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Abstract

Groups of patients with Huntington’s dis-
ease and probable dementia of Alzheimer
type (DAT) matched for level of demen-
tia on the basis of mini mental state
examination scores were compared in
several tests of visual memory and tests
sensitive to frontal lobe dysfunction.
Whereas recall of patients with DAT
tended to be worse on the Kendrick object
learning test, the two groups were equiva-
lent on tests of sensorimotor ability and
delayed matching to sample perfor-
mance. By contrast, the patients with
Huntington’s disease were significantly
worse on tests of pattern and spatial
recognition, simultaneous matching to
sample, visuospatial paired associates,
and on three tests sensitive to frontal lobe
dysfunction—namely, the Tower of
London test of planning, spatial working
memory, and a visual discrimination
learning and reversal paradigm. The
impairments in these tests, however, did
not always qualitatively resemble those
seen in patients with frontal lobe damage
and may be more characteristic of pri-
mary neostriatal deficit. In the visual dis-
crimination paradigm the patients with
Huntington’s disease were significantly
worse than the patients with DAT at the
simple reversal stage, where they dis-
played significant perseveration to the
previously rewarded alternative. The
results are consistent with the hypothesis
that patients with Huntington’s disease
exhibit deficits in tests sensitive to fron-
tostriatal dysfunction and that this form
of intellectual deterioration is qualita-
tively distinct from that seen in
Alzheimer’s disease.

(¥ Neurol Neurosurg Psychiatry 1995;58:598-606)
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There is currently much interest in whether
dementias arising from different causative fac-
tors exhibit qualitatively different patterns of
cognitive deficit. This is an issue of some
importance, not only in practical terms, but
also for understanding the underlying neural
substrates of the disorders and the specificity

of cognitive deficits over and above gener-
alised intellectual deterioration due to demen-
tia. Previously, Albert et al' and Cummings
and Benson? have proposed a distinction
between dementia associated with primary
subcortical neuropathology (for example,
basal ganglia disorders such as Parkinson’s
and Huntington’s diseases) and dementia in
which the primary neuropathology is in the
association neocortex (for example, dementia
of Alzheimer type (DAT)). This distinction
between “subcortical” and “cortical” demen-
tia has proved somewhat controversial, not
least because clinical rating scales have some-
times failed to support it, but also because the
nature of some of the cognitive deficits seen in
subcortical dementia may be reminiscent of
the symptoms of frontal lobe damage. These
are often referred to as examples of executive
dysfunction, because they present as problems
of planning, attentional set shifting, and slow-
ness of response, rather than the typical signs
of posterior cortical damage which lead to
such symptoms as aphasia, agnosia, and
global amnesia. It seems likely that striatal
dysfunction, as occurs in Parkinson’s disease
and Huntington’s disease, would lead to simi-
lar executive deficits because of the existence
of several corticostriatal loops that highlight
the functional inter-relationships between dif-
ferent parts of the frontal cortex and the basal
ganglia.®> Of particular significance for
Huntington’s disease in view of the primary
site of its striatal neuropathology may be the
anatomical and functional relations that exist
between the caudate nucleus and the pre-
frontal cortex.? Despite these neurobiological
considerations and evidence that impairment
of daily functioning in patients with early
Huntington’s disease more likely results from
deficits in executive function than motor dis-
ability,* there has been relatively little analysis of
executive dysfunction in Huntington’s disease.’

Explicit comparisons among these different
forms of dementia have also been lacking®
although there have been several recent com-
parisons of Huntington’s disease and DAT on
different forms of memory. Hodges et al’
compared a group of patients with DAT and a
group with Huntington’s disease, matched for
overall level of dementia, on a battery of tests
of semantic and episodic memory. Whereas
the patients with DAT were significantly more
impaired on measures of delayed verbal and
figural episodic memory, patients with



Huntington’s disease did worse on letter flu-
ency, often associated with frontal lobe dam-
age. There have been few comparisons
between patients with Huntington’s disease
and DAT on tests of executive function,’
although there is growing evidence for differ-
ences between DAT and Parkinson’s disease
in this regard. For example, Litvan et al®
showed that demented patients with
Parkinson’s disease perform substantially
worse than patients with DAT on tests of
executive function, such as the ability to per-
form the Wisconsin card sorting test
(WCST), whereas semantic and episodic
memory were significantly worse in the
patients with DAT.

