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Subcortical Dementia
Neuropsychology, Neuropsychiatry, and Pathophysiology

J. L. CUMMINGS

Subcortical dementia refers to a clinical syndrome characterised by slowing of cognition,
memory disturbances, difficulty with complex intellectual tasks such as strategy
generation and problem solving, visuospatial abnormalities, and disturbances of mood
and affect. The syndrome was first described by Kinnier Wilson, but further progress
in development of the concept has occurred only within the past ten years. Subcortical
dementia occurs in degenerative extrapyramidal disorders and has also been identified
in inflammatory, infectious, and vascular conditions. Histologic, metabolic, and
neurochemical investigations implicate dysfunction primarily of subcortical
neurotransmitter systems and subcortical structures or subcortical-frontal connections
in the genesis of the syndrome. Subcortical dementia contrasts neuropsychologically and
anatomically with disorders such as dementia of the Alzheimer type that affect primarily
the cerebral cortex. The clinical characteristics of subcortical dementia reflect the
interruption of fundamental functions (motivation, mood, timing, arousal) mediated by

phylogenetically and ontogenetically early maturing structures.

Dementia is an acquired persistent impairment in
intellectual function involving several domains of
mental abilities and resulting from brain dysfunction
(Cummings & Benson, 1983). Dementia was once
regarded as a unitary disorder of brain failure with
homogeneous mental status alterations, but recent
studies of intellectual changes in specific disease
processes reveal that dementia has variable mani-
festations and that the nature of the cognitive and
behavioural alterations can be correlated with the
distribution and severity of brain pathology.
Preliminary investigations have demonstrated two
principal patterns of neuropsychological deteriora-
tion within the dementias: 1) a cortical pattern with
intellectual decline including loss of such abilities as
language, learning, perception, calculation, and
praxis and manifested by aphasia, amnesia, agnosia,
acalculia, and apraxia; and 2) a subcortical pattern
resulting from disturbances of functions such as
motivation, mood, attention, and arousal evidenced
by psychomotor slowing, memory impairment,
affective and emotional disorders, and difficulties
with strategy formation and problem solving.
Anatomically, the cortical pattern is produced by
diseases involving primarily, but not exclusively, the
association cortex of the cerebral hemispheres and
the medial temporal lobes, whereas the subcortical
pattern occurs in disorders with predominant

involvement of basal ganglia, thalamus, and
brainstem structures (Albert et al/, 1974; McHugh &
Folstein, 1975; Albert, 1978; Cummings & Benson,
1983, 1984). Alzheimer’s disease and Pick’s disease
are examples of cortical dementing processes; the
dementia syndromes associated with the extra-
pyramidal disorders (Huntington’s disease,
Parkinson’s disease, progressive supranuclear palsy,
etc.) exemplify the subcortical pattern of intellectual
impairment.

The relationship of dementia to cortical dysfunction
is widely known and accepted, whereas the correlation
between subcortical pathological involvement and
dementia is more controversial. This review will
present the available information regarding subcortical
dementia and the contribution of subcortical
structures to human intellectual and emotional
function. A brief history of the idea of subcortical
dementia will be presented first; followed by a
discussion of the neuropsychological and neuro-
psychiatric characteristics of subcortical dementia;
finally the pathology, pathophysiology, and possible
mechanisms of subcortical dementia are described.

History of subcortical dementia

Subcortical dementia was first described by S. A. K.
Wilson in 1912, In the course of describing the
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disease that came to bear his name, Wilson
commented on the ‘‘psychical symptoms’’ and noted
that in contrast to “‘senile dementia’’ and dementia
paralytica, his patients had no evidence of agnosia
or apraxia, and memory and comprehension deficits
were less severe. They manifested ‘‘narrowing of the
mental horizon’’ manifested by a diminished capacity
to store and retain mental impressions, and they
evidenced *‘facility, docility, and childishness’* with
lack of insight and poor judgment. He observed that
the symptoms closely resembled those occurring in
Huntington’s disease and Parkinson’s disease. At
autopsy, Wilson’s patients had severe pathological
changes in the lenticular nucleus and globus pallidus;
the cerebral cortical structures were preserved. Thus,
in addition to establishing the relationship between
an extrapyramidal movement disorder and disease
of the basal ganglia, Wilson must also be credited
with the first description of a syndrome now
recognised as subcortical dementia and with
demonstration of its association with basal ganglionic
dysfunction. '
After Wilson’s initial contribution linking intellec-
tual impairment to basal ganglia disorders, observa-
tions regarding dementia in patients with thalamic
and basal ganglionic diseases continued to accumulate,
but no systematic formulation of the relationship was
attempted for approximately 60 years. In nearly
simultaneous publications, Albert and colleagues
(1974) and McHugh & Folstein (1975) called attention
to the subcortical origin of the dementia of progressive
supranuclear palsy (PSP) and Huntington’s disease,
respectively. Albert ef al (1974) noted that patients
with PSP typically exhibited forgetfulness, slowness
of thought processes, alterations of mood and
personality, and impaired ability to manipulate
acquired knowledge. They emphasised the absence
of cerebral cortical involvement in PSP and observed
that similar behavioural alterations had been described
in patients with other subcortical degenerative
processes such as thalamic degeneration, olivoponto-
cerebellar atrophy, and Parkinson’s disease and that
all these disorders failed to produce the aphasic,
agnosic, and apractic deficits characteristic of
dementias associated with cortical dysfunction.
Similarly, McHugh & Folstein (1975) described
abnormalities of problem solving, insight, judgement,
abstraction, attention, concentration, and motivation
in patients with Huntington’s disease. They contrasted
these deficits with the aphasia, alexia, apraxia,
and agnosia of Alzheimer’s disease and with the
amnesia of the Wernicke-Korsakoff syndrome.
Noting the prominence of subcortical degeneration
in Huntington’s disease and the relatively limited
and variable cortical involvement, they suggested that
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the mental changes were a product of the subcortical
pathological alterations.

