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SUMMARY

The cognitive performance of a group of patients with multiple system atrophy (MSA) of striato-nigral
predominance was compared with that of age and IQ matched control subjects, using three tests sensitive
to frontal lobe dysfunction and a battery sensitive to memory and learning deficits in Parkinson's disease
and dementia of the Alzheimer type. The MSA group showed significant deficits in all three of the tests
previously shown to be sensitive to frontal lobe dysfunction. Thus, a significant proportion of patients
from the MSA group failed an attentional set-shifting test, specifically at the stage when an extra-dimensional
shift was required. They were also impaired in a subject-ordered test of spatial working memory. The
MSA group showed deficits mostly confined to measures of speed of thinking, rather than accuracy, on
the Tower of London task. These deficits were seen in the absence of consistent impairments in language
or visual perception. Moreover, the MSA group showed no significant deficits in tests of spatial and pattern
recognition previously shown to be sensitive to patients early in the course of probable Alzheimer's disease
and only a few patients exhibited impairment on the Warrington Recognition Memory Test. There were
impairments on other tests of visual memory and learning relative to matched controls, but these could
not easily be related to fundamental deficits of memory or learning. Thus, on a matching-to-sample task
the patients were impaired at simultaneous but not delayed matching to sample, whereas difficulties in
a pattern-location learning task were more evident at its initial, easier stages. The MSA group showed
no consistent evidence of intellectual deterioration as assessed from their performance on subtests of the
Wechsler Adult Intelligence Scale (WAIS) and the National Adult Reading Test (NART). Consideration
of individual cases showed that there was some heterogeneity in the pattern of deficits in the MSA group,
with one patient showing no impairment, even in the face of considerable physical disability.

The results show a distinctive pattern of cognitive deficits, unlike those previously seen using the same
tests in patients with Parkinson's and Alzheimer's diseases, and suggesting a prominent frontal-lobe-like
component. The implications for concepts of 'subcortical' dementia and 'fronto-striatal' cognitive dysfunction
are considered.

INTRODUCTION

In contrast to the extensive investigation of cognitive deficits in Parkinson's disease
(PD), Huntington's disease (HD) and progressive supranuclear palsy (PSP) (for a review
see Brown and Marsden, 1988), there has not been a single neuropsychological study
of multiple system atrophy (MSA), a condition which accounts for 5 —10% of parkin-
sonians. Multiple system atrophy is a term used to describe a progressive neurological
condition, usually incorporating a parkinsonian syndrome (striato-nigral degeneration)
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and often with additional autonomic failure (Shy-Drager syndrome) or cerebellar and/or
pyramidal signs [olivopontocerebellar atrophy (OPCA)] (Berciano, 1982; Oppenheimer,
1983; Quinn, 1989). Multiple system atrophy appears to have distinct neuropathological
signs, as shown from the recent findings of glial cytoplasmic inclusions, not only in
those regions where cell loss and gliosis are classically found in MSA, such as the
putamen, but also in the primary and premotor cerebral cortex and the paracentral gyrus
(Papp et al., 1989; Nakazato et al., 1990). As in PD, the brains of patients with MSA
show profound depletion of forebrain dopamine, noradrenaline and (more variably)
acetylcholine (Spokes et al., 1979).

Cognitive deterioration is not generally considered to be an integral feature of MSA
(Quinn, 1989). Although coincidental Alzheimer's disease can occur (Trotter, 1973;
Kosaka et al., 1981), this is seen at a rate no higher than in the general age-matched
population. The clinical impression is that global cognitive impairment is not a consistent
feature of patients with MSA. However, in our experience routine neuropsychological
assessment often reveals evidence of underfunctioning of variable and as yet undefined
cognitive deficits.

In this study we investigated cognitive function in a group of patients with MSA of
the striato-nigral type, concentrating on tests that we have found to be sensitive to frontal
lobe damage and PD. In recent papers (Downes et al., 1989; Owen et al., 1991) we
introduced an attentional set-shifting paradigm based on learning theory and showed
that unmedicated PD patients performed at least as poorly as either medicated patients,
who were later in the course of PD, or patients with neurosurgical lesions of the prefrontal
cortex. However, patients with temporal lobe excisions or amygdalohippocampectomy
are not impaired in this test, showing that the frontal lobe deficits have considerable
neural specificity. Another test suitable for assessing frontal lobe function is the Tower
of London planning task, which Shallice (1982) showed was sensitive to anterior cortical
damage. Owen et al. (1990a) confirmed that performance on a similar computerized
version of the test is impaired, in terms of both accuracy and speed measures of thinking,
in patients with neurosurgical lesions of the frontal (but not temporal) cortex. The
computerized version allowed the inclusion of a motor control condition, where the
subject had to make moves defined by the computer program, thus enabling true thinking
time on the test problems to be calculated by subtraction. Whereas frontal patients were
found to be less accurate on this task, and slower to think about the problems subsequent
to the first move (Owen et al., 1990a), patients medicated for PD were no less accurate,
but were significantly slower in making their initial move (Morris et al., 1988; Owen
et al., 19906, unpublished data). Finally, we employed a test of spatial working memory
that has again been found to be sensitive to frontal lobe damage, partly because of the
use of inefficient strategies for reducing the load on working memory (Owen et al.,
1990a). Performance on a similar test had previously been found to be normal in PD
patients on medication (Morris et al., 1988). Thus, in summary, we employed one test
(attentional set-shifting) identifying similar deficits in PD and frontal lobe patients, another
(Tower of London) which produced qualitatively different deficits, and a third (spatial
working memory) sensitive to frontal lobe damage but not to unmedicated or mild cases
of medicated PD.

In order to define the specificity of any deficits found with the tests of frontal lobe
function, we also administered, to most of the patients, tests from a battery which we
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had previously shown to be sensitive to memory and learning deficits in PD and
Alzheimer's disease (Sahakian et al., 1988).

