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Neuropsychologic data suggest an important role for the caudate nucleus (CN) in behavioral impairments in Huntington's 
disease (HD). These include abnormalities in executive function, egocentric visuospatial representations, communication, and 
retrieval of declarative memories, changes in personality, and psychiatric disturbances. Animal paradigms of CN lesions sup
port a role for the CN in some ofthese behaviors. Current theories of basal ganglia function add explanatory value to the role of 
the CN in these behaviors. A disconnection of the caudate from limbic structures, including the amygdala may account for 
many nonmotor behaviors observed in HD. 
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INTRODUCTION 

Huntington's disease (HD) is an inherited neurodegener

ative disorder characterized by abnonnal movements, 

dementia, and psychiatric and personality abnonnalities. 

The genetic defect in HD is localized to the short arm of 

chromosome 4. The disease is autosomal dominant and 

fully penetrant. Characteristically, the onset ofHD occurs 

in adulthood and the course progesses relentlessly, leading 

to death within two decades. However, clinical variants 

with earlier and later onsets have been described (Harper, 

1991). 

J elgersma (1908) and Alzheimer (1911) were the first to 

identify degeneration of the caudate nucleus (CN) in HD 

patients. The dorsomedial aspect of the head and tail of the 

CN are affected first; subsequently, neuronalloss sweeps 

ventrally and laterally. Involvement of the putamen (PUT) 

and globus pallidus (GP) occurs after CN involvement. 

The neuropathologic changes of HD eventually involve 

many other structures, including the cortex, the subcorti

cal gray and white matter, and the cerebellar and brainstem 

nuclei. Many of these structures send or receive fibers that 

synapse in the neostriatum (CN and PUT) (Bruyn et al., 

1979; Vonsattel et al., 1985; Roos, 1986; De La Monte et 

al., 1988). Physiologic imaging studies such as positron 

emission tomography (PET) also show that the earliest 

changes in glucose utilization in the brains of HD patients 

occur in the CN (Mazziotta et al., 1987). 

Historically, most physiologists have emphasized the 

------------------ --------------
* The contribution of SJ. Huber is posthumous. 

© 1992 Rapid Communications of Oxford Ltd 

"extrapyramidal" motor function of the neostriatum at the 

expense of its nonmotor behavioral functions (Kinnier

Wilson, 1914). The initial studies that extend the role of 

the CN in behavior were conducted by Divac. Divac et al. 

(1967) used models of cortical and CN ablations and elec

trical stimulations to demonstrate similar independent 

behavioral functions in parts of the CN and their cortical 

projection areas. 

The role of the CN in nonmotor behavior was further 

refined by descriptions of at least five parallel, anatom

ically segregated multisynaptic loops which pass from the 

cortex, through the basal ganglia to the thalamus and 

return to the frontal lobes (Alexander et al. 1986). These 

tracts are defined by their cortical representations and 

within the basal ganglia, by target region and neuropep

tide. The classic "motor" loop synapses in the PUT, 

whereas nonmotor loops, including the lateral orbito

frontal (OF), dorsolateral frontal (DLF), and oculomotor 

loops synapse within the CN. Subpopulations of project

ing neurons have been defined by their target region and 

neuropeptide that are selectively involved in HD patients 

(Ferrante et al., 1985; Reiner et al., 1988). 

Several lines of evidence support the contention that the 

CN-synapsing loops may be important for cognitive and 

emotional functioning, whereas the PUT is more import

ant for motor function. Sensorimotor cortex projects 

mainly to PUT, whereas higher order association cortices 

(parietal, temporal, and cingu1ate) as well as limbic and 

paralimbic structures (amygdala and hippocampus) pro-
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ject topographically to the CN (Selemon and Goldman

Rakic, 1985; Parent, 1990, review). Cognitive and emo

tional changes in HD correlate most closely with 

abnormalities in the CN on computed tomography (CT) 

and PET, whereas chorea correlates with atrophy or dys

function of the PUT. Neuroimaging abnormalities in other 

brain areas have been demonstrated but have not been con

sistently correlated with behavioral deficits (Young et al., 

1986; Bamford, 1988; Berent et al., 1988; Starkstein et al., 

1988; Starkstein et al., 1989; Kuwert et al., 1990; Jernigan 

et al., 1991). Thus the CN would appear to playa major 

role in the cognitive and emotional behavioral abnormali

ties associated with HD. 