In the past decade, the seminal observations of
Albert et al, (1974) and McHugh & Folstein (1975)
have been supported and extended. Among the extra-
pyramidal syndromes, subcortical dementia has been
found in Parkinson’s disease (Albert, 1978),
idiopathic basal ganglia calcification (Cummings et
al, 1983), and spinocerebellar degenerations (Hart
et al, 1985) as well as PSP, Huntington’s disease,
and Wilson’s disease. Thalamic degeneration,
likewise, produces a similar pattern of intellectual
deterioration (Stern, 1939; Schulman, 1957; Katz et
al, 1984). Subcortical dementia has also been
identified in non-degenerative disorders: infarction
of the basal ganglia and thalamus produces the
characteristic mental status syndrome (Cummings &
Benson, 1983; Guberman & Stuss, 1983; Graff-
Radford et al, 1984), and similar behavioural changes
have been observed in patients with granulomatous
and post-encephalitic involvement of the same region
(Pilleri et al, 1981; Hier et al, 1983). Among metabolic
conditions, the subcortical pattern of dementia has
been identified in parathyroid dysfunction where
basal ganglionic calcification is often prominent
(Bachman & Albert, 1984). This aetiologically
heterogeneous group of disorders shares a similar
pattern of intellectual compromise and a common
preferential involvement of subcortical grey matter
structures.

Characteristics of subcortical dementia

Neuropsychological and neurobehavioural aspects

Dysfunction of subcortical structures results in
abnormalities in speed of information processing,
attention and concentration, memory, word list
generation, abstraction and categorisation, judge-
ment, problem resolution, strategy formulation, and
visuospatial abilities. The dementia syndromes of
Parkinson’s disease and Huntington’s disease have
been studied most extensively and will be cited to
provide examples of these deficits.

Speed of cognition

Slowness of central processing is a ubiquitous
abnormality that contributes to many of the deficits
of subcortical dementia. Originally considered a
reflection. of retardation of movement (brady-
kinesia), recent studies have shown a slowness
of information processing (bradyphrenia) in excess
of the motor system abnormalities. Evarts et a/ (1981)
compared parkinsonian patients with aged controls
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matched for severity of motoric slowing and found
that the Parkinson’s disease patients had significantly
slower reaction times indicative of slowed central
operations. Wilson et a/ (1980) demonstrated that
the speed of memory scanning is increased in elderly
Parkinson’s disease patients compared to elderly
control subjects, and Horne (1971) showed that post-
thalamotomy Parkinson’s disease patients had
normal reaction times for tasks with no response
delay but were significantly slower than control
subjects when the tests were made more complex by
requiring a delay in response. Rafal et a/ (1984) failed
to demonstrate a retardation of central processing
in their patients, but they found that dopamine
treatment improved performance on two complex
reaction time tasks and did not facilitate simple
reaction times, suggesting that abnormalities of
dopaminergic function were contributing to response
latencies of the more complicated procedures. Stern
and colleagues (1984) found a significant relationship
between reaction times and abnormalities of norepine-
phrine metabolism in Parkinson’s disease patients.

Slowing, unrelated to motor disturbances, has
also been noted in patients with Huntington’s disease
and PSP (Rafal & Grimm, 1981; Brouwers et al,
1984).

Attention and concentration

Attention, concentration, and vigilance may also be
disturbed by dysfunction of subcortical mechanisms.
Parkinson’s disease patients may manifest abnor-
malities on tests of concentration including digit
span, digit symbol, trail making tests, and serial
cancellation tasks (Reitan & Boll, 1971; Pirozzolo
et al, 1982), and patients with left-unilateral
Parkinsonism exhibit disturbances of visual attention
and cancellation (Villardita et a/, 1983). McHugh &
Folstein (1975) emphasized that Huntington’s disease
patients had abnormalities of attention and concen-
tration that contributed to their memory and
cognitive deficits.

Memory

Memory disturbances are a cardinal feature of
subcortical dementia but have been only partially
characterised and contrasted with memory abnor-
malities in cortical dementing illnesses. While
remaining oriented and performing adequately on
simple memory tests, Parkinson’s disease patients
explored with more detailed testing manifest abnor-
malities in visual memory, learning of superspan
word lists, logical memory, paired associate learning,
tactile memory, and recall of remote personal and
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sociopolitical information (Warburton, 1967; Reitan
& Boll, 1971; Pirozzolo et al, 1982; Freedman et al,
1984; Globus et al, 1985). The deficits in recall of
new information are partially aided by cues and by
choice recognition manoeuvers suggesting a greater
deficit in recollection of stored information than of
encoding new material (Tweedy et al, 1982).
Impaired recall of remote information is equally
severe for all decades of the patient’s life; the
temporal gradient characteristic of Korsakoff’s
syndrome is lacking (Freedman et al/, 1984). A
relationship between altered catecholamine function
and memory impairment in Parkinson’s disease
is suggested by the correlation between memory
performance and cerebrospinal fluid catecholamine
metabolite ratio (Mann et al/, 1983) and the
observation that verbal memory performance improves
following levodopa administration (Marsh et al,
1971; Halgin et al, 1977).

Memory disturbances in Huntington’s disease
resemble those of Parkinson’s disease. Impaired
performance in tests of recent memory are among
the earliest detectable abnormalities of Huntington’s
disease patients, and analysis of the recall deficits
suggests disturbances in both encoding and retrieval
(Caine et al, 1977; Butters et al, 1978). Compared with
Korsakoff’s syndrome, patients with Huntington’s
disease show no improvement with reduced proactive
interference but are significantly aided by using
recognition as opposed to recall paradigms (Butters
et al, 1976; Martone et al, 1984). Like Parkinson’s
disease patients, those with Huntington’s disease
have remote memory deficits involving all decades
(Albert et al, 1981). There is a significant correlation
between the severity of memory abnormalities and
the extent of caudate atrophy seen on computerised
tomographic (CT) scans of the head of Huntington’s
disease patients (Sax et al, 1983).

Memory abnormalities have not been as well
studied in other subcortical dementing disorders, but
slowed memory scanning is evident in patients with
Friedreich’s ataxia, and memory is impaired in PSP
(Albert et al, 1974; Davis et al, 1985; Hart et al,
1985).

