
To many neurologists, the basal ganglia continue to be
primarily associated with motor control. The presence of basal
ganglia dysfunction is only unequivocally recognized when
certain motor signs and symptoms are manifested. However,
there is evidence that in conditions such as Huntington’s disease,
the presence of cognitive impairment preceeds the appearance of
motor symptoms.1

According to traditional models of neuropathology in
Parkinson’s disease (PD),2,3 dopamine (DA) replacement therapy
should reverse the effects of the degeneration of the nigrostriatal
projections. Indeed, many motor symptoms are corrected in this
way for many years.4 However, it appears that this can only re-
establish a tonic DA level in the basal ganglia. It is now
postulated that there is a phasic action of striatal DA linked to
reinforcement-based learning.5 This may explain why cognitive
dysfunction has often remained unchanged by pharmacotherapy
(in some cases worsened, and selected measures mildly
improved6–12). Furthermore, many patients lose the benefit of l-
dopa therapy as the disease progresses. They often develop
disabling dyskinesias and/or prolonged bouts of freezing,
necessitating neurosurgical intervention to obtain relief. Since all
PD patients eventually fall prey to cognitive and sometimes
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psychiatric impairment, the prospect of making additional
lesions in basal ganglia circuits or disrupting function with deep
brain stimulation (DBS) can be expected to exacerbate or hasten
such complications.

The rationale for the current neurosurgical treatment for PD
(as well as other movement disorders, notably dystonia and
essential tremor), is based on the results of animal studies and
clinical manifestations of fortuitous strokes, as well as
neurophysiological observations made during neurosurg e r y.
These studies have indicated that the reduction of excessive
neuronal activity in the internal segment of globus pallidus (GPi)
and subthalamic nucleus (STN) results in a dramatic
improvement in motor control in PD patients.3,13,14

In keeping with the older neurosurgical reports in which
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larger lesions were made, usually localized more anteriorly and
dorsally within the pallidum than currently, some personality
changes and lateralized cognitive effects were noted.15,16

The study of animals with precisely localized experimental
lesions in nonmotor components of the basal ganglia revealed
behavioural impairments that were in many ways comparable to
those seen after frontal lobe lesions.17,18 Profound behavioural
disorders such as abulia or ‘psychic akinesia’ have been
documented in human cases of subcortical stroke (especially
bilateral insults).19,20 Early clinical neurosurgical reports of the
outcome of stereotaxic lesions within the basal ganglia or
thalamic targets only occasionally documented cognitive and
behavioural disturbances (e.g. obsessive-compulsive, language,
memory).21-24 Until recently, such discrepancies between the lab
and the operating theatre were attributed to species differences or
to the widely disparate means of assessment. Some authors25

decried the often casual examination of patients, with regard to
motor status and especially cognitive status reported in the early
outcome studies of pallidotomy.

James Parkinson26 set the stage for benign expectations and
the purely motor function of the basal ganglia when he stated that
“…the senses and the intellect remain uninjured…” in PD.
Neuropsychologists have now established the expected cognitive
profile in PD, that has been described as a pale copy of the type
of impairment seen after frontal lobe dysfunction.27-37 These
findings not only finally echo the prior animal studies, but also
are congruent with the known anatomical connections of the
basal ganglia, emphasizing the strong efferent influences on the
frontal lobes, largely via thalamic nuclei ventralis anterior and
medialis dorsalis.34,38

Specifically, neuropsychological studies of PD patients have
defined the presence of a dysexecutive syndrome (i.e. self-
monitoring, attention shifting and focus, problem-solving,
insight, judgement, strategic thinking, forward planning,
working memory) due to dysfunction of the striato-thalamo-
cortical circuits that alter the normal function of the dorsolateral
prefrontal cortex in particular.27 Parkinson’s disease patients
have particular difficulty with attentional switching
(extradimensional is shifting attention from the task at hand to
another feature of the environment), encoding supraspan
information (strategies to log in more information than can be
appreciated with immediate attention or more than 7±2 bits of
information), organization of sequential information (organizing
items in temporal and/or logical order), strategic planning (goal-
directed, means-end logical planning, expectation of
consequences), visual-spatial problem-solving (nonverbal
processing of visual information and especially problems of
spatial re-organization), procedural learning (how to execute
skills such as visuo-motor abilities, sports, mechanical
expertise), implicit and probabilistic learning (learning without
awareness based on selective rewards), and working memory
(also known as working with memory or operating on
temporarily held information).10,31,34,37,39-46

