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Abstract

Idiopathic Parkinson’s disease (IPD) is characterised by a triad of motor symptoms, namely bradykinesia, rigidity and resting tremor,
although cognitive impairment is a common feature of the disease and has been accepted as one of the strong predictors of quality of
life in such patients. Neuropsychological testing in Parkinson’s disease often reveals a pattern of cognitive impairment similar to that
observed in patients with frontal lobe lesions, although clear differences between the two groups have also often been reported. This
apparent inconsistency in the literature may reflect heterogeneity among different groups of patients with Parkinson’s disease, although
to date this possibility has not been formally addressed. In this study, two groups of patients with Parkinson’s disease were assessed on a
novel verbal memory task, which allowed different aspects of working memory function such as maintenance, retrieval and manipulation
to be tested within the same general paradigm. The two groups were selected according to either good or bad performance on a ‘standard’,
visuospatial test of executive function (The Tower of London Task), but were well matched on all other demographic and cognitive
measures tested. The sub-group of Parkinson’s disease patients with Tower of London defined executive deficit were specifically impaired
at manipulating information within verbal working memory, both compared to controls and to the group of patients with no predefined
executive impairments. In contrast, the three groups did not differ in their ability to maintain or retrieve information within verbal working
memory. Given the known preferential role of the dorsolateral frontal cortex in higher executive functions, (including both planning and
the manipulation of information within working memory), these results suggest that, in a subset of Parkinson’s disease patients, it is the
frontostriatal circuitry involving this region which is primarily affected, while other components of this circuitry may be relatively spared.

The results also suggest that performance on the Tower of London task may prove to be a useful discriminant variable in defining the nature
of cognitive heterogeneity in Parkinson’s disease.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction early stages of IPD resembles that produced by frontal-lobe
damage and includes deficits of ‘executive’ functions, such
Idiopathic Parkinson’s disease (IPD) is a common neu- as planning and working memof$6,34,58] Furthermore,
rodegenerative condition clinically defined by the motor these ‘frontal-like’ impairments in IPD appear to be related
symptoms of bradykinesia, rigidity and resting tremor. Al- to deficiencies in the dopaminergic systtt,32] although
though only about 20% of IPD patients develop a frank a role for other neurotransmitter systems in the cognitive
dementia[8], less severe cognitive impairment is a well profile of patients with IPD has also been demonstrated
recognised feature of the disease and has been shown to bEl,17,35] Pattern recognition memory and related cogni-
an important predictor for the quality of life in most patients tive processes, which depend more heavily on the medial
[30,55] The pattern of cognitive impairments seen in the temporal-lobe structures, are relatively unimpaired in these
same patientg32].
mpondmg author. Tel44-1223-331160: In recent_years, inves.tiga.tion of the ‘frontal-like’ pat-
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studies have shown that impairments in working memory division of patients made it possible to test two specific hy-
are more severe in medicated patients at the later stages opotheses. First, that like spatial working memory deficits
the disease than in non-medicated patients with mild clini- in IPD, impairments irverbal working memory in mild to
cal symptomg38,43]. Moreover, some aspects of working moderate IPD are psychologically specific and involve the
memory are more severely impaired, and appear to be af-manipulation of information, but not the maintenance of that
fected at an earlier stage of the disease, than others. For exinformation, within memory. Second, that deficits in the ma-
ample, spatial working memory deficits have been widely nipulation of information within verbal working memory
reported in patients with mild to moderate clinical symptoms will be most severe in patients with ‘executive dysfunction’
[7,13,42,49] In contrast the same patients are unimpaired as indexed using an unrelated visuospatial task.
on analogous tests of verbal and object working memory
[7,42], suggesting that spatial tasks may be more vulnerable
than equivalent non-spatial tasks early in the course of the2. Methods
disease. While some authors have suggested that PD is ac-
companied by widespread impairments of spatial processing2.1. Subjects
[33], an alternative possibility is that the spatial tasks used
in these studies differ from the non-spatial tasks in terms of The 41 patients included in this study were all recruited
their underlying executive requirements. In support of this from a larger cohort of cases evaluated in the Parkinson’s
‘processing-specific’ theory, Owen et 1], have demon-  disease Research Clinic at the Cambridge Centre for Brain
strated that within spatial working memory, significant im- Repair (CCBR). All patients satisfied UKPDS Brain Bank
pairments are observed in patients with both severe and mildcriteria[23] and were assessed on their regular medication.
clinical symptoms if the task requires the active manipula- All patients underwent careful historical review along with
tion of information within memory. In contrast, in spatial physical examination and neuropsychometric analysis. Each
working memory tasks that require only maintenance and individual assessment took between 1.5 and 2h and was
retrieval of that information deficits are only observed in the conducted either in a clinical suite at the CCBR or at the
patients with more severe clinical symptoms. On this basis, patient's own home. Patients were given appropriate rest
a model of ‘frontal-like’ cognitive degeneration in IPD has periods during the consultation. Permission for the study
been formulated which suggests that ‘higher-level’ execu- was obtained from the local research ethical committee and
tive functions such as manipulation, monitoring and plan- all subjects consented to participation.
ning which are often assumed to depend critically on the  All patients were rated as between Hoehn and Yahr
integrity of the dorsolateral frontal cortdd4,47,48] may stages I-lll (mild to moderate disease) and were assessed
be more susceptible than basic mnemonic functions such aon sections |-V of the unified Parkinson’s disease rating
maintenance and recall, which are assumed to depend orscale, UPDR$18]. None of these patients showed evidence
more ventral frontal regiongl6]. of clinical dementia and all attained score26/30 on the