Visuospatial abilities

Visuospatial deficits not attributable to motor system
abnormalities including visual discrimination, visual
organisation, spatial orientation, drawing, angle
perception, and rotational task disturbances have
been identified in patients with Parkinson’s disease
(Mortimer et al, 1982; Pirozzolo et al, 1982; Boller
et al, 1984; Globus et al, 1985). Parkinsonian patients
also have difficulty judging vertical and horizontal
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axes visually and with regard to their own posture
when vision is obscured (Proctor et al, 1964;
Danta & Hilton, 1975). Gainotti et al (1980)
compared patients with Parkinson’s disease,
Huntington’s disease, and Alzheimer’s disease and
found the latter to be significantly more impaired
on tests requiring copying of designs. In another
study comparing patients with cortical and sub-
cortical dementias, Brouwers et a/ (1984) demon-
strated that Alzheimer’s disease patients had more
difficulty with reproduction of constructional
models, whereas Huntington’s disease patients had
greater impairment on a road map test. Kimura et
al (1981) found that patients with PSP manifest
abnormalities on tasks involving visual search or
visual scanning abilities.

Cognition

Patients with Parkinson’s disease also suffer from
a variety of cognitive deficits. Category naming
(verbal fluency, number of members of a specified
category named in one minute) is diminished in
many parkinsonian patients (Matison et al, 1982;
Lees & Smith, 1983). They may also exhibit
abnormalities on the similarities subtest of the
Wechsler Adult Intelligence Scale (WAIS) and have
difficulty shifting set on tasks requiring abstraction
and categorisation (Talland & Schwab, 1964; Reitan
& Ball, 1971; Lees & Smith, 1983; Globus et
al, 1985). The latter deficit is partially reversible
with levodopa therapy, supporting a relation with
the underlying dopamine deficiency (Bowen et al,
1975).

Huntington’s disease patients exhibit a similar
pattern of cognitive deficits. Category naming is
impaired early in the course of the disease, and
subtests of the WAIS dependent on abstraction and
concept manipulation are performed poorly (Boll et
al, 1974; Butters et al, 1978; Josiassen et al,
1982).

The cognitive deficits of PSP similarly include
poor abstraction, difficulty shifting sets, and poor
manipulation of information (Rafal & Grimm, 1981;
Maher et al, 1985). The cognitive deficits of the
spinocerebellar degenerations have not been well
studied but appear to resemble those of other
subcortical dementias and lack the features indicative
of cortical dysfunction (Carter & Sukavajana, 1956;
Chandler & Debin, 1956; Cummings & Benson,
1983; Trauner, 1985). Similarly, the cognitive
abnormalities of idiopathic basal ganglia calcification
and Wilson’s disease share the characteristics of
subcortical dementia (Knehr & Bearn, 1956;
Cummings et al, 1983).
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Language

Compared with other areas of neuropsychological
function, language is largely spared in the subcortical
dementias. In Parkinson’s disease, Huntington’s
disease, and PSP patients perform normally or
manifest mild deficits in picture and object naming,
but they lack the more severe disturbances of
comprehension and the paraphasic abnormalities
characteristic of the cortical dementias (Butters et
al, 1978; Matison et al, 1982; Bayles & Tomoeda,
1983; Cummings et al, 1985; Globus et al, 1985;
Maher et al, 1985). The few studies of Wilson’s
disease reveal relative preservation of vocabulary,
whereas abstraction and conceptualisation abilities
are compromised (Knehr & Bearn, 1956; Goldstein
et al, 1968).

Summary and contrast with cortical dementias

Analysis of the neuropsychological profile of
subcortical dementia allows the pattern of intellectual
disturbances to be contrasted with the abnormalities
manifested by patients with dementias involving
predominantly the cerebral cortex (Table I).
Subcortical dementias are characterized by
psychomotor retardation, whereas the cortical
dementias manifest normal psychomotor speed
throughout most of the clinical course (Cummings
& Benson, 1986). Memory disturbances are present
in both cortical and subcortical dementias, but
subcortical disorders have a prominent recall deficits
and are benefited by clues and recognition tasks
whereas the memory abnormalities in cortical
dementias are a product of encoding failure and are
aided little by recall facilitation strategies. Language
abnormalities provide the most readily observable
distinctions between cortical and subcortical
dementias: subcortical conditions manifest no abnor-
malities or have mild impairments of confrontation
naming and auditory comprehension, whereas
cortical dementias evidence fluent paraphasic verbal
output with severe anomia and moderate to severely
impaired language comprehension (Cummings &
Benson, 1983; Cummings et a/, 1985). Visuospatial
abilities are abnormal in both cortical and subcortical
dementias. Alzheimer’s disease patients have greater
difficulty performing constructional tasks, and
patients with subcortical dementias are more impaired
on tests involving egocentric spatial operations such
as map reading and judgement of vertical and
horizontal axes (Proctor ef al, 1964; Danta & Hilton,
1975; Boller et al, 1984; Brouwers et al, 1984).
Abnormalities of abstraction and categorisation are
present in both cortical and subcortical dementias
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TABLE 1

Contrasting features of cortical and subcortical dementias

Characteristics

Subcortical
dementia

Cortical
dementia

Neuropsychological features
Severity

Speed of cognition

Memory
Short term

Remote recall
Language

Visuospatial skills

Cognition

Neuropsychiatric features
Personality
Depression
Mania
Psychosis

Motor system
Speech
Posture
Gait
Speed
Adventitious movements
Tone

Topography of pathologic

changes

Neurochemical changes

Aetiologic disorders

Mild to moderate throughout most
of the course
Slowed

Recall partially facilitated by clues
and recognition tasks
No temporal gradient

Normal or mild anomia

Impaired; poor manipulation of
egocentric space (map reading,
judgement of horizontal and vertical)
Poor abstraction and categorization

Apathy, irritability

Common

Infrequent

Common in some disorders, may have
complex delusions

Dysarthria

Flexed or extended

Hypokinetic or hyperkinetic

Slow

Tremor, chorea, dystonia

Abnormal (hypotonic in choreic
disorders; hypertonia in parkinsonian
conditions)

