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Recent decades have seen tremendous growth in our understanding of the cognitive dysfunctions observed in Huntington’s disease
(HD). Advances in neuroimaging have contributed greatly to this growth. We reviewed the role that structural and functional neuroimag-
ing techniques have played in elucidating the cerebral bases of the cognitive deficits associated with HD. We conducted a computer-
based search using PubMed and PsycINFO databases to retrieve studies of patients with HD published between 1965 and December
2004 that reported measures on cognitive tasks and used neuroimaging techniques. Structural neuroimaging has provided important evi-
dence of morphological brain changes in HD. Striatal and cortical atrophy are the most common findings, and they correlate with cogni-
tive deficits in attention, working memory and executive functions. Functional studies have also demonstrated correlations between stri-
atal dysfunction and cognitive performance. Striatal hypoperfusion and decreased glucose utilization correlate with executive
dysfunction. Hypometabolism also occurs throughout the cerebral cortex and correlates with performance on recognition memory, lan-
guage and perceptual tests. Measures of presynaptic and postsynaptic dopamine biochemistry have also correlated with measurements
of episodic memory, speed of processing and executive functioning. Aided by the results of numerous neuroimaging studies, it is becom-
ing increasingly clear that cognitive deficits in HD involve abnormal connectivity between the basal ganglia and cortical areas. In the fu-
ture, neuroimaging techniques may shed the most light on the pathophysiology of HD by defining neurodegenerative disease pheno-
types as a valuable tool for knowing when patients become “symptomatic,” having been in a gene-positive presymptomatic state, and as
a biomarker in following the disease, thereby providing a prospect for improved patient care. 

Au cours des dernières décennies, notre compréhension des dysfonctionnements cognitifs observés dans les cas de chorée de Hunting-
ton (CH) a beaucoup progressé. Les progrès de la neuro-imagerie ont contribué énormément à cette évolution. Nous avons étudié le
rôle que les techniques de neuro-imagerie structurelle et fonctionnelle ont joué dans l’explication des bases cérébrales des déficits co-
gnitifs associés à la CH. Nous avons effectué une recherche informatique dans les bases de données PubMed et PsycINFO pour en ex-
traire des études portant sur des patients atteints de CH, qui ont été publiées entre 1965 et décembre 2004 et où l’on a signalé des
mesures portant sur des tâches cognitives et utilisé des techniques de neuro-imagerie. La neuro-imagerie structurelle a produit des don-
nées importantes sur les changements morphologiques du cerveau provoqués par la CH. Les constatations les plus courantes sont une
atrophie des corps striés et du cortex, qui est associée aux déficits cognitifs de l’attention, de la mémoire de travail et des fonctions
d’exécution. Des études de fonction ont aussi démontré des liens entre le dysfonctionnement striatal et le rendement cognitif. L’hypoper-
fusion striatale et la diminution de l’utilisation du glucose sont reliés au dysfonctionnement de l’exécution. Il y a aussi hypométabolisme
dans tout le cortex cérébral, ce qui est relié aux résultats de tests de mémoire de reconnaissance, de langue et de perception. On a
aussi constaté des liens entre les mesures biochimiques de la dopamine présynaptique et postsynaptique et les mesures de la mémoire
épisodique, de la rapidité de traitement et du fonctionnement d’exécution. Compte tenu des résultats de nombreuses études de neuro-
imagerie, il devient de plus en plus clair que les déficits cognitifs des patients atteints de CH mettent en cause une connectivité anormale
entre les noyaux gris centraux et les régions corticales. À l’avenir, les techniques de neuro-imagerie pourront sans doute expliquer le
mieux la pathophysiologie de la CH en définissant les phénotypes des maladies neurodégénératives comme outil valable qui aide à
savoir quand les patients deviennent « symptomatiques » après avoir été dans un état présymptomatique positif sur le plan génétique, et
comme marqueur biologique permettant de suivre la maladie, ce qui permet d’envisager une amélioration du soin des patients.

Review Paper
Examen critique

Brain imaging and cognitive dysfunctions
in Huntington’s disease

Alonso Montoya, MD; Bruce H. Price, MD; Matthew Menear, BSc; Martin Lepage, PhD

Montoya, Menear, Lepage — Brain Imaging Group, Douglas Hospital Research Centre, McGill University, Montréal, Que.; Price
— Departments of Neurology, McLean Hospital and Massachusetts General Hospital, Harvard Medical School, Boston, Mass.

Correspondence to: Dr. Martin Lepage, Brain Imaging Group, Douglas Hospital Research Centre, 6875 LaSalle Blvd., Montréal QC
H4H 1R3; martin.lepage@mcgill.ca 

J Psychiatry Neurosci 2006;31(1):21-9.

Medical subject headings: brain imaging; cognition; functional neuroimaging; Huntington disease; structural neuroimaging.

Submitted June 6, 2005; Revised Sept. 28, 2005; Accepted Sept. 29, 2005

© 2006 CMA Media Inc.