SCREENING

The preoperative neuropsychological assessment is designed
not only to rule out patients who might be at risk for dementia,
but also to provide a cognitive baseline against which to compare
postoperative function. On the optimistic side, it is hoped that the

alleviation of some of the refractory symptoms might improve
overall attentional capacity and to lower stress in general. The
possibility of improved sleep and self-care capacity would also
facilitate the deployment of full remaining cognitive ability.
When trying to predict postoperative adverse effects, cognitive
weaknesses and general lack of cognitive reserve may
predispose such patients to intellectual decline.47

In the neuropsychological assessment process it is assumed
that patients have been thoroughly assessed medically, ideally
having been seen by both a neurologist and neuropsychiatrist.
This process normally results in the elimination of clear cases of
neurological, medical or psychiatric contraindications.4,48-50 The
typical patient, for example will have a diagnosis of idiopathic
PD and will continue to obtain at least some benefit from l-
dopa.51,52 Usually, the presence of refractory fluctuations in
symptoms and/or medication-induced dyskinesias (including
dystonia) will motivate the referral for determining candidacy
for surg e r y. Other patients referred for assessment include
selected individuals with primary dystonia (generalized and
segmental), secondary dystonia and, rarely, Huntington’s
disease. Patients with parkinson-plus syndromes (e.g. multiple
system atrophy, cortico-basalganglionic degeneration) or PD
patients who do not repond to l-dopa challenge are not expected
to benefit from neurosurgical intervention.50,53

On this background, neuropsychological assessment
determines the cognitive profile of each surgical candidate to aid
in differential diagnosis of possible co-morbidity with dementia
and to determine capacity for consent to treatment in order to
formulate a prognosis. The meaning and significance of the
findings of the assessment must be communicated to the patient
and caregivers in a clear and thorough manner in order to help
them weigh their options and to have realistic expectations. It
should be noted that a recent study has indicated that capacity to
consent to medical treatment can be significantly affected by the
extent of frontal executive dysfunction in patients with PD.54

One of the difficulties in undertaking such assessments is that the
differential diagnosis of early-stage concurrent dementia as well
as mood disorders may be nuanced and subtle (i.e. not clinically
obvious or revealed by bedside screening methods), requiring
specifically-tailored tests and analyses of prefronto-subcortical
dysfunction.29,42-44,55-59 In addition, instead of presenting in a
psychologically homogeneous manner, PD patients often display
varying degrees of preoperative cognitive and behavioural
impairment that may reflect clinical subtypes.

SUBTYPES OF PARKINSON’S DISEASE AND DIFFERENTIAL

DIAGNOSIS OF DEMENTIA IN PARKINSON’S DISEASE

Subtypes of Parkinson’s disease
Recently, there has been progress in defining subtypes of PD

based on criteria such as age of onset, motor signs and
symptoms, response to l-dopa therapy, receptor binding as
imaged with positron emission tomography (PET),
neuropsychological profile, and natural history.60-63 It is possible
that these subtypes may represent different phenotypes,
eventually leading to the identification of genetically-determined
factors (i.e. parkin gene, ubiquitin, α-synuclein64). The choice of
optimal therapeutic approach may, in the future, depend on such
a complete characterization of patients.
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Differential diagnosis of dementia in PD
Despite current medical expertise, it is still the case that the

initial diagnosis of idiopathic PD is only confirmed in 75% of
cases seen at autopsy.65 It has also been established that patients
with certain of the non-PD degenerative diseases (with
parkinsonism) are at greater risk for dementia, a condition which
predisposes patients to a greater risk of further (i.e. beyond
expected impact) postoperative cognitive complications.57,66-69

With regard to the incidence of dementia in PD, figures range
from 9.5% in the pure idiopathic form to 54% in cases of less
certain diagnoses.70,71 Typical incidence levels are reported to be
around 30%,4 but the risk of eventually developing a dementia is
6 to 6.6 times as likely as in the non-PD population.71,72 The
accuracy of identifying patients at such risk before proceeding to
surgery is important and cannot always be accomplished by a
short office or bedside screening procedure. An initial bedside
screening of patients can be done with the Mini-Mental-Status-
Examination,73 the Mini-Mental Parkinson’s74 or the Mattis
Dementia Rating Scale,75 but this is not sufficient for the
differential diagnosis of concurrent dementia 47,59