Recently, there has been a resurgence of interest in the 

role of cortical and subcortical structures and neurotrans

mitter systems in human cognitive and emotional function 

(Cummings, 1990). In part, that interest has been based on 

the supposition that "subcortical" dementi as such as HD 

or Parkinson's disease (PD) affect neural systems which 

involve the neostriatum or other subcortical structures, 

whereas "cortical" dementias such as Alzheimer's disease 

(AD) affect different neural systems that mostly spare the 

neostriatum. HD has highly characteristic behavioral, neu

ropsychologic and neuropsychiatric changes and rep

resents an ideal pathophysiologic model from which to 

examine the role of the CN in human behavior. The pri

mary purpose of this paper is to describe current neuro

psychologic studies in HD and to integrate these findings 

with basic science studies of the CN to help elucidate the 

function of the CN. 

EXECUTIVE FUNCTION 

Patients with HD with normal verbal and performance IQs 

may show impairment on neuropsychological tests which 

measure "elaborative", "executive", or "complex psycho

motor" functions including the capacity to plan, organize, 

sequence, and shift cognitive sets. These deficits include 

high level cognitive programs that permit creativity and 

abstract thought, and most commonly occur with dorsolat

eral frontal lesions. Nondemented HD patients are unable 

to follow a ten step recipe (Caine et aI., 1978) and perform 

poorly on the Trailmaking Tests, the Wisconsin Card Sort

ing test, the Stroop Color Card and Stroop Interference 

Card tests (Josiassen, 1983; Starkstein et aI., 1988; Bam

ford et aI., 1989). Performance declines further with pro

gression of disease (Caine et al., 1978; Josiassen et aI., 

1983; Bamford et al., 1989). Performance on these tests is 

impaired even in asymptomatic patients who are seropos

itive for genetic markers of HD and who later develop HD 

(Jason et al., 1988). 

While frontal lobe pathology is described in HD and is 

often responsible for the abnormal neuropsychological 

tests described above, CN lesions alone were, in the case 
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of Divac' s animal experiments, capable of producing defi

cits similar to the ones produced by dorsolateral frontal 

lesions in experimental paradigms (Divac et aI., 1967). 

The paradigms used by Divac et al. did not test executive 

function, which is considered a human trait (Fuster, 1989), 

but did use delayed alternation paradigms requiring plan

ning and spatial choices. Moreover, performance on tests 

of "executive function" have been correlated with CN 

atrophy on CT (Starkstein et al., 1988; Bamford et al., 

1989). Consequently, the CN lesions independently may 

be considered a possible culprit for these neuropsycholog

ical deficits in HD patients. 

VISUOSPATIAL FUNCTION 

Visuospatial abnormalities are common in patients with 

HD. Visuospatial problems in HD include altered percep

tions of egocentric space, in which position or movement 

is defined in relation to the observer. Potegal (1971) found 

that patients with HD and PD could remember and mark 

the position of a dot on a piece of paper after they were 

blindfolded, but that HD patients could no longer perform 

the task if they moved sideways. Brouwers et al. (1984) 

found a double dissociation between HD and AD with 

respect to visuospatial function: HD patients were 

impaired on tasks of egocentric space (the Street-Map 

test), but not on tasks involving extrapersonal perception 

and construction (copying Rey-Osterrieth Complex Fig

ure). AD patients had the opposite profile. Mohr et al. 

( 1991) found that the specific visuospatial dysfunction in 

HD included items of spatial manipulation. These 

included matching a rotated three dimensional object to an 

unrotated original, consistency of judgment of orientation 

on the In-Front-Of-Test, and right-left judgments on the 

Street Map Test. These tests negatively correlated with 

disease duration. 

Several reports suggest that HD patients are impaired 

on performance on subtests of the W AIS including block 

design and object assembly, but these studies have been 

criticized methodologically (Norton, 1975; Caine et al., 

1978; Fedio et al., 1979; Josiassen, 1983). Butters et al. 

(1978) found normal W AIS block design subtest in 

patients with early HD. Since patients with widespread 

cortical dysfunction may have abnormalities on visuospa

tial subtests of W AIS (Benton, 1985), investigators pro

posed discriminating early and late HD patients and 

testing only the former (Mohr et aI., 1991). 