In this study, this hypothesis was investigated directly in Folstein Mini-mental State Examination (MMSE)0]. No
the verbal domain using a novel working memory task that patients with overt clinical depression were included and
assessed different inter-related aspects of mnemonic perfora measure of affective disturbance was also attained using
mance, including maintenance, retrieval and manipulation of the Beck Depression Inventory, B[)5]. An estimate of
information, within the same general paradigm. Specifically, pre-morbid verbal 1Q was derived using the National Adult
patients were required to hold a sequence of four letters in Reading Test (NART]39]. Neuropsychological testing of
memory (maintenance), across a variable delay period andverbal and categorical fluency (FAS 6Q&, animals 90-s
then either recall that sequence (retrieval) or reorder it (ma- [26], pattern and spatial recognition memory tests from the
nipulation) according to a pre-learned rule. Cambridge Neuropsychological Test Automated Battery

Although a number of previous studies have investigated (CANTAB), as well as a measure of motor latency (from
heterogeneity of cognitive deficits in IPD, these investiga- the CANTAB motor screening test) was performed on all
tions have tended to focus on the importance of factors suchpatients. The twenty-four healthy volunteers (eight male) in
as disease severif#1,43], medicatiorf32,43], age[2], dom- this study also completed the MMSE, the NART, the BDI
inant motor symptonj29,62] and age of onsd23,29] In and the same CANTAB pattern recognition memory tasks
this study, the importance of ‘executive’ impairment as a use- administered to the IPD patients.
ful discriminant variable in sub-groups of patients with IPD The 41 IPD patients were then divided into two groups
was assessed. Accordingly, two groups of ‘non-demented’ (Table 1) on the basis of their performance on the Tower of
patients with IPD were recruited and matched according to London planning test (TOL), shown previously to be sen-
all of the variables described earlier. The two groups were sitive to deficit in the earliest stages of the dise@43]
selected, however, according to whether their performanceThe TOL was selected as a validated and efficient means
was impaired or unimpaired on the Tower of London test of screening executive performance in IPD patients. This
(TOL), which has been shown previously to be sensitive to planning task clearly utilises aspects of working memory
deficit in large groups of patients with 1P[38,43,45] This but is not suitable for differentiating between different
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Table 1 an antidepressant (selective serotonin reuptake inhibitor or
Disease severity and medications tri/tetracyclic antidepressant).

Unimpaired Impaired In the group of 19 patients showing impairment on the

IPD (n =22) IPD (n = 19) TOL planning task (11 male), 2 were H&Y stage |, 13 were
H&Y | 4 2 H&Y stage Il and 4 were H&Y stage Ill. The mean UP-
H&Y I 15 13 DRS was 37.2 and mean BDI was 8.9. Fourteen were taking
E%Zp': i? ‘14 L-dopa (mean daily dose 431.6 mg) while seven were tak-
Antidepressants 4 6 ing dopaminergic agonists |n_|solat|9n or compmatlo_n wlth
Dopaminergic agonists 9 7 L-dopa therapy. Two were taking anticholinergic medication
Benzhexol 3 2 (benzhexol or orphenadrine), none were on selegiline and
Selegiline 2 0 six were on an antidepressant (selective serotonin reuptake

inhibitor or tri/tetracyclic antidepressant).

