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PURPOSE: To describe the clinical and radiologic manifestations of juvenile Huntington disease
and to determine whether adult imaging criteria for Huntington disease are helpful for pediatric
patients. METHODS: Six patients (3 to 18 years of age; mean age, 9.8 6 5.6 years; 3 female, 3
male) with juvenile Huntington disease were studied with CT (n 5 6) and/or MR (n 5 3). CT and
MR studies were evaluated for frontal horn distance/intercaudate distance and bicaudate ratios,
which were compared with those of 24 age-matched healthy children and 12 age-matched patients
with Leigh (n 5 9) or Wilson (n 5 3) disease. RESULTS: Atrophy of the caudate nuclei was
identified in all Huntington patients. The frontal horn distance/intercaudate distance (1.64 6 0.39)
and bicaudate (0.205 6 0.060) ratios of the patients with juvenile Huntington disease were found
to be significantly different from those of healthy children and that of those patients with Leigh/
Wilson disease. The 3 patients with Huntington disease who underwent MR evaluation were noted
to have increased proton density– and T2-weighted signal in the caudate nuclei and putamina.
CONCLUSION: As in adult patients, the use of frontal horn distance/intercaudate distance and
bicaudate ratios are helpful for the diagnosis of Huntington disease in pediatric patients. On MR,
increased proton density– and T2-weighted signal in the atrophic caudate nuclei and putamina are
additional features of juvenile Huntington disease.
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Huntington disease (HD) is a hereditary neu-
rodegenerative disorder with a worldwide prev-
alence of 5 to 10 per 100 000 persons (1, 2).
Typically, patients with HD present during
adulthood (30 to 40 years of age) with choreo-
athetoid movements (“Huntington chorea”),
progressive dementia, and behavioral distur-
bance. However, 1% to 6% of HD patients will
have childhood onset (3–5). Unlike adult HD,
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juvenile HD patients more commonly present
with cerebellar symptoms, dyslalia, mental de-
terioration, seizures, “parkinsonlike” rigidity,
and hypokinesis. Chorea, characteristic for
adult HD, seldom is evident initially in the juve-
nile HD form, frequently making the clinical di-
agnosis of juvenile HD elusive until late in its
course (3–10).
The main radiologic feature of HD is that of

caudate atrophy, which has been described on
pneumoencephalography (4, 7, 11–12), com-
puted tomography (CT) (10, 13–20) and mag-
netic resonance (MR) imaging (21–24). Cau-
date atrophy can be quantified by the use of
ratios that compare the intercaudate distance
(CC) to other internal standards (Fig 1)—most
commonly, frontal horn (FH) width and calvar-
ial width (inner table [IT]). In HD, there is an
increase in CC out of proportion to FH or IT,
which results in a decrease in the FH/CC ratio
and an increase in the CC/IT ratio (bicaudate
ratio). These criteria, however, have been es-
tablished primarily from adult data. The radio-
logic descriptions of juvenile HD remain sparse
(4, 7, 10, 24). We report the clinical and radio-
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logic features of juvenile HD and investigate the
use of adult imaging criteria for the diagnosis of
HD in children.

Subjects and Methods
The six pediatric patients with HD ranged from 3 to 18

years old (mean age, 9.86 5.6 years). Three patients were
female, three male. The duration of clinical follow-up
ranged from 6 months to 11 years. A summary of each

Fig 1. Schematic diagram of an axial projection at the level of
the heads of the caudate nuclei at which the intercaudate distance
(CC), the frontal horn (FH) width, and calvarial inner table (IT)
width can be measured. The IT is measured at the same coronal
level as the CC.
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patient’s clinical features is provided in Table 1. All six
patients manifested a combination of cerebellar symptoms
(6 of 6), dyslalia (5 of 6), mental deterioration (5 of 6),
rigidity (5 of 6), chorea (4 of 6), and/or seizures (4 of 6).
Cerebellar symptoms (6 of 6), dyslalia (4 of 6), mental
deterioration (3 of 6), and seizures (2 of 6) were the most
common initial presenting symptoms. Chorea was evident
in only one patient as a presenting symptom. All six pa-
tients had extensive family histories of HD, many of whom
had early onset between 20 and 30 years of age. Four
patients had paternal lines of inheritance; two patients,
maternal.