In primates, spatial representational tasks involving 

spatial choices are localized around the principal sulcus, a 

region homologous to part of the dorsolateral frontal cor

tex in humans (Goldman-Rakic, 1987). Divac et al. (1967) 

demonstrated that animal lesions of the anterodorsal part 

of the head of the CN or dorsolateral frontal cortex prod

uce deficits in delayed alternation paradigms which 
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require spatial choices (left or right). Deficits on delayed 

alternation may also be produced by injection of kainic 

acid into the anterior medial CN (Divac et at., 1978) or by 

bilateral ablations of the prefrontal cortex (Divac, 1972). 

These findings suggest that the anterodorsal CN and dor

solateral frontal areas are concerned with spatial problems 

(Johnson and Rosvold, 1971). 

DIGIT SPAN 

On the serial sevens test of the Mini Mental State Exam 

(MMSE), when subjects are matched for total score, per

formance of HD patients is lower than AD patients (Fol

stein et at., 1990). The W AIS subtests differentially 

decline in early HD, with the most abnormal subtests 

including Arithmetic, Digit Symbol, Picture Arrange

ment, and Digit Span (Norton, 1975; Butters et at., 1978; 

Josiassen, 1983; Pillon et at., 1991). Moreover, HD 

patients score below expected values on these tests when 

adjusted for their overall cognitive ability (Fedio et at., 

1979). These tests collectively measure concentration, and 

differentiate HD from AD. 

LANGUAGE AND COMMUNICATION 
DISORDERS 

Language is assumed to be normal in HD until late in the 

course of the disease. The lack of language deficits may 

falsely give the impression that these patients are non

demented (Shoulson, 1990). However, language problems 

must be separated from communication disorders which 

are not strictly linguistic. 

Problems of motoric output which commonly affect 

prosody in HD patients include dysarthria and respiratory 

problems (Gordon and Illes, 1987; Podoll et at., 1988). 

Patients with early HD have hesitations and press of 

speech. Later in the course, HD patients lose the press of 

speech while continuing to have reductions in melodic line 

and articulatory agility. In addition, patients with early HD 

are impaired on discrimination and comprehension of 

affective and propositional prosody, a deficit which may 

contribute to the early social isolation of HD patients 

(Speedie et at., 1990). 

Patients with advanced HD may produce short, syntac

tically simple but correct sentences and may ultimately 

become mute (Folstein and McHugh, 1983; Podoll et at., 
1988). This problem cannot be considered strictly a 

motoric speech output problem because agraphia also 

occurs and may involve inexplicable halts in the act of 

writing and omission of letters (Gordon and Illes, 1987; 

Podoll et at., 1988). 

Several studies oflanguage in HD have shown that sem

antics, like syntax are relatively preserved compared with 

AD. Repetition, writing, word-finding and paraphasic 

errors in naming have been described in HD (Caine et at., 

1986; Gordon and Illes, 1987); however these findings 

have been disputed. Moss et at. (1986) found that recog

nition of verbal stimuli was selectively preserved in HD 

but not in AD or Korsakoff's syndrome. Others have con

firmed relative sparing of semantic content in HD by dem

onstrating that even late in the disease, only a minority of 

patients had language problems, most notably with con

frontation naming (Bayles and Tomoeda, 1983; Smith et 

at., 1988; Podoll et at., 1988; Hodges et at., 1991). Analy

sis of naming error type shows a greater proportion than 

normal of errors misnaming objects with names of visu

ally similar objects and fewer errors with semantically 

associated objects (Bayles and Tomoeda, 1983; Podoll et 

at., 1988; Hodges et at., 1991). The error type analysis 

implies that defective visual processing (visual naming) 

rather than flawed semantic associative processing is the 

primary process. Error-type analysis thus differentiates 

HD and AD patients, as the latter have more semantically 

related naming errors. 

Animal studies support a role for the CN in some of the 

disorders of communication described above. Production 

and comprehension of prosody, gestural language and 

social pragmatics are considered to comprise paralinguis

tic aspects of communication which are localized outside 

the language centers (Heilman et at., 1975; Ross and Mes

ulam, 1979). Stimulations of monkey CN and PUT cause 

inhibition of socially important vocalizations, causing the 

"boss monkey" to temporarily lose his primary status 

(Delgado, 1963). 

