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Abstract
Neuroimaging studies of subjects who are gene-expanded for Huntington Disease, but not yet
diagnosed (termed prodromal HD), report that the cortex is “spared,” despite the decrement in striatal
and cerebral white-matter volume. Measurement of whole-cortex volume can mask more subtle, but
potentially clinically relevant regional changes in volume, thinning, or surface area. The current study
addressed this limitation by evaluating cortical morphology of 523 prodromal HD subjects.
Participants included 693 individuals enrolled in the PREDICT-HD protocol. Of these participants,
523 carried the HD gene mutation (prodromal HD group); the remaining 170 were non gene-
expanded and served as the comparison group. Based on age and CAG repeat length, gene-expanded
subjects were categorized as “Far from onset,” “Midway to onset,” “Near onset,” and “already
diagnosed.” MRI scans were processed using FreeSurfer. Cortical volume, thickness, and surface
area were not significantly different between the Far from onset group and controls. However,
beginning in the Midway to onset group, the cortex showed significant volume decrement, affecting
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most the posterior and superior cerebral regions. This pattern progressed when evaluating the groups
further into the disease process. Areas that remained mostly unaffected included ventral and medial
regions of the frontal and temporal cortex. Morphologic changes were mostly in thinning as surface
area did not substantially change in most regions. Early in the course of HD, the cortex shows changes
that are manifest as cortical thinning and are most robust in the posterior and superior regions of the
cerebrum.
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Introduction
Huntington Disease (HD) is a neurodegenerative disorder that manifests in a triad of symptoms
including cognitive, motor, and behavioral abnormalities. The discovery of the gene in 1993
(Huntington’s Disease Collaborative Research Group, 1993) provided an opportunity to study
individuals who carry the mutant gene, but have not yet manifested significant disease signs
and are therefore referred to as prodromal HD.

HD is part of a family of poly-glutamine diseases in which the mutant gene (huntingtin in the
case of HD) contains a triplet CAG repeat coding for an expanding polyglutamine repeat and
resulting in an abnormal or toxic protein. Another property of polygluatamine diseases is that
despite the fact that the mutant proteins are expressed ubiquitously, the disease manifestation
is specific to brain tissue and also to specific regions of the brain. For HD, the area of the brain
most affected is that of the striatum. Therefore, most of the studies of HD, using either
neuropathologic methods or neuroimaging methods have focused on measuring the effects of
the disease on this brain region. However, more recently, there have been a number of studies
evaluating “extra-striatal” brain structure such as the morphology of the cerebral white matter
and cortex in subjects with early HD or prodromal HD. As a whole, these studies support an
interesting pattern in which the cerebral white matter volume is substantially lower than normal,
while in contrast, the cerebral cortex is relatively “spared” (Aylward et al., 1998; Beglinger et
al., 2005; Ciarmiello et al., 2006; Douaud et al., 2006; Fennema-Notestine et al., 2004; Jernigan
et al., 1991; Muhlau et al., 2007; Rosas et al., 2003).

PREDICT-HD is a long-term observational study of a large population of prodromal HD
subjects (Paulsen et al., 2006). In a recent cross-sectional analysis of 657 participants, the
volume of the cerebral cortex was indeed found to be significantly reduced in volume in the
prodromal HD subjects. However, the effect size for the comparison of volume decrement in
prodromal HD subjects to controls in the cerebral cortex (0.699) was substantially smaller than
the effect size of the comparison of volumes across groups for the cerebral white matter (1.445)
or striatum (2.456) (Paulsen et al., 2010). One important caveat for this and other analyses that
use the global measure of cerebral cortex is that this measure is a gross one and may very well
miss regional variation of structure within the cortex, as the cortex is divided up into many
small structurally and functionally distinct regions.

Few studies have evaluated regional morphology of the cerebral cortex in HD. Rosas, in a study
of HD subjects post-diagnosis, showed that cortical thinning was indeed gradual in onset and
regionally specific (Rosas et al., 2002). In more recent studies, cortical thickness maps of both
small (Rosas et al., 2005) and large (Tabrizi et al., 2009) samples of prodromal HD subjects
show an interesting pattern in which cortical thinning occurs in an unexpected pattern that is
heavily superior and posterior, with what appears to be frontal lobe sparing. This is surprising
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given the fact that, although the striatum receives input from all over the cortex, the output of
the striatum (via basal ganglia and thalamic connections) is predominantly to the frontal cortex.

