairment.
Therefore, we investigated if there was any
correlation between the patients' age and the
cognitive outcome (postoperative versus pre-
operative neuropsychological state). No such
relation with age was found for any of the tests
(not shown).

Discussion
CLINICAL EFFECT OF STEREOTAXIC
THALAMOTOMY
The vast majority of patients in this study had a
clinical benefit from their thalamotomy, and
the results were similar to those reported by
other groups.3-5 Although there was a transient
slight hemiparesis in some patients postopera-
tively, their overall outcome was nevertheless
good at follow up, because the tremor and
rigidity were reduced to a minimum. We could
not follow up the patients for longer than three
months. However, as reported, a few patients
have been referred back to our department for
reoperation, which was carried out six to 12
months after the first operation.

Clinically, the effect of surgery was similar
in the right and the left hemisphere. However,
the right sided lesions were slightly, but signif-
icantly larger than those made in the left thala-
mus. When performing a thalamotomy, the
surgeon is faced with the dilemma of generating
a lesion that is large enough to relieve the
symptoms, yet small enough not to cause
adverse side effects, such as hemiparesis or
language difficulties. In most subjects, the lan-
guage dominant hemisphere is found on the
left side. We think that in left sided thalamo-
tomies, considerable attention should be paid
to the language aspect, and that the difference

in lesion size may reflect the surgeon's consid-
eration of this matter.

Cognitive functions
Two main conclusions can be drawn when
reviewing the data from the neuropsychologi-
cal tests. Firstly, the parkinsonian patients'
preoperative cognitive functions were reduced
in comparison with those of healthy subjects.
Secondly, the operation apparently did not
impair the patients' cognition, because the
preoperative and postoperative results were
similar. In some tests, the patients as a group
showed postoperative improvement. This
improvement, which was found in the verbal
memory and the Street completion tests, is
likely to be caused by learning effects of the
repeated test situations. We do not think that
the operation in fact improved the patients'
cognition. The patient and control groups
were not matched for premorbid IQ or
dementia. This may be done in future studies.
The relative failure to show clear adverse

effects of thalamotomy on cognition is some-
what at odds with previous reports. Vilkki
found that patients with surgery on the left
side were more affected than patients with
surgery on the right side when tested for visual
search, showing a type of hemispatial
neglect.25 Almgren et al found that patients
with left sided thalamotomy were more
impaired than patients with a right sided thala-
motomy on both a verbal memory test and the
Stroop task.26 However, none of these authors
found that cognitive function was in general
impaired after the operation. The sample sizes
were small in both studies, hence making it
difficult to draw definitive conclusions.
Another possible explanation of the discrepan-
cies between our results and previous studies
is that there has been a tendency to produce
smaller and more refined lesions during recent
years; for example, our lesions seem to be
somewhat smaller than those of Vilkki.25
Thalamotomy lesions have been made in dif-
ferent thalamic target areas.27 Thus the loca-
tion of the lesion within the thalamus may also
be crucial in eliciting or avoiding cognitive
deficts.

Visuospatialfunction
When testing visuospatial function, it is
important to use tests in which the motor
requirement is low or absent, to separate a
possible visuospatial dysfunction from the
motor impairment found in Parkinson's dis-
ease. The Street completion and the facial
recognition tests fulfil these criteria as the
patient's response is exclusively verbal.
Previous studies suggest that patients with
Parkinson's disease are impaired on visuospa-
tial functions such as judgement of line orien-
tation and face recognition.2028 Our results
from the Street completion and facial recogni-
tion tests are in line with these earlier findings,
thus supporting the hypothesis that a visu-
ospatial dysfunction is actually a clinical fea-
ture of Parkinson's disease.29 Table 4 shows
that in comparison with the control subjects,
this dysfunction became most obvious when
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the memory load was increased. Similarly, the
patients were particularly inferior to the con-
trols on the last part of the Street completion
test, in which the perceptual load on visuospa-
tial ability is increased compared with the first
part of the test. However, as no negative effect
of the operation was found, we conclude that
thalamotomy did not further impair visuospa-
tial function.