Most intense changes in striatum
and thalamus

Huntington’s disease:

decreased GABA, angiotensin
converting enzyme, substance P,
cholecystokinin-like immunoreactivity,
and CAT

Parkinson’s disease:

decreased dopamine, noradrenalin,
serotonin, methionine-enkephalin, CAT
neurotensin, bombesin, cholcystokinin-
immunoreactivity, GABA

PSP:
decreased dopamine, variable loss of
CAT

Degenerative extrapyramidal
syndromes, subcortical infarctions;
subcortical infectious, metabolic, and
neoplastic conditions

More severe deficits earlier in the
disease course
Normal

Encoding deficit; aided little by clues

In early stages, temporal gradient
may be present

Anomia, comprehension deficit,
paraphasia

Impaired; poor model copying

Impaired early; late untestable

Indifference, occasional disinhibition
Uncommon

Absent

Common; simple delusions

No dysarthria

Normal (flexed late)

Normal (until late)

Normal (until late)

None or myoclonus

Normal early; rigid or gegenhalten in
later stages

Frontal and temporo-parieto-occipital
association cortex and hippocampus
most involved

Alzheimer’s disease:
decreased CAT, somatostatin, and
norepinephrine

Alzheimer’s disease, Pick’s disease
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but are more severe in the former. Thus,
psychomotor retardation is most characteristic of
subcortical dementias and aphasia is most indicative
of a cortical dementing disease; other neuropsycho-
logical abilities are affected by both cortical and
subcortical conditions, but their effects within these
domains are often qualitatively distinguishable.

Detection and characterisation of the subcortical
dementias depends on utilising techniques sensitive
to the intellectual consequences of subcortical
dysfunction. Previous failures to establish differences
between cortical and subcortical dementia utilised
simple mental status questionnaires insensitive to the
distinguishing features of the different patterns of
intellectual deterioration (Mayeux et a/, 1983). Future
investigations of the intellectual deficits of sub-
cortical dementias should focus on the differences
between individual subcortical disorders (e.g.
Parkinson’s disease vs Huntington’s disease), the
relationships among the individual components of
the dementia syndromes (e.g. association of the
memory, visuospatial, and cognitive abnormalities),
and comparative studies of cortical and subcortical
dementias.

Neuropsychiatric aspects

In addition to intellectual impairments, abnormalities
of personality, mood, and reality testing are common
in the subcortical dementias. Like the intellectual
disturbances, the neuropsychiatric alterations are
products of the subcortical anatomic and bio-
chemical changes, providing insight into the
contributions of these regions to motivation, mood,
and emotional function (Cummings, 1985a).

Personality alterations

Wilson (1912) called attention to the persona-
lity alterations associated with hepatolenticular
degeneration when he observed that the patients
appeared ‘‘docile’” and ‘‘childish’’. Albert et al
(1974) noted that patients with PSP were apathetic
or irritable and had brief outbursts of rage. Similar
changes have been observed in patients with
idiopathic Parkinson’s disease. Patients are less
involved in family and social affairs, initiate fewer
interpersonal interactions, and are more content with
inactivity. Minnesota Multiphasic Personality
Inventory (MMPI) profiles of Parkinson’s disease
patients have shown elevations on scales indicative
of depression, hypochondriasis, and schizophrenia-
like thought (Beardsley & Puletti, 1971; Hoehn et
al, 1976).

The behaviour of Huntington’s disease patients is
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characterised by apathy, inertia, hostility, and
irritability (Rosenbaum, 1941; Goodman ef al, 1966;
McHugh & Folstein, 1975; Mayeux, 1983). Caine
& Shoulson (1983) studied 30 patients with
Huntington’s disease and found that 22 were
apathetic and 11 lacked insight into the nature and
consequences of their disability. Chronic dysthymia,
anxiety, and intermittent explosive disorder were also
observed. They noted that apathy and loss of insight
were more frequent among patients in the more
advanced stages of the illness. Dewhurst et a/ (1969)
investigated 102 patients with Huntington’s disease
and found that, among the 68 patients for whom
behavioural information was available, 44 suffered
from anxiety or personality alterations in the
prodromal period, and the frequency of neuro-
psychiatric alterations increased as the disease
progressed. Thus, apathy and inertia are common
features of subcortical disorders and a variety of
conduct and personality changes have also been
reported. Few quantitative studies of this aspect of
behaviour have been undertaken, and there has been
little attempt to establish correlations between the
presence and degree of intellectual impairment and
the behavioural alterations.

Depression

Depression has received the most systematic study
of all non-cognitive alterations in subcortical
disorders and was recognised by Albert et al (1974)
and McHugh & Folstein (1975) to be a cardinal
feature of subcortical dementia.

Some degree of depression has been identified in
37-89% of patients with idiopathic Parkinson’s
disease (Mindham, 1970; Brown & Wilson, 1972;
Celesia & Wanamaker, 1972; Robins, 1976; Horn,
1974; Mayeux et al, 1981). Moderate to severe
depression occurs in 35-50% of Parkinson’s disease
patients, and depression is significantly more
common than among patients with other types of
neurological disorders or comparably disabling
medical conditions. The depression correlates
imperfectly with the degree of motor impairment,
suggesting that it is not merely a reaction to physical
disability but is biologically linked to the underlying
neuropathological changes. Depression is reported
to occur more frequently among patients with
intellectual impairment than among those without
evidence of dementia (Mayeux et a/, 1981, 1983).

Depression is also common in patients with
Huntington’s disease. Dewhurst et a/ (1969) reported
that of 102 patients 42 were depressed, and Caine
& Shoulson (1983) found that six of 24 patients had
major depressive episodes, with an additional six
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suffering from dysthymic syndromes. Schoenfeld et
al (1984) noted that suicide is approximately
four times more common among patients with
Huntington’s disease than among the general
population, and is eight times greater in the 50-69
year-old age group.