The first comparison group comprised 24 healthy chil-
dren (1 to 18 years of age; mean age, 8.75 6 4.9 years; 12
female, 12 male) who had undergone CT examination for
suspected trauma but had had (a) a normal head CT and
(b) an uneventful postexamination course. The second
comparison group comprised 12 pediatric patients (mean
age, 7.96 6 6.0 years) without HD who had bilateral basal
ganglia abnormalities on CT and/or MR (Fig 4). Leigh
disease was diagnosed in 9 patients, based on character-
istic neuroimaging findings, clinical presentation, and met-
abolic alterations (including lactic acidosis, elevated se-
rum and/or cerebrospinal fluid lactate/pyruvate ratios, and
biochemical defects in pyruvate metabolism). In the 3
remaining patients of the second group, Wilson disease
was diagnosed clinically (Kayser-Fleischer rings, de-
creased serum ceruloplasmin, elevated urinary copper) in
2 children. Liver biopsy was required to confirm the diag-
nosis of Wilson disease in the remaining child.

Six CT and three MR examinations were performed on
the six patients with juvenile HD. CT scans were obtained
on GE 8800 or GE 9800 Quick Highlight CT scanners with
axial contiguous 5- or 10-mm section thickness and a 320
3 320 matrix. MR evaluations were performed on a 1.5-T
GE Signa scanner using T1 (500-700/20/2 [repetition
time/echo time/excitations]), proton density (2400-2800/
30/1), and T2 (2400-2800/70-80/1) pulse sequences.
Sagittal and axial T1-weighted and axial proton-density
and T2-weighted images were obtained. In two patients,
coronal images also were obtained.

Three measurements were obtained on axial images at
the level of the third ventricle (Fig 1): (a) the FH width,
representing the distance between the most lateral aspects
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TABLE 1: Clinical features of juvenile Huntington patients

Case
Age of
Onset,

y

Cerebellar
Symptoms

Dyslalia
Mental

Deterioration
Rigidity Chorea Seizure

Family
History

1 3 11 1 1 1 1 1 m
2 41⁄2 11 11 1 1 1 1 p
3 8 11 11 11 1 2 11 m
4 131⁄2 11 11 11 1 1 2 p
5 91⁄2 11 11 11 2 2 2 p
6 8 11 2 2 1 11 11 p

Note.—1 indicates presence of symptom; 11, presenting symptom; 2, absence of symptom; m, maternal inheritance; and p, paternal
inheritance.



Fig 2. Case 4, juvenile Huntington disease. Teenage girl with a declining IQ and
progressive rigidity, chorea, and dysarthria.

A, Contrast-enhanced CT demonstrates mild atrophy of the caudate nuclei, associ-
ated with mild diffuse cerebral atrophy.

B-D, MR was more revealing. On T1-weighted images (B), the caudate nuclei and
putamina are noted to be atrophic. On proton density–weighted (C) and T2-weighted
images (D), the caudate nuclei and putamina are noted to have hyperintense signal.
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of the frontal horns; (b) the intercaudate distance (CC), the
distance between the most medial aspect of the caudate
nuclei; and (c) the IT width, the distance between the inner
tables of the calvarium at the level of the CC measure-
ment. The FH, CC, and IT measurements then were used
to calculate the FH/CC and bicaudate (CC/IT) ratios (13–
20, 23). The FH/CC and bicaudate ratios then were com-
pared with those measured from (a) CT examinations from
24 age-matched healthy children and (b) CT and MR ex-
ams from 12 age-matched patients with Leigh or Wilson
disease. All measurements and film interpretations were
made by at least two neuroradiologists.
Results