Introduction

Huntington’s disease (HD) is a monogenic neurodegenera-
tive disorder clinically characterized by progressive involun-
tary movements, neuropsychiatric disturbances and cogni-
tive impairments. At a molecular level, the disease is caused
by an extended trinucleotide (CAG) repeat on chromosome
4,1 which results in widespread neuronal degeneration pref-
erentially within the striatum.2 As the disease progresses, the
pathological process eventually involves other brain regions,
such as the frontal and temporal lobes,3 and at death the
brain can have lost 25% of its volume.4 Because the primary
pathology in HD lies in subcortical regions, the cognitive
deficits in HD have been classically characterized, despite
some recent controversy, as a subcortical dementia syn-
drome, that is, a pattern of cognitive deficits that suggest dys-
function of the frontal–subcortical neuronal circuitry.

Within the last 4 decades, great strides have been made
that have furthered our understanding of the neural bases of
HD. Advances in neuroimaging have played a prominent
role in this effort. The demonstration of basal ganglia and
cortical atrophy by structural brain imaging studies has pro-
vided strong in-vivo evidence of structural cerebral changes
in patients with HD.5,6 The synergy between neuropsychol-
ogy and neuroimaging techniques7 has been used to identify
the neural correlates of cognitive deficits in patients with HD.

In this article, we review the neuroimaging studies that
have explored the processes underlying the cognitive
deficits in HD. After a brief description of the cognitive dys-
functions and morphological brain changes in HD, we will
present a synopsis of the relevant neuroimaging literature.
We conducted a computer-based search using PubMed and
PsycINFO databases to retrieve studies of patients with HD
published between 1965 and December 2004 that reported
measures on cognitive tasks and used neuroimaging tech-
niques. We have purposely focused our review on func-
tional and structural neuroimaging and cognitive dysfunc-
tion of adult-onset HD. Although cognitive dysfunction is
believed to be an important aspect in the early onset variant
and in presymptomatic gene carriers, the neuroimaging lit-
erature concerning these areas is beyond the intended scope
of this review.

Cognitive dysfunction in HD

Cognitive dysfunction has always been considered an intrin-
sic feature of HD; however, the natural history of HD-related
cognitive impairment is still not completely understood
mainly because of the heterogeneous nature of the disorder
and wide variation in the design of the longitudinal studies
conducted to date.

Although there is evidence for preclinical cognitive dysfunc-
tion in HD,8,9 studies suggest that there may be variation in the
nature and time course of the earliest changes, as well as varia-
tion in the evolution of such cognitive deficits over time.

Longitudinal neuropsychological studies of asymptomatic
mutation carriers have found subtle cognitive deficits in psy-
chomotor, attentional and executive functions,10 as well as

deficits in semantic verbal fluency and visual working mem-
ory,8 before the onset of motor symptoms.9

Some cognitive deficits appear to have a gradual onset
with an insidious progression, whereas others appear to have
a relatively acute onset, occurring in a stepwise fashion in the
immediate period around clinical onset. For example, Snow-
den and colleagues11 observed subtle changes in psychomo-
tor performance in individuals with the HD mutation that
were apparent years before the onset of HD and progressed
insidiously as the disease progressed, whereas other changes,
particularly those in memory, appeared around the time of
clinical onset and had a more pronounced decline.

In the early stages of the disorder, cognitive dysfunctions
in attention, concentration,12,13 visuospatial abilities, emotional
processing14 and memory15 become more apparent, but again
vary in their evolution over time. One of the largest cohorts
of patients with mild-to-moderate HD in whom cognitive de-
cline8 was examined showed a progressive impairment in at-
tention, executive function and immediate memory. In addi-
tion, tasks of psychomotor functioning (Trail-Making Test A
[TMT A], the reading and colour naming subsets of the
Stroop Test, Symbol Digit Modality Test [SDMT]) and execu-
tive function and planning (Trail-Making Test B [TMT-B] and
Tower of London Test) showed the greatest decline over
time.8 On the other hand, patients also exhibited an overall
deficit in recognizing emotion, with particularly severe prob-
lems regarding recognition of expressions of disgust from
both faces and voices.14

Regardless of the variation in the progression of the dys-
function, cognitive changes become more severe as the disor-
der evolves. At later stages of the disease, patients exhibit
deficits in executive functioning especially on tests that require
planning, problem solving, cognitive flexibility and freedom
from distraction, such as the Wisconsin Card Sorting Test16 and
the Tower of London Test.17 Deficits are particularly evident on
tests in which patients must inhibit inappropriate responses or
where sufficient cognitive and behavioural flexibility is de-
manded (i.e., shifting cognitive or behavioural sets).18

Visuospatial abilities also become more affected through-
out the development of HD. Patients have shown deficits on
tasks that require visuospatial processing skills, such as the
Block Design subtest of the Wechsler Adult Intelligence Scale
(WAIS), the Clock Drawing Test, the Porteus Maze Test, the
Benton Visual Retention Test and the Halsted–Reitan Neu-
ropsychological Test Battery.19,20 More specific visuospatial
abilities have also been shown to be impaired in patients with
HD. Compared with patients with Alzheimer’s disease, pa-
tients with HD performed worse on tests that involved per-
sonal and extra-personal visuospatial orientation, such as the
Money Road Map Test.20 Compared with control subjects, pa-
tients with HD have shown impairments in overall process-
ing capacity and spatial manipulation domains.16,18