Problems of differential diagnosis arise in cases of PD with
dementia. This refers to dementing conditions such as
Alzheimer’s disease and other non-Alzheimer cortical dementias
(eg. vascular such as multi-infarct, ischemic and leukoaraiosis)
or other degenerative diseases, such as Pick’s, dementias lacking
distinctive histology, progressive supranuclear palsy, cortico-
basal ganglionic degeneration, Lewy body disease, or frontal and
fronto-temporal dementias.76-79 Careful neurological, radiologi-
cal80,81 and, more recently, MR spectroscopic82 examinations and
history could lead to a timely differential diagnosis. 

In a study of 100 consecutive autopsy cases, Hughes and
colleagues83 had concluded that co-morbidity with Dementia
with Lewy Bodies (DLB) in PD patients diagnosed as demented,
is limited to about 3%. However, a recent postmortem
examination of 13 patients who had developed dementia and loss
of clinical response to l-dopa therapy found that 12 had DLB.84

In the Hughes study, co-morbidity with Alzheimer’s disease
pathological stigmata was of the order of 9%, while for vascular
disease (multi-infarct dementia) it was at 2%. The overall
conclusion of Hughes and his colleagues was that there was a
total of 14% incidence of dementia in PD, which is close to the
natural incidence of dementia in the elderly and does not suggest
a particular vulnerability of PD patients to become demented.
However, in a series of 12 patients with atypical PD, two patients
had cortical Lewy body disease, two had Alzheimer changes and
two had vascular damage to the striatum. This is equivalent to a
50% incidence of concomitant ancillary disease.83 The combined
effects of age and severity of disease increase the probability of
incident dementia in PD.85 In that study of 150 patients, 28.9 %
developed dementia within three to four years of study onset.
Given the aforementioned uncertainty about the clinical
diagnosis of PD,65,86 it is clear that there is a high probability that
patients referred for surgery are at-risk for a problematic
outcome unless careful medical and neuropsychological
screening is done systematically. The input from a
neuropsychological assessment is often essential in order to
determine the presence, degree and nature of cognitive and
behavioural impairment in such cases.78,87,88

The suitability of a patient for surgery must be established

despite fluctuations of motor or attentional capacity, medication
effects, or dyskinesias, which often complicate the clinical
presentation.47,59 The first signs of dementia may not fulfill
DSM-IV criteria for a definitive diagnosis.89 In addition, PD
complicated with Alzheimer’s disease may present like DLB.
Since there is known to be decreased striatal DA in Pick’s
disease, some parkinsonian symptoms may be present in that
condition as well.7 8 , 9 0 Psychiatric manifestations are often
present in DLB (hallucinations, delusions, confusional
episodes)91 but are also seen as drug reactions in PD.92,93 Other
factors, such as age, education, stress tolerance, and stamina,
may have an impact on psychological status and its
assessment,6,28 as well as on the outcome of surgery.69,94

Psychiatric manifestations in PD: depression, anxiety and
psychotic disorders

In a cohort of 520 PD patients, psychiatric manifestations
were catalogued by Vasquez and colleagues.93 Depression was
associated with advancing disease (Hoehn and Yahr stage III)
and overt previous psychiatric disturbance. The presence of
psychotic disorders was more frequently manifested with early
onset of PD and higher doses of l-dopa, while anxiety was
associated with motor fluctuations. Shergill and colleagues95

retrospectively analyzed 100 patients, finding that incidence of
psychosis was increased as cognition declined and illness
duration increased. Psychiatric symptoms in PD have been
reported by many others.96-99

The incidence of depression in PD varies between 40-
60%.100-102 Severity of depression may range from apathy to
transient dysphoria (due to disabling symptoms and motor
limitations) to severe psychotic states.103-105 Parenthetically, over
22% of PD patients with dementia also fulfill the criteria for
severe depression. 7 0 Furthermore, depression is often also
associated with dementing conditions, especially frontal
dementia, fronto-temporal dementia and DLB.87,91 It has long
been recognized that a depressive state can mimic dementia (so-
called pseudo-dementia) and this confound must be considered
in any evaluation of these patients.106 In the absence of dementia,
patients often suffer from labile effect, which if unrecognized
and not managed, can result in an overly pessimistic estimation
of cognitive capacity.28,107-111 Typically, however, some degree of
lability of mood and milder forms of dysthymia-despondancy are
expected. There may be a subset of patients, with depression
predating the onset of PD possibly with a genetic
predisposition.112-114 An organic basis for depression has been
suggested based on functional imaging and indicies of altered 5-
HT metabolism.115,116 Obsessive-compulsive symptoms, such as
excessive concern about details and cleanliness, can also be
manifested in patients with basal ganglia dysfunction.11 7