Depression has also been observed among patients
with PSP, subcortical infarctions, Wilson’s disease,
and spinocerebellar degenerations but prevalence
studies are not available (Davies, 1949; Albert et al,
1974; Trimble & Cummings, 1981; Jackson et al,
1983; Janati & Apple, 1984; Cummings 1985a,c). In
contrast, severe depression is uncommon in cortical
degenerative processes such as Alzheimer’s disease
(Cummings & Benson, 1986).

Mania

Mania is less common than other neuropsychiatric
conditions associated with subcortical disorders but
occurs too frequently to be considered a chance
association. McHugh & Folstein (1975) reported that
two of eight patients with Huntington’s disease had
manic episodes. Dewhurst et a/ (1969) found that of
102 patients with Huntington’s disease, 14 were
euphoric, two had hypomania, and five had
grandiose delusions.

Mania has also been observed in Wilson’s
disease and post-encephalitic Parkinson’s disease
(Fairweather, 1947; Pandy et al, 1981), and
Cummings & Mendez (1984) drew attention to the
fact that a majority of focal lesions producing
secondary mania are located subcortically in
hypothalamic and perithalamic regions.

Psychosis

Psychosis manifested by the endorsement of
delusional beliefs is closely correlated with
subcortical dysfunction and has been observed with
unusual frequency among patients with Huntington’s
disease, post-encephalitic Parkinson’s disease,
Wilson’s disease, idiopathic basal ganglia calcifi-
cation, and spinocerebellar degenerations, as well as
subcortical vascular, traumatic, and neoplastic
lesions (Cummings, 1985a,c). The psychosis may
precede the dementia or may occur concomitantly
with it. In the series of Huntington’s disease patients
reported by Dewhurst er al (1969), S0% had
delusions at the time of admission to hospital. Six
of 30 Huntington’s disease patients reported by
Caine & Shoulson (1983) had schizophrenia-like,
paranoid, or atypical psychoses. Of 46 patients
reviewed by Rosenbaum (1941), 38 were delusional
for some period during the course of this illness.

https://doi.org/10.1192/bjp.149.6.682 Published online by Cambridge University Press

CUMMINGS

Thus, when the entire course of the disease is taken
into account, it appears that a majority of patients
with Huntington’s disease will manifest psychotic
ideation.

Psychosis is uncommon in idiopathic parkinsonism
except when induced by anticholinergic or dopa-
minergic agents but was reported in 17-57% of
patients with post-encephalitic Parkinson’s disease
(Fairweather, 1947; Mindham, 1970; Celesia &
Wanamaker, 1972; Crow et al, 1976). Likewise,
approximately 50% of all reported patients with
idiopathic basal ganglia calcification have a
schizophrenia-like psychosis (Cummings et a/, 1983),
and psychosis has also been reported among patients
with Wilson’s disease, spinocerebellar degenerations,
and subcortical neoplasms and infarctions (Jackson
& Immerman, 1919; Davies, 1949; Shepherd, 1955;
Malamud, 1967; Keddie, 1969; Trimble & Cummings,
1981; Cummings 1985b,c). Cummings (1985b), in a
comparative study of delusions in a variety of
neurological disorders, found that patients with
cortical dementing illnesses (Alzheimer’s disease) had
more severe dementias and manifested simple
paranoid misbeliefs, whereas patients with sub-
cortical dementias had less severe intellectual
alterations and tended to have complex, highly
structured delusions.

Pathology and pathophysiology

Correlations between the phenomenology of
subcortical dementia and the anatomic structures and
biochemical systems involved have not been fully
established, but preliminary information derived
from pathoanatomic investigations allow a tentative
formulation of the structural and biochemical
alterations involved in these conditions.

Histopathologic alterations

The pathological anatomy of the extrapyramidal
syndromes is well established. In Huntington’s
disease, the greatest pathological alterations involve
the caudate nuclei where Golgi type II inter-
neurons are preferentially lost. The putamen and
thalamus manifest less severe alterations (Corseillis,
1976; Dom et al, 1976; Cummings & Benson,
1983).

Lewy bodies and neuronal loss are the histo-
pathologic alterations characteristic of idiopathic
Parkinson’s disease. The changes are most intense
in the substantia nigra, ventral tegmental area, and
locus coeruleus; less intense or variable alterations
occur in the nucleus basalis, caudate, putamen,
globus pallidus, and cerebral cortex (Greenfield &
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Bosanquet, 1953; Den Hartog Jager & Bethlem,
1960; Oppenheimer, 1976; Javoy-Agid & Agid, 1980;
Whitehouse et al, 1983).

Progressive supranuclear palsy has its greatest
impact on the structures of the mesencephalic-
diencephalic junction including the red nuclei,
subthalamic nuclei, globus pallidus, thalamus,
substantia nigra, and cerebellar nuclei (Steele ef a/,
1969). In Wilson’s disease, the putamen is most
involved, and the caudate, subthalamic nuclei, red
nuclei, and thalamus show less intense alterations
(Wilson, 1912; Smith, 1976). The pathologic geo-
graphy of the spinocerebellar degenerations is
variable but routinely includes the cerebellum and
brainstem, and in many cases alterations are
detectable in the basal ganglia, substantia nigra,
and thalamus (Greenfield, 1954; Oppenheimer,
1976). Patients with idiopathic calcification of
the basal ganglia have dense perivascular calcific
deposits in the caudate, putamen, globus pallidus,
and cerebellar nuclei (Oppenheimer, 1976; Cummings
et al, 1983). Thalamic degeneration involves pri-
marily the anterior and dorsal thalamic nuclei with
variable involvement of putamen, cerebal white
matter, cerebral cortex, and inferior olives (Stern,
1939; Schulman, 1957; Katz et al, 1984). A
similar distribution of lesions was present in one
case of post-herpetic thalamic dementia (Pilleri et a/,
1981); whereas one patient with sarcoid-related
subcortical dementia had prominent granuloma
formation in the hypothalamus, fornix, and infundi-
bulum (Hier et al/, 1983). Multi-infarct syndromes
with subcortical dementia have had lesions
concentrated in the basal ganglia and thalamus
(Cummings & Benson, 1983; Graff-Radford et al,
1984; Guberman & Stuss, 1983). In summary, the
disorders reported to produce subcortical dementia
routinely involve the striatal nuclei and/or thalamus
with more variable involvement of subthalamic
nuclei, substantia nigra, red nuclei, locus coeruleus,
cerebellar nuclei, and cerebral cortex (Benson &
Cummings, 1985).