As time progresses, memory deficits become more mani-
fest. Impairments reported in patients with HD range from
deficits in tasks involving short-term memory21 to long-term
memory tests, including deficits in declarative memory
(i.e., episodic memory, working memory)22 and procedural
memory (i.e., implicit memory).23 In a meta-analysis used to
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estimate the consistency, strength and selectivity of neu-
ropsychological deficits in HD, Zakzanis24 indicated that pa-
tients with HD are most deficient on tests of delayed recall
(more specifically, verbal and visual delayed recall) followed
by tests of memory acquisition, cognitive flexibility and ab-
straction, manual dexterity, attention and concentration, per-
formance skill and verbal skill. The neuropsychological pat-
tern, as demonstrated by Zakzanis, of poor performance on
delayed recall and memory acquisition tests together with
relatively good performance on recognition tests suggests a
retrieval-based memory deficit due to frontostriatal dysfunc-
tion. However, a recent study showed that patients with HD
exhibited similarly impaired performance in both recall and
recognition memory.24

Ultimately, cognitive impairments will gradually worsen
to a dementia characterized by a slowing of information pro-
cessing, decreased motivation, depression, apathy and per-
sonality changes, although language is relatively spared. This
pattern of deficits has been called a subcortical dementia
syndrome16 and is thought to be distinct from the frank am-
nesia, aphasia, apraxia and agnosia that embodies the cortical
dementia syndrome associated with disorders such as
Alzheimer’s disease.25

Although the many neuropsychological deficits and their
patterns of deterioration over time appear quite disparate on
the surface, many researchers suggest that most of these
deficits derive from impairments of function of the striatum
and frontostriatal circuits. A neurodegenerative disorder
such as HD usually involves multiple neuronal systems and,
as HD evolves, the cognitive deficit becomes more extensive
paralleling the pathological involvement of extra-striatal re-
gions (the neocortex). In this context, it seems that functions
mediated by the striatum are affected first and further
deficits slowly develop over years following, in many cases,
the proposed dorsal–ventral progression of the neuropathol-

ogy through the striatum.2 Other deficits, however, may de-
pend on cortical changes arising as a secondary result of loss
of striatal projections to the cerebral cortex and may evolve
once a threshold of striatal pathology has been reached.11

Structural imaging studies in HD

The morphological brain changes that occur during the
course of HD are observable with in-vivo brain imaging tech-
niques. Many studies have used volumetric analysis of com-
puted tomography (CT) scans and magnetic resonance im-
ages (MRIs) to demonstrate progressive bilateral atrophy of
the striatum,26,27 which may occur gradually even years before
motor symptoms appear.28 Studies have suggested that the
earliest changes in HD occur in the caudate nucleus.29 Other
regions of the striatum such as the putamen and globus pal-
lidus are also affected, particularly following disease progres-
sion,29,30 with additional evidence of thalamic changes.31 Re-
cent evidence from neuroimaging studies suggests that the
neurodegenerative changes in HD extend to cortical grey-
matter and cerebral white-matter regions,3,32,33 although the
onset and progression of these changes are only beginning
to be understood. Reduced volume of the frontal5,28,34 and tem-
poral lobes35 in patients with HD has also been observed
in some studies, although this may primarily reflect white-
matter loss.36 Other studies have reported reduced hippocam-
pal, entorhinal cortex and brainstem volumes,3 as well as re-
ductions in cerebellum32 and total brain volume.3

Such structural changes, in the striatum, for example, have
been associated with specific cognitive deficits including at-
tention, working memory and executive functions (Table 1).
Harris et al37 obtained volumetric measures of the basal gan-
glia in 15 patients with HD and 19 controls. They found sig-
nificant atrophy in the putamen of patients with HD. Volu-
metric measures of the putamen significantly correlated with

Table 1: Structural imaging studies that have correlated brain morphology with cognitive performance in Huntington’s disease

Evidence of correlation?*

Study Subjects
Imaging technique/

procedure Cognitive tasks Striatum
Frontal

lobe
Temporal

lobe Comments and additional findings

Bamford et al27 60 H CT WAIS, TMT, Stroop,
Porteus Mazes, PVT,
RSPM

Yes N/A N/A Atrophy in striatum corr. with
attention, working memory and
executive functions

Harris et al37 15 H
19 C

MRI MMSE Yes N/A N/A Atrophy in caudate corr. with
MMSE

Harris et al29 10 H
9 C

MRI
SPECT

MMSE, WCST, TMT,
Stroop, Digit Span,
Luria, BVRT

Yes N/A N/A Caudate volume and thalamus
rCBF corr. with MMSE
Global atrophy corr. with TMT

Aylward et al30 20 H
20 C

MRI (1.5 T)
Manual tracing

MMSE, WAIS, TMT,
Stroop, COWA,
DTVMI, BTA, HVLT,
BVRT

No Yes N/A Smaller total brain, frontal lobe and
frontal white matter. Frontal lobe
volume corr. with MMSE and verbal
and spatial ability

Kassubek
et al33

44 H
22 C

MRI (1.5 T)
VBM

COWA, Stroop, WAIS Yes N/A N/A Decreases of grey matter of the
thalamus corr. with COWA and
Stroop