Furthermore, evidence of rigidity, introversion, orderliness and
excessive seriousness and industriousness in personality has
been observed premorbidly as well as in patients already
diagnosed with PD.114,118-120 Such tendencies can be amplified
postsurgically in some patients.57,67,69,121

In conclusion, neuropsychological assessment is essential in
establishing the presence of concomitant dementia, especially in
the early stages. This raises the question concerning the
suitability of such patients (i.e. with dual diagnoses) for surgery,
especially if they are severely disabled by PD symptoms. The
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ethics of such a dilemma cannot be debated here but both the
treatment team and the patient and family/caregivers must be
made aware of concerns with regard to cognitive risk factors.
Since most centres have not operated knowingly on “at risk”
patients, it is not known how to establish formal psychometric
thresholds for inclusion or exclusion. It is recommended that
criteria, adapted from traditional dementia diagnoses, be applied
(i.e. performance more than 1.5 SD below premorbid expectation
in general intellectual function). Since memory and some aspects
of attentional control and executive functions are considered to
be already weakened in PD, one could suggest that a further
decline (i.e. more than 2 SD below premorbid estimates) be
applied for those functions. Those patients whose performance is
below the above thresholds should be considered as being at
significant risk for surgery. The same logic would apply to
remote or “stabilized” psychiatric risk factors, although
psychometric indicies from personality inventories would have
to be interpreted differently. It would appear that those centres
reporting the least cognitive postoperative complications (i.e.
number and severity), operated only on those patients who were
highly responsive to l-dopa challenge, had ample cognitive
reserve, were under 60 years of age, and who were historically
free of psychiatric illness.

NEUROPSYCHOLOGICALOUTCOME OF POSTEROVENTRAL

PALLIDOTOMY (PVP), AND GLOBUS PALLIDAL DEEP BRAIN

STIMULATION (GPI-DBS)

Several studies indicated that only l-dopa responsive patients
benefit from neurosurgical interventions.4,48,122,123 Clearly, the
aim of the neurosurgeon is to improve motor symptoms without
encroaching on adjacent, relatively intact circuits involved in
cognition, self-monitoring and emotion. 

Early reports of the outcome of PVP were optimistic that the
goal of motor improvement without iatrogenic sequellae had
been achieved.3 7 , 5 9 , 1 2 4 , 1 2 5 H o w e v e r, subsequent studies with
larger groups and more extensive testing indicated hemisphere-
specific cognitive impairment and executive dysfunction.67,126,127

The latest analyses of the neuropsychological impact of PVP
indicated only very mild toxicity, revealed especially in verbal
fluency tasks.128,129 It must be recalled, as emphasized by
Scott,124 that failure to find deficits does not rule out their
presence, since bedside or insensitive neuropsychological
assessment may fail to uncover impairment. 

In general, the vast majority of patients are pleased with the
clinical neurological outcome of surgery and they, as well as
their families, witness the disappearance of drug-induced
movement disorders, and increased independence in activities of
daily life. What is remarkable and surprising is the fact that
ipsilateral benefits are also seen.130 Few patients are able to have
their medication dosage significantly lowered but they perform
better overall with improvement quantified with the Unified
Parkinson’s disease Rating Scale.53,131

The dramatic reduction in l-dopa-induced dyskinesias and
recovery of functional motor control often is accompanied by a
euphoric postoperative reaction during which even problematic
cognitive or behavioural impairments are overshadowed.
Patients with unilateral PVP insist that they feel fine, both
emotionally and behaviourally, but spouses and caregivers paint

a different picture. Minor cognitive and behavioural changes are
also masked in general since many patients have evolved into
lifestyles, such as retirement, which do not provide opportunities
for challenge by novel intellectual or psychosocial situations.
Families continue to be protective and also overfunction to
compensate for the patients’ limitations. During this euphoric
phase, the ability of patients to re-engage in a wide range of
activities induces some to launch themselves headlong into
physical and mental challenges that they previously enjoyed.
Patients may develop a maladaptive adjustment disorder due to
failure of expected re-insertion into previous activities.57,132 This
failure of patients to cope with their rapid clinical improvement
may lead to significant psychic distress and interpersonal
problems as has been long-recognized in patients surgically
“cured” of epilepsy.133