Summary characteristics for the two patient groups are
processing components. All patients were pre-tested on theshown in Table 2along with the data obtained from the
‘one-touch’ version of the Tower of London ta$k5] for healthy group of controls.
full details; see Owen et al., 1995. Performance was as- One-way analysis of variance (ANOVA) between the two
sessed according to the number problems solved correctlypatient groups revealed no significant differences in age, age
with the first attempt on 2 one-move problems, 2 two-move of disease onset, duration of iliness, H&Y stage, UPDRS,
problems, 2 three-move problems, 4 four-move problems duration of disease, motor latency, MMSE, NART, letter and
and 4 five-move problems giving a maximum score of 14. categorical fluency, pattern recognition, spatial recognition
Parallel studies of this ‘one-touch’ version of the TOL in nor BDI. The laterality of disease was also found to be
healthy age and 1Q matched control subjects have revealedhon-significantly different between the two groups using a
a mean accuracy score of 10.5 (Sahakian et al., unpublishedVann-WhitneyU-test.
data). In this study, patients who scored1/14 were con- Furthermore, no significant differences were observed
sidered to be unimpaired on the task whereas those scoringon one-way ANOVA between control subjects and patients
<8/14 were deemed to be impaired. In order to maximize for age, MMSE, NART, pattern recognition although BDI
the difference between the two groups, no patients scoringwas significantly lower in controlsH (2, 62) =3.943,
9/14 or 10/14 were included in the study. This division of P = 0.025). Since controls were not tested, it was not
patients resulted in one group of 22 patients (10 male) who possible to compare the mean accuracy scores for spatial
were considered to be ‘unimpaired’ on the TOL planning recognition memory and words generated in tests of verbal
task and a second group of 19 (11 male) who showed clearand categorical fluency directly. However, the scores at-
impairment on this taskT@ble J). tained in the patient groups were similar to those that have

The TOL-unimpaired group of 22 cases (10 male) in- been reported previously in age matched control samples
cluded 4 H&Y stage | (combined H&Y 1 and 1.5), 15 [51,59]

H&Y stage Il (combined H&Y 2 and 2.5) and 3 H&Y

stage Ill patients (mean 2.0). The mean UPDRS was 38.42.2. Verbal working memory task

and mean BDI was 9.6. Of these patients, 17 were taking

L-dopa (mean daily dose 342.3mg) while 9 were taking  All subjects were tested by the same investigator (SJGL),
dopaminergic agonists (pergolide, ropinirole or cabergo- in a clinical suite at the CCBR or in the subject’s own home.
line) in isolation or combination with L-dopa therapy. The testwas presented oD@l Inspiron 3800 portable com-
Three were taking anticholinergic medication (benzhexol puter with a 14 in. screen and three labelled keys on the key-
or orphenadrine), two were on selegiline and four were on board were used to monitor subject responses. The test was

Table 2
Group characteristics
Group Age Onset age Duration H&Y UPDRS BDI MMSE NART FAS Animals Pattern Spatial Latency-dopa
(year) (year) (year) (ms) (mg/day)
Controls (| = 24)
Mean 65.3 54 295 1151 20.7
S.D. 8.2 3.7 0.7 6.9 1.3
Unimpaired IPD ( = 22)
Mean 63.7 56.2 7.5 2.0 384 9.6 29.2 116.5 412 227 19.3 154 12325 3423
S.D. 8.4 8.0 4.9 0.6 14.9 7.0 0.9 57 99 58 3.0 2.0 430.5 289.5
Impaired IPD 6 = 19)
Mean 66.6 60.6 6.0 2.2 37.2 89 288 1146 374 19.7 20.2 14.8 1301.0 4316

S.D. 7.7 9.5 6.0 0.6 13.2 5.1 13 72 114 39 21 21 373.2 384.1
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Fig. 1. A single trial from the working memory task. Following presentation of four letters and a retention interval of 9-14s, a cue signalled one of
three conditions, ‘same’, ‘ends’ or ‘middle’. The subject responded with a key press (‘first response’) once the correct solution had been gdnerated a
a second key press (‘second response’), to select from two alternative possibilities.