Although diminished fluency may represent, in part, a 

physical adaptation to problems which impair speaking 

and writing (dysarthria and chorea), electrical stimu

lations and animal studies suggest an additional neuro

logic mechanism. CN stimulations in human patients 

produce hesitations and arrests in speech (Van Buren, 

1963). In animals, stimulation ofthe CN, PUT, globus pal

lidus, cingulum, orbitofrontal cortex and other structures 

causes a "behavioral arrest" phenomenon in which ani

mals abruptly cease activity even in midstep (Delgado, 

1979, p. 247; Phillips, 1979). The data suggest that lesions 

of the neostriatum or cortex to which it synaptically con

nects may affect verbal fluency. 

The disorder of visual naming implies a lesion of uni

modal visual association cortex or its unimodal connec

tions, supporting Mohr's contention (Mohr et at., 1991) 

that HD patients are impaired at recognition of rotated 

objects. The tail of the CN connects to visual areas in the 

temporal lobe (Alexander et at., 1986). Jernigan et at. 

(1991), in an MRI study, found striking volume loss in the 

inferior temporal-occipital cortex, an area important for 

visual perceptual processing, as well as in the CN. Divac et 

at. (1967) found similar deficits in pattern discrimination 

ability in animals with lesions of the temporal lobe or tail 

of the CN. 
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MEMORY 

Impairment of memory is the most prominent of the cogni

tive problems in HD. It is present early in the disease 

course (within twelve months of onset of chorea) and 

shows only mild progression thereafter (Butters et al., 

1976, 1978; Albert et ai., 1981; Josiassen et ai., 1983). The 

memory defect spares insight and orientation until late in 

the disease course. 

Distinctions among various types of memory function 

are commonly confused by multiple nomenclatures. Epi

sodic or declarative memory refers to memory for specific 

events or facts. Semantic memory refers to memory for 

words and their meanings, rules of grammar, syntax, arith

metic and general information of the world around us 

(Bayles and Kaszniak, 1987). Deficits in tests of declara

tive memory are potentially attributable to problems 

encoding memories, storing memories, or retrieving them. 

In HD, several lines of evidence support impaired retrieval 

as the principal memory problem. 

HD patients are impaired on declarative memory tests 

using free recall (Butters et al., 1978; Caine et al., 1978; 

Hodges et al., 1990). Unlike patients with Korsakoff's 

amnesia, patients with HD improve on recognition mem

ory paradigms (Martone, 1984; Massman, 1990). More

over, HD patients can make "feeling of knowing" 

judgments on items that cannot be recalled (Brandt, 1985). 

HD patients fail to remember previously recalled events 

(Caine et al., 1977). These data suggest that HD patients 

know more than they are able to recall. 

Recognition strategies that are particularly effective are 

those that involve semantic strategies. Jason et at. (1988) 

and Lyle and Quast (1976) found low scores on tests of 

visuospatial memory in at-risk individuals who eventually 

developed the disease. HD patients are able to recognize 

pictorial information using verbal mediators (Butters 

et al., 1983), and perform better than AD patients and Kor

sakoff's amnestics on recognition for visually presented 

verbal stimuli (Moss et al., 1986). These data suggest that 

HD patients have difficulty retrieving memories they have 

successfully encoded, unless they use semantic strategies 

to do so. 

Further evidence that HD patients suffer primarily 

retrieval deficits comes from studies which use cues or 

priming to facilitate recall. Priming elicits unconscious 

memory stores which cannot be accessed by other cogni

tive memory systems (Tulving and Schacter, 1990). Inves

tigators have consistently found that HD (but not AD) 

patients utilize strong and weak lexical and semantic cues 

to retrieve words with priming nearly to the same extent as 

normal controls (Shinamura et ai., 1987; Granholm and 

Butters, 1988; Salmon et al., 1988; Smith et ai., 1988). HD 

patients with impaired visuospatial memory can benefit 

from pictorial priming, again differentiating HD and AD 
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(Heindel et ai., 1990). Priming studies thus support the 

idea that lexical, semantic and pictorial priming mechan

isms bypass the CN. 

Albert et al. (1981) analysed HD patients' abilities to 

recall remote memories in a comparison with patients with 

Korsakoff's syndrome. They found the group with Korsa

koff's syndrome, but not the HD group, demonstrated a 

temporal gradient of forgetting with a greater rate of for

getting of more recent events. The data suggest that Korsa

koff's patients suffer impairments of their ability to 

encode new memories, and loss oftraces of some old ones, 

whereas HD patients continue to encode memories but 

cannot retrieve them. 