SUBJECTS

Multiple system atrophy (MSA) patients

A consecutive series of 16 patients diagnosed as clinically probable MSA of striato-nigral type (MSA-SND)
was studied. All patients were diagnosed at the National Hospital for Neurology and Neurosurgery, Queen
Square, London, according to the criteria set out by Quinn (1989) (see Table 1). Cases 1 -15 had a poor

TABLE 1. CLINICAL FEATURES PRESENT IN MSA GROUP

Case

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Sex

M
M
M
M
M
M
F
M
M
M
M
M
M
M
M
F

Parkinson

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Cerebellar
—
-
+
+
+
+
-
+
+
+
-
-
-
_
+
_

Pyramidal

+
+
+
+
+
+
+
+
+
-
-

+ / -
+ / —

-
-
_

Autonomic

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Duration of
disease (yrs)

9.5
4.5
7.5
2
7
7
6
9
6

10
6
5.5
2.5

10
2
4

Hoehn and Yahr
stage

III
IV
V
III
III
III
III
V
IV
IV
III
IV
V
III
III
IV

+ = present; + / - = brisk reflexes+equivocal plantar responses; - = absent.

or absent response to levodopa treatment. Case 16 had greater than 50% response with dyskinesia and
fluctuations, but within 2 yrs had developed respiratory stridor, frequent falls, postural faintness and urinary
disturbance with abnormal sphincter EMG. The duration of the disease averaged 6 yrs, taken from the
time of initial symptoms. All but two patients had received a CT scan. One of these two received instead
an MRI scan. Six of the patients also underwent [l8F]fluoro-dopa PET scans. Only two of the 16 MSA
patients were not receiving medication at the time of testing. All of the remainder were receiving levodopa
preparations or bromocriptine. Two patients were receiving the anti-cholinergic drug benzhexol (Artane).

Normal controls

Control subjects were drawn from a large population of volunteers aged between 35 and 70 yrs from
London, Cambridgeshire and Newcastle upon Tyne (North-East Age Research Panel). These controls
had no history of neurological or psychiatric disorder. From this population, two control groups were
selected separately for the Working Memory and Planning (control group 1; n = 16) and for the Visual
Memory batteries (control group 2; n = 15), matched for age and NART IQ. The performance of the
MSA group on the ID/ED attentional shift task was evaluated by comparison with a control group
(n = 32, two for each MSA patient) chosen on a blind basis, but matched overall for age, NART IQ
and male:female proportion.

Informed consent was obtained from all patients and controls.
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METHODS

Clinical neuropsychological assessment

All patients and controls were tested on the National Adult Reading Test (NART) (Nelson, 1982) to
obtain an estimate of their optimal intellectual ability. All but one of the patients received routine clinical
assessment in the Department of Psychology, The National Hospital, including a shortened form of the
WAIS or WAIS-R (Wechsler, 1955, 1981). Verbal IQs were prorated from the Vocabulary, Similarities,
Arithmetic and Digit Span subtests. Performance IQs were prorated from the Picture Completion, Block
Design and Picture Arrangement subtests. Similarly, all but one MSA patient received the Recognition
Memory Test (Warrington, 1984). Thirteen patients received tests of visual perception (Unconventional
Views and Incomplete Letters tests) (Warrington and James, 1967; Warrington and Taylor, 1973). For
the McKenna Naming Test (McKenna and Warrington, 1983) scores were available for nine of the 16
patients. Time constraints and physical disability made it impossible for all tests to be administered in
the clinical session.

Experimental computerized tests

The main testing procedures were taken from the Cambridge Neuropsychological Test Automated Battery
(CANTAB), a series of cognitive tests run on an Acom BBC Masterl28 Microcomputer, with a high
resolution Microvitec 30 cm VDU and a Microvitec Touchtec 501 touch-sensitive screen. These were
generally administered in two test sessions, one of approximately 90 min and one of 45 min. Subjects
were seated approximately 0.5 m from the monitor and it was explained that they would have to respond
to stimuli by touching the screen.

They were introduced to the apparatus by way of a 'sensorimotor screening task' in which they were
asked to respond to a series of flashing crosses on the screen by placing the index finger of their preferred
hand on the centre point of each cross. All subjects satisfactorily completed this task and so were allowed
to proceed to the following experimental tests. The first three tests were then taken from the CANTAB
Working Memory and Planning tests (see Owen et al., 1990a).

Spatial short-term span. In this computerized version of the Corsi Block Tapping task, the ability of
subjects to remember a sequence of squares highlighted on the screen was determined. Each trial began
with the same arrangement of nine white 3 cm squares arranged quasi-randomly in the space of the screen.
Subjects were instructed to observe the boxes, as some would change colour one after the other. Their
task was to remember the location and the sequential order of the boxes changing colour. During each
series, one box would change colour for 3 s and then return to white before the next in the sequence changed
to the same colour. The subject was then prompted by a tone to repeat the sequence by touching the boxes
in the same order. During this response sequence, each selected box changed to the same colour for 1 s
and a feedback tone sounded. Following one demonstration trial by the experimenter, the task began at
the simplest level of difficulty with a two box sequence. After each successful trial, the number of boxes
changing in the next sequence was increased by one to a maximum of nine boxes. After an incorrect attempt
at any particular level, an alternative sequence of the same length was presented. This continued until
the subject had failed three consecutive trials at any one level. During each trial, a number in the bottom
left-hand corner of the screen indicated the length of the current sequence. Also, all boxes changed to
the same colour within each series, although on any two adjacent sequences different colours were used
to minimize interference. The spatial short-term memory span was calculated as the highest level at which
the subject had successfully recalled at least one sequence of boxes. The number of errors made in attaining
this level was also recorded.