We have found that patients with
Parkinson’s disease who are early in the
course of the disease and yet to take medica-
tion are significantly worse than patients early
in the course of DAT in tests of visual dis-
crimination learning and attentional set shift-
ing analogous to the WCST.*!® As we have
also shown that the attentional set shifting test
is sensitive to damage to the frontal cortex,'!
we have hypothesised that patients with
Parkinson’s disease may be especially prone to
frontal type deficits early in the course of the
disease.'? Whereas patients with DAT can
also be expected to be impaired in tests of
executive function as the disease progresses,
both neuroimaging and neuropsychological
evidence supports the hypothesis that anterior
cortical functions are relatively more immune
to disruption.!> For example, a recent study
showed that whereas patients with DAT can
be severely impaired on a test of spatial work-
ing memory that is sensitive to frontal lobe
dysfunction, they do not necessarily fail
because of the impaired strategy that has been
shown to account for much of the frontal
deficit.'

Consequently, the main aim of this study
was to compare patients with Huntington’s
disease and DAT matched for level of demen-
tia on tests of executive function that we have
previously shown to be selectively sensitive
not only to frontal lobe damage!'' !* but also to
basal ganglia  disorders other than
Huntington’s disease, such as Parkinson’s dis-
ease, progressive supranuclear palsy, and mul-
tiple system atrophy.!'®!” The first hypothesis
to be tested was thus that such tests of execu-
tive function may be more sensitive to cogni-
tive deficits in Huntington’s disease than
DAT. Whereas patients with basal ganglia
disorder do exhibit selective impairments on
these tests, previous evidence has indicated
that the precise nature of the deficits may differ
qualitatively compared with those seen after
frontal lobe lesions, perhaps reflecting the dif-
ferent contributions of the striatal and cortical
components of the common neuroanatomical
circuitry, termed corticostriatal loops.!?!”
Thus a secondary hypothesis was that the
nature of any executive deficits seen in the
Huntington’s disease group might be different
from those found after frontal lobe damage.

There were several aspects of the study
requiring careful control. Firstly, to assess the
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selectivity of the executive deficits in
Huntington’s disease, we used several tests
from the Cambridge neuropsychological test
automated battery (CANTAB) that have
explicitly been used to assess visuospatial
learning and memory in Alzheimer’s disease,'®
some of which have been shown to be more
sensitive to temporal rather than frontal lobe
damage.!® Assessment of visual memory and
learning in Huntington’s disease has also not
previously received much  attention.’
Secondly, it was important to match for the
degree of clinical dementia so that any differ-
ences in specific cognitive functions could not
be attributed to non-specific intellectual deter-
ioration. For the purposes of matching we
used a validated measure of global dementia,
the mini mental state examination (MMSE).?
Another screening instrument for dementia,
Kendrick’s object learning test (taken from
the Kendrick cognitive tests for the elderly)?
was also used and it was possible to match
patients according to a premorbid index of
1Q.2 To gauge the absolute levels of impair-
ment in the Huntington’s disease and DAT
groups we have also provided data for sepa-
rate large groups of normal controls matched
as far as possible for age and premorbid esti-
mates of verbal IQ to the DAT and
Huntington’s disease groups. As might be
expected from the recent standardisation® of
much of the CANTAB battery, the perfor-
mance of the younger control group was
slightly superior to that of the older group on
certain tests. Whereas this might affect the rel-
ative degree of age related impairment
between the Huntington’s disease and DAT
groups, it could not account for any inferior
levels of executive performance in the
Huntington’s disease group in the hypothesis
under test. Therefore, for the purposes of this
study we focused on a direct comparison of
the performance of the two patient groups.

Methods

SUBJECTS

Consecutively presenting patients with
Huntington’s disease or mild or moderate
probable DAT were assessed. In all, 17
patients with probable DAT and 13 with
Huntington’s disease were tested. Complete
data were only obtained on 13 (83%) patients
with DAT and 10 (77%) patients with
Huntington’s disease, because of fatigue and
lack of comprehension of the instructions on
some tests. As most patients with DAT were
primarily in the early stages of the disease with
mainly mild symptoms, it was feasible to
match the two groups for level of dementia, as
assessed with a clinical rating scale (see later).

Patients with dementia of the Alzheimer’s type

All thirteen patients attended the Maudsley
Hospital and all were seen on an outpatient
basis through the memory clinic.?* Patients
were assessed and diagnosed by a consultant
psychiatrist in concordance with a second
psychiatrist as having DAT following criteria
outlined for “probable Alzheimer’s disease”
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Table 1 Clinical characteristics of patient group

Sex Disease
No Age M:F duration NART KOLT MMSE
HD 10 51-5 (3:3) 3:7 7-4 (0:9) 106-6 (4-9) 184 (2-4) 20-3 (1-4)
DAT 13 69-2 (2-0) 9:4 3-67 (0:33) 111 (2-1) 13-0 (1-5) 19-2 (1-6)
t(21) 4-81** 098 2:00 0-53
**P<0-01.