HD patients demonstrate reduced verbal fluency. HD 

patients score poorly on a letter fluency task, in which they 

are asked to generate as many words as possible beginning 

with F, A, and S (Butters et ai., 1978). Additional studies 

distinguished patients with AD from amnesics and those 

with HD. AD patients were better able to generate catego

ries (e.g. fruits) than to name exemplars (e.g. apples) in 

each category. HD patients had difficulty generating either 

categories or exemplars. Whereas the loss of exemplars in 

AD has been postulated to be a "bottom-up" breakdown of 

semantic knowledge, the pattern of equivalent category 

and exemplar loss in HD may be due to faulty search and 

retrieval (Butters et al., 1986, 1987; Troster et al., 1989; 

Hodges et ai., 1990). However, Troster and associates also 

found that more severely demented HD patients had 

decreased item per category ratios which suggested sem

antic memory impairment, albeit less than that seen in AD. 

Another procedure used to examine the issue is the re

lease from proactive interference (PI) paradigm. When 

repeated trials of free recall are tested with items from the 

same semantic class (fruits), performance decreases over 

trials. When the semantic class of materials to be recalled 

is changed (animals), performance is better and roughly 

equals that of the first trial using the initial category of 

items (fruits). This release from PI is thought to measure 

semantic encoding. Beatty and Butters (1986) found that 

HD patients have a normal release from PI, differentiating 

HD from AD, and suggesting that a failure of semantic 

encoding does not contribute to the episodic memory 

impairment in HD. 

These findings suggest that semantic memory is rela

tively intact in HD compared with AD. However, 

"implicit" memory for skill learning may be defective. 

Martone et al. (1984) demonstrated a double dissociation 

between HD and Korsakoff's patients on skill learning and 

recognition tasks. Korsakoff patients performed better at 

learning the skill, reading mirror reflected word triads, but 

HD patients were superior at delayed recognition of the 

words used in the task. Although this study fails to take 

into account ocular motility and visuospatial problems in 

HD, HD patients also do poorly on a paradigm in which 
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they are required to keep their hand on a stylus in contact 

with a rotating turntable, a task that does not have those 

methodological problems. In contrast, HD patients per

form well on a lexical priming task. AD and Korsakoff's 

patients have the opposite pattern of results on these two 

types of implicit tasks (Eslinger and Damasio, 1986; Hein

del et ai., 1988, 1989; Knopman and Nissen, 1991). 

These findings suggested the existence of two indepen

dent implicit memory systems, one serving implicit 

semantic memory, the other serving procedural or skill

learning function. The findings also suggested an ana

tomic hypothesis, namely that skill learning could be 

attributable to the neostriatum; that would explain both its 

impairment in HD and sparing of its function in AD and 

Korsakoff's syndrome. Support for this view comes from 

studies of neostriatal stimulations in monkeys which sup

press previously learned conditioned bar pressing (Kit

sikis and Rougeful, 1968). These deficits involving 

motoric skills could well involve putamen rather than CN 

synapsing loops. Other structures potentially important to 

motoric learning include the cortex and dentate nucleus of 

the cerebellum (Schmahmann, 1991), which are affected 

inHD. 

The anatomy of the memory problem differs in AD and 

HD. Aylward et ai. (1991) studied measurements of the 

suprasellar cisterns in the two groups as an indirect assess

ment of the hippocampus and enterorhinal cortex. They 

found that atrophy occurred in both groups, but correlated 

with dementia only in the AD group. 

In summary, the bulk of the evidence suggests that 

impaired retrieval is the most important mechanism of the 

anterograde memory defect in HD. Retrieval presumably 

involves disruption of CN-limbic pathways. Semantic 

memory is mostly spared in HD, and semantic strategies 

improve performance on memory tasks. Motor skill-learn

ing impairment in HD hypothetically involves compo

nents of the motor "loop". 

PERSONALITY AND PSYCHIATRIC FINDINGS 

Personality and psychiatric abnormalities may antedate 

the movement disorder and cognitive changes by a decade 

or more in HD, causing considerable disability (Martin 

and Gusella, 1985). 

Personality changes that sometimes occur early in the 

disease include irritability, impulsivity, and rapidly 

changing affect. More extensive changes commonly occur 

after 7-10 years of illness including decreased initiative. 