Spatial working memory task. In this task the subject was required to 'search through' a number of coloured
3 cm boxes presented on the screen, by touching each one in order to 'open it', thus revealing its contents
(see Fig. 1A). The colours of the boxes stayed constant within a trial, but varied over trials. The goal
was to collect blue 'tokens' hidden inside the boxes, and once found, to use them to fill an empty column
at the side of the screen. The subjects were instructed that at any one time there would be a single token
hidden inside one of the boxes. Their task was to search until they found it, at which point the next token
would be hidden. The key instruction was that, once a blue token had been found within a particular box,
then that box would not be used again to hide a token for that particular trial. Since every box was used
once, on each trial the total number of blue tokens to be found corresponded to the number of boxes on
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B

FIG. 1. A, the arrangement of boxes on the sceen for the spatial working memory task. The example shows a six
box trial, in which one of the boxes has just been chosen to reveal a 'blue token' which can now be added to one already
in the column on the right-hand side of the screen. This leaves the subject with four more tokens to find, in boxes
in which they have not previously been located, B, a sample three move problem for the modified Tower of London
task. The goal position of the balls is shown in the top arrangement, c, sample pairs of compound stimuli and their
arrangement on the screen in the ID/ED attentional set-shifting task.

the screen. In this task, two types of search error are possible. First, a subject may return to open a box
in which a blue counter has already been found (a 'between search' error). Secondly, a subject may return
to a box already opened in the same search sequence (a 'within search' error). Subjects could search the
boxes in any order, but for control purposes, the number of boxes visited (excluding errors), before a
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token was found was determined by the computer. Thus, each subject received the same degree of feedback
prior to the first error. After two practice trials with three boxes, there were four test trials with each
of four, six and finally, eight boxes. The task was scored according to the number of between and within
search errors at each level of difficulty. An efficient strategy for completing this task is to follow a
predetermined search sequence, beginning with a particular box and then returning to start a new sequence
with that same box as soon as a token has been found. The extent to which this strategy was used was
calculated from the number of search sequences starting from the same box, within each of the six and
eight box problems. The total of these scores provided a single measure of strategy for each subject, with
a high score representing low use of the strategy and a low score representing more extensive usage.

Planning task. This task is closely related to one developed by Shallice and McCarthy, the 'Tower of
London', that provides simpler versions of the 'Tower of Hanoi' problem (Shallice, 1982). Two sets of
three coloured balls were presented, one in the top half of the screen and one in the bottom half. These
were described to the subject as snooker balls since they appeared to be hanging in 'pockets' or 'socks'
(see Fig. 1B). There were three pockets in each half of the screen, one that could clearly hold three balls,
one that could hold two balls, and one that could be completely filled by one ball. On each trial a red
ball, a blue ball and a green ball were placed in predetermined positions in the pockets of each of the
two displays. The subject was asked to rearrange the balls in the bottom display, such that their positions
matched the 'goal' arrangement in the top half of the screen. A ball could be moved by the subject first
touching it and then touching an empty position in one of the other pockets. Once selected, a tone sounded
and the rim of the ball began to flash, indicating that it was ready to be moved. At any time, the subject
could cancel a selected ball by touching it a second time. 'Illegal' moves, such as trying to remove a ball
while there was another sitting above it in the same pocket, were carefully explained to the subject and,
if attempted, they were registered, but evoked no response from the computer.

The starting position of the balls was varied such that in any particular trial the solution could only be
reached after a minimum of two, three, four or five moves. Subjects were instructed to examine the position
of the balls at the beginning of each problem and attempt to solve it in the minimum possible number
of moves. This was given to them verbally and displayed on the screen throughout each trial. They were
encouraged not to make the first move until they were confident that they could execute the entire sequence
needed to solve the problem. The maximum moves allowed corresponded to twice the minimum number
possible plus one, or plus two, in the case of five-move problems. Following the successful completion
of each problem, the VDU displayed the word 'FINISHED', before moving on to the next trial. The program
stored the number of moves required by the subject to rearrange the balls and measured the selection and
movement latencies for both the first and the subsequent moves. After six practice problems with one
and two moves, the subject was given two each of two and three move problems and four each of four
and five-move problems. These test problems corresponded exactly to those used in the original Tower
of London test.

For each test problem, a 'yoked control' condition was employed to provide baseline measures of motor
initiation and execution times. On each trial of this control condition, the subject was required to follow
a sequence of single moves executed by the computer in the top half of the screen by moving the corresponding
ball in the lower arrangement. Thus, initially the two arrangements differed by just one ball. Once the
subject had made the appropriate move, the top arrangement changed again, so that the subject had to
make another single move. The test was 'yoked' to the main test in the sense that in each trial, the movement
of the balls was an exact replication of those moved by the subject in the corresponding test trial. The
measurement of selection and execution latencies in this control condition provided baseline estimates of
motor initiation and execution times.

Test trials and 'yoked' control trials were arranged in four blocks of six problems each. The first six
test trials were given (two problems at each of two, three and four moves), followed by their corresponding
'yoked' control trials. Then the remaining six test problems were presented (two at four moves and four
at five moves), followed by their yoked control trials. Between each block change there were two practice
trials to ensure that the requirements of the current set of tasks had been fully understood.

(i) Accuracy measures of performance. Across the 12 test problems, two measures relating to the number
of moves required to reach solution were calculated: (1) the mean number of moves above the minimum
possible ('excess moves") provided a general measure of group performance at each level of difficulty;
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(2) the proportion of problems solved in the minimum number of moves ('minimum move solutions")
provided more specific information about task difficulty.

(ii) Latency measures of performance. Baseline measures of motor initiation and motor execution times
were extracted from the 12 'yoked control' trials. In all cases, latencies were recorded in centiseconds
and converted to seconds for the purpose of presentation. The 'motor initiation time'was the mean
time between the onset of each problem, and the initiation of the first move (i.e. a correct touch
of the required ball). The 'motor execution time' was the time between touching the first ball and
completing the sequence of single moves that comprise the whole problem. Since these control
problems were yoked to the test problems, the total execution time was divided by the number of
moves to provide an estimate of the average movement time per move.

The motor initiation and execution times were used to derive estimates of planning or 'thinking' time
in the main task. Two separate estimates were calculated. In each problem, the 'initial thinking time' was
the time between the presentation of the problem and the first touch, minus the corresponding motor initiation
time, as calculated from the 'yoked control' task. The 'subsequent thinking time' was the time between
the selection of the first ball and the completion of the problem minus the total motor execution time from
the corresponding control problem. Since this measure clearly varied with problem length, subsequent
thinking time scores were divided by the number of moves to give an estimate of the average thinking
time 'per move'. In this way, pure estimates of initial and subsequent thinking times were derived,
unconfounded by motor initiation or execution times.