Data shown.are mean (SEM) values; NART = National adult reading test?; KOLT = Kendrick

object learning test?’; MMSE

= mini mental state examination?; HD = Huntington’s disease;

DAT = dementia of Alzheimer type.

by McKhann ez al.?> All patients were consid-
ered to be in the mild and moderate stages of
the disease, with eight patients in stage 1 and
five patients in stage 2 of the clinical dementia
rating (CDR) scale, in which CDR stage 1 is
mild, CDR stage 2 is moderate, and CDR
stage 3 is severe dementia, as defined by
Hughes et al.?*® To determine the diagnosis,
patients were first seen by a psychiatrist on
attending the memory clinic, where they
received a semistructured clinical interview
and a physical examination.?” After the physical
examination, which included the testing of
visual acuity with Snellen cards, blood was
taken for laboratory investigations.
Unenhanced CT was then performed with the
Maudsley Hospital GE 9800 scanner to deter-
mine the extent of brain atrophy, and exclude
other forms of dementia, especially multi-
infarct dementia. The patients (nine men and
four women) included in the study were then
seen on a subsequent visit by a clinical psy-
chologist for detailed neuropsychological
assessment, including the tests described in
more detail later. Table 1 gives further details
of the 13 patients.

Patients with Huntington’s disease

Ten patients with Huntington’s disease were
included in the study. The diagnosis was
based on personality or intellectual change,
together with the presence of chorea or the
typical impairment of voluntary movement.
These symptoms were not present at birth,
were insidious in onset, had gradually become
worse, and were associated with a definite
family history of at least one other member
with these characteristic neurological symp-
toms and signs. At the time of investigation,
the severity of the hyperkinetic involuntary
movements was rated according to the chorea
scale of the quantified neurological examina-
tion, on a scale ranging from 0 to 25 points?;
this patient group scored a mean of 14-8
(SEM 1:1). None of the patients had signifi-
cantly impaired visual acuity or hearing. At
the time of the study, the patients did not
exhibit acute confusion or acute psychosis and
were not receiving any medication known to
affect the CNS. Informed consent was
obtained from all patients participating in the
study.

Controls

The main purpose of the study was explicitly
to compare patients with Huntington’s dis-
ease and those with DAT. To gauge the rela-
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tive degree of age related impairment, control
data for the main dependent variables have
been provided from a large group of healthy
normal control subjects (table 2). These were
drawn from a large population of volunteers
aged between 55 and 69 years from London,
Cambridge, and Newcastle-upon-Tyne
(North-East Age Research Panel) in the
recently published standardisation of many of
the tests of the CANTAB battery. The con-
trols had no history of neurological or psychi-
atric disorder.

MATERIALS AND PROCEDURES

The main testing procedures were taken from
the Cambridge neuropsychological test auto-
mated battery (CANTAB), a series of com-
puterised paradigms run on an Acorn BBC
Master microcomputer with a high resolution
Microvitec colour monitor and a Microvitec
(Touchtech 501) touch sensitive screen. The
general rationale and utility of the battery for
clinical investigations has recently been
explained in some detail.* Subjects were
seated roughly 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 flash-
ing crosses on the screen by placing the index
finger of their preferred hand on the centre
point of each cross. The finger had to be held
in place for six seconds at which time another
cross appeared. After a short demonstration
series in which three consecutive crosses were
touched, subjects were presented with a series
of 10 crosses to touch at six second intervals.
Measures were taken of the latency to point
(to the nearest 0-01 s) and the accuracy of the
initial pointing contact with the screen (com-
puted in terms of vectorial displacement from
the centre of the cross in arbitrary units based
on X-Y co-ordinates). No subjects were
excluded on the basis of their deficient perfor-
mance on this task.

Tests of visual memory and learning

In the first part of the test session, all patients
received computerised tests of visual memory
and learning identical to those previously
described in detail.!®* These included tests of
pattern and spatial recognition, simultaneous
and delayed matching to sample, and a condi-
tional visuospatial associative learning task. In
the pattern recognition task, abstract visual
stimuli are displayed one by one in the centre
of the screen before recognition memory is
tested in a two alternative forced choice task,
where the original stimulus is presented with a
novel one and the subject has to pick the orig-
inal. The test consists of two lists of 12 stimuli
each, comprising 24 in all. In the spatial
recognition task, open white squares are pre-
sented in a number of spatial locations on the
screen, before recognition memory for loca-
tion is tested, again with a two alternative
forced choice procedure. There were four
blocks of five stimuli each, comprising 20 in
all. In the matching to sample test, the first



phase (perceptual matching) consists of the
simultaneous presentation of a complex
abstract stimulus, varying in both colour and
shape, with four matching stimuli. Subjects
are required to choose the matching stimulus
in a four alternative forced choice procedure.
In the second phase (memory matching), the
matching stimuli are presented in five trial
blocks after a delay of 0, 4, 8, or 16 seconds,
followed finally by a retest at zero seconds.
This delayed matching to sample test thus
assesses the forgetting of the stimuli to be
recognised after a short delay.