BTA = Brief Test of Attention; BVRT = Benton Visual Retention Test; C = controls; corr. = correlated; COWA = Control Oral Word Association; CT = computed tomography; Digit Span =
Digit-Span Memory Test; DTVMI = Developmental Test of Visual Motor Integration; H = subjects with Huntington’s disease; HVLT = Hopkins Verbal Learning Test; Luria = Luria
Sequential Hand Positions Tests; MMSE = Mini-Mental State Examination; MRI = magnetic resonance imaging; PPVT = Peabody Picture Vocabulary Test; rCBF = regional cerebral
blood flow; RSPM = Raven’s Standard Progressive Matrices; SPECT = single-photon emission computed tomography; Stroop = Stroop Test; TMT = Trail-Making Test; VBM = voxel-
based morphometric analysis; WAIS = Wechsler Adult Intelligence Scale; WCST = Wisconsin Card Sorting Test.
*N/A = region not assessed; Yes = correlation; No = no correlation.



neurologic examination scores, whereas caudate volumes
correlated with measures of general cognition (the Mini-
Mental State Examination [MMSE]) supporting the idea that
a variety of motor circuits involve the putamen but not the
caudate, whereas cognitive circuits are thought to involve the
caudate more than the putamen.37 Similar findings have been
observed in other studies. Bamford and colleagues27 found
that performance of patients with HD in tests of complex
psychomotor skills (i.e., the Stroop Test, Trail-Making Test)
and tests of visuospatial processing (i.e., Porteus Mazes, im-
mediate and delayed recall of figures, a figure-copying test
[Rey–Osterrieth Complex Figure copy], the WAIS-Revised
Block Design subset, Raven’s Progressive Matrices) was sig-
nificantly related to the degree of caudate atrophy.

In a study using MRI and single-photon emission com-
puted tomography (SPECT), Harris et al29 found that the
putamen was the region that showed the greatest atrophy,
whereas the caudate was the region with the greatest reduc-
tion in cerebral blood flow in patients with HD when com-
pared with controls. Caudate volumes correlated with scores
on the MMSE, and global atrophy correlated with error
scores on the Trail-Making Test,29 a measure of visual scan-
ning, sequencing, set shifting and motor skills.

Finally, Aylward et al30 found that moderately affected pa-
tients with HD had significantly smaller total brain volumes
and decreased frontal lobe white matter. Frontal lobe vol-
umes correlated with MMSE scores and measures of verbal
and spatial ability.30

These studies suggest that structural changes co-occur with
a decrease in general and specific cognitive abilities in patients
with HD. Structural changes are relatively specific in the early
stages of the illness, affecting primarily the caudate and puta-
men. Deterioration in psychomotor and executive functions,
as well as visuospatial processing and memory, appear to de-
rive primarily from basal ganglia pathology that disrupts nor-
mal cognitive processes mediated by frontostriatal circuits.

Functional imaging studies in HD

Functional brain imaging is based on the premise that focal
neuronal activity is related to either regional cerebral blood
flow (rCBF), the local degree of glucose metabolism or re-
gional changes in receptor binding. There are 2 major classes
of functional imaging studies: one examines the resting pat-
tern of activity (resting-state studies) and the other assesses
changes in cerebral activity during the performance of a task
(neurocognitive-activation studies).

It has been hypothesized in HD that neurons may be at
risk for some time before they die, and symptoms and cogni-
tive difficulties may reflect neuronal dysfunction rather than
neuronal loss. Thus, it is possible that functional brain imag-
ing modalities may be more sensitive to the early changes
that occur in disease than are structural studies.

Resting-state studies in HD

Despite some discrepant findings, studies of resting cerebral
metabolism using SPECT or positron emission tomography

(PET) have revealed metabolic abnormalities in the striatal
and extra-striatal regions in HD,38–40 reinforcing the main-
stream theory of a causative association between pathology
in the basal ganglia, abnormal perfusion in the cerebral cor-
tex and cognitive dysfunctions (Table 2). For example, SPECT
studies have revealed that there is a reduction in rCBF in the
striatum (caudate and putamen) and the cortex (prefrontal
cortex) of patients with HD.40–42 Reduced rCBF in frontotem-
poral regions that are known to be involved in memory and
cognition in general40–42 correlated with performance on the
MMSE and episodic memory tests,43–45 whereas decreased
rCBF in the caudate nucleus correlated with performance on
tasks of executive function in some studies.39

A reduction in glucose utilization in the striatum of pa-
tients with HD was initially discovered in the first PET study
of HD.46 These findings have been confirmed by subsequent
studies.39,47–49 Caudate hypometabolism was shown to corre-
late with performance on tasks of immediate recall memory,
verbal associative learning and executive functions.39

Kuwert and colleagues48 found that in addition to more
pronounced decreases of striatal (caudate and lentiform nu-
cleus) glucose metabolism in patients with HD, a reduction
in glucose utilization, another marker of neural activity, was
also observed in cortical regions (frontoparietal and temporo-
occipital). Further analyses of the relation between glucose
metabolism and clinical symptoms showed that the severity
of chorea was significantly correlated with the metabolic re-
ductions within the lentiform nucleus, whereas the severity
of cognitive deficits (as assessed by tests of episodic memory,
reasoning, attention and visuomotor abilities) significantly
correlated with metabolic reductions in frontoparietal, as
well as temporo-occipital, cortices.48 Again, these studies reaf-
firmed the direct association between cognitive and clinical
symptoms, as well as subcortical and cortical changes in
neural activity in a widely distributed set of brain regions.