All six children with HD were noted to have
caudate atrophy by CT (Fig 2A) and/or MR
(Figs 2B–D and 3A–C) associated with diffuse
cerebral atrophy. Atrophy of the putamina was
identified in all patients who had MR performed
(Figs 2B–D and 3A–C). Abnormal high signal
was noted in the caudate nuclei and putamina
bilaterally on proton density–weighted (Figs 2C
and 3B) and T2-weighted (Figs 2D and 3C)
images in all three patients who underwent MR



Fig 3. Case 6, juvenile Huntington disease. The patient is an 8-year-old boy who has a newly diagnosed seizure disorder and balance
difficulties. The caudate nuclei and putamina are noted to be atrophic on T1-weighted images (A) and to have increased signal intensity
on proton density–weighted (B) and T2-weighted (C) images.
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evaluation. The results of the six CT and three
MR examinations on our six pediatric patients
with Huntington disease are summarized in Ta-
ble 2. The corresponding FH/CC and bicaudate
ratios for the three groups (juvenile HD, healthy
children, and patients with Leigh/Wilson dis-
ease) are graphically represented in Figures 4
and 5, respectively. Analysis of variance was
performed for all three groups to determine sta-
tistical differences. There was a statistically sig-
nificant difference between the FH/CC ratio of
juvenile HD patients (mean FH/CC ratio, 1.64 6
0.39) and that of healthy children (mean FH/CC
ratio, 3.82 6 1.36; P 5 .0068) and that of chil-
dren with Leigh or Wilson disease (mean FH/CC
ratio, 4.62 6 3.27; P 5 .0013). Similarly, the
bicaudate ratio of juvenile Huntington patients
(mean bicaudate ratio, 0.205 6 0.060) also was
found to be statistically different from that of
healthy children (mean bicaudate ratio, 0.093
6 0.068; P , .0001) and Leigh/Wilson patients
(mean bicaudate ratio, 0.105 6 0.067; P 5
.0013). No statistical differences in either
FH/CC (P 5 .255) or bicaudate ratio (P 5 .635)
were found between the comparison groups
(healthy children and Leigh/Wilson patients).

Discussion

HD is an autosomal dominant neurodegen-
erative disorder that typically presents during
TABLE 2: Radiologic features of juvenile Huntington patients

Case Imaging Age, y
Duration of
Symptoms, y

FH/CC
Ratio

Bicaudate
Ratio

Diffuse
Cerebral
Atrophy

MR Features*

1 CT 3 1⁄2 2.25 0.136 none
CT 5 21⁄2 2.20 0.138 none
CT 7 41⁄2 1.30 0.301 severe

2 CT 5 1 1.87 0.163 moderate
3 CT 17 11 1.29 0.246 moderate
4 CT 151⁄2 21⁄2 1.39 0.253 mild

MR 18 5 1.32 0.253 mild 2T1,1PD,
1T2

5 MR 91⁄2 1 1.75 0.161 mild 2T1,1PD,
1T2

6 MR 8 1⁄2 1.37 0.195 mild 2T1,1PD,
1T2

Note.—* MR features of the caudate nuclei and putamina on T1-, proton density (PD)– and T2-weighted images were either isointense
(2) or hyperintense (1).
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adulthood but occasionally may manifest dur-
ing childhood (1, 4, 6, 25, 26). HD has a wide
variation in its age of onset even within a single
family. Although there is no clear sexual predi-
lection for HD, there appears to be a sex-related
factor that affects the age of presentation. Bird
et al, in their review of 291 parent-child pair-
ings, found a much earlier onset and faster pro-
gression of HD in the children of male patients
when compared with those of female parents
(26). They also reported that when HD presents
in the first 2 decades of life, the father is the
affected parent 70% of the time. Reports of
monozygotic Huntington twins, even separated
at birth, who experienced clinical onset of HD at
the same age (25) further support this notion of
a sex-related factor affecting disease onset. In
our series of six patients, four were associated
with paternal lines of inheritance.
Genetically, HD has been linked to a locus

within the terminal subband of the short arm of
chromosome 4 (1, 3, 27–29). The HD gene
contains an expanded and unstable DNA seg-
ment made up of repeating patterns of a poly-
morphic trinucleotide, CAG. Normally, there

Fig 4. Ratios of frontal horn distance to intercaudate distance
for children with Huntington disease, healthy children, and chil-
dren with Leigh or Wilson diseases.