In regard to cerebral cortex morphology, studies have typically focused on measures of volume
or cortical thickness. However, volume is a function of both thickness and surface area.
Moreover, recent studies have shown the importance of distinguishing the measures of cortical
thickness and cortical surface area. For instance, two studies have shown that the genetic
influences of cortical thickness appear to be independent of those driving cortical surface area
(Panizzon et al., 2009; Winkler et al., 2009). In addition, one of these studies (Winkler et al.,
2009) showed that in a non-diseased population, measures of cortical volume were more highly
correlated to surface area than to cortical thickness. These studies highlight the importance of
looking at both thickness and surface area when evaluating corticsal morphology.

The current study is designed to extensively evaluate the morphology of the cerebral cortex in
a large sample of prodromal HD subjects. This is the first study to comprehensively examine
cortical morphology in prodromal HD subjects using volume, surface area, and thickness
measures. Unlike previous studies that have reported only cortical thickness maps in prodromal
HD, this study also measures and reports volumes of cortical regions.

Methods
Participants

Participants were recruited from the PREDICT-HD study, an ongoing longitudinal study
conducted at 32 sites in the United States, Canada, Australia, Germany, Spain, and the United
Kingdom (Paulsen et al., 2006). The study was approved by the Institutional Review Board at
each participating institution. Study participants signed informed consents to participate and
allow their de-identified research data to be analyzed by collaborative institutions. All
participants underwent detailed motor, cognitive, psychiatric, and functional evaluations
annually as previously described (Paulsen et al., 2006; Paulsen et al., 2008).

We use the term “prodromal HD” to describe the phase prior to the manifestation of the
movement disorder clinically diagnosable as HD. Participants were classified as prodromal
HD according to the diagnostic confidence level of the Unified Huntington Disease Rating
Scale UHDRS (Huntington Study Group, 1996). Diagnostic confidence level is a scale ranging
from 0 (normal) to 4 (defined as the unequivocal presence of an otherwise unexplained
movement disorder in a participant at risk for HD). Participants with ratings less than 4 were
classified as prodromal HD. All subjects were prodromal at the time of study enrollment, but
some subjects converted to a diagnosis of HD at a follow-up assessment. Participants who
received a rating of 4 were classified as converted and are referred to as “diagnosed.” Study
participants consisted of 693 individuals. Of these participants, 523 carried the HD gene
mutation, and 170 carried only normal alleles; the latter were used as the comparison group.

Proximity to Diagnosis
Estimated years to diagnosis and probability of receiving a diagnosis within the ensuing five
years were calculated using a CAG-and-age based predictive model developed from a
worldwide sample of 2,913 and validated with nearly 100 prospectively diagnosed patients
from the PREDICT-HD study (Langbehn et al., 2004; Langbehn et al., 2009). Participants were
considered ‘Far’ from diagnosis if estimated proximity to clinical diagnosis was greater than
15 years, ‘Mid’ to diagnosis if their estimated proximity was 9–15 years, and ‘Near’ to
diagnosis if estimated proximity was less than 9 years. One group of participants was diagnosed
as having HD. Table 1 displays the demographic and CAG repeat-lengths of the five groups.
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Gender was similar across groups (from 59% to 67% female), although participants in the FAR
group were significantly younger than participants in the other groups.

MRI Procedures
All scans were obtained using a standard multi-modal protocol that included an axial 3D
volumetric spoiled-gradient echo series (~1×1×1.5 mm voxels) and a dual echo proton density/
T2 (~1×1×3 mm voxels) series. Thirty sites used General Electric 1.5 Tesla scanners, and two
sites used Siemens 1.5 Tesla scanners.

Each multi-modal scan series was processed through a standardized morphometric processing
pipeline that corrected for common multi-site data differences (Magnotta et al., 2002). Briefly,
outputs of the morphometric processing pipeline included a brain mask used for computing
the Intracranial Volume (ICV) and a T1 weighted image supplied to FreeSurfer for cortical
thickness processing.

The brain mask was derived from all three image intensity modes to derive robust estimates
of ICV, which include tissue and surface CSF that extends to the border of dura mater. The T1
weighted image was created with isotropic (1.0 mm3) voxels. In addition, the T1 images were
normalized so that the tissue intensities across the spatial domain of a single image and scans
from different sites were placed in a consistent intensity range. Spatial intensity
inhomogeneities were removed by applying a parametric correction (Styner et al., 2000) that
used estimates of the tissue intensities based on tissue classes from the muliti-modal tissue
classification (Harris et al., 1999). Each scan’s intensity range was placed on a consistent scale
by linearly scaling to maximize the dynamic range inside the brain region. A reoriented,
inhomogeneity and intensity corrected T1 scan for each subject was then clipped to the brain
mask to be used as input for cortical parcellation.

