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Abstract
Huntington's disease is a progressive neu-
rodegenerative disease in which the mole-
cular abnormality has recently been
described. Before the availability of this
molecular marker diagnosis depended on
clinical findings, supported in some
instances by neuroimaging using CT or
MRI. The imaging modalities may show
atrophy of the heads of caudate nuclei in
affected people. An attempt was made to
validate these imaging findings using the
molecular test as "gold standard."
Retrospective analysis of cranial CT in 16
patients with Huntington's disease and 16
age and sex matched controls was per-
formed. There was a highly significant
difference in caudate head size
(P < 0-00001) between patients with
Huntington's disease and control sub-
jects. However, the sensitivity of diagno-
sis based on radiological examination
alone was only 87-5% in this study. Thus
the sensitivity of CT is insufficient to jus-
tify its routine use in the investigation of
suspected Huntington's disease, unless
genetic tests are negative and other diag-
noses need to be excluded.
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Huntington's disease is an autosomal domi-
nant neurodegenerative disorder characterised
by abnormal choreiform movements and cog-
nitive deterioration. Neostriatal neuronal loss
is characteristic but evidence of disease can
also be found in the frontal cortex.
The gene for Huntington's disease lies on

chromosome 4 and contains an unstable trinu-
cleotide repeat sequence. This is now consid-
ered to be the definitive abnormality in the
diagnosis of Huntington's disease. Before its
discovery numerous studies had shown cau-
date atrophy in patients with Huntington's
disease using CT,25 MRI, SPECT,5 and
PET.7 These methods assess basal ganglia size
both indirectly (using measurements of ven-
tricular enlargement) and directly, as well as

functionally (using regional blood flow and
metabolic variables). The bicaudate index and
frontal horn index have been used to quantify
the size of the heads of the caudate nuclei in
patients with Huntington's disease, patients
with cerebral atrophy, and normal subjects.2
The bicaudate index has been associated with
duration of disease, severity of dementia and
movement disorder, and functional capacity.8
However, not all studies have agreed with
these findings and the bicaudate index on CT
has had a limited and controversial role in the
diagnosis of Huntington's disease. Before the
availability of genetic testing estimates of the
sensitivity of apparent caudate atrophy in the
diagnosis of Huntington's disease were as low
as 33%.9

Further, there is inconsistency in finding a
reduction of the volume of basal ganglia before
Huntington's disease is clinically diagnosed in
asymptomatic at risk subjects. "' This is
thought to be due to sensitivity of volumetric
measuring equipment."' Nevertheless, the
same authors correctly identified genetic status
in 86% of subjects using basal ganglia volumes
and age as predictor variables.
We evaluated the sensitivity and