Intra- and extra-dimensional (ID/ED) set-shifting paradigm. The test set-up and stimuli were shown
to the subjects. Four rectangular boxes, to the top and bottom and to the right and left of centre, appeared
on the screen. Two of these contained the test stimuli but the boxes used changed from trial to trial. Subjects
were instructed in the following way:

'Now you can see two patterns. One of the patterns is correct. You must point to the one you think is
correct. There is a rule you can follow to make sure you make the correct choice each time. The computer
will be keeping track of how well you are doing and when it is clear that you know the rule the computer
will change it, but this will not happen very often. To begin with, there is nothing on the screen to tell
you which of the two patterns is correct, so your first choice will be a simple guess. However, the computer
will give a message after each attempt to tell you whether you are right or wrong. You can start now.'

The test then proceeded through a number of stages, each with a different contingency, up to a maximum
of nine (see Fig. lc). For each, continuation to the next stage was dependent on a criterion of six successive
correct discriminations being reached. If criterion was not reached at the 50th trial of a stage, then the
test was discontinued and subjects did not proceed to the following stage. The order of discrimination
was fixed, so that the ED shift always followed the ID shift. However, previous work has established
that comparable effects are found when the alternative ordering is used (Roberts et al., 1988). More detailed
rationales for the exact design of the test can be found in previously published articles (Roberts et al.,
1988; Downes et al., 1989).

To begin with, subjects were given a simple simultaneous discrimination in which the stimuli varied
along only one of the two 'dimensions' for deriving the stimuli. These dimensions were purple-filled shapes
or white lines. The starting dimension was balanced across subjects and groups. A response to one of
the two boxes containing the stimuli resulted in an auditory tone, together with visual feedback which
informed the subjects of the correctness of their responses. This feedback was in the form of the words
'correct' and 'wrong' presented respectively in green and red lettering above the middle two boxes. The
same feedback was used for each of the subsequent stages. After 1.5 s the screen cleared and an inter-trial
interval of 1 s was begun.

Following the initial simple discrimination (SD), the remaining eight stages were as follows. For the
second stage, simple discrimination reversal (SDR), the discriminanda remained the same, but the previously
incorrect choice became the correct one and vice versa, i.e. the contingencies were reversed. At the third
stage, compound discrimination (with spatially separated elements) (C-D), the second dimension was
introduced with one exemplar of each dimension paired together to form a compound stimulus in two
of the response boxes. To succeed, a subject had to continue to respond to the correct exemplar of the
previous stage. For this and all subsequent stages, exemplars of the different dimensions were paired in
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a pseudorandom fashion so that all four possible compound stimuli were used, with the constraint that
runs of no more than three trials with the same pairings were allowed. The stimuli for the fourth stage,
compound discrimination (with elements superimposed) (CD) and subsequent stages were also compounds,
but the two exemplars from the different dimensions were superimposed, with the white line always in
the foreground. The contingencies were again unchanged from those for the previous two stages. A reversal
then occurred at the fifth stage (CDR). New exemplars for both dimensions were introduced at the sixth
stage, the intra-dimensional shift (IDS), but the relevant dimension (i.e. shapes or line) was unchanged
from Stage 1. This was followed by a further reversal at the seventh stage (IDR). For the penultimate
stage, the extra-dimensional shift (EDS), new exemplars were again introduced, but success at this point
was dependent on the subject shifting response set to the exemplars of the previously irrelevant dimension.
Finally, contingencies were reversed to the previously incorrect exemplar of the new dimension (EDR).
The main measure of performance on this task was the stage successfully attained.

Tests of visual memory and learning. It was not possible to administer the complete battery to all of
the MSA patients because of the occasional need to limit the length of the test session in order to avoid
fatigue. The patients received computerized tests of visual memory and learning identical to those previously
described in detail (Sahakian et al., 1988). These included tests of pattern and spatial recognition (n = 15)
simultaneous and delayed matching to sample (n = 13) and a conditional visuospatial associative learning
task (n = 11). In the pattern recognition test, subjects were shown a number of abstract visual patterns,
one after another on the VDU, before being asked to point to which one of two they had previously seen.
There were two blocks of 12 patterns to remember. In the spatial recognition test, a white square moved
around the VDU screen to five locations in turn. In the test phase, the subjects were asked to point to
the locations where they had previously seen the square, in a two-alternative forced choice procedure.
The test comprised four blocks of five locations each. In the matching to sample test, subjects were shown
a sample abstract visual stimulus on the VDU and were then asked to point to the one which matched
exactly this sample from an array of four such stimuli. In the delayed matching-to-sample component,
the sample stimulus was turned off before the matching stimuli appeared, either 0 s, 4 s, 8 s or 16 s later.
There were five trials in each condition. In the conditional visuospatial associative learning task, subjects
were required to remember or learn the locations of abstract visual stimuli in not more than 10 repeated
trials. The test began with the requirement to remember the location of only one stimulus, then there were
sets of two, three, six and eight stimuli to remember. If the subject failed to reach criterion at any stage,
the test was discontinued.

Statistical analysis

For most of the dependent variables, analysis of variance was used. Where appropriate the data
were transformed to meet the assumptions of this method. For most of the test variables, the ANOVA
model was a two factor design which included a Between Subjects fartor (Group) and a Within Subject
fartor (e.g. Difficulty Level). Analysis of significant interactions was made by determining the Simple
Main Effects (Winer, 1971, pp. 544—545) and with appropriate post hoc comparisons based on the
Newman-Keuls test.

For the ID/ED task, the data for the numbers of subjects passing or failing each stage of the test were
cast into contingency tables and analysed using the Likelihood Ratio method (Kullback, 1968; Robbins,
1977). The Likelihood Ratio method is particularly useful for analysing data with small cell frequencies
and the resulting 'information' statistic (2i) is distributed as x2 (Kullback, 1968).

The complete control samples were also used to obtain a percentile range of performance on each test
for the purpose of assessing the significance of deficits in individual patients.