The conditional visuospatial paired associ-
ates test is identical to one described as the
delayed response task in Sahakian er al.'®
Here, however, the emphasis was on the
learning as distinct from mnemonic aspects of
the task. Abstract visual stimuli were pre-
sented one by one in a ring of six (and in the
last stage, eight) boxes arranged around the
screen. The stimuli were then re-presented
one by one in the centre of the screen and the
subject indicated in which box they had been
previously presented. Subjects were given up
to 10 trials to learn the location of each stimu-
lus of the set before proceeding to the next
stage. Failure to reach criterion at any stage
resulted in the premature termination of the
test. The test began with only one stimulus
location to be remembered and then gradually
increased to two, three, six, and eight stimuli.

Tests of planning and spatial working memory

Spatial short term memory task—In this com-
puterised Corsi block tapping task,*® spatial
short term memory capacity was determined
from the ability of subjects to remember a
sequence of squares on the screen, as des-
cribed in detail in an earlier publication.!* Spatial
short term memory span was calculated as the
highest level at which the subject successfully
recalled at least one sequence of boxes.

Spatrial working memory task’>—In this task
the subject was required to search through
spatial arrays of boxes to find tokens. Impor-
tantly, once a blue token had been found
within a particular box, then that box would
never be used to hide another token. On each
trial, the total number of blue tokens to be
found corresponded to the number of boxes
on the screen as every box was used just once.

Errors were scored according to the num-
ber of occasions on which a subject returned
to open a box in which a blue counter had
already been found. After four practice trials
with three boxes, there were four test trials
with each of four, six, and finally eight, boxes.
The patient groups were compared in terms
of the total number of errors summed across
the 12 test trials.

Planning task—This is a modification of the
Tower of London task® in which the subject
has to move coloured “balls” on the screen
from an initial arrangement to one corre-
sponding to the goal arrangement shown in
the top half of the screen, as described in
detail previously.'®

The starting position of the balls was varied
such that in any particular trial the solution
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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 both 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. The latency
measures for thinking time previously
employed to assess neurosurgical cases'’ and
patients with basal ganglia disorders!? are not
reported in detail here.

Visual discrimination/attentional set shifting
paradigm—The computerised visual discrimi-
nation/attentional set shifting paradigm has
been described in detail elsewhere.® Briefly,
subjects are trained on a series of visual dis-
criminations that vary in two perceptual
dimensions, one of which is relevant and one
of which is irrelevant, on the basis of feedback
provided automatically by the computer. At
critical points subjects are required first to
maintain attention to different examplars
within the same dimension (intradimensional
shift) and then to shift attention to the previ-
ously irrelevant dimension (extradimensional
shift). The other stages are defined and
explained in previous papers’ and in the
results section. For each stage, continuation
to the next one was dependent on a criterion
of six successive correct responses being
reached. If criterion was not reached at the
50th trial of a stage, then the test was discon-
tinued and subjects did not proceed to the
next stage. More detailed explanation and
rationales for the exact design of the test can
be found in previously published articles.® 1° 3

STATISTICAL ANALYSIS

For most of the dependent variables, analysis
of variance (ANOVA)?»* was used to compare
the Huntington’s disease and DAT groups.
Data were transformed where appropriate
(when there was a positive skew on latency
variables). For most of the test variables, the
ANOVA model was a two factor design that
included a between subjects factor (group)
and a within subject factor (for example, diffi-
culty level). Student’s ¢ tests were applied to
test the significance of differences between
means where factorial ANOVA was not
required.

For the attentional set shifting task, the
data for the numbers of subjects passing or
failing each stage of the test were cast into
contingency tables and analysed by the likeli-
hood ratio method.** 3> This method is particu-
larly useful (a) for analysing data with small
cell frequencies, as occurs in some of the
data to be presented, and () for partitioning
inhomogeneities in the contingency table by
additive, orthogonal contrasts. The resulting
“information” statistic (2i) is distributed as y2.
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Table 2 Means (SEM) for the normal control samples

(n =55)

Age (y) 556 (0-6)
NART 1165 (1-0)
Spatial span 5:3 (0-1)
Spatial working memory

(Between search errors) 39:6 (3-2)
Tower of London test

(perfect solutions) 8:2 (0-2)/12

Visual memory battery
(n = 46)