Cortical reconstruction was performed with the FreeSurfer image analysis suite
(http://surfer.nmr.mgh.harvard.edu/). Briefly, processing includes removal of non-brain tissue
using a hybrid watershed/surface deformation procedure (Segonne et al., 2004), tessellation of
the gray-matter white-matter boundary, and automated topology correction (Fischl et al.,
2001; Segonne et al., 2007). In addition, surface deformation, following intensity gradients, is
done to optimally place the gray/white and gray/cerebrospinal fluid borders at the location
where the greatest shift in intensity defines the transition to the other tissue class (Dale and
Sereno, 1993; Dale et al., 1999; Fischl and Dale, 2000). Once the cortical models are complete,
a number of deformable procedures can perform further data processing and analysis including
surface inflation (Fischl et al., 1999a), registration to a spherical atlas, which utilizes individual
cortical folding patterns to match cortical geometry across subjects (Fischl et al., 1999b),
parcellation of the cerebral cortex into units based on gyral and sulcal structure (Desikan et al.,
2006; Fischl et al., 2004), and creation of a variety of surface-based data including maps of
curvature and sulcal depth. This method uses both intensity and continuity information from
the entire three-dimensional MR volume in segmentation and deformation procedures to
produce representations of cortical thickness, calculated as the closest distance from the gray/
white boundary to the gray/CSF boundary at each vertex on the tessellated surface (Fischl and
Dale, 2000). The maps are created using spatial intensity gradients across tissue classes and
are therefore not simply reliant on absolute signal intensity. The maps produced are not
restricted to the voxel resolution of the original data and thus, are capable of detecting subvoxel
differences between groups. Procedures for the measurement of cortical thickness have been
validated against histological analysis (Rosas et al., 2002) and manual measurements
(Kuperberg et al., 2003; Salat et al., 2004). FreeSurfer morphometric procedures show good
test-retest reliability across scanner manufacturers and field strengths (Han et al., 2006).
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Processing was completed without manual intervention. Since FreeSurfer uses random
initiation of certain processes in the pipeline, each scan was processed five times, and a
similarity index was calculated for each run in comparison to the other runs for that scan. The
run that was most similar to the other runs for a given scan was chosen to represent the best
result for that scan, eliminating spurious outliers due to the random initialization. Visual
inspection was then completed to review the final surfaces and parcellation.

Statistical analysis
The thickness at each vertex (brain map analysis), the total volume of each region of interest,
and the surface area of each region of interest were the outcomes in a general linear-model
tests of prognostic group (Control, Far, Mid, Near, or Diagnosed), which was the predictor
variable of primary interest. Gender and age were covariates. For the region of interest analysis,
all volumes were adjusted for ICV. To determine if potential group differences depended on
the age or gender of individuals, the two-way interactions (age*gender, age*group, and
gender*group) were tested and removed from the model if not statistically significant, as our
objective was to identify the most parsimonious model of disease progression. All statistical
tests were corrected for multiple comparisons using a false discovery rate (FDR) of 0.05
(Genovese et al., 2002).

Results
Regional Cortical Volume Analysis of Prognostic Groups Compared to Controls

Table 2 displays results of the ANOVAs comparing mean cortical volumes of 33 regions among
all prodromal HD subjects combined and the control group. Volumes in this table are ordered
by group effect sizes. After correction for multiple comparisons, 20 of the 33 regions showed
significant group differences. In all of these 20 regions, volumes were reduced in the HD group
compared to controls, with the exception of the rostral anterior cingulate region wherein volume
was increased. Most of the regions that are significantly affected are in the occipital and parietal
lobes as well as lateral temporal regions. The areas affected most in the frontal lobes are superior
frontal, paracentral (medial surface), precentral, and two small lateral regions, the rostral
middle frontal and pars opercularis (Broca’s area). No regions on the ventral frontal lobe are
structurally different in the prodromal HD groups compared to controls. Also spared are the
temporal pole and the ventromedial areas of the entorhinal and parahippocampal cortex.