conducted with the subject positioned sitting comfortably ~ Following the cue, a blank screen was presented until
in front of the screen with the first three fingers of the the subject indicated, by pressing the response button under
dominant (right) hand overlying the three response keys. their ring finger, that they had the required sequence of let-
All subjects were trained on the task using a purpose writ- ters ‘in mind’. This response was taken as an approximate
ten working demonstration progranPojverPoint 2000) measure of when the trial ‘thinking time’ terminated and is
and before testing, 35 practice conditions were presented.referred to as R1. Immediately following this response, two
All subjects demonstrated their understanding of the task sets of four letters appeared above and below the centre of
and adequate use of the keyboard responses prior to beinghe screen. These alternative solutions were composed of
presented with a further 90 trials. the same four letters and were constructed such that identifi-

A modified version of the verbal working memory task cation of the correct answer from the incorrect foil required
developed by Bublak et a]9] was used and the structure the subject to check through the sequences fully. The sub-
of a trial is shown inFig. 1 In each of three conditions, ject was required to select the correct answer by pressing
four different consonants (drawn from the set B, H, J, N, one of the two response keys under their index and middle
Q, R, X), were presented sequentially during a study phasefingers. The response keys were arranged in such a way that
of 4s (one per second). The participant was then requiredthe location of the correct response was spatially compatible
to retain the letters in memory and was explicitly instructed with the location of the correct response alternative. This
to sub-vocally rehearse the sequence in the order presentedsecond) response was taken as an approximate measure of
In all conditions, the length of the retention phase varied ‘motor response’ time and is referred to as R2, although it
randomly between 9 and 14 s. At the end of this period, a is clear that this period may also include some degree of
cue word was presented in the centre of the screen for 1 s.cognitive processing. Following the second response, the
This cue informed the subject whether the letter sequenceparticipants were informed automatically whether the trial
was to be recalled verbatim (maintenance only condition), was correct or incorrect.
or whether the letters had to be reordered in one of two Accuracy and response time data were treated using re-
pre-learned ways. peated measures analysis of variance (SPSS-PC), or where

appropriate, one-way analysis of variance (O-ANOVA). In

e Maintenance: When the word same' was presented as the analysis of response time data, only ‘correct’ trials were

the cue, the participant’s task was to recall the letters in included.

the same order as they were presented during the study

phase. For example, the lid8'Q N R” had to berecalled

as“BQNR”. 3. Results
e Manipulation 1: When the wordénds was presented as

the cue, the participant’s task was to recall the digits in 3.1. Accuracy

the following order: the 3rd, 4th, 1st and 2nd digit of the

original memory list. For example, the list “B Q N R” had The mean number of correct responses in each condition

to be recalled asN R B Q". are presented ifrig. 2 and were analysed using a repeated
e Manipulation 2: When the wordmiddle’ was presented  measures ANOVA, with one within-subject factor (condi-

as cue, the participant’s had to recall the letters in a dif- tion, 3 levels) and one between-subject factor (group, 3

ferent order from presentation. The task was to reorder levels). Across groups, subjects performed more poorly as

the middle letters, thus to recall the 1st, then the 3rd, then the conditions became more difficult (s€&y. 2), as in-

the 2nd and then the 4th letter of the original memory list. dexed by a significant main effect of conditioR (2, 62)

For example, the listB Q N R” had to berecalled as “B =89.18, P < 0.001). Moreover, there was a significant

N QR main effect of groupk (2, 62)= 12.791,P < 0.001), but
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Fig. 2. Performance accuracy. The number of correct responses at each level of task difficulty. Bars represent S.E. of the mean.

no significant interaction between the two factoFs (@, 3.2. Response times

62) = 2.1, P = 0.085). Further analysis of the group main

effect revealed that the TOL-impaired IPD group were sig- Response times R1 and R2 are presented as a function of
nificantly less accurate over all conditions when compared group and task difficulty if-ig. 3 and were analysed using
with the TOL-unimpaired group (‘samé& (2, 62)= 10.415, a repeated measures ANOVA with 2 within-subject factors
P < 0.001, ‘ends’F (2, 62)= 7.454,P = 0.001, ‘middle’ (‘task difficulty’ (3 levels) and ‘response time’ (2 levels; R1

F (2, 62)= 10.935,P < 0.001). versus R2) and one between-subject factor (group (3 levels)).