Age (y) 567 (0-5)
NART 1175 (1-1)
Pattern recognition/24 209 (0-4)
Spatial recognition/20 16-4 (0-3)
Matching to sample:
Simultaneous 4-85 (0-1)/5
Delays Os 4-30 (0-06)

4s 4-20 (0-08)

8s 4-20 (0-20)

16s 4-40 (0-19)

0Os (retest) 4-70 (0-17)
Paired associates learning:

Total trials to criterion 13:3 (0-4)

For Huntington’s disease group  For DAT group
Working memory and planning battery
(n=222)
67-3 (0-1)
117-9 (0-4)

5:0 (0-1)

46-1 (0-9)

75 (0-2)/12

(n = 39)
66-1 (1-0)
114-2 (1-6)

Table 3  Experimental neuropsychological tests (mean scores (SEM))

Huntington’s

disease DAT Significance (df)
Sensorimotor screening:
Accuracy (error score) 43-3 (6°6) 49-1 (3-0) 1(21) = 0-9, NS
Latency (s) 2:24 (0-39) 1-71 (0-23) 1(21) = 1-2, NS
Visual memory:
Pattern recognition (/24) 119 (1-01) 14-5 (0-76) 1(21) = 2-12*%
Spatial recognition (/20) 10-4 (0-56) 12-8 (0-62) 1(21) = 2:74**
Spatial span 2:7 (0-15) 4-0 (0-4) 1(21) = 3-08**
Matching to sample:
Simultaneous/5 4-0 (0-3) 4-8 (0-1) 1(21) = 2-61*
Delay/5
0s 31 (0-4) 3-3 (0-4)
4s 33 (0:3) 3-7 (0-3)
8s 2:5(0-1) 2:5 (0-4)
16s 1-8 (0-2) 25 (0-4)
Group (HD v DAT)
F(1,21) = 09
Group x delay,
F(3,63) = 06
0 s retest 3.0 (0-3) 3.8 (0-3) 121) = 1-63
Paired associates, visuospatial learning:
Total trials to criterion 46-4 (4-0) 385 (4°3) 1(21) = 1-31
*P < 0:05; **P < 0-01.
Figure 1 Mean (SEM) [
values for between and
within search errors on the 120 -
spatial working memory
test for Huntington’s
disease (HD) and probable -
dementia of the Alzheimer Il HD
type (pDAT) groups. 1 pDAT
100 —
80 —
<] L
o
=
o
E 60 -
2
40
20 —
0

Between errors

Within errors
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Results

COMPARISON WITH MATCHED CONTROL
GROUPS

For all the measures to be described, both
patients with Huntington’s disease and those
with DAT were significantly worse than their
respective control groups of normal volun-
teers with comparable ages and premorbid
estimated IQ (using the national adult reading
test (INART); table 2).

SENSORIMOTOR SCREENING TEST

The two groups did not differ significantly on
either of the two indices of performance,
latency and accuracy of pointing (table 3).

VISUAL MEMORY AND LEARNING (TABLE 3)

The patients with Huntington’s disease were
significantly worse on both tests of pattern
and spatial recognition memory. The patients
with Huntington’s disease were also worse on
simultaneous matching to sample, but the dif-
ference disappeared during the delay condi-
tions (0, 4, 8, 16 seconds and retest at zero
seconds), although, as expected, performance
declined significantly over the delays for the
two groups overall (F(3,63) =984, P<
0-001). For the paired associates, conditional
learning test, the patients with Huntington’s
disease took more trials to reach criterion for
the test as a whole over all stages, but this dif-
ference was not statistically significant. In
terms of patients reaching criterion at each
stage, however, none of the 10 patients with
Huntington’s disease successfully passed the
test when the locations of six patterns had to
be remembered, but a significantly higher
proportion (five out of 13) of the patients with
DAT were successful at this stage (y* = 6:76,
df=1,P <0-01).

TESTS OF SPATIAL WORKING MEMORY AND
PLANNING

Spatial span

The patients with Huntington’s disease had sig-
nificantly shorter spatial span scores (table 3).

Spatial working memory

Figure 1 shows that the patients with
Huntington’s disease committed significantly
more between and within search errors in this
task (F(1,21) = 10-03, P < 0-005). There was
also a significant patient group X set size
interaction (F(3,63) = 5-:09, P < 0-005) as the
difference between the groups only emerged
after the difficulty level of three boxes.