Cases of poor judgement, disinhibition, reckless behaviour,
and socially inappropriate behaviour were observed to such an
extent that a systematic assessment of personality change was
undertaken.67 It quickly became clear that many of the roughly
25% of patients with such problems had little or no insight into
their altered behaviour. When noted by the patients, odd or
altered behaviours tended to be rationalized and the consequent
disruption minimized. The group of patients assessed developed
behavioural or personality changes ranging from apathy and
abulia to disinhibition and mania.67 Mercifully for the caregivers
and medical support staff, the problems often spontaneously
resolve within a few months, sometimes responding quite well to
a combination of medical therapy and behavioural management
interventions. It is critical to educate the family and caregivers
about the organic basis for the behaviour and how best to
structure environment and interaction. Patients are also given
feedback about their actions and encouraged to trust the advice
and guidance of caregivers. Rarely, behavioural alterations
persist beyond 12 months, requiring ongoing monitoring and
treatment. The relative risk of persisting problems appears to be
quite low (about 5% in our centre after lesions and less after
DBS). In other centres, the quality of postoperative monitoring is
difficult to establish and patients living in other countries may be
lost to follow-up completely. There are, therefore, no good long-
term data addressing these issues.

In trying to identify factors which might predispose patients
to such reactions, instances of prior psychiatric history were
revealed.121 During screening, these may have been considered
too remote to be pertinent, may have been considered well-
controlled and, rarely, may have been hidden or minimized by
patients and families in order to be accepted for surgery. It is now
advised that decompensation may be expected and the treatment
team should be ready to deal with such events. For example, if
depression was previously a significant factor, then the
resumption of treatment with standard antidepressants may
prove quite effective in postoperative management.

Although impulsivity and lack of self-monitoring, as well as
disinhibition are accompanied by the most troublesome social
complications, other patients experience a behavioural
shutdown, becoming apathetic, socially withdrawn and
anhedonic.67,69 Only in one other study have similar effects been
noted,134 although anecdotal reports are often discussed when-
ever movement disorder neurosurgeons congregate.1 5 , 1 2 1 , 1 3 2

Careful postoperative management of these behaviourally
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disturbed patients requires a multifactorial approach and can
involve psychiatry, psychology, social work, home care and
family counselling. In some cases, disordered behaviour/mood
may resolve over several months but the most severely affected
patients remain, to all intents and purposes, permanently
changed.

From a cognitive point of view, the expected general
improvement in attentional capacity is somewhat borne out.
Patients are better able to attend to tasks and are no longer
distracted by their drug-induced movement disorder.

Trépanier et al6 7 adopted a hypothesis-testing approach,
targeting cognitive functions known to be at risk in PD and found
deficits in the expected cognitive domains after PVP. Those
observations suggested that circuits still participating in
processing information in cognitive operations had been
damaged, a conclusion also reached by others.127,135-137 Thus,
both hemisphere-specific eff e c t s1 2 6 as well as executive
functions were affected. Specific deficits after left PVP included
deterioration in verbal serial list learning, decreased controlled
oral word fluency (semantic and phonemic; i.e. ability to
generate lists of words according to category or target letter), and
impaired working memory.6 6 , 6 7 , 1 2 3 , 1 2 7 , 1 3 8 - 1 4 0 The deleterious
effects of right PVP proved to be more difficult to demonstrate.
Trépanier et al67 found only transient (i.e. cleared within 12
months) impairment of visual constructional abilities. Recent
reports have confirmed the vulnerability of visuoconstructive
functions as well.127,141 Having followed some of these patients
now for several years, we can report that there is little recovery
of those deteriorated functions, but there is no significant further
decline.