RESULTS

Clinical neuropsychological tests
The MSA patients and controls were matched for age and NART IQ. The mean age

and NART estimated IQ for the MSA group was 55.2 (SD = 7.7) yrs and 111.5
(SD = 8.7), respectively. The mean ages of the three control groups were: Group 1,
54.6 yrs (SD = 7.3); Group 2, 56.5 yrs (SD = 5.8); Group 3, 56.6 yrs (SD = 5.7).
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The respective mean NART estimated IQs for the control groups were 112.6 (SD =6.7) ,
111.7 (SD = 7.5) and 111.9 (SD = 7.0). Table 2 shows the characteristics of the
individual patients for age, NART IQ, WAIS Verbal and Performance IQs, and

TABLE 2. NEUROPSYCHOLOGICAL CHARACTERISTICS OF MSA GROUP

ase

1
2
3
4
5
6
7
8
9

10
11
12
13

15
16

Age

61
53
54
54
54
44
54
54
64
66
51
59
57
69
50
39

NARTIQ

114
106
121
104
113
124
93

121
107
117
116
114
121
102
110
101

WAIS Verbal IQ

124*
99*

114
112*
113
126
93

127
107
103
102*
101
122
nt

105
98*

WAIS Performance IQ

108*
90*

116
112*
105
135
97

114
104
107
90*
nt

116
nt

120
99*

Recognition
Memory Tests
(scaled score)

Words

15
7

12
7

13
15
7

10
15
12
10
10
15
nt
3

13

Faces

12
7

13
9

13
17
7
8

13
3
9

nt
16
nt
4

15

nt = not tested. * Predicted WAIS IQs converted from WAIS-R (Crawford el al., 1990).

Recognition Memory test scores. Only three of the MSA group had a discrepancy between
their NART IQ and WAIS Verbal IQ scores of more than 10 points. Thus, the majority
of the group showed no evidence of intellectual deterioration. Similarly, in spite of the
fact that these patients were motorically impaired, only three had WAIS Verbal
Performance discrepancy scores greater than 10 points. No clear pattern of deficits was
revealed in the subtest scores. For the Recognition Memory test, on the verbal version
one patient was severely impaired and another three showed mild deficits when compared
with their expected scores. On the visual version two patients were severely impaired
and a further three were mildly deficient. Thus, nine out of 15 patients performed entirely
satisfactorily on this test, showing no memory deficits. No patient out of the 13 assessed
showed any perceptual deficit. No naming difficulties were evident in the nine patients
who were tested on the McKenna Naming test.

Experimental computerized tests

Spatial span

There were no significant differences in spatial span between the matched controls
and the MSA group (F = 2.89, d.f. = 1, 30; P > 0.05). The mean spans attained
for each group were: Matched Controls, 5.7 (SD = 1.14); MSA, 5.1 (SD = 0.93).
In attaining their highest span score the MSA group averaged only one error and the
control group, 0.4 (F = 3.64, d.f. = 1, 30; P > 0.05).
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Tests sensitive to frontal lobe dysfunction
Spatial working memory. Figure 2 shows the mean and SEM number of between search

errors at each level of difficulty (four, six and eight boxes) for the control and MSA
groups. Analysis of variance showed significant main effects of Group (F = 5.91,

n
o

c
o
a

3
00

FIG, 2. Between search errors on the spatial working
memory test at different levels of task difficulty for the MSA
( • ) and matched control (O) group.

B4 Be B8

Search Slze:Number of Boxes

d.f. = 1, 30, P = 0.02) and Difficulty Level (i.e. number of boxes, four, six or eight)
(F = 54.11, d.f. = 2, 60; P < 0.001). There was also a significant interaction between
Group and Difficulty (F = 3.48, d.f. = 2, 60; P < 0.05). Post hoc analyses of variance
at each Difficulty Level showed that the MSA group was significantly worse at the level
of eight boxes (F = 11.1, d.f. = 1, 30; P < 0.01) and the difference at the level of
six boxes approached significance (F = 3.52, d.f. = 1, 30, ns). Within search errors
were variable and at a low level, and so were summed over the levels of difficulty.
The control group averaged 3.38 (SD = 3.79) and the MSA group 10.0 (SD = 15.82)
errors, a non-significant difference (F < 1.0).

For the strategy score there was no significant difference between the groups [F < 1.0,
d.f. = l ,30 ;P > 0.05; mean (SD) scores, controls 34.4 (4.08) and MSA 35.56 (5.88)].

Tower of London. There was a non-significant trend for the MSA patients to be
significantly less accurate on the minimum moves measure of accuracy of thinking
(F = 3.63, d.f. = 1, 30; P > 0.05). Mean (SD) values were as follows: controls, 9.3
(1.58); MSA 8.3 (2.2). For the excess moves measure, mean (SD) scores are shown
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in Table 3. Analysis of variance showed no group effect (F = 1.92, d.f. = 1, 30;
P > 0.05). The mean scores for the latency measures are also shown in Table 3. For
initial thinking time, there was no significant group difference at any level of difficulty

TABLE 3. SUMMARY OF MEAN (SD) SCORES ON TOWER OF LONDON PLANNING TEST

Control group MSA
(n = 16) (n = 16)

Excess moves above the minimum
Two moves 0 0.03(0.13)
Three moves 0.25 (0.53) 0.50 (0.81)
Four moves 0.89(0.74) 1.44(0.97)
Five moves 1.33(1.41) 1.59(1.52)

Initial thinking time(s)
Two moves 1.49(0.80) 1.80(1.51)
Three moves 6.82 (4.25) 10.69 (8.87)
Four moves 9.33(5.16) 10.54(8.03)
Five moves 11.57(6.60) 12.81(7.57)

Subsequent thinking time(s)
Two moves 0.47 (0.56) 0.69 (0.83)
Three moves 0.58 (0.88) 2.58 (3.49)
Four moves 2.09 (2.78) 4.06 (2.58)
Five moves 1.49(1.86) 2.45(1.98)

(i.e. two, three, four or five moves) (F = 1.63, d.f. = 1, 30; P > 0.05). There was
a significant effect of difficulty (F = 21.67, d.f. = 3, 90; P < 0.001), largely because
of the large increase after the easier two move problems. However, there was no
significant interaction between Group and Difficulty (F < 1.0, d.f. = 3,90; P > 0.05).