—e— Controls

Time (s)
w h~h OO

—=— Good-TOL
9 —a—Bad-TOL
1 -
0 |
R1'Same’ R1 Ends’ R1 'Middle’
Task Difficulty
3.1
2.9 4
2.7 A
w254 ——Controls
“E’ 2.3 1 —— Good-TOL
= 2.1 !/:::::::g —a—Bad-TOL
1.9
1.7 A
1.5 :
R2 'Same’ R2 ’Ends’ R2 'Middle’
Task Difficulty

Fig. 3. Performance latency. Top: the latency to generate a solution (correct solutions only) at each level of task difficulty (‘R1’). Bottommcyh®olate
select from two alternatives (correct solutions only) at each level of task difficulty (‘R2’). Bars represent S.E. of the mean.
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Fig. 4. Corrected performance latency. The (‘cognitive’) latency to generate a solution minus the (‘motor’) latency to select from two al{@oratives
solutions only) at each level of task difficulty (‘(R1-R2’). Bars represent S.E. of the mean.

The analysis revealed significant main effects of task dif- 4. Discussion

ficulty (F (2, 62) = 495.995,P < 0.001), response time

(F (2, 62) =178.647,P < 0.001 and groupRK (2, 62) In this study, a novel letter manipulation task was em-
= 22.66, P < 0.001). Moreover, there was a significant ployed to differentiate aspects of verbal working function
three-way interaction between the variablds @, 62) in patients with IPD. Specifically, the task provided inde-
=3.823, P = 0.006), and this was investigated further pendent measures of the ability to maintain information
by examining the two-way interaction effects for response within working memory and to manipulate that information
times R1 (‘thinking time’) and R2 (‘motor time’) sepa- according to one of several pre-specified rules uncontam-
rately. A significant group by condition effect was ob- inated by factors such as simple motor movement times.
served for variable R1H (2, 62) =6.19, P < 0.001), Moreover, performance on this task was examined in two
but not for variable R2K (2, 62) = 0.941, P = 0.443). groups of patients who differed according to their perfor-
The significant two-way interaction for variable R1 was mance on an independent visuospatial test of executive
investigated further by examining the one-way group ef- function (TOL), but were well matched according to per-
fects at the three levels of task difficulty, separately. These formance on other non-executive cognitive tasks as well as
analyses revealed significant results across all conditionson various demographic variables.

(‘'same’ F (2, 62)= 16.629,P < 0.001, ‘ends’ F (2, 62) In terms of task accuracy, the TOL-impaired group were
= 20.822,P < 0.001) and ‘middle’ F (2, 62) = 10.47, significantly less accurate than control volunteers on the ver-
P < 0.001)). bal working memory task, although this effect was gener-