Direct tests of procedural and problem-solving functions
revealed little change, contrary to expectation. 1 2 7 , 1 3 6 , 1 3 7 O n
reflection, it was surmised that, during the slow cognitive
adaptation to disease progression, these most vulnerable
functions had probably already been taken over (albeit
inefficiently) by alternate circuits, in keeping with the opinion of
Marsden and Obeso.142 There is recent PET evidence that PD
patients activate their hippocampal formation when solving a
problem as a compensation for their inability to activate the
striatum.143 In the case at hand, PVP may have little impact on
certain neuropsychological tasks, since a change of locus of
control to cortical levels has already taken place. Thus, further
damage to the basal ganglia may be expected to have little or no
impact. Other groups have also generally found subtle cognitive
effects of these surgeries.126,129,144,145

As is often the case with regard to basal ganglia strokes,
bilateral lesions are more likely to result in severe behavioural
change than unilateral lesions.20,34,46 In cases of simultaneous, or
staged bilateral pallidal lesions, all too often outcome is
characterized by catastrophic declines cognitively and also in
behavioural control, with a full-blown frontal syndrome being
induced.66,67,69,146 In two of three cases of bilateral PVP in our
own series and several cases in another report, a catastrophic
behavioural syndrome of the frontal type ensued.66,67 Thus, some
patients developed environmental dependancy and imitative and
utilization behaviours as described by Lhermitte.147-149 In one
such case requiring prolonged hospitalization, the patient was
adamant that he was not depressed or upset by his actions
(despite having created public embarrassment to his family).

This lack of insight and judgement was quite characteristic of
many cases, even those with unilateral PVP. However, it must be
emphasized that this outcome is not obligatory. In one of our
cases and in other series, no major behavioural disruption was
noted,66,67,69,135 possibly because of location or size of lesion.
Recently, Aziz’s team150 reported a series of 115 consecutive
cases of unilateral PVP and bilateral PVP with no mention of
adverse cognitive or psychiatric events, although it is not clear to
what extent patients were assessed for those conditions. In two
recent studies of neuropsychological outcome after bilateral
PVP, impairments were seen in attentional set-shifting 136 and in
recursive spatial problem-solving.137

In conclusion, optimally-placed PVP lesions can benefit PD
patients without necessarily causing cognitive impairment.
However, since slightly more rostral lesions yield the greatest
reduction in drug-induced dyskinesias151 and it is also those
lesions that are associated with cognitive impairment,152 a benign
outcome cannot be guaranteed, especially with bilateral lesions.

Globus pallidal deep brain stimulation may be less
cognitively toxic than PVP,153 possibly because of differential
effects on neurons and fibres of passage and the titration of
stimulation parameters. This permits bilateral
interventions.69,154,155 As was the case for lesions, location of
stimulation within the pallidum (may include the external
division of the GP) produces differential effects on parkinsonian
symptoms in the on and off drug states.156 A comparison of the
effects of stimulation at different sites within the pallidum on
cognitive function has not been done.

NEUROPSYCHOLOGICAL OUTCOME OF SUBTHALAMIC NUCLEUS

DEEP BRAIN STIMULATION (STN-DBS)

Bilateral STN-DBS is currently considered to be the
treatment of choice for PD since this fundamentally ameliorates
symptoms and permits drastic reductions in medication.51,130,157

It is thought that DBS blocks the action of the STN, thus
reducing its widespread excitatory influence (glutamatergic)
throughout the striatal circuitry (and perhaps also directly into
the thalamus). However, recent studies have suggested that
excitatory effects may also be produced.1 5 8 - 1 6 0

Since at best, STN-DBS results in motor improvement only
as good as the best l-dopa response,1 5 7 one might suspect that
there would be little improvement in cognition other than the
indirect effect of alleviating motor control problems and so
liberating attentional resources to be allocated back to
cognitive or behavioural processing. 1 6 1 In younger patients,
cognitive costs are essentially negligible.1 5 4 There is evidence
for a statistically mild improvement in some executive
functions, but this may be without clinical importance.1 6 2 It is
intriguing that cessation of stimulation does not lead to a loss
of this so-called improvement,1 6 3 suggesting that other circuits,
outside of the sphere of influence of the basal ganglia may
permanently take over functions.1 4 3 , 1 6 4 , 1 6 5 A l t e r n a t e l y, a
nonspecific improvement in the allocation of attentional
resources may be responsible, and this could take some time to
decompensate after the stimulation is interrupted. In contrast,
in older patients, not only is clinical motor benefit less
dramatic, but significant cognitive impairment may ensue.5 7

When present, the full gamut of cognitive impairment is seen,
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those functions dependent on executive mechanisms being at
greatest risk. Idiosyncratic behavioural and personality
problems may also develop and, if so, sometimes require
psychiatric management. A c u t e l y, immediately after surg e r y, it
is common to observe transient states of confusion (especially
in the elderly), or hypomania (especially in the younger) lasting
days to months in all patients.