Tower of London test

The analyses concentrated on three measures
of accuracy for the first block of problems.
Figure 2 shows that the patients with
Huntington’s disease were significantly worse
in terms of “perfect solutions™ at each stage of
difficulty (across two, three, and four move
problems) (main effect of patient group, #(21)
=3-08, P <0-001) . Two other measures of
accuracy, total solutions and excess moves,
failed to reach significance. Mean (SEM)
scores respectively were: HD; 5-3(0-4),
8-0(1-3): DAT; 4-7(0-4); 6-8(1-7).
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Figure 2 Tower of
London planning test.
Proportion of problems
solved in the minimum
number of moves at each
stage of difficulty (upper
panel) and percentage
correct (lower panel).
Abbreviations as for fig 1.

Figure 3 Performance in
the visual discrimination
paradigm. The proportion
of patients successfully
reaching criterion (6/6) at
each stage of the test is
shown. SD = simple
discrimination stage; SDR
= simple discrimination
reversal; C-D = compound
discrimination with
separate elements; CD =
compound discrimination;
CDR = compound
discrimination reversal;
IDS = intradimensional
shift; IDR =
intradimensional reversal;
EDS = extradiinensional
shift, EDR =
extradimensional reversal.
Other abbreviations as for
fig 1. See Downes et al® for
further explanation. Note
the selective impairment in
reversal (SDR) learning in
the Huntington’s disease
(HD) group.

Proportion correct

Percentage correct

Percentage reaching criterion

0-4

0.2 —

Difficulty

80 i ’7 S ——
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Visual discrimination/attentional set shifting test
Figure 3 shows that the patients with
Huntington’s disease performed significantly
worse at the series of visual discriminations.
Although the two groups performed equiva-
lently on the test of simple visual discrimina-
tion (one out of 13 patients with DAT failed
at this stage), as many as six out of 10 of the
patients with Huntington’s disease failed at
the next stage, of simple discrimination rever-
sal, when the previously correct stimulus
became incorrect and vice versa. This differ-
ence was significantly different (y*(1) = 7-17,
P < 0-01). In addition, the nature of the fail-
ure of these six patients with Huntington’s
disease was particularly illuminating because
the average number of errors made for the 50
trials was 42-5 (SEM 3-3), indicating a high
degree of perseveration of responding towards
the initially correct stimulus. The rate of attri-
tion of subjects across the remaining stages of
the test was parallel and roughly equivalent.
The poor performance of both groups can be
seen from our unpublished observations that
most (about 70%) of 342 elderly normal
controls successfully negotiate all parts of
the test, most of the failures normally occur-
ring at the extradimensional shift stage. In
this large sample, there was no significant dif-
ference between the younger (50-59) and
older (60-69) control groups (see also Owen
et al* for representative data on a smaller
sample).

Discussion

This neuropsychological comparison of DAT
and Huntington’s disease has shown that,
when matched for level of dementia, patients
with Huntington’s disease are significantly
inferior to patients with DAT in three tests of
cognitive function (spatial working memory,
visual discrimination/attentional set shifting,
and the Tower of London planning task) pre-
viously shown to be sensitive to frontal lobe
damage and basal ganglia dysfunction. The
results are thus consistent with hypotheses
that the neural substrates of many of the cog-
nitive deficits in Huntington’s disease are
centred on the caudate nucleus® * but that
additional cortical atrophy may also be signifi-
cant.”

The neural specificity of the three main
cognitive tests may be gauged from the fact
that the Tower of London task is insensitive
to temporal lobe excisions and amygdalohip-
pocampectomy,'’ as well as more generally to
posterior cortical damage.’’ Performance on
the visual discrimination/attentional set shift-
ing paradigm has similarly been shown not to
be affected by temporal lobe excisions or
amygdalohippocampectomy,'” and both of
these lesions have much less effect on perfor-
mance on the spatial working memory task
than either frontal lesions'' or basal ganglia
dysfunction.’'” By contrast, certain other tests
from the CANTAB battery such as visual pat-
tern recognition or delayed matching to sample
are more affected by lesions of the temporal
lobe structures than frontostriatal damage.'
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Therefore, the more pronounced executive
deficits shown by the patients with
Huntington’s disease have a degree of neural
specificity, consistent with the existence of
greater frontostriatal pathology in
Huntington’s disease than in DAT.

The inferior performance of patients with
Huntington’s disease was not limited to tests
clearly requiring executive function, as they
were also significantly impaired relative to
patients with DAT in tests of perceptual
matching to sample, a visual pattern recogni-
tion task, a spatial recognition task, spatial
span, and in learning sets of visuospatial
paired associates. Performance on a difficult
visual delayed matching to sample task was
also impaired relative to controls, but not to a
greater extent than for patients with DAT.
Similar results have been reported for patients
late in the course of Parkinson’s disease!®?®
possibly due to additional pathology that may
affect functioning in cortical regions other
than the prefrontal cortex, such as the tempo-
ral lobe. The greater magnitude of these
deficits in Huntington’s disease than in DAT,
however, suggests an alternative (though not
mutually incompatible) possibility, that the
late cognitive deficits in Parkinson’s disease
and Huntington’s disease reflect pathology of
the striatum, most likely the caudate nucleus.