Since the ‘thinking time’ (R1) and ‘motor time’ (R2) vari-  alised across all conditions and not specific to those trials
ables were operationally defined and undoubtedly overlap torequiring the manipulation of information within memory.
some extent in terms of the cognitive and motor processes In terms of estimated thinking timésr correct responses
involved in each (e.g. R1 also involved a button push), a only, patients in the TOL-impaired sub-group were also
new variable, Rcog, was computed by subtracting R2 from significantly impaired on measure R1 of the verbal working
R1 at each level of the task. The period of ‘motor time’ memory task, specifically in those conditions where they
(R2) doubtless included cognitive elements such as men-were required to manipulate information within memory.
tally checking the answer derived during R1 and was also Thus, while thinking times were not different from controls
susceptible to delays, for example, if a subject became con-when the patients were required simply to retrieve a previ-
fused or lost focus before confirming their selection. Thus, ously maintained sequence of four letters, they were signifi-
the variable Rcog was assumed to represent a more con<€antly prolonged when they were required to re-order those
servative estimate of ‘thinking time’. For the two manip- letters according to either of the two pre-learned rules. The
ulation conditions (‘ends’ and ‘middle’) Rcog was signif- fact that the motor requirements for the maintenance and
icantly longer in the TOL-impaired IPD group than in ei- manipulation conditions were identical and that selection
ther the TOL-unimpaired group (‘endf’ (1, 39)= 15.381, time (R2) was not disproportionately longer for the manip-
P < 0.001, ‘middle’ F (1, 39)= 8.089, P = 0.007) or in ulation conditions in the TOL-impaired group suggests that
the healthy control volunteers (‘ends’ (1, 41) = 17.524, this deficit in the speed of manipulating information within
P < 0.001, ‘middle’ F (1, 41) = 4.629, P = 0.037), working memory is not a direct result of differences in
seeFig. 4. In contrast, there were no significant group ef- clinical (motor) symptoms between the two patient groups.
fects for the variable Rcog during the maintenance condi- Moreover, an additional control for the effects of any resid-
tion. ual differences in motor execution time was extracted by
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subtracting R2 from R1 and re-analysing the response dataconfirm that, as in the spatial domain, verbal working mem-
The overall pattern of results was unchanged. Since only ory deficits in response time are only observed in mild IPD
correct trials were included in the analysis, it appears un- if the task requires the manipulation of information within
likely that this deficit in thinking time during manipulation  working memory, but not if the task requires only the main-
is related directly to the observed accuracy deficits acrosstenance and retrieval of that information. On the other hand,
all three types of trials. deficits in accuracy were observed in all three conditions,
The apparent difference between the two groups of pa- and this impairment was not significantly greater in the ma-
tients with IPD could simply reflect a global difference in nipulation conditions. Slowed thinking time in patients with
cognitive capacity between patients in the TOL-impaired IPD, a possible correlate of ‘bradyphrenia’ may reflect a state
and TOL-unimpaired sub-groups. This seems unlikely, how- of psychomotor retardation characteristic of Parkinson’s dis-
ever, since the two IPD groups could not be distinguished ease and depressed patients. Rogers E3lproposed that
in terms of their performance on other neuropsychological bradyphrenia in IPD and psychomotor retardation in pri-
tasks, including a test of pattern recognition memory, which mary depressive illness may be closely related and that the
is sensitive to temporal-lobe and not frontal-lobe lesions dopaminergic system may be involved in both. Importantly
[32]. The two patient groups were also very well matched however, although cognitive impairment in IPD is known to
with respect to clinical measures such as their age, age ofbe associated with depressif¥], in the current study the
disease onset, disease duration, Hoehn and Yahr scores, URwo groups of patients did not differ significantly in terms of
DRS, daily L-dopa dose, concomitant medications, simple their scores on the BDI suggesting that depression did not
motor latency, MMSE, NART, and BDI. contribute to the specific deficits seen in the TOL-impaired
The results suggest, therefore, that there may be two cleargroup. It also seems unlikely that the thinking time deficit
sub-groups of patients with IPD, who are differentially im- in the TOL-impaired group reflects a speed error trade off
paired on tests of ‘executive dysfunction’ across multiple since similar accuracy deficits were observed in this group
stimulus domains (e.g. spatial and verbal). Previous studiesin all three types of trials and the analysis of thinking time
have divided patients according to factors such as[ape scores included only correct trials. Prolonged thinking time
dominant motor symptorf29,62] and age of onsdR3,29] in the manipulation trials may be attributed to mental activ-
divisions which may prove to be wholly orthogonal to the ity that is not devoted to solving the problem at hand, result-
TOL-defined ‘executive impairment’ factor identified here. ing in ‘mind wandering’ or ‘blanking60]. The latter may
Of course, one obvious criticism of this approach is that the be likened to so-called ‘psychic akinesia’ occasionally re-
patient group was sub-divided according to performance on ported in IPD[28,52] Finally, slowed thinking may reflect
one test of ‘executive’ dysfunction and the sub-groups were delays in switching between internal representations of the
simply found to differ on another test that ostensibly mea- sequence of stimuli to be remembered. This latter hypoth-
sures a closely related set of cognitive processes. Howevergsis is relevant to theories of cognitive dysfunction in IPD
it is important to consider that the Tower of London task is that have focussed on deficits in attentional set-shifting abil-

a visuospatial task that places a significant loaghlanning ity, possibly resulting from frontal—striatal dysfunction (e.g.
processes, while the novel task employed in this study taps[38,41,43).
aspects ofrerbal working memory. In addition, the patients Although no consensus has been reached regarding the