Subthalamic nucleus deep brain stimulation has also been
reported to induce instantaneous or insidious alterations of mood
experienced as euphoria/hilarity or depression/apathy
(abulia).66,69,166-168 The STN is a relatively small target and DBS
electrodes may inadvertently be placed suboptimally. This may
be responsible for the reported cases of depression, euphoria or
anger, although these events appear to be relatively rare. Careful
adjustment of stimulation parameters and the choice of electrode
contacts for activation may minimize some of these problems but
more studies will definitely be needed. There has been no
satisfactory explanation in anatomical or physiological terms for
these effects. Because of this potential danger, further
exploration of GPi-DBS is expected.135,169,170

It has become clear that outcome of DBS is, therefore,
predicted by age at surg e r y, extent of response to l-dopa
challenge, and rigorous neuropsychological screening.69,154 The
cognitive impact of DBS within the basal ganglia has been
interpreted as evidence both for the facilitation of cortically-
based functions and the interruption of striatally-based
processing. 

In conclusion, for ideally-selected patients, neurosurgical
intervention appears to be relatively benign from a cognitive and
psychological perspective. However, there continue to be
individual cases of cognitive and behavioural compromise in all
centres. In addition, it is difficult to assess extent of clinical
impact of minor cognitive changes (i.e. in the range of 1 SD) as
measured psychometrically. It can be argued that retired patients
with adequate caregiver support can continue to manage quite
well cognitively since this is not significantly challenged. It is
certainly also the case that the dramatic improvement in motor
symptoms has a major positive impact on their quality of life.
Long-term reduction of cognitive reserve, in interaction with
normal aging and disease progression, may prove extremely
difficult to assess. Given the above, can the expense of extensive
neuropsychological evaluations be justified in this age of
managed health care and fiscal conservatism? To the extent that
patients with concomittant dementia can be eliminated from
surgery, then the projected extra cost of their future care (i.e.
possible institutionalization, home care, psychiatric treatment)
would be kept to that expected for standard PD. For those
operated patients who experience minor but perceptable
complications, it would be hoped that the preparedness of the
treatment team and family/caregivers would optimize care and
subvert catastrophic consequences.

Clearly, neuropsychological expertise is best focussed on the
so-called “grey zone” cases who pass regular medical screening
procedures but in whom concerns are raised. Only by continued
research and systematic follow-up will indicies predicting post-
operative complications be established. That being said, all of the
above considerations only hold for cases operated by expert
neurosurgeons who can virtually guarantee precise electrode
placement. 

RESEARCH

Major questions remain with regard to the way in which PVP
or DBS alter information processing in the basal ganglia
c i r c u i t r y. A corollary question pertains to the cortical and
cerebellar compensations induced by these interventions. It is
highly likely, therefore, that these surgical procedures disconnect
dysfunctional basal ganglia circuits in whole or in part and that
there is a shift of locus of control and mode of information
processing outside of the basal ganglia.

Neuropsychological studies have attempted to differentiate
frontal from basal ganglia dysfunction in PD,32,44,81,163,171 a
d i fficult analysis considering the multiplexed nature of
information processing.46,172,173 The defocusing of information
processing in the basal ganglia caused by loss of DA has been
proposed to be at the origin of cognitive dysfunction in PD.172,174

Schultz and his colleagues5 have also emphasized the critical role
of DA in reinforcement-based learning, a recognized weakness
in PD patients.29,175

Functional neuroimaging has revealed altered regional
cerebral blood flow due to either PVP or DBS,164,165,176,177 both
in passive and motor activation conditions. Although it has been
possible to show the alteration of circuit activation with thalamic
DBS,178 a similar demonstration with STN-DBS has so far
proven to be elusive (Saint-Cyr et al, unpublished observations).
However, it has been possible to demonstrate altered processing
in cortical circuits during lexical retrieval in the presence of STN
DBS (McAndrews et al, in preparation). Positron emission
tomography studies of regional cerebral blood flow have
typically shown frontal and subcortical hypoperfusion at rest in
PD.179 When PD patients perform motor activation tasks, such as
finger sequence movements or random joystick movements,
there is an underactivation of the supplementary motor area but
overactivation of premotor and parietal cortical areas.164,177,180 In
those same studies, after PVPor clinically effective GPi or STN
DBS, these blood flow anomalies tend to return towards normal
patterns seen in control subjects. Recently, Sestini and
colleagues181 showed increases not only in and around the
supplementary motor area (BA6, 8), but also in the dorsolateral
prefrontal cortex (BA9/10, 46), and anterior cingulate (BA 32).