Patients may appear to be apathetic and to withdraw from 

activities and to deny functional disability (Caine et al., 

1978; Caine and Shoulson, 1983; Folstein and McHugh, 

1983). 

Others have noted that despite the seeming apathy, HD 

patients' motivational systems may be more responsive to 

external than to internal stimuli. One patient who was 

chronically dishevelled dramatically improved her 

appearance before participating in a social occasion that 

had strong personal meaning (Caine et ai., 1978). 

Evidence of clustering of psychiatric disorders in cer

tain families suggests a biologic basis (Caine et ai., 1978; 

Mindham et ai., 1985; Folstein, 1991). Unipolar 

depression occurs approximately four times more com

monly than bipolar depression. Schizophrenia occurs 

about 4% of the time, higher than in the general population 

but less than reported in earlier literature. Anxiety dis

orders, panic attacks, obsessive-compulsive disorders and 

altered sexual behavior are reported. Suicide has been 

noted to be increased since the original reports of HD 

(Huntington, 1872) and may occur in early disease or sus

pected but undiagnosed cases (Schoenfeld et ai., 1984). 

However, not all psychiatric problems in Huntington dis

ease kindreds can be considered biologic. Alcoholism, 

drug abuse and reactive depression may occur in non

affected at-risk family members and in spouses (Wexler, 

1979; Folstein and McHugh, 1983). Conduct disorders in 

at-risk children are not predictive of HD (Folstein, 1991). 

One poorly understood aspect of personality and psy

chiatric abnormalities in HD is the anatomic basis. In part 

this can be attributed to the difficulty of establishing ani

mal models for psychiatric disease. Additionally, these 

problems can occur prior to other clinical signs or symp

toms and in the absence of definite neuropathology. 

Hypotheses are presented but should be considered in light 

of the known neuropathology of HD. 

One such conjecture is based on the putative presence of 

CN neuropathology long before clinical signs appear. 

Myers et al. (1991) examined Grade 0 HD brains (those 

without demonstrable neuropathology in the CN) and 

found 40% depletion of neuronal counts in the CN without 

astrocytosis. They concluded that neuronal loss in the CN 

was longstanding. Their view is supported by clinical 

studies which demonstrate a "zone of onset" in which at

risk patients who later develop HD have minor abnormali

ties in the neurologic examinations (Penney et ai., 1990). 

PET studies have also shown decreased glucose metab

olism in some at-risk patients (Mazziotta et ai., 1987; 

Young et ai., 1987; Grafton et ai., 1990). Thus, affective 

disorders can precede the clinical diagnosis by several 

years yet still conceivably result from the known neuro

pathology of HD. 

Assuming that emotional and psychiatric changes are 

biological manifestations of HD, several studies suggest 

the importance of the orbitofrontal loop. Emotional 

lability or impaired response inhibition, which is seen 

early in HD, classically occurs in patients with orbitofron

tal lesions. However, it also might reflect disruption of the 

orbitofrontal loop at the level of the CN. Lesions in the 

ventrolateral head of the CN or orbitofrontal cortex prod-
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uce identical deficits on object reversal tasks and go, no go 

paradigms requiring suppression of competing response 

tendencies (Divac et at., 1967). Lesions in the head of the 

CN or electrical stimulations of the neostriatum lead to 

resistance against extinction of learned responses (Herz et 

at., 1974; Kolb, 1977). 

Mayberg et at. (1992) found lateral orbitofrontal hypo

metabolism on PET scans of depressed, but not euthymic 

HD patients. These findings can be considered in conjunc

tion with the loss of neurons in the locus coeruleus, but not 

median raphe, in HD, suggesting that the neurotransmitter 

depletion involved in the depression may be norepine

phrine rather than serotonin (Zweig et at., 1992). 

Emotional problems in HD presumably also result from 

disconnections of the orbitofrontal-CN neural system 

from limbic structures, especially the hypothalamus and 

amygdala and their connections. This might explain the 

greater responsiveness of HD patients to external than to 

internal stimuli, since the hypothalamus and amygdala are 

thought to be important in the generation of primary drives 

or emotions, and these primary drives seem preserved. 

CONCLUSIONS 

We have presented a summary of nonmotor behavioral 

findings in HD as well as a theoretical framework for con

sidering the findings related to dysfunction of the CN or 

CN-synapsing loops, whereas motor behaviors may be 

related more closely to dysfunction of the motor loop. In 

addition, we have presented animal studies which support 

an independent role for the CN in behaviors that are very 

similar to those seen in HD. We have proposed that a cau

date-limbic disconnection may account for emotional 

changes seen in HD. Could such a disconnection also 

account for other behavioral changes? 