were subdivided according to thedccuracy scores on the  fractionation of functions within the prefrontal cortex it is
Tower of London task, yet the primary dissociation reported widely accepted that this region plays a critical role in as-
here is in thespeed (i.e. response time), of manipulating in-  pects of working memor{22,25,56] A number of relevant
formation within verbal working memory. Although, ‘think-  studies have suggested that the manipulation of informa-
ing time’ deficits have been reported previously in IPD, they tion within working memory involves the mid-dorsolateral
do not generally correlate with accuracy deficits even on the frontal cortex, while more basic mnemonic functions such
same tesf43]. Moreover, a recent large-scale factor analysis as encoding and retrieval preferentially involve more ven-
in healthy controls has demonstrated that measures of think-tral regions (for review, se¢40]). The question arises,
ing time and response accuracy across a range of planningherefore, as to whether a plausible neural account might
and working memory tasks load on different factfs8]. be formulated for the specific ‘executive’ impairment ob-
The results of the present study confirm and extend pre-served in the TOL-impaired sub-group of patients with
vious investigations that have attempted to define the pre-IPD. Non-dopaminergic forms of pathology, including no-
cise nature of the executive impairment in patients with radrenergic, serotoninergic and cholinergic deafferentation
Parkinson’s disease. For example, spatial working memory of the cortex{3], may play a significant role in some of the
deficits have been widely reported in patients with mild to cognitive deficits observed in IPD. Similarly, cortical Lewy
moderate clinical symptonig,13,49] but only in tasks that ~ bodies, which may occur even in the early stages of IPD,
require the active manipulation of information within mem- may play a contributory rolgl0,24]. However, the fact that
ory; no deficits are observed in such patients in spatial tasksworking memory deficits have been shown previously to
that require only maintenance and retrieval of the remem- be extremely sensitive to the effects of controlled L-dopa
bered information. Using a single task, the present resultswithdrawal in groups of patients with IP[32] suggests a
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predominantly dopaminergic substrate for the deficits ob-  This model of ‘frontal-like’ cognitive degeneration in IPD

served in the current study. IPD is characterised by dopaminehas received some support recently from PET activation

depletion within the frontal cortex itselb4] (via degenera-  studies in patients with IPD performing tasks that are known

tion of the mesocortical dopamine system), which may play to recruit specific regions of the lateral frontal corf&®,14].

a significant role in the ‘frontal-like’ cognitive deficits ob- In one study, regional cerebral blood flow was measured in

served in this study. However, this system is known to be far six patients with moderate Parkinson’s disease and in six

less severely affected (50% depletion) than the nigrostriatal age-matched controls while subjects performed easy and dif-

dopamine system in IP[B], which therefore, appears to be ficult versions of a modified Tower of London planning task

a more plausible neural candidate for the deficits observed.and a mnemonic variant of this task that required short-term

Recent anatomical and neuropathological evidence sug-retention and reproduction of problem solutions. Both the

gests that in IPD, executive impairments of this type may planning task and the working memory task were associated

be linked to the spatiotemporal progression of dopamine with abnormal cerebral blood flow in the patients centred

depletion within the striatum in relation to the terminal dis- on the internal segment of the globus pallidus, but normal

tribution of its cortical afferents. A central model for much blood flow in the frontal lobes. The results again suggest

of this work has been the concept of cortico-striatal loops that striatal dopamine depletion disrupts the normal pattern

[4], which emphasises the functional inter-relationships be- of basal ganglia outflow in IPD and consequently, affects

tween the neocortex and the striatum. Of particular interestthe expression of dorsolateral frontal-lobe functions by in-

is the fact that the principal target of basal ganglia outflow terrupting normal transmission of information through fron-

appears to be the frontal lobes and that different sectors oftostriatal circuitry.

the striatum project to specific frontal regions via a number

of distinct intermediate stations. For example, neural con-

nections have been mapped in non-human primates using & cknowledgements

technique of retrograde transneuronal viral uptake and sug-

gest that the dorsolateral frontal cortex (areas 9/46) may be This study was made possible by a Parkinson’s Disease

part of a distinct neural network to that which includes the Society Project Grant.

ventrolateral frontal cortex (area 1P36,37] Furthermore

the results of this work show that cortical regions receive

fibres in a highly ordered topographical fashion and those References
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