For subsequent thinking time, there were significant main effects of Group (F = 8.28,
d.f. = 1, 30; P < 0.01) and Difficulty (F = 8.96, d.f. = 3, 90; P < 0.001), with
longer thinking times for MSA patients at the three, four and five move problems (see
Fig. 3).

As expected, movement times in the yoked control task differed significantly among
groups. The MSA group were significantly slower than the controls; for initial movement
time, F = 4.95, d.f. = 1,30; P < 0.05: for subsequent movement time, F = 17.89,
d.f. = 1, 30; P < 0.001. The mean values for initial movement time across task
difficulty varied from 2.98 to 4.42 s for the MSA group and 2.08 to 2.38 s for the
control group. Parallel data for subsequent movement time were: MSA, 3.55—4.40 s;
control, 1.82-2.28 s.

ID/ED set-shifting paradigm. Figure 4 shows the proportion of subjects passing each
stage of the ID/ED shift paradigm. These data were analysed using the Likelihood Ratio
method for contingency tables. Approximately 88% of control subjects passed all stages
of the test, whereas only 56% of the MSA group did so. This difference was significant
overall (2i = 5.63, d.f. = \,P < 0.02). Further analysis focused on individual stages
of the test, taking into account only subjects attempting those stages. This showed that
a significant point of failure occurred at the EDS stage in the MSA group. Here, two
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FIG. 3. Subsequent thinking time at two, three, four and
five move problems on the Tower of London task. • , MSA;
O , controls.
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out of 32 (6.66%) of control subjects failed, compared with six out of 15 (40%) of
the MSA patients (2i = 7.12; d.f. = 1, P < 0.01). Thus, the MSA patients exhibited
a significant and selective deficit in switching attention between the two dimensions.

Tests of visual memory and learning
The main results are summarized in Table 4.

Pattern and spatial recognition memory. Neither of these tests showed any significant
differences between the MSA and control groups.

Simultaneous matching to sample. There was a significant impairment in the MSA
group in the simultaneous matching component but not in delayed matching to sample
performance, even as a function of delay (F < 1.0, d.f. = 3, 78; P > 0.05).

Conditional visuospatial associative learning. All of the controls successfully learned
within 10 trials each set of pattern-location associations, up to and including the final
set of eight patterns. In the MSA group, two patients failed to reach criterion at the
level of six patterns. For the purposes of analysis of trials and errors to criterion over
the entire test, these subjects received scores of 10 (i.e. the maximum score) trials and
an error score one more than that of the worst control subject actually attempting the
most difficult level. Despite these adjustments, there were no significant differences
between the two groups over the test as a whole (see Table 4). Inspection of the data
at separate levels of difficulty within the test sequence showed that there were apparent
group differences before the most difficult sets of six and eight stimuli. For example,
at the easiest levels of the task where the locations of only one, two or three stimuli
have to be remembered, only four out of 15 of the control subjects made any errors
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FIG. 4. Cumulative proportion of MSA patients
( • ) (n = 16) and controls (O) (n = 32) reaching
criterion at various stages of the ID/ED attentional
set-shifting paradigm. See text for definitions of each
stage.

TABLE 4. SUMMARY OF RESULTS FOR VISUAL MEMORY AND
LEARNING BATTERY

Pattern recognition
(maximum 24)

Spatial recognition
(maximum 20)

Simultaneous MTS
(maximum 5)

Delayed MTS
(maximum 5)

0 s
4 s
8 s

16 s
Overall (maximum 20)

Conditional learning
Total trials to criterion
Total errors to criterion

MSA group Control group F ratio (d.f.) P <

19.3 (4.1)

14.8 (2.8)

4.4 (1.1)

4.54 (0.88)
4.62 (0.51)
3.92 (1.44)
3.77(1.42)

16.84 (6.4)

17.1 (7.0)
28.6 (26.0)

20.3 (2.1)

15.8 (1.9)

5.0 (0.0)

4.87 (0.35)
4.60 (0.83)
4.00 (0.93)
4.40 (0.83)

17.88 (3.28)

14.3 (3.4)
21.3 (13.7)

F < 1.0 (1, 28) ns

F = 1.3 (1, 28) ns

F = 4.5 (1, 26)
P < 0.05

F » 1.3 (1, 26) ns

F = 1.9 (1, 24) ns
F < 1.0 (1, 24) ns

Values shown are mean (SD) values, ns = not significant.
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(median 0, range 0 — 3), whereas nine out of 11 MSA patients committed errors (median
3, range 2-20) . As the distribution of these data violated the assumptions of analysis
of variance, the cumulative error scores were compared with a Mann-Whitney U test,
which confirmed a significant difference between the groups (U = 23.5, P < 0.01).

REPRESENTATIVE CASES

The following four cases (see Table 1) illustrate the range of cognitive performance found in the MSA
group. Of these Case 3 was the only one to show no cognitive deficits on any test, Case 9 was the
most representative of the group as a whole and Cases 7 and 12 showed atypical patterns of a broader
range of impairment.

Case 3

This administrator developed poor balance, slurred speech and urinary frequency in June 1982.
Neurological examination a year later revealed an akinetic-rigid syndrome with a slight tremor of the left
arm, Parkinson's disease was diagnosed and Madophar was prescribed with benefit. In November 1983
he developed urinary retention. Prostatectomy was largely unsuccessful, and by a year later he had developed
nystagmus and heel-shin ataxia. He was referred to us in January 1989, when, at the age of 59 yrs, a
diagnosis of MSA was made, and he was tested on levodopa medication. His physical condition confined
him to a wheel-chair. His CT scan showed generalized atrophy that was, however, greatest in the cerebellum.
On neuropsychological testing he had a NART IQ equivalent of 121, a WAIS Verbal IQ of 114 and WAIS
Performance IQ of 116. His visual perceptual skills were normal.

His performance on computerized tests snowed a normal spatial span (5). On the spatial working memory
task he made only 23 between-search errors, a score at the 75th percentile for his age and a superior strategy
score, in the top 5% for his age group. On the Tower of London task, his performance was well within
the normal range for all measures. He successfully completed the attentional set-shifting task.