Figure 1 displays volumes of cortical regions that significantly differed between the control
group and each prodromal HD prognostic group. No differences between the Far and control
groups were found in cortical volume. However, in the Mid, Near, and Diagnosed groups,
patterns of volume loss occur, starting in a few areas in the mid to onset group (lateral and
medial occipital and parietal, superior temporal, pars triangularis), then extending through the
most of the cortex in the diagnosed groups. Consistent with the combined prodromal HD group
analysis (Table 2), the areas with the most severe volume loss (the lightest shades of blue)
include lateral and medial occipital regions along with the superior temporal gyrus while the
regions not different from the controls include a contiguous area of ventral and medial frontal
and temporal cortex.

Cortical Thickness Maps of Prognostic Groups Compared to Controls
Figure 2 shows the cortical thickness maps of each prognostic group (Far, Mid, Near,
Diagnosed) derived from comparisons with the controls. Each map is corrected for multiple
comparisons so that only statistically significant differences are displayed. The pattern is
similar to that of the cortical volume analysis. In the Far group, there were no significant
differences in cortical thickness compared to controls. Going from the Mid to the Near to the
Diagnosed groups, there emerges a pattern of progressively thinner regions of the cortex.
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Initially, this is present predominantly in the lateral parietal and occipital regions, but by the
time of HD diagnosis, thinning is observed throughout most of the cerebral cortex. The most
affected regions (lightest shade of blue), however, remain posterior. Ventral and medial areas
of the frontal and temporal lobe are largely spared as are both the pre and post central gyri.
The exception to the widespread thinning is in the area of the rostral anterior cingulate where
there appears to be significant thickening in the HD groups compared to controls, in parallel
with the volumetric analysis.

One interesting exception to the similar patterns in the cortical volume and cortical thickness
maps are the precentral and postcentral gyri, which showed volume loss in the Near and
Diagnosed groups, but relative sparing of cortical thickness, even in the diagnosed group.

Regional Surface Area Analysis of Prognostic Groups Compared to Controls
Differences between the prodromal HD group and controls in surface area were significant for
only five regions: transverse temporal, postcentral, precentral, cuneus, and superior temporal
(see Table 3). For all of these regions, the prodromal HD group had lower surface area
compared to controls. The findings of the pre- and post-central areas having significant smaller
surface area helps to clarify the apparent inconsistent finding between the volume and thickness
maps of these regions. That is, although the volume is significantly lower, cortical thickness
was not abnormal, yet surface area was.

With the exception of the pre- and post-central regions, the cortical thickness maps follow a
pattern almost identical to the cortical volume maps. Moreoever, despite relatively widespread
cortical volume decrements, Table 3 is impressively nonsignificant with only five of the 33
regions abnormal. This is in comparison to Table 2 (volume) where 20 of the 33 regions are
abnormal, and both the Figures (volumes and thickness mapped according to prognostic group)
show widespread, significant volume and thickness abnormalities in the prodromal HD
subjects compared to controls. Thus, volume differences between the groups appear to be
mostly driven by changes in cortical thickness, rather than by decrements in surface area.

Discussion
This study is the first comprehensive analysis of cortical morphology in a large sample of
prodromal HD subjects compared to healthy controls. Beginning in the midway to onset group
(9–15 years from diagnosis), the cortex shows significant decrement in volume in a pattern
that is initially specific to superior and posterior regions of the cortex, but by onset of diagnosis
represents a pattern that is quite extensive and includes most of the entire cerebrum.
Nevertheless, the superior and posterior regions of the cerebrum remain the most significantly
abnormal while regions of the ventral and medial frontal and temporal lobe remain mostly
unaffected. Unique to this study in particular is the finding that the volume loss appears to be
related mostly to cortical thinning rather than decrements in surface area.

The current study showed that individuals far from onset had no significant changes in cortical
thickness or volume compared to controls. In a previous preliminary study on prodromal HD
subjects evaluating cortex morphology, we found a pattern in which the cortex was enlarged
in the area of gyri, but substantially thinner in the sulci (Nopoulos et al., 2007). The current
study is partially supportive in that the thinning found in the Mid and Near groups were
primarily located in the sulci, as identified in the previous study. In addition, the current study
also found areas of gyral thickening in the Far from onset group, similar to the previous study;
however none of these areas of thickening survived the more strict analysis of correction for
multiple comparison. How far back the changes in the cortex are occurring is uncertain. For
instance, cortical thickening could be present even prior to the Far from onset group as a
manifestation of abnormal development. A recent study of a knock-in mouse model of HD
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showed substantial abnormalities in brain development supporting the notion that changes in
the brain may be present decades prior to onset of disease (Molero et al., 2009).