The extent and nature of cortical involvement
associated with dementia in Parkinson’s disease is
controversial. Hakim & Mathieson (1979) and Boller
et al (1980) found an increased number of senile
plaques and neurofibrillary tangles in the cerebral
cortex of demented Parkinson’s disease patients and
suggested that the dementia was secondary to co-
occurring Alzheimer’s disease. Ball (1984), however,
found no increase in Alzheimer-type pathology
among Parkinson’s disease patients with dementia,
and epidemiological studies suggest that the two
diseases co-occur no more frequently than predicted
by chance in an elderly population (Heston et al,
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1981). As outlined above, the nature of the
neuropsychological alterations occurring in most
patients with Parkinson’s disease are unlike those
noted in Alzheimer’s disease. Progress towards the
resolution of these discrepancies depends on
thorough documentation of neuropsychological
deficits in Parkinson’s patients and correlation with
quantitative analysis of cortical and subcortical
pathologic and neurochemical changes.

Investigations of the anatomical foundations of
dementia have emphasised the possible role of the
nucleus basalis of Meynert (NBM). Whitehouse et a/
(1981) documented atrophy of the NBM in Alzheimer’s
disease and suggested that loss of these cholinergic
neurons and their cortical projections could account
for the cholinergic deficit and the dementia of
Alzheimer’s disease. Later, Whitehouse et al, (1983)
demonstrated that NBM is also atrophic in Parkinson’s
disease patients with dementia and suggested that the
two types of dementia might have a similar patho-
physiology. More recent studies show that NBM cell
loss occurs in a number of neurological illnesses
including Parkinson’s disease patients that lack
neuropathological features of Alzheimer’s disease,
Wernicke-Korsakoff syndrome, and PSP (Arendt et
al, 1983; Nakano & Hirano, 1984; Tagliavini et al,
1984). These observations suggest that atrophy of
NBM is a feature common to several dementing
disorders, occurs in diseases with and without
Alzheimer-type neuropathological changes, and has
been identified in disorders with a variety of types
of neurobehavioural alterations. Atrophy of NBM
cannot as yet be correlated with any specific neuro-
psychological or neuropsychiatric syndrome. No
atrophic changes are found in NBM in Huntington’s
disease or in post-encephalitic parkinsonism (Clark
et al, 1983; Whitehouse et al/, 1983).

Biochemical alterations

Intellectual ability is no less a product of the activity
of neurotransmitter systems than of neuroanatomical
structures. In some cases the effects of structural
alterations may be mediated through changes in
transmitter function; in others, the biochemical
alterations and resultant mental status deficits may
occur in the absence of overt anatomical pathology.
Consideration of the consequences of loss of
neurotransmitter function is particularly important
in subcortical disorders because several major
transmitter systems (e.g., dopamine, norepinephrine,
acetylcholine, serotonin) have their cells of origin in
subcortical nuclei and project via subcortical tracts
to diencephalic and telencephalic regions (Anden et
al, 1966; Mesulam, 1983).
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In Huntington’s disease the principal abnormality
is a 50-90% reduction in y-aminobutyric acid (GABA)
and related enzymes in the striatum (Perry et al,
1973; Bird & Iversen, 1974). Substantial reductions
have also been found in angiotensin converting
enzyme, substance P, methionine-enkephalin, and
cholecystokinin-like immunoreactivity (McGeer &
McGeer, 1976; Arregui et al, 1977, Emson et al,
1980a; Emson et al, 1980b). Choline acetyl-
transferase (CAT) is variably reduced and other
enzymes associated with metabolism of acetylcholine
and of catecholamines are normal (Perry et al, 1973;
Bird & Iversen, 1974; McGeer & McGeer, 1976). The
neurotransmitter and neuromodulator deficits are
confined to subcortical structures; cortical enzyme
activities are normal. Likewise, neurotransmitter
receptor studies have shown decreased muscarinic
cholinergic and GABA binding in neostriatum,
increased pallidal GABA binding, and normal
cortical receptor function (Enna et al, 1976;
Wastek & Yamamura, 1978; Penny & Young, 1982;
Whitehouse et al, 1985). Thus, in Huntington’s
disease there is a preferential loss of GABA and a
number of neuromodulators and related enzymes
from subcortical structures, whereas neurochemical
analyses of cerebral cortex (including the frontal
lobe) reveal no abnormalities.

In idiopathic Parkinson’s disease, the type and
distribution of neurotransmitter alterations have
been extensively studied. The most prominent and
consistent abnormalities involve the dopaminergic
system including dopamine, homovanillic acid,
tyrosine hydroxylase, and dopadecarboxylase
(Hornykiewicz, 1973). The dopamine losses are not
confined to the basal ganglia but involve the
midbrain ventral tegmental area, hypothalamus, and
limbic structures as well (Price et al, 1978; Javoy-
Agid et al, 1981, 1984). Less pronounced losses of
dopamine and related metabolites have also been
identified in the cerebral cortex (Scatton, 1982).
Noradrenalin, serotonin, methionine-enkephalin,
neurotensin, bombesin, and cholecystokinin immuno-,
reactivity are also reduced in subcortical structures
(Studler er al, 1982; Taquet et al, 1982; Scatton et
al, 1983; Bissette et al, 1985). GABA and related
enzymes have been found to be reduced in most
but not all studies of patients with Parkinson’s
disease. Efforts to relate neurobehavioural altera-
tions to these chemical changes have revealed
significant correlations between impaired intellectual
performance and decrease norepinephrine metabolites
in the CSF (Mann et al, 1983; Stern et al, 1984);
neuropsychological abnormalities also correlate with
increased CSF homovanillic acid and acetylcho-
linesterase levels (Direnfeld et al, 1984); and

https://doi.org/10.1192/bjp.149.6.682 Published online by Cambridge University Press