Reductions of cerebral glucose metabolism become more
severe as the disease progresses and correlates with deterio-
ration in function. In a large follow-up study of PET mea-
surements in patients with HD, Kremer et al50 studied pa-
tients with HD who took lamotrigine over the course of
5 years. Resting-state studies showed hypometabolism in cor-
tical areas (frontal and temporal), the thalamus and the basal
ganglia relative to controls. Over the 5-year period, deteriora-
tion of cerebral glucose metabolism was observed. The most
profound decrease in metabolic rates occurred in the basal
ganglia, with an average yearly decline of 7%, with the most
important decrease occurring in the last 6 months of this 5-
year period. The authors found a positive correlation be-
tween basal ganglia hypometabolism and measures of func-
tional capacity over time. However, they could not find any
significant correlations between such abnormalities in cere-
bral metabolism and measures of global cognitive perfor-
mance, such as performance on the MMSE, WAIS, and word
fluency and immediate recall tests. Conversely, these para-
meters of cognitive function improved over time in both the
placebo and the lamotrigine group.50 Because this effect was
found in both groups, it is likely to reflect the effect of prac-
tice or familiarization with the assessment process.
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Indeed, certain therapeutic procedures may slow or even
reverse the degenerative process of HD. Bachoud-Levi and
colleagues51 studied 5 patients with HD who received neural
fetal transplantation (intrastriatal grafts bilaterally) in order
to explore the therapeutic potential for the functional, motor
and cognitive changes in patients with HD. Motor and cogni-
tive functions were periodically evaluated, and repeated PET
scanning was done in order to assess changes in cerebral
metabolic activity over time. They found that grafts in the
striatum were metabolically active even after 2 years. In 3 of

the 5 patients, increased metabolic activity in the striatum
correlated with improved cognitive performance in tasks of
attention and executive functioning.51

Correlations between striatum dysfunction and cognitive
performance have also been demonstrated by functional
studies of neurotransmission systems. Using dopamine neu-
rotransmission parameters (measures of presynaptic and
postsynaptic dopamine biochemistry), PET studies have
found marked reductions in dopamine binding in the
striatum34,39,52,53 and in cortical regions (frontal and temporal

Table 2: Functional imaging studies that have correlated cerebral resting-state activity with cognitive performance in Huntington's disease

Evidence of correlation?*

Study Subjects

Imaging
technique/
procedure Cognitive tasks Striatum

Frontal
lobe

Temporal
lobe Comments and additional findings

Tanahashi
et al40

16 H
x6 C

133Xe
SPECT

MMSE N/A ↓ ↓ Reduced frontotemporal rCBF assoc.
with deficits in MMSE

Berent et al39 15 H
15 C

18FDG
PET

WAIS, WMS ↓ N/A N/A Caudate hypometabolism assoc. with
deficits in memory and verbal learning
performance

Kuwert et al48 23 H
21 C

18FDG
PET

WAIS, BVRT, d2 test,
Raven's

↓ ↓ ↓ Lentiform hypometabolism assoc. with
severity of chorea
Frontoparietal hypometabolism assoc.
with deficits in episodic memory,
reasoning, visuomotor abilities and
attention

Brandt et al54 21 H
x8 C†

[11C]3-N-
methylspiperone

PET

TMT, SDMT ↓ N/A N/A Binding in the caudate assoc. with
deficits in tests of rapid coding and set
alternation
Binding in the putamen assoc. with
duration of illness

Hasselbalch
et al41

18 H
19 C

99mTc-
HMPAO SPECT

WCST, BDT, FWRT ↓ ↓ N/A Reduced caudate rCBF assoc. with
deficits in WCST
Reduced frontal rCBF assoc.
with deficits in BDT and FWRT

Bäckman
et al34

x5 H
x5 C

[11C]SCH
[11C]raclopride

PET

WCST, TMT, Tower of
Hanoi test, verbal fluency
test, Rey–Osterreith
Complex Figure test

↓ ↓ No Reduced striatum D
1
dopamine, D

2
,

DAT binding assoc. with executive
function, visuospatial skills, episodic
memory, verbal fluency, perceptual
speed and reasoning deficits

Lawrence
et al55

23 H‡
20 C

[11C]raclopride
PET

CANTAB (spatial
recognition memory, spatial
span, spatial working
memory)

↓ N/A N/A Caudate and putamen D
1
and D

2

receptor binding assoc. with deficits in
verbal fluency, pattern recognition,
spatial information span, complex
problem solving and sequence
generation

Sanchez-
Pernaute
et al57

10 H
10 C

MRS TMT, Stroop, SDMT,
verbal fluency test

No N/A N/A Atrophy in the striatum and reduced
NAA levels, but not corr. with
cognitive tests

Kremer et al50 26 H 18FDG
PET

MMSE, WAIS, verbal
fluency test, immediate
recall test, paired
associates test

↓ N/A N/A Caudate and putamen
hypometabolism assoc. with
functional capacity, but not assoc.
with cognitive measures.