Before comparing these results with others,
obvious explanations of the differences should
be considered. Although the patients with
Huntington’s disease and those with DAT
differed in age, the greater deficits in the case
of the Huntington’s disease group cannot be
artefacts of relative impairments produced by
age related changes in the normal population,
as the Huntington’s disease group was
younger and control performance on these
tests usually deteriorates slightly with age.
Nor can it be said that the patients with
Huntington’s disease were globally impaired
on all tests. Thus accuracy was apparently
equivalent in delayed matching to sample for
patients with Huntington’s disease and DAT
when visual patterns had to be retained over a
short delay. The two groups were carefully
matched for degree of dementia using
Folstein’s MMSE, and the patients with DAT
performed almost significantly worse than the
patients with Huntington’s disease on
Kendrick’s object learning test (taken from
the Kendrick cognitive tests for elderly peo-
ple). An explanation of the results in terms of a
greater motor deficit in Huntington’s disease
somehow interfering with cognitive perfor-
mance of the touch screen tasks also seems
most unlikely. Both accuracy and latency of
responding in the sensorimotor screening test,
which required the subject to point to selected
locations on the screen, were equivalent in the
two groups. Furthermore, many of the
deficits, such as the gross impairment of simple
reversal in the patients with Huntington’s dis-
ease, have to be set against their relatively suc-
cessful performance in the simple
discrimination phase of the task.

These results are consistent with several
examples of double dissociations between
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Huntington’s disease and DAT in other
domains of cognitive function. Patients with
Huntington’s disease are generally superior to
patients with DAT on tests of verbal recogni-
tion,” episodic memory,” some aspects of
semantic memory,’* and implicit (priming)
memory,*? retrograde amnesia,”* visuocon-
structional performance* (though see Hodges
et al”), but inferior on tests of mental arith-
metic,” procedural learning,* ¥’ retrieval (such
as letter and category fluency’ %), and egocen-
tric perception.* Without attempting to
account for the whole range of cognitive
deficits in Huntington’s disease, this pattern
of deficits is broadly consistent with the
greater involvement of frontostriatal than pos-
terior cortical pathology in this disorder (see
also Brandt and Bylsma®), as the data pre-
sented here imply. It was nevertheless inter-
esting to find that the patients with
Huntington’s disease were more impaired in
some of the tests of visual memory and learn-
ing such as pattern and spatial recognition,
and visuospatial paired associates learning
than the patients with DAT, although the
reverse was the case for the Kendrick object
learning test, which involves the verbal recall
of pictures of everyday objects. The relative
impairment in pattern and spatial recognition
memory in Huntington’s disease may seem to
contradict earlier results,” but the patients
with Huntington’s disease and those with
DAT were not explicitly matched for degree
of dementia in that earlier study. Moreover,
the relative impairment in pattern recognition
memory in Huntington’s disease was not
found in the related test of delayed matching
to sample. The impairment in simultaneous
matching to sample in the Huntington’s dis-
ease group relative to DAT, supports the find-
ing of wvisual perceptual impairments
underlying naming deficits.* The difference is
also reminiscent of other impairments in this
test that we have reported in patients with
basal ganglia disorders, compared with spar-
ing in mild DAT.!8%