CUMMINGS

depression is associated with decreased CSF S§-
hydroxyindoleacetic acid, the principal metabolite
of serotonin (Mayeux et al/, 1984). A correlation
has also been found between severity of dementia
and reduction of neurotensin in the putamen as
measured at autopsy (Bissette et al, 1985). Studies
of cholinergic system enzymes have raised several
questions. Some investigators found no difference
in cholinergic enzyme levels between parkinsonian
and control subjects (McGeer & McGeer, 1971,
1976; Lloyd et al, 1975). Perry and colleagues
(1983) however, found reduced levels of CAT in
the cortex of demented Parkinson’s disease patients.
The latter cases also had widespread senile plaques
and neurofibrillary tangles and may have been
suffering from dementia of the Alzheimer type.
Similarly, Ruberg et a/ (1982) and Epelbaum et
al (1983) found that demented Parkinson’s disease
patients had decreased cortical acetylcholinesterase,
but these patients also had Alzheimer-type histo-
pathology and low somatostatin levels characteristic
of Alzheimer’s disease. Such observations along with
the histologic studies described above, suggest that
a number of patients with Parkinson’s disease have
dementia of the Alzheimer type with typical Alzheimer-
type histopathology and chemopathology, other
groups have cortical cholinergic deficits without
Alzheimer-type histopathological changes, or more
restricted subcortical, pathological and neuro-
chemical alterations (Gaspar & Gray, 1984). The
frequency with which dementia syndromes are
noted in Parkinson’s disease patients and the
differences between the neuropsychological deficits
of Parkinson’s disease and Alzheimer’s disease
suggest that dementia is not confined to
parkinsonians with cortical abnormalities, although
Alzheimer’s disease may account for a majority of
severe dementias occurring among parkinsonian
patients.

The serendipidous discovery that 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP), a syn-
thetic analogue of meperidine, produces the rapid
onset of an irreversible form of parkinsonism has
provided new insights into the biochemical basis of
subcortical dementia (Ballard et al/, 1985): MPTP
produces a nearly pure hypodopaminergic state by
selective destruction of dopaminergic neurons in the
substantia nigra (Davis et al, 1979; Burns et al, 1983).
Neuropsychological assessment of patients with
MPTP-induced Parkinson’s disease patients reveals
abnormalities of attention and cognition consistent
with subcortical dementia (Stern & Langston, 198S).
These observations indicate that a pure dopamine
deficiency is sufficient to produce subcortical
dementia.
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Fundamental

TABLE 11
Characteristics of instrumental and fundamental functions
Instrumental
Sfunctions

Characteristics

functions

Neuropsychological activities

Neuropsychological deficits

Associated type of dementia

Principal grey matter
structures

White matter connections

Organisational composition

Phylogeny

Ontogeny

Language, memory, perceptual
recognition, praxis, calculation

Aphasia, amnesia, agnosia, apraxia,
acalculia

Cortical

Multi-layered cortex (neopallial
association cortex and hippocampus)

Discrete well myelinated intra- and
interhemispheric tracts

Parallel connection of functional
units; lateral dominance well
developed

Recent evolutionary acquisition, most
well developed in humans

Incompletely developed at birth,

Timing, arousal, attention, motor
programming, motivation, mood

Slowing, forgetfulness, dilapidation of
cognition, depression, apathy

Subcortical

Deep nuclei (basal ganglia, thalamus,
rostral brainstem)

More diffuse, shorter, less well
myelinated projections

Serial connection of structures with
overlapping functions; poorly
lateralised

More primitive, present in triune
structure of reptile brain

Functional at birth or soon after

myelination and dendritic growth
continue through childhood

Major neurotransmitters Acetylcholine

Dopamine, norepinephrine, serotonin,
GABA, acetylcholine

Recently, the biochemical disturbances associated
with PSP have been identified. There is a marked
nigrostriatal dopamine deficiency with preserved
mesocortical and mesolimbic dopamine levels (Kish
et al, 1985; Ruberg et al, 1985). Ruberg and
colleagues (1985) found 50% reductions of CAT in
subcortical structures and a 20% reduction in the
frontal cortex, whereas Kish et a/ (1985) found no
CAT deficiencies even in two patients with severe
dementia. Noradrenalin, serotonin, GABA, and
aspartic acid levels were normal (Kish et al, 1985).
Thus, PSP and its concomitant dementia correlate
best with reduced dopamine levels and show little
relation to cortical cholinergic system deficits.

Other subcortical disorders have not been
adequately characterised neurochemically, but
sufficient information is available to suggest that
hypokinetic-rigid syndromes predictably reflect
striatal dopamine deficiency (Hornykiewicz, 1973),
and the dementias accompanying these disorders can
be attributed to the dopamine loss (Bachman &
Albert, 1984).

Metabolic investigations

Recent investigations using positron emission
tomography (PET) and cerebral blood flow (CBF)

https://doi.org/10.1192/bjp.149.6.682 Published online by Cambridge University Press

techniques have added a new dimension to
understanding the pathophysiology of subcortical
dementia. Studies of Huntington’s disease patients
using PET reveal a distinctive pattern of metabolism
characterised by decreased activity of caudate
and putamen and normal cerebral metabolism (Kuhl
et al, 1982). This pattern correlates well with the
pathological and neurochemical findings in identifying
impaired subcortical function and preserved cortical
function. It contrasts with the cortical hypometabolism
and relatively intact metabolic function of subcortical
regions observed in Alzheimer’s disease (Benson et
al, 1983; Foster et al, 1984).