Bachoud-
Levi et al51

x5 H 18FDG
PET

MMSE, TMT, Stroop,
RAVLT, Raven’s, Token
Test, JLOT

↑ N/A N/A Caudate and putamen
hypermetabolism assoc. with deficits
in attention and executive functioning

Pavese et al56 12 H [11C]raclopride
PET

MMSE, TMT, Stroop, WMS,
SDMT, Digit Span, BDT,
CANTAB, Tower of London
test

↓ ↓ ↓ Reduced [11C]raclopride over time in
striatum, frontal and temporal lobes.
Reduced striatial [11C]raclopride corr.
with Tower of London test

Assoc. = associated; BDT= Block Design test; BVRT= Benton Visual Retention Test; CANTAB = Cambridge Neuropsychological Test Automated Battery; C = controls; corr. =
correlated; d2 test = visuomotor test; DAT = dopamine transporter; FWRT= Face and Word Recognition Test; H = patients with Huntington’s disease; JLOT = Judgment of Line
Orientation Task; MMSE = Mini-Mental State Examination; MRS = magnetic resonance spectroscopy; NAA = N-acetyl aspartate; PET= positron emission tomography; Raven’s =
Raven’s Standard Progressive Matrices; RAVLT = Ray Auditory Verbal Learning Test; rCBF = regional cerebral blood flow; SDMT =Symbol Digit Modality Test; SPECT= single-photon
emission computed tomography; TMT= Trail-Making Test; WAIS = Wechsler Adult Intelligence Scale; WMS = Wechsler Memory Scale; WSCT = Wisconsin Card Sorting Test.
*↑ = increased activity; ↓ = decreased activity; N/A = region was not assessed; No = no correlation.
†Subjects at risk for Huntington’s disease (HD).
‡5 symptomatic patients with HD and 17 asymptomatic mutation carriers.



cortex)53 of patients with HD. Brandt and colleagues54 ob-
served an abnormal reduction in D2 dopamine receptor bind-
ing in the striatum of patients with HD and found that the
severity of impairment exhibited by patients on cognitive
tests requiring rapid coordination and set alternation (i.e.,
Trail-Making Test) correlated with D2 receptor binding in the
caudate.54 Bäckman and colleagues34 also found reductions in
all dopamine neurotransmission parameters (such as D1 and
D2 receptor density and dopamine transporter density) in the
striatum (and to a lesser extent in the temporal cortex), which
showed a strong relation with severity of impairment on tests
of executive function, visuospatial skill, episodic memory,
verbal fluency, perceptual speed and reasoning.34

These correlations between striatal dopamine markers and
cognitive deficits have also been found in individuals whose
disease is at a preclinical stage55 and progress linearly as HD
evolves. Lawrence and colleagues55 found that striatum D1

and D2 receptor binding were reduced in both symptomatic
and asymptomatic individuals with the HD gene mutation
and that the reduction was significantly related to the severity
of impairment on tests of verbal fluency, spatial memory
span, planning and sequence generation.55 In a longitudinal
assessment of the loss of D2 receptor binding in the striatum,
Pavese et al56 evaluated 12 patients with HD with 2 serial PET
scans 1 year apart; 6 of the patients had a third PET scan
4 months later. They found a progressive striatal and cortical
loss of dopamine receptors. The performance on all neuro-
psychological measures deteriorated over time, but only
scores on the Tower of London Test correlated with striatal
dopamine neurotransmission parameters.56

Finally, in a study using magnetic resonance spectroscopy
(MRS), a noninvasive technique that provides information
about biochemical and metabolic processes occurring within
the brain, Sanchez-Pernaute and colleagues57 found reduced
metabolic signals of markers of neuronal health and energy

metabolism (such as creatinine, a marker for cellular energy,
and N-acetyl aspartate, a marker for neuronal/axonal den-
sity) in the striatum of patients with HD. Reduced creatinine
levels were associated with impaired performance on tasks of
attention, verbal fluency and visuomotor skills.57

Neurocognitive-activation studies in HD

To date, just a few neuroimaging studies have used cogni-
tive-activation paradigms in HD. Table 3 lists functional
imaging studies that assessed cerebral activity during cogni-
tive performance in HD. In a study that compared patients
with HD and patients with schizophrenia (both disorders
with a pathophysiology implicating abnormalities in the
dopamine system), Goldberg and colleagues58 observed rCBF
changes during the performance of a test of prefrontal corti-
cal functioning (Wisconsin Card Sorting Test [WCST]). They
found increased frontal blood flow in patients with HD dur-
ing the performance of the WCST, in contrast to the dimin-
ished prefrontal blood flow shown in the group with schizo-
phrenia. The increased cortical rCBF observed in patients
with HD correlated positively with caudate atrophy (i.e., the
greater the atrophy, the greater the increase in rCBF during
task performance), but no significant correlation between the
other cognitive score (WAIS) and rCBF was found.58

These results differ from the findings of Weinberger and
colleagues,59 who examined the relation between cortical
rCBF and cognitive function in HD. They found that even
when patients with HD manifested overt cognitive impair-
ment on the computerized version of the WCST, they had
normal cortical rCBF during the WCST performance.59