Fig 5. Bicaudate ratios (intercaudate distance to inner table
width) for children with Huntington disease, healthy children, and
children with Leigh or Wilson diseases.
are 10 to 30 copies of this triplet at this locus;
however, in HD patients, this segment is typi-
cally unstable and expanded to greater than 36
copies (27). There is a strong inverse correla-
tion between the length of the CAG segment
and the age of onset for this disorder (27–29).
Instability in the length of the CAG repeats, fur-
thermore, varies from tissue to tissue, with
higher degrees of mosaicism found in affected
regions such as the basal ganglia. Patients with
juvenile HD typically have the highest CAG re-
peat lengths and more pronounced levels of
somatic mosaicism. Recently, Telenius et al
(27) demonstrated increased CAG lengths and
mosaicism not only in the brain but also in the
sperm of HD patients. They suggested that
spermatogenesis may itself contribute to CAG
expansion and may account for the tendency of
earlier onset of HD in the offspring of male pa-
tients.
Juvenile HD has a different clinical presenta-

tion from that of its adult counterpart (3–10).
Chorea, a distinctive early feature of adult HD,
usually is a late manifestation in younger pa-
tients that eventually will be manifest in up to
66% to 90% of patients. In children with HD,
cerebellar symptoms (50% to 100%), dyslalia
(83% to 90%), mental deterioration (83% to
85%), and rigidity (65% to 83%) are the domi-
nant protean initial features. Pediatric patients
also may demonstrate seizure activity (33% to
67%), which typically is not encountered in the
adult form. Because of the lack of the charac-
teristic choreiform movement disorder initially,
juvenile HD frequently presents a diagnostic di-
lemma, and the diagnosis usually is entertained
only after a family history is elicited. The history
of HD, as in our patients, is invariably very ex-
tensive.
The clinical course of HD in children, further-

more, often is more progressive. The average
survival of juvenile patients is 7 to 8 years after
onset versus 14 to 15 years as seen in adult
patients (4, 6, 9, 26). Death results from com-
plications related to chronic illness (4), most
notably respiratory disease, as evidenced by
our case 1, in which the child died at the age of
8 years secondary to cardiorespiratory arrest as
a complication of an aspiration pneumonia.
Pathologically, HD is characterized by diffuse

cerebral atrophy, which is most dramatic in the
caudate nuclei and, to a lesser extent, the pu-
tamina (3–4, 6, 8, 10, 30). There is 21⁄2 times
more destruction of the basal ganglia than of the
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remainder of the brain in HD (30). In pediatric
HD patients, the globus pallidus and the cere-
bellum, areas not typically involved in adult pa-
tients, may be involved (4, 6, 8, 10). These
regions of additional destruction may account
for the rigidity and balance difficulties seen in
juvenile HD but not in the adult form.
HD’s preferential injury to the basal ganglia

curiously is similar to that seen with metabolic
derangements such as hypoxia and Leigh dis-
ease (31). The description of basal ganglia hy-
pometabolism on positron emission tomogra-
phy examinations (32–34) before bulk tissue
loss and metabolic defects in respiratory chain
complexes I and III/IV (35, 36) have led re-
searchers to postulate a metabolic basis for HD.
Recently, the abnormal metabolic regulation of
glutamate, an excitotoxin, has been proposed
as the mechanism for the cerebral damage in
HD (37–41). More specifically, Perry and Han-
sen have suggested that the underlying cause of
the neuronal destruction in HD was the toxic
accumulation of glutamate secondary to its de-
creased reuptake from the receptor site (38).
The primary CT and MR feature of HD is