He was also most competent on tests of memory. For example, his Warrington Recognition Memory
Test scores were in the bright average range. He scored 92% correct on the pattern recognition and 90%
on the spatial recognition tests of the computerized tests. His performance on the delayed matching to
sample test was error free. He successively completed the conditional visuospatial associative learning
task with no errors, even at the most difficult level of eight items. This latter performance is exceptional,
even for normal healthy subjects of high IQ.

Overall, it is clear that this man exhibited a high degree of intellectual competence, in spite of gross
physical disability. He died in July 1990, 18 mths after testing. Post-mortem examination confirmed the
clinical diagnosis of MSA.

Case 9

This shop-owner originally developed nocturia in 1982. One year later, a large prostate was operated
on by the supra-pubic route, with good result. However, he then developed slurred speech and began to
drag his left foot. He was first seen by a neurologist in December 1986, when a parkinsonian syndrome
with left-sided pyramidal signs was found. By February 1988, when he was tested, he had developed
additional cerebellar signs and clinically probable MSA was diagnosed. He had a normal CT scan. On
neuropsychological testing in February 1988 at age 64 yrs, he had a NART IQ equivalent of 107, a WAIS
Verbal IQ of 107 and a Performance IQ of 104. His visuospatial tasks were weak, but within the normal
range for his age. His score on the McKenna Naming Test was in the superior range. There was thus
little evidence of any generalized intellectual deterioration. When tested he was under levodopa medication.
His spatial span was normal (5). He performed at a very low level on the spatial working memory test,
making 53 errors at the six box stage and 98 errors at the eight box stage. His strategy score, however,
was in the normal range. On the Tower of London test he was only mildly slow in initially thinking about
the two move problems, but was otherwise in the normal range. He failed the extra-dimensional shift in
the attentional set-shifting paradigm.

His performance on tests of recognition memory was normal. For example, he attained excellent scores
of 50/50 (verbal) and 46/50 (visual) on the Warrington Recognition Memory Test and 75% and 79% on
computerized tests of spatial and pattern recognition memory. He was mildly impaired in reaching criterion
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in paired associates learning, although this deficit was not sustained at the most difficult level (8). Thus
at the second test, at level 3 he made five errors, taking three trials, at level 6 he took six trials to reach
criterion and made 18 errors, but on the immediately following level (8) he took only three trials in making
five errors, a normal level of attainment. Finally, his scores on the matching-to-sample test were as follows.
On the simultaneous version of the task and at 0 s delay he scored consistently 80%, whereas his performance
with delays was error free. His performance on this test thus resembled those shown previously by patients
with Parkinson's disease (Sahakian et al., 1988). Overall, his performance on the computerized tests is
consistent with frontal lobe dysfunction. This deficit is supported by clinical evidence of poor verbal fluency,
difficulties with the Similarities subtest of the WAIS and concrete interpretations of proverbs.

Case 7

This printer's assistant presented in 1982 with falls and postural faintness. A year later, she developed
slowness and stiffness and Parkinson's disease was diagnosed. By 1988, additional pyramidal signs were
present and a diagnosis of clinically probable MSA was made. Her CT scan revealed brain stem and cerebellar
atrophy. She was receiving levodopa and imipramine at the time of testing when her age was 54 yrs. Her
NART IQ equivalent was 93, her WAIS Verbal IQ 93 and her Performance IQ 97. Her naming skills
were consistent with her low average intellectual ability. Her visual perceptual skills were normal. Overall,
there was no evidence of generalized intellectual impairment. When tested in March 1988 her spatial span
of 5 was in the average range. She scored normally on the test of spatial working memory. On the Tower
of London test she was poor on both accuracy and latency measures, particularly at the three move stage
and she failed at the extra-dimensional shifting stage of the attentions! set-shifting paradigm. Therefore,
although this woman was unimpaired on tests of spatial memory storage and spatial working memory,
she exhibited deficits in both planning and attentional set-shifting.

On additional testing, she also showed a pattern of mild impairment on tests of visual recognition memory
and learning. For example, on the Warrington Recognition Memory tests she scored 41/50 (verbal version)
and 40/50 (visual version), these dull average scores being slightly below her predicted optimum level
of performance. On computerized tests of spatial and pattern recognition she scored 45% and 60%,
respectively, both scores being significantly below the fifth percentile for control performance. Although
she scored 100% in a test of simultaneous matching to sample, she was impaired on delayed matching
to sample at delays of 8 s (60%) and 16 s (60%). She successfully completed a test of visuospatial paired
associated learning at the level of 8, but cumulatively made significantly more errors (34) and took
significantly more trials (20) to reach criterion than controls.

In summary, this patient showed deficits in tests sensitive to frontal lobe dysfunction, but was also mildly
impaired on tests of recognition memory and learning. The patient died in June 1989; no post mortem
was carried out.

Case 12

This marine engineer had first presented with parkinsonism, diagnosed as Parkinson's disease, in December
1982. However, his response to levodopa therapy was minimal and his disability progressed. He developed
several syncopal episodes, his speech became markedly hypophonic, and he developed a disproportional
antecollis, but there were no pyramidal or cerebellar signs. A diagnosis of clinically probable MSA was
made in June 1986. He was not under medication when tested at age 59 yrs in April 1988. He had a normal
CT scan. On neuropsychological testing, his NART IQ equivalent was 114, giving an estimate of his
premorbid intellectual ability within the bright average range. However, his WAIS Verbal IQ was only
101, suggesting mild to moderate intellectual deterioration. The Performance subtests of the WAIS were
not administered in view of his physical disability. His visuospatial performance was weak, but within
normal limits. Language functions were well preserved.

On the computerized testing, his spatial span was below average (4). For the spatial working memory
task his total of 65 between-search errors was below the 10th percentile for his age. He showed no obvious
search strategy, his score (47) being worse than any control subject. On the Tower of London he managed
only four out of 12 problems in the minimum number of moves. Initial thinking time was significantly
lengthened in two, three and four move problems and subsequent thinking time in three move problems.
He did manage to complete the attentional set-shifting task.