Sarter and Markowitsch (1985) proposed a role for the 

amygdala in memory processing in which the amygdala 

was important for retrieval of memories which had been 

encoded with emotional colorization (declarative memor

ies), but was unimportant for retrieval of memories which 

did not depend on an emotional element (semantic or gen

eric memories). Based on this hypothesis, the inability of 

HD patients to retrieve emotionally important memories 

may be due to disconnexion of the CN from the amygdala. 

In contrast, AD patients appear to have lost semantic 

memories as well, most likely due to degradation of dif

ferent neural structures which are responsible for encod

ing, storing, or retrieving memories of all types, be they of 

emotional significance or not. 

"Executive function" includes the ability to plan and to 

switch cognitive sets. It depends upon goal-setting. HD 

patients may not be able to formulate a plan because their 

primary drive or motivational system for thirst, hunger and 

other basic drives, which probably emanates from the 
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hypothalamus, amygdala, or other limbic structures, is dis

connected from higher order association cortices that are 

capable of cognitively developing a strategy to fulfil those 

primary drives. 

Visuospatial abnormalities in HD include loss of ego

centric spatial representations with sparing of the ability to 

copy complex figures. An egocentric spatial map, by defi

nition, involves information defined in a highly personal 

way and could well require limbic information, or be dis

rupted by a lesion disconnecting limbic structures. Copy

ing a Rey-Osterreith Complex Figure which does not 

require knowledge of an emotional nature can be per

formed by HD patients. 

Language functions, including syntax and most aspects 

of semantics, are spared in HD, but prosody and motiva

tional aspects of speech are impaired. Thus, language and 

paralinguistic aspects of speech may be processed dif

ferently, with the neostriatum affecting primarily the 

latter, more emotional component of language. Errors of 

visual naming do not imply a semantic problem, but may 

reflect a unimodal visual representational problem in the 

tail of the CN or its temporal lobe connections. 

If the caudate-synapsing loops receive input from the 

amygdala, amygdala lesions should produce deficits simi

lar to HD. Tranel and Hyman (1990) reported a patient 

with Urbach-Wiethe disease, a disease which produces 

bilateral amygdala damage. Their patient had problems 

with executive function, memory, verbal fluency, digit 

span, and modulation of social and emotional behavior, all 

of which are also abnormal in HD. Also like HD, language 

functions in their patient were reportedly normal. Unlike 

HD however, prosody, and skill-learning were normal. 

These findings may reflect the nonparticipation of CN in 

motoric tasks, such as the production of prosody and 

motor learning, which alternatively might occur due to 

damage to the PUT or motor loop, or by other structures. 

The ventral striatum, part of the so-called "limbic stria

tum" (Heimer et at., 1982), has connections with both the 

amygdala and the CN, and would seem a natural culprit. 

However, neuropathological studies have shown that the 

ventral striatum is largely spared in HD (Von sattel et at., 
1985; Roos, 1986). One exception is the finding of nuclear 

membrane indentations in ultrastructural examinations of 

ventral striatums in HD, but these findings are not pre

sently correlated with abnormal function (Bots and Bruyn, 

1981; Roos and Bots, 1983). 

Direct amygdalostriatal projections in primates and cats 

terminate in the tail, head and body of the CN as well as the 

ventral PUT (Price and Amaral, 1981; Kelley et at., 1982; 

Russchen and Price, 1984; Russchen et at., 1985), and 

offer an alternative pathway that is potentially damaged in 

HD. The same parts of the tail and head of the CN also 

receive orbitofrontal, anterior cingulate and superior tem

poral cortical projections (Selemon and Goldman-Rakic, 
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1985). Moreover, the cingulum and orbitofrontal cortex 

receive projections from the amygdala (Isaacson, 1982). 

Thus the parts of the CN known to be affected earliest and 

most severely in HD have extensive limbic connections, 

and their involvement is consistent with a CN-limbic dis

connection hypothesis. 

CN lesions seem to differentially affect the personal and 

generic aspects of experience possibly by means of a CN

limbic disconnection. The nature ofthe deficits in HD sug

gest that utilizing semantic strategies for rehabilitation 

may be of clinical benefit. 
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