Other studies have compared DBS in the GPi vs STN69,154

with a suggestion that the former may be less toxic. Mild
improvement in some aspects of executive processing has been
demonstrated after STN DBS.162 If DBS is directly responsible
for altered cognitive processing, as it appears to be for the
amelioration of motor symptoms, the cessation of stimulation
should rapidly reverse any induced cognitive effects. When this
hypothesis was directly tested, the mild improvements or
impairments found (i.e. preoperative performance compared to
postprogramming) remained unchanged with stimulation on or
off.163 This puzzling finding suggests that one effect of the
stimulation may be to disconnect basal ganglia outflow from its
thalamo-cortical targets.

In another study, Schubert et al182 concluded that GPi-DBS
was as equally effective in overcoming bradykinesia as l-dopa
treatment (for simple reaction time) but without the speed
accuracy trade-off induced by the latter (in a multiple choice
reaction time task). This suggests that GPi-DBS can mimic but
not duplicate the drug action. In a PET imaging study of the
effect of STN-DBS, Schroeder et al183 found a correlation
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between increased response time on the Stroop task (i.e.
increased time to name colours spelled in incongruent coloured
ink) and decreased activation of the right anterior cingulate and
ventral striatum while there was increased activation of the left
angular gyrus. This was interpreted as a reflection of response
conflict and verbal suppression of prepotent responses. In other
words, under conditions of stimulation, top-down cortically
based processing is brought into play to compensate for
decreased striatal function. 

These observations suggest that shifts in neural circuit
activation during cognitive challenge may reflect abandonment
of blocked circuits and the recruitment of alternate systems that
may perform roughly equivalent processing. However, lest we
attribute all behavioural changes to the effects of brain
stimulation, Pollo et al184 have recently reported a placebo effect
of stimulation on movement speed. This is reminiscent of the
surprising demonstration of a placebo effect in l-dopa-induced
reduction of raclopride binding.185 Therefore, altered behavioural
strategies and expectations may also lead to altered modes of
neural processing.

Correlative studies analyzing PVPlesion location to cognitive
outcome have been published152 but a similar analysis awaits to
be done with respect to site of stimulation in and adjacent to the
STN. Several recent studies have shown that MRI can accurately
document electrode location186-188 thus setting the stage for such
analyses. 

CONCLUSIONS

Neuropsychology plays a very critical role in patient selection
(screening) and in monitoring psychological outcome of
n e u r o s u rgical interventions for the treatment of selected
movement disorders such as PD. 

The role of neuropsychology is to provide the psychometric
basis for the differential diagnosis of concomitant dementia or
other neuropathological process with a significant impact on the
individual patient’s cognitive reserve. It is thought that this
impact is proportional to the risk of postoperative cognitive
compromise. The exact threshold used to establish the clinical
significance of such risk has not been determined but should be
a goal for the future. Secondly, the neuropsychologist evaluates
the psychosocial factors contributing to current cognitive and
psychological function and estimates the patient’s capacity to
tolerate the stress of the surgery. These factors are also pertinent
to the amount and quality of postoperative support available to
the patients. Thirdly, there is an important role to be played in the
education of patients and their caregivers concerning expected
outcome, as well as providing follow-up assessments and
support.

Although the current models of basal ganglia function do
provide guidance for the neurosurgeon and have some predictive
power, they are almost certainly wrong.189,190 These surgical
procedures, therefore, offer the opportunity to experimentally
manipulate basal ganglia circuit function and to study the
manner in which cognitive processing is affected as well as the
r e o rganization of the compensatory cortical and cerebellar
circuits.

Since there is growing evidence that alternate neural circuits
are recruited to compensate for disabled fronto-striatal circuits,

this neural plasticity must be studied and understood. From a
rehabilitation perspective, patients may profit from different
forms of management for daily function than previously due to
the induced shifts in neural processing. These shifts can be
investigated neuropsychologically at both the behavioural and
neural imaging levels. Finally, the lessons learned from these
surgeries may well be applicable to future forms of treatment.
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