The current findings in which substantial thinning is not present until mid and near onset are
consistent with the theme of relative gray matter sparing early in the course of the disease seen
in our previous volumetric analysis of a larger group of prodromal HD subjects enrolled in
PREDICT-HD. In that study, the total cerebral-cortex volume was reduced in the prodromal
HD group relative to controls. However, the effect size of this finding was substantially smaller
than the effect size for the decrement in white-matter volume or for the effect size of the
decrement in volume of the striatum (Paulsen et al., 2010).

The observations of relative gray matter sparing in early prodromal HD (Far group) are
interesting, given that widespread cortical involvement is evident in later stages (Heinsen et
al., 1994; Selemon et al., 2004; Wagster et al., 1994). Yet lack of cortical findings in other
neuroimaging studies of subjects who are prodromal HD or newly diagnosed suggest that
cortical degeneration is a relatively late phenomenon in the course of the illness, occurring in
a slow and patchy process. In addition, longitudinal studies of prodromal HD subjects (Kipps
et al., 2005) show very little or only regionally specific gray matter loss in prodromal HD and/
or early HD subjects, while the remaining cortex is unaffected.

Recent studies of cortical thinning in prodromal HD and diagnosed subjects have shown a
similar pattern to the current study, with substantial thinning first in the posterior cerebrum
(occipital lobe), then superior parietal, and superior frontal regions (Rosas et al., 2005; Tabrizi
et al., 2009). Even as the disease progresses through diagnosis and areas of the temporal lobe
and lateral frontal lobe become thin, there remains remarkable sparing of the medial and ventral
aspects of the frontal and temporal lobe. These findings are consistent with one pathologic
study in which cortical atrophy (cell count using planimetry) was found to be greatest in the
occipital lobe and least in the frontal lobe (Lange, 1981). Given the circuitry of the basal
ganglia, the cortical regions that appear spared (ventral and medial frontal and temporal lobe)
are mostly among those that receive output projections from the basal ganglia to the cortex
(Middleton and Strick, 1996a, 1996b, 2000). However, given the somewhat patchy nature of
change in the cortex (some parts of the frontal lobe significantly affected, other parts spared),
there appears to be a relative separation between striatal atrophy and cerebral cortical changes
early in the disease process.

Also similar to the two other studies evaluating the thickness of the cortex in prodromal HD
subjects (Rosas et al., 2005; Tabrizi et al., 2009), the current study found an increase in the
volume and thickness of the rostral anterior cingulate in the Near and Diagnosed groups. As
similar methods were used, one interpretation could be that the increased volume is related to
a methodologic bias. However, in individuals far from onset of motor diagnosis, functional
blood flow (fMRI) studies have found both decreased blood flow (Reading et al., 2004) and
increased blood flow (Paulsen et al., 2004) in the anterior cingulate. Though these different
patterns may be related to the cognitive context during neuroimaging, dysfunction in this brain
area is seen early in the course of the disease. Of interest is that two recent studies have shown
the anterior cingulate to behave different than any other region of the cortex in the context of
aging (Abe et al., 2008; Salat et al., 2004). That is, whereas most cortical regions decrease in
volume with age, the cingulate is either unchanged or increased in size with age. Since the
prodromal HD subjects in the current study were compared against healthy controls, it suggests
that this phenomenon of increased volume in the prodromal HD subjects as disease onset
approached was above and beyond what is seen in the context of aging within the normal
healthy group. The mechanisms by which this brain region, in contrast to other regions, would
thicken substantially as the disease progresses are unclear.
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Our study is the first to comprehensively examine cortical morphology in prodromal HD using
volume, surface area, and thickness measures. Since volume is the product of surface area and
thickness, these measures can have unique and independent contributions. Consistent with this
notion are studies reporting cortical thickness and cortical surface area measures to be
genetically independent (Panizzon et al., 2009; Winkler et al., 2009). In the current study, most
of the brain regions that show significant volume decrement compared to controls seem to be
lower due to a thinning of the cortex rather than a reduction in surface area. This is in contrast
to the Winkler et al. study (2009), who measured cortical thickness and surface area in a large
sample of randomly ascertained extended pedigrees of families and found that cortical volume
was more closely related to surface area than cortical thickness (Winkler et al., 2009). The
difference between our study and the Winkler study may be that the current study was an
assessment of a disease process whereas the Winkler study was, in general, a sample of related
subjects, not representative of a disease, but more representative of a healthy control sample.
Manifest HD pathological studies (Hedreen et al., 1991; Selemon et al., 2004; Sotrel et al.,
1991) have indicated relatively selective loss of neurons in deep cortical layers (especially
layers V and VI, and some loss in layer III as well). These changes would be consistent with
the thinning that we see. However cortical thinning could also represent morphologic changes
in cell size, dendritic number and shape, and volume of glial components (DiProspero et al.,
2004). Thus early changes might represent cellular abnormalities with or without substantial
cell death. These early changes would be more likely to be reversible with therapeutics. Thus
therapeutics begun during the prodromal HD period might be able to forestall further
irreversible pathologic changes in cortex. Though these changes could in fact manifest in
cognitive changes and other symptoms, they would more likely represent the earliest stages of
dysfunction in a process that eventually leads to cell death.