Studies of hemiparkinsonism .with PET reveal
decreased metabolism in the putamen and globus
pallidus contralateral to the parkinsonian mani-
festations (Garnett et al/, 1984; Martin et al, 1984).
Studying bilateral parkinsonism, Kuhl et a/ (1984)
found a generalised decrease in brain metabolism
involving cortical and subcortical structures. Five of
these patients were restudied 3-4 years later: one
with severe dementia exhibited a PET pattern
characteristic of Alzheimer’s disease, three of the
remaining patients had more modest dementias and
showed an 18-40% decrease in cortical metabolic
activity in a pattern unlike that of Alzheimer’s
disease. Cerebral cortical blood flow is also decreased
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in Parkinson’s disease, but the magnitude of CBF
reduction shows no correlation with the presence or
severity of intellectual deterioration (Lavy et al, 1979;
Bes et al, 1983; Globus et al, 1985). This lack of
association suggests that the two functions are
separately mediated, with subcortical dysfunction
(not reflected in CBF studies) accounting for much
of the dementia. Positron emission tomography
studies in PSP have demonstrated diminished
metabolism in the frontal lobes (D’Antona et al,
1985). Metabolic studies of other subcortical
disorders with dementia are not yet available; when
completed and correlated with the type and extent
of neuropsychological abnormality, such investiga-
tions should broaden understanding of the physiology
of subcortical dysfunction and its intellectual
consequences.

Mechanisms of subcortical dementia

Investigations of the neuropsychology, anatomy, and
biochemistry of subcortical disorders have provided
sufficient information on which to base a tentative
explanation of how subcortical dysfunction results
in a dementia syndrome. Subcortical structures are
not merely relay nuclei linking the cerebral cortex
with brainstem and spinal cord; rather they have
important analytic and synthetic functions that
modify, focus, and direct incoming and outgoing
impulses. The thalamus mediates sensory, cognitive,
and limbic activities through specific thalamocortical
circuits and establishes cortical arousal through non-
specific reticuothalamocortical projections (Walker,
1937; Jasper, 1949; Krieg, 1966). Arousal, activation,
and attention are dependent on the integrity of these
connections. The striatal nuclei receive afferents
from all cerebral cortical areas, and there are
particularly dense connections between the frontal
lobe cortex and the caudate nucleus (Kemp & Powell,
1970; Graybiel & Ragsdale, 1979). These projections
provide an anatomic basis for the similarities between
subcortical dementias and of frontal lobe syndromes
such as perseveration, impersistence, distractability,
difficulty shifting sets, abnormal verbal fluency, poor
abstraction, impaired categorisation, and difficulty
with strategy generation and problem solving
(Johnson et al, 1968). Terms such as ‘frontal systems
disorder’, ‘frontal-subcortical systems disorder’, or
‘frontal-subcortical dementia’ are acceptable alterna-
tives to ‘subcortical dementia’ and might more
accurately reflect the realm of anatomic, metabolic,
and neurochemical dysfunction found in this group
of conditions.

Important links have also been discovered between
the basal ganglia and the limbic system. Limbic
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structures have largely unreciprocated projections to
nearly all parts of the striatum creating a limbic-
striatal system that utilises dopamine as an important
neurotransmitter (Nauta & Domesick, 1978, 1981;
Nauta, 1982; Iversen, 1984). These connections
subserve motivation, mood, and aspects of reality
testing, and disturbances of such functions contribute
to the apathy, mood abnormalities, and psychoses
observed in subcortical disorders.

Conceptually, cortical and subcortical abilities can
be categorised as instrumental functions and
fundamental functions, respectively (Table II)
(Albert, 1978). Instrumental functions include
language, praxis, perceptual recognition, memory,
and calculation. These faculties depend on the
integrity of focal cortical regions and are subject to
interruption by localised cortical lesions or by
disconnection of relevant cortical-to-cortical white
matter tracts. Abnormalities of instrumental
functions produce aphasia, apraxia, agnosia,
amnesia, and acalculia — deficits associated with the
cortical dementias. Available neuropsychological
instruments are most sensitive to detection of these
cortical disturbances. Instrumental abilities are the
most highly evolved of human activities and depend
on phylogenetically recent and ontogenetically late
developing structures (Yakovlev, 1948). Organisa-
tionally, instrumental abilities involve discrete
cortical areas with specialised functions connected
by well myelinated intra- and interhemispheric white
matter tracts. Acetylcholine plays an essential role
in cortical neurotransmission.

Fundamental functions, on the other hand,
include arousal, activation, attention, sequencing,
motivation, and mood. These functions are much
less discreetly organised and involve subcortical
nuclei (basal ganglia and thalamus) that interconnect
widely with the cerebral cortex. The major pro-
jections are reciprocal connections with the frontal
lobe and afferent connections from the limbic
system. Organisationally, subcortical nuclei are
connected by shorter white matter projections, which
are not so well myelinated (Yakovlev, 1948). A
variety of neurotransmitters are utilised including
dopamine, serotonin, noradrenalin, GABA, acetyl-
choline, and others. Fundamental functions are
crucial to survival and emerge early in phylogenetic
and ontogenetic development. Dysfunction of these
fundamental abilities produces the cardinal features
of subcortical dementia including slowed infor-
mation processing, dilapidation of memory and
cognition, and disturbances of mood and motivation.
Direct neuropsychological assessment of funda-
mental functions is difficult, and subcortical
dysfunction must often be inferred from the
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behaviour of the patient and the pattern of effects
on the more accessible instrumental abilities. The
movement abnormalities that frequently accompany
the subcortical dementias (rigidity, chorea, athetosis,
dystonia, bradykinesia) are not coincidental but
reflect the dependence of the extrapyramidal motor
system on anatomic structures, neurotransmitters,
and neurophysiological activities that also mediate
fundamental functions.

Further investigation is needed to refine, modify,
and extend the concept of subcortical dementia.
Sufficient information is available, however, to
demonstrate that subcortical dementia is charac-
terised by a clinical syndrome that is identifiable and
can be distinguished from the syndrome of cortical
dementia. The clinical features of subcortical
dementia correlate with dysfunction of striatum and
thalamus and of specific neurotransmitter systems.
The characteristics of subcortical dementia reflect
disruption of fundamental functions associated with
a phylogenetically and ontogenetically less advanced
level of neurological organisation. Fundamental
functions are essential components of human mental
abilities, and their compromise has grievous
consequences for human thought and emotion.
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