Dichotic memory
The dichotic presentation of the word lists in
the verbal memory test enabled us to study lat-
eralised effects, and to relate eventual asym-
metries in memory function to the side of the
lesion. As the left hemisphere is usually lan-
guage dominant, a lesion in the left thalamus
might theoretically produce deficits that could
be recognised as an impaired recall, particu-
larly from the right ear. Our results, however,
do not support this theory, because we did not
find any interaction between the side of the
lesion and an ear advantage. The improved
recall from the left ear postoperatively was
independent of side of lesion, and may be the
result of a learning effect. (see Hugdahl and
Wester30 for a review of the use of dichotic lis-
tening in asymmetry studies of patients with
brain damage.)

Executive and setfunction
For executive function and set maintenance/
shift as investigated by the Wisconsin card
sorting and Stroop tests, the patients again
showed deficits compared with the normative
data. Bowen et al suggested that these deficits
were specific to "switch cognitive set", rather
than attributed to a visuospatial dysfunction.3'
It was suggested that the impairment in
Parkinson's disease was related to the patients'
failure to shift their perspective repeatedly
between two spatial orientations (as when
shifting from the word to the colour in the
Stroop task). Our patients were not inferior to
the controls for errors and perseverative errors
on the Wisconsin card sorting test, although
they performed 2 SD below the norms on
some categories (table 6). This is in line with
the report by Taylor et al, who concluded that
"while the Parkinson patients generated signif-
icantly fewer categories, they did not charac-
teristically indulge in a perseverative response
style".32 Furthermore, Lichter et al did not find
any increase in perseverative errors in
Parkinson's disease." Taylor et al found that
their parkinsonian patients required more tri-
als to reach the first category (colour).32 Our
findings are in agreement with this, because
our patients required many trials to get the
first category right. The category "colour" was
particularly ignored, many patients tried
"number" and "form" repeatedly during the
first trials (not shown).

It is our impression that the largest "gap" in
cognitive function between patients and con-
trols was shown by the Stroop test. The results
from this test support the suggestion by Brown
and Marsden that patients with Parkinson's
disease are impaired on cognitive tasks that
require internal cuing for attentional shifts,

but that they are relatively unimpaired when
external cues are given.'4 Because the Stroop
test requires the subject to internally generate
the "colour" cue on each stimulus display, the
patients should be expected to perform worse
than normal controls. This was appropriately
shown in the present data, with an increase in
the difference between the patients and con-
trols when comparing performance on cards 1
and 2, with card 3 (being the Stroop interfer-
ence card). The easiest task is to read the
words on card 2, and this did not differentiate
between the patients and the controls. Thus
although the patients performed below the
normal controls also on the simple colour
naming task, they were particularly impaired
in the interference task on card 3.

Conclusions
Parkinsonian patients scored significantly
below normal controls when tested with a bat-
tery of neuropsychological tests dealing with
cognitive functions. Furthermore, our data
suggest that cognitive impairment was not
affected by thalamotomy. The impaired func-
tions fall mainly into the categories of visu-
ospatial and memory functions, and shifting
and maintaining attentional set. Although the
ventrolateral nucleus has connections to
several cortical areas (for example, precentral
and frontal gyri) that may affect cognitive
processes when lesioned, the operation obvi-
ously does not disrupt the functional integrity
of these cortical areas. The role of the non-
specific reticular nucleus in ventrolateral thala-
motomy is speculative. The reticular nucleus
borders the ventrolateral nucleus laterally, and
has connections to the ventrolateral nucleus.
An unproved hypothesis is that ventrolateral
thalamotomy may interfere with arousal or
activation mechanisms." This hypothesis may
be tested in future studies by including tests of
vigilance and activation.
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