His performance on memory tests was also somewhat inconsistent. Although performing at an average
level on the Recognition Memory test for words and scoring 88% on the computerized pattern recognition
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test, he was deficient on the spatial form of the test (55%) and exhibited a delay-dependent deficit on the
test of delayed matching to sample. He failed the conditional visuospatial associative learning task at the
level of six items. In summary, despite his normal CT scan, this man showed mild to moderate generalized
intellectual deterioration and specific deficits in certain tests of frontal lobe function and visual memory.

DISCUSSION

In this study we have provided evidence of cognitive dysfunction in patients with MSA,
using three tests sensitive to the effects of frontal lobe damage. However, there was
no consistent evidence either of deficits in tests of memory and learning or of generalized
intellectual deterioration that has been observed in patients with probable dementia of
the Alzheimer type (DAT), using the same tests. While some of the deficits seen in
the MSA group resembled those we have defined in PD, there were also some differences
from the profile of deficits seen in that condition.

Considering the nature of the deficits shown by the MSA group in more detail, there
were many similarities to those seen previously after neurosurgical damage to the frontal
lobe (Owen et al., 1990a, 1991). For example, the MSA group showed patterns of deficits
on the ID/ED set-shifting paradigm, quantitatively and qualitatively similar to those
seen in frontal patients. On the spatial working memory test, the MSA group made
significantly more between search errors, to a similar degree as following frontal lobe
damage, although they did not show the same impairment in strategy seen in that group
(Owen et al., 1990a). Their performance on the Tower of London test was also
qualitatively similar to that seen in frontal patients. For example, the MSA patients took
significantly longer to think about the problems subsequent, but not prior, to the first
move of the problems. This lengthened latency was not merely an artefact of the patients'
motor impairment, as this was carefully controlled by subtracting the latency to make
the same moves used to solve the problems when no planning was required. The MSA
group was not significantly impaired on the other main measures of performance on
the Tower of London test, although they showed a near significant tendency to show
the same lack of accuracy of thinking as displayed by frontal patients. Overall, the pattern
of performance of MSA patients on the accuracy and latency measures of the Tower
of London test resembles that produced in the milder cases of planning dysfunction
following frontal lobe damage. This pattern is markedly different from the one we have
defined in PD, where there is strong evidence for lengthening of initial, but not subsequent
thinking times on the Tower of London test (Morris et al., 1988), a finding which we
have recently replicated with exactly the same version of the test as used here on subgroups
of PD patients with relatively severe, as well as moderate, disability (Owen et al., 1990Z?,
unpublished data). Therefore, based on these comparisons, it would appear that, whereas
the cognitive deficits seen in PD, MSA and frontal lobe damage do have some gross
similarities, the MSA profile is, if anything, more comparable with that seen in the
frontal lobe patients than those with PD.

Although the MSA group exhibited deficits in each of the tests of frontal lobe function
they did not necessarily show impairment in other cognitive domains such as perception
or language. In addition, the deficient performance of the MSA group on the spatial
working memory and planning tests could not be attributed to general problems in short-
term memory for spatial information or in terms of the sequencing of responses, because
the index of visuospatial span was normal in these patients. This preserved function
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stands in contrast to the reduced spatial span in patients with DAT reported by Sullivan
et al. (1986) and also to patients with severe PD studied by us with exactly the same
test (Owen et al., 1990ft, unpublished data).

In addition, there were no significant differences whatsoever in performance on the
computerized tests of spatial and pattern recognition, which are also sensitive to
deficits in patients with DAT and medicated PD (Sahakian et al., 1988). This is in
agreement with the overall performance on the Warrington Recognition Memory Tests,
where only two patients had specific memory deficits and two showed mild impairment
{see Table 2). The MSA group were inferior to the matched controls on the other
two main tests of the visual memory battery, but in specific and unusual ways. Thus,
on the matching-to-sample test they were significantly impaired at the simultaneous
stage, where there is no mnemonic component, but showed normal delayed matching
performance. This is the exact opposite of the pattern shown by patients early in the
course of DAT (Sahakian et al., 1988). The particular pattern of deficit in MSA is
also distinct from that reported for PD (Sahakian et al., 1988). Moreover, on the test
of visual learning, unlike both patients with DAT and with PD (Sahakian et al., 1988),
the MSA patients performed surprisingly well at the more difficult levels of the task,
but were inefficient at the earlier stages. Taken together with the deficient performance
on the simultaneous component of the matching to sample test, but unimpaired
performance on the delay component which immediately follows, this pattern of
results is suggestive not of primary learning and memory deficits, but of problems in
orientation or attention. These mask the patients' true potential for memory and learning,
but can be overcome as the task becomes familiar and attentional resources are
gradually marshalled. It is possible that the initial problems are consistent with
impairments in attentional functions that depend on executive functions of the frontal
lobes (Shallice, 1988).

Although the MSA patients showed a distinctive and significant profile of deficits
as a group, there was some heterogeneity of cognitive dysfunction, with one case (Case
3) showing no discernible deficits, even in the face of severe physical disability, but
others exhibiting clear impairments on a variety of different tests. The range of cognitive
performance present in the MSA group is illustrated by the four case studies. Case 9
showed the most representative profile, with deficient performance on the three main
tests sensitive to frontal lobe dysfunction, spatial working memory, attentional set-shifting
and the Tower of London planning task, but no evidence of deficits of memory or learning
and no signs of generalized intellectual impairment. By contrast, the less typical Cases
7 and 12 showed broader patterns of impairment which included deficits in memory
and learning. Indeed, unlike all of the other MSA patients, the deficits in memory and
learning for Case 12 resembled those found with the same tests in early cases of DAT
(Sahakian et al., 1988). This patient was one of only three who showed a significant
NART-Verbal IQ discrepancy (see Table 2), indicating a degree of intellectual
deterioration. Therefore, it appears that, in agreement with the clinical impression
(Trotter, 1973; Kosaka et al., 1981; Quinn, 1989), there is no compelling evidence
of a progressive dementing disorder in MSA.

None of the major deficits in the MSA group were correlated significantly with
disease duration or Hoehn and Yahr ratings of severity. The highest correlation found
was between Hoehn and Yahr rating and subsequent thinking time at two moves on