Another important aspect to investigate further is the relationship between clinical symptoms
and regions of cortex abnormality. In a recent pathologic study, cell loss in the primary motor
strip was associated with movement abnormalities, while cell loss in the anterior cingulated
was associated with significant mood symptoms in subjects with manifest disease (Thu et al,
2010). These are findings that, at first glance, may seem inconsistent with the current findings
since the motor strip and the anterior cingulated appear ‘spared’ in some aspects compared to
other regions of the brain that are affected. However, although the primary motor strip was
normal in thickness, it had substantial reduction in surface area (and therefore volume), which
could be correlated with cell loss. Moreover, although the anterior cingulate is enlarged, there
is still possibility that this could represent morphology such as cell loss with accompanying
gliosis. Finally, the Thu study was done on patients with manifest disease and therefore
represent morphology that is most likely years advanced beyond the current study. Future work
in which neuropathologic changes and neuroimaging changes can be assessed on patients in
comparable time frames of disease would help shed light on whether MRI findings truly mirror
that of histopathologic findings.

Cerebral white matter changes may potentially be considered as “secondary” to either striatal
or cortical abnormality (functional deterioration or frank degeneration). Yet some have
suggested that the white matter abnormalities reported in HD may be the result of a primary
pathology in white matter rather than a secondary one (Bartzokis et al., 2007; Bartzokis et al.,
2006). Findings from the current study may support the theory of a primary problem with white
matter pathology. If the white matter changes in prodromal HD are seen as secondary cortical
change, there should be a clear association between the regions of cortical change and the white
matter associated with those regions. However in the current study, there is a lack of connection
between the regions of the cortex that are abnormal and the regions of white matter that are
abnormal. From the PREDICT-HD sample, a longitudinal analysis of brain morphology in
prodromal HD subjects shows that white-matter volumes significantly decrease far from onset
(greater than 15 years from diagnosis), and although the changes are throughout the cerebrum,
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they are most prominent in the frontal lobes (Aylward et al., forthcoming). This is in contrast
to the current analysis that shows cortical thinning mostly in the posterior regions with no
appreciable change in relatively large parts of the frontal lobes (ventral and medial). This
further supports the notion that the changes in cerebral white matter may be a primary process
rather than secondary to structural changes in the cortex or striatum (Bartzokis et al., 2007;
Bartzokis et al., 2006).

In summary, the current study evaluates extensively the cortical morphology of prodromal HD
subjects. Changes in the cortex of prodromal HD subjects appear to occur much later in the
disease process (within a decade or nearer to onset) compared to changes in the striatum or
white matter (seen as far out as greater than 15 years from onset). When changes are apparent,
they appear as cortical thinning (rather than decrement in surface area) in mostly superior and
posterior regions. Ventral and medial aspects of the frontal and temporal lobes remain largely
unchanged even throughout the progression to formal clinical diagnosis of the cortical changes
early in the course of the disease may be amenable to therapeutic intervention and seem to be
unrelated to changes in white matter.

Research Highlights

• Changes of cerebral cortex are detected in subjects up to a decade prior to onset.

• Structural changes are mostly in thinning rather than in reduction of surface area.

• Affected areas include superior and posterior cerebrum while ventral frontal is
spared.
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Fig. 1.
Cortical Regions Volume. Starting from the left, each group of six maps represent the
comparison of volume of separate cortical region between each prodromal HD group and the
controls (Dx = diagnosed). Left hemisphere only is shown. The top row shows (from left to
right) lateral and medial views, the second row shows dorsal and ventral views, the last row
shows anterior and posterior views, respectively.
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Fig. 2.
Cortical Thickness Maps. Starting from the left, each group of six maps represent the
comparison of cortical thickness between each prodromal HD group and the controls (Dx =
diagnosed). Left hemisphere only is shown. The top row shows (from left to right) lateral and
medial views, the second row shows dorsal and ventral views, the last row shows anterior and
posterior views, respectively.
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