Deckel and colleagues60 used SPECT to study rCBF in pa-
tients with HD at rest and during the performance of a test
that activates frontal brain regions (maze testing). During the
resting condition, they found increased rCBF in the cortex
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Table 3: Functional imaging studies that have assessed cerebral activity during cognitive performance in Huntington’s disease

Differences in activation?*

Study Subjects

Imaging
technique/
procedure Cognitive tasks Striatum

Frontal
lobe

Temporal
lobe Comments and additional findings

Goldberg et al58 11 H
11 Sc

133Xe
SPECT

WAIS, WCST No ↑ No Increased frontal activation assoc.
with WCST performance

Weinberger
et al59

14 H
14 C

133Xe
SPECT

WAIS, WCST No No N/A No association between frontal rCBF
and WCST performance

Deckel et al60 x7 H
x9 C

99Tc
SPECT

Stroop Colour Test,
Digital Symbol
Modalities Test, Word
Test, Maze Test

↓ No No Reduced caudate rCBF during Maze
Test

Clark et al61 x3 H fMRI Maze Test ↓ ↑ No Reduced caudate and parietal fMRI
signal and increased frontal fMRI
signal during Maze testing

Voermans et al62 12 H
18 C

fMRI WAIS, WMS, CVLT,
route recognition test

↓ ↑ ↑ Reduced caudate activity and
increased temporal activity during
route recognition

Kim et al63 x8 H fMRI MMSE, SRTT No ↓ No Reduced activation in frontal and
occipital regions during SRTT

C = controls; CVLT = California Verbal Learning Test; fMRI = functional magnetic resonance imaging; H = subjects with Huntington’s disease; MMSE = Mini-Mental State
Examination; rCBF=regional cerebral blood flow; Sc = subjects with schizophrenia; SPECT = single-photon emission computed tomography; SRTT = serial reaction time task
paradigm; WAIS = Wechsler Adult Intelligence Scale; WCST = Wisconsin Card Sorting Test; WMS = Wechsler Memory Scale.
*↑ = greater activation in H; ↓ = less activation in H; No = no differences; N/A = region was not assessed.
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and striatum (with the exception of the caudate nucleus) in
patients with HD. On the other hand, during the test condi-
tion, a positive correlation was found between executive
functioning performance (as measured by the Porteus Maze
Test) and reduced rCBF in the striatum and orbital cortex.60

Using functional MRI (fMRI), Clark et al61 examined
neural activity in patients with HD during performance of
the Porteus Maze Task. They observed reduced fMRI signal
in patients with HD relative to controls in occipital, parietal
and sensorimotor cortices and in the caudate, whereas in-
creased signal was found in the left postcentral and right
middle frontal gyri.61

In an fMRI study that investigated the interaction between
the hippocampus and the basal ganglia in navigational
memory, Voermans and colleagues62 studied 12 patients
with HD and 18 controls using a route recognition naviga-
tional test. They found that the hippocampus in patients
with HD compensates for caudate dysfunction during route
recognition. Control subjects showed greater activity in the
right caudate, whereas the patients with HD showed greater
activity in the right hippocampus during performance of the
route recognition test.

Finally, in another fMRI study, Kim et al63 used a proce-
dural learning task in order to unmask functional striatal ab-
normalities in the brains of individuals in the early stages of
clinical HD. Although the basal ganglia structures were not
differentially activated between groups during the perfor-
mance of a serial reaction-time task, they found reduced acti-
vation in the HD group relative to healthy controls in the
right middle frontal, left middle occipital, left precuneus and
left middle frontal gyri.

Taken together, these studies show that some levels of corti-
cal function in HD correlate with performance on behavioural
tasks, suggesting that dysfunction in both striatal and cortical
regions contributes to cognitive status in these patients.

Discussion

By combining neuroimaging techniques with improved
knowledge of human cognitive processes, the last decades
have seen tremendous advances in our understanding of cog-
nitive abnormalities in neurodegenerative disorders such as
HD. The goal of the current paper was to review the litera-
ture related to neuroimaging and cognitive dysfunction in
HD so as to uncover the most consistent findings linking
cerebral abnormalities and cognitive deficits.

Structural neuroimaging has provided important evidence
of morphological brain changes in HD3,37 extending beyond
the basal ganglia, and some correlations with neuropsycho-
logical measures have been reported.3,35 Striatal29,30 and cortical
atrophy5,30,34 are the most common findings throughout the lit-
erature, and some associations with cognitive deficits in at-
tention, working memory and executive functions have been
shown. Further work is needed to determine the precise rela-
tion between cognitive and regional volume changes and
may provide an important surrogate marker of disease onset
or disease progression, or both.

Functional brain imaging has also enhanced our under-

standing of cognitive deficits in HD. Complementing the evi-
dence of structural cerebral changes in patients with HD,
some functional studies have also demonstrated correlations
between striatal dysfunction and cognitive performance. Sig-
nificant metabolic40–42 and neurotransmission changes34 occur
in the striatal region in the brains of patients with HD. These
changes include hypoperfusion, decreased glucose utilization
and reductions in striatal neurotransmitter parameters, all
correlating with psychomotor and executive functions,
episodic memory and visuospatial processing.40,41

Further evidence that impairment of the cerebral cortex may
account for some of the cognitive deficits observed in patients
with HD has been provided by functional studies. Significant
declines in glucose metabolic rate occur throughout the cere-
bral cortex.48,50 This hypometabolism is more prominent in
frontal regions and correlates with performance on recognition
memory, language and perceptual tests.58,60 At present, func-
tional neuroimaging studies using cognitive paradigms have
been few and the findings equivocal.59,61–63 Ambiguous frontal
activation patterns may be related to differences in functional
imaging techniques or to differences in the sensitivity of the
cognitive paradigm employed. In addition, differences in per-
formance levels between patient and control groups could also
account for these contradictory findings.

Together, the studies reviewed here support the specific
role of the striatum in the cognitive dysfunction of patients
with HD as a part of a complex neuronal architecture inter-
linking cortical regions and the basal ganglia. The particular
structural and functional changes in frontal regions, shown
by neuroimaging and neuropsychological tests, are in concor-
dance with the existence of several anatomically and func-
tionally distinct circuits that link the striatum with regions of
the frontal cortex.64 These findings reinforce the general theo-
ries suggesting a causative association between frontostriatal
circuitry pathology and cognitive dysfunction in HD.65

Findings from the studies described here suggest that the
basal ganglia should be viewed as components of circuits or-
ganized in parallel, remaining largely segregated from one
another,66 that are thought to be involved in the performance
of higher-order cognitive processes such as attention, mem-
ory and executive functions. Functions mediated by the stria-
tum may be affected first and deficits may evolve insidiously
over many years, whereas other functional deficits may de-
pend on cortical changes as a secondary result of loss of stri-
atal projections to the cerebral cortex.11

A few caveats about drawing strong conclusions from
brain imaging studies in HD seem relevant here. First, there
are differences in patient selection (i.e., population size, dif-
ferences in severity of disease, etc.) in the studies reviewed.
For instance, some patient groups had severe movement dis-
orders, making it difficult to obtain brain images. In addition,
many patients with HD take different types of medications,
which may have an effect on the results. These constraints are
the cause for even greater concern in patients with both a
movement disorder and cognitive problems. Movement arti-
facts and interference in performance by anxiety, lack of con-
centration or motivation during imaging can also influence
the results. Furthermore, some studies were conducted



before the identification of the HD gene in 1993;1 thus, earlier
studies can be problematic in terms of the HD diagnosis (be-
cause there was no assurance of gene status in their samples
at that time).

Second, the correlational design used in most of these stud-
ies has been criticized, because such an approach can be mis-
leading given the progressive nature of this disorder. Indeed,
as the disease advances, regional levels of brain function and
pathology might worsen in tandem, thus, a correlation be-
tween 2 such indices could reflect collinearity instead of a
cause–effect relation. Furthermore, neuropsychological tests
vary in the distributed cognitive networks required and,
thus, may highlight different cortical and subcortical deficits.4

In addition, cognitive testing can be influenced through prac-
tice: whereas a single cognitive assessment may be mislead-
ing, repeated ones may produce a problem in practice effects.
It is also important to know what aspects of cognition the test
is tapping into and to be conscious of the fact that the cogni-
tive strategies employed by subjects with HD and other sub-
jects may vary. For example, common tests of general cogni-
tion employed in numerous HD studies, such as MMSE, are
poor at looking at frontostriatal circuits and thus correlations
between this measure and changes in the basal ganglia are
not necessary helpful.

The inherent limitations of brain imaging techniques
should also be taken into account for an accurate interpre-
tation of the findings. For instance, imaging at any given
time cannot differentiate between local neurodegenerative
consequences of the underlying disease versus the indirect
effect of damaged tissue on other brain regions. The ideal
way to address this issue would be a histological compari-
son with the neuroimaging studies; however, an alternative
approach would be to compare, briefly, the brain involve-
ment expected from postmortem studies of HD with neu-
roimaging findings.

In addition to these considerations, we must also take into
account that functional neuroimaging studies (PET, fMRI)
depend on the integrity of the vascular and metabolic re-
sponse to neuronal activity. This neurovascular coupling
may not always be intact in HD; thus, changes in vascular pa-
rameters may either reflect functional (neuronal) changes or
simply a disturbance in neurovascular coupling.61,67

Despite these limitations, further advances in neuroimaging
development and imaging analysis software will nevertheless
give us greater spatial and temporal resolution, enhancing our
understanding of the cognitive dysfunction associated with
HD. Morphometric markers may provide a sensitive and reli-
able method to determine whether a drug is effective in
symptomatic patients. In the future, functional neuroimag-
ing’s greatest contribution toward uncovering the pathophys-
iology of HD could be by defining neurodegenerative disease
phenotypes both during preclinical and early clinical disease
periods. Functional brain imaging tests can be done repeat-
edly and can assess temporal changes in the neuronal degen-
eration both before and after the development of clinical
symptoms. They can also provide a window to the neuronal
dysfunction and data complementary to clinical and cognitive
evaluation, as well as a tangible assessment of the efficacy of

novel treatment strategies. Finally, the application of several
imaging techniques in parallel may give us the opportunity to
gather even more revealing information about the metabolic,
functional and neuroanatomical alterations that take place
during the various stages of the disease and is an exciting and
promising development for future research on this complex
neurodegenerative disorder.
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