The relatively novel feature of the present
study is its focus on tests sensitive to executive
control over performance and to frontal lobe
dysfunction, aspects of cognition in
Huntington’s disease that have been the sub-
ject of only a few investigations.’*>? In the
introduction, it was pointed out that deficits
in tests of executive function may nevertheless
differ qualitatively between patients with
frontal lobe lesions and basal ganglia disorders
such as Parkinson’s disease. For example,
demented patients with Parkinson’s disease
have been found to have excessive problems
with the Wisconsin card sorting test.® Closer
inspection of this result, however, shows that
this deficit was restricted to the initial phase,
when subjects are striving to attain the first
set, rather than to switching sets. In the pre-
sent study, deficits for patients with
Huntington’s disease also occurred early in
the visual discrimination paradigm that
divides the Wisconsin card sorting test into
more elementary cognitive components,
notably at the simple reversal stage.
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Impairments at this early stage of the test are
not necessarily hallmarks of frontal lobe (or
executive) dysfunction. In anatomical terms,
whereas reversal learning in animals is
impaired by damage to the medial orbito-
frontal cortex*® and the region of the striatum
to which it projects,* such deficits are also
known to occur—for example, after damage
to the amygdala.® A more telling piece of evi-
dence was that the performance of patients
with Huntington’s disease, unlike those with
DAT was very perseverative in nature, possi-
bly implicating dysfunction of the orbito-
frontal cortex and associated outflow via the
caudate nucleus. Jones and Mishkin** found
that lesions to the orbitofrontal cortex pro-
duced just this form of deficit in monkeys,
whereas lesions to the amygdala produced more
pervasive deficits in learning new stimulus-
reward associations. There is evidence that
this form of perseveration in reversal learning
may be distinct from failures to shift atten-
tional set at the extradimensional shift stage,
which we have found to be a sensitive indicator
of cognitive impairment in patients early in
the course of Huntington’s disease (unpub-
lished findings), as well as in other forms of
basal ganglia disease, including Parkinson’s
disease, Steele-Richardson-Olsewski syn-
drome, and multiple system atrophy.!¢!’
Other forms of perseveration, such as occur in
tests of verbal fluency, are not apparently a
major feature of Huntington’s disease.® The
Huntington’s disease deficit in visual discrimi-
nation reversal learning is of further theoreti-
cal interest because it can be viewed as a
difficulty in learning new stimulus-response
habits, theorised by some authors* to be an
expression of the procedural learning that has
been postulated to form part of the function
of structures within the basal ganglia. It
seems, however, that the deficit is not so
much one of acquiring new visual habits, as of
inhibiting previously acquired ones.

The impairments in spatial working mem-
ory were also consistent with a pronounced
propensity for perseveration, as the number of
between search errors (inappropriately return-
ing to a previously successful choice) was very
high, as great numerically as in any other dis-
order we have examined, including frontal
lobe damage. This perseverative tendency was
also manifest in terms of repeated, although
ineffective, responses within a search
sequence (within search errors). Studies with
groups of neurosurgical patients with frontal
lobe lesions'! and other groups with basal gan-
glia disease!!” as well as experimental animals
in directly analogous tasks® support the view
that the pattern of performance on this task
most likely reflects dysfunction of frontostri-
atal circuitry.

It was hardly surprising to find planning
performance in Huntington’s disease to be
severely affected, given that component
capacities, such as spatial span and spatial
working memory were themselves so severely
impaired. The deficit in planning was mani-
fest even on the easy problems (for example,
“two movers”), although extensive practice

with one and two move problems ensured that
the Huntington’s disease and DAT groups
understood the requirements of the task.
Impairment at such an early stage, however,
suggests that it is not truly a planning dys-
function as such, but represents a failure of
perceptual schemas (standard arrangements
of the set of three balls leading to routine
choices) accurately to elicit the correct combi-
nation of moves. This requires further investi-
gation, because it is reminiscent of a failure in
contention scheduling among sensory cued
response options described by Shallice*
rather than a loss of supervisory function,
equivalent to executive control. In neural
terms these two mechanisms have been linked
respectively to basal ganglia® and frontal lobe
function® and so the Huntington’s disease
deficit is probably consistent with its well
established striatal (especially caudate)
pathology. In general, such differences in the
precise pattern of deficits in the tests of execu-
tive function between patients with
Huntington’s disease and those with frontal
lobe damage are consistent with the secondary
hypothesis outlined in the introduction that
the precise nature of the deficits in these
patient groups may depend on the distinct
ways in which normal functioning of the cor-
ticostriatal loops is disrupted.

Overall, it is apparent that the cognitive
deficits in the later stages of Huntington’s dis-
ease can be every bit as wide ranging as in
moderate DAT, including not only executive
functions, but also fundamental forms of pro-
cessing that further undermine the operation
of executive processes. Even at this later stage,
however, it is clear that there exist qualitative
differences in cognitive function between
these conditions. Presumably, these differ-
ences would be accentuated in the earliest
stages of both diseases, and the future focus of
work on Huntington’s disease should perhaps
concentrate on its early stages, and on
patients at risk for the disease. Using the same
battery of tests described here in a series of
cross sectional comparisons of patients with
Parkinson’s disease at various stages, we have
reported® 2 that the tests employed here that
are sensitive to frontal lobe dysfunction are
the most sensitive to early Parkinson’s disease,
whereas later stages of the disease are associ-
ated with significant declines in visual mem-
ory and learning® that may be related to the
progressive neuropathological changes occur-
ring in Parkinson’s disease. It is to be hoped
that a similar cross sectional or alternatively,
longitudinal, study of Huntington’s disease
would help to relate different aspects of the
cognitive impairments associated with the dis-
ease to discrete components of the underlying
neuropathology.
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