caudate atrophy, which is best identified by sep-
aration of the horizontally apposed heads of the
caudate nuclei (increased CC distance). A wid-
ened CC, however, is not specific for HD and
also can be seen with hydrocephalus or other
forms of diffuse atrophy. Because there is pref-
erential caudate atrophy in HD, ratios compar-
ing the intercaudate distance (CC) with internal
standards (FH and IT, Fig 1) have been used to
differentiate HD from other disorders (13–20).
Recently, Aylward et al have shown by MR that
both the FH/CC and bicaudate (CC/IT) ratios
correlate well with caudate volume in patients
with Huntington disease (23). No studies, how-
ever, have found good correlation of any ratios
or measurements with the severity of clinical
symptoms.
In any case, established criteria for HD are

based primarily on adult data (normal mean
FH/CC, 2.2 to 2.6; normal mean CC/IT, 0.09 to
0.12) (13–20, 23). Because the FH/CC ratio
decreases with normal aging (15), presumably
because ventricular size increases with age (42–
44), the use of adult standards especially for the
FH/CC would serve as conservative standards
in children. In our series of healthy children, the
mean FH/CC ratio (3.85 6 1.35) was indeed
higher than that reported in adults. The mean
bicaudate ratio (0.093 6 0.07), however, was
comparable to reported adult values. Compari-
son of these normal FH/CC and bicaudate ratios
in healthy children with that of our juvenile HD
patients (Figs 4 and 5) demonstrated statisti-
cally significant differences between the two
groups for both ratios.
Clinical symptoms, however, commonly pre-

date CT findings, as was demonstrated in cases
1 and 2. MR, with the potential ability to detect
subtle changes in the caudate nuclei and pu-
tamina as seen in cases 4 (Figs 2C–D), 5, and 6
(Figs 3B–C), may prove more helpful in the
detection of early HD. Mirowitz et al, in their
series of 65 pediatric patients with neurodegen-
erative disease, also had reported bilateral sym-
metric basal ganglia T2 hyperintensity in two
patients with HD (24). Increased T2 signal has
yet to be described in adult HD, to our knowl-
edge.
Symmetric involvement of the basal ganglia,

of course, is not limited to juvenile HD and may
be found in a host of other conditions, many of
which are metabolic in nature (31). The differ-
ential considerations include chronic disorders
such as Leigh disease and Wilson disease.
Acute hypoxia, carbon monoxide, hypoglyce-
mia, and near drowning also may manifest bi-
lateral basal ganglia lesions; however, with the
clinical history of chronic symptoms, these
causes should be easily discounted. The differ-
entiation of juvenile HD from Leigh and Wilson
diseases may be more difficult. Leigh (Fig 6)
and Wilson diseases may have additional focal
involvement of white matter, thalamus, brain
stem, and cerebellum, whereas HD typically
would not. Biochemically, patients with Leigh
disease will have elevated lactate/pyruvate ra-
tios and lactic acidosis; patients with Wilson
disease, decreased serum ceruloplasmin and
elevated urinary copper. Because these disor-
ders are typically hereditary, a family history
also would be helpful.
As demonstrated in our series, the FH/CC

and bicaudate ratios, which can characterize
preferential caudate atrophy, are useful radio-
logic measurements for the confirmation of HD
in children. MR can potentially identify abnor-
malities not readily apparent with CT within the
caudate nuclei and putamina in juvenile HD.
The added use of the FH/CC and bicaudate
ratios (Figs 4 and 5) can help differentiate HD
from other neurodegenerative disorders, such
as Leigh and Wilson diseases, which also may
manifest bilateral basal ganglia abnormalities.
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The presence of abnormal high signal intensity
in atrophic caudate nuclei and putamina on pro-
ton density– and T2-weighted images in a child
should suggest the diagnosis of Huntington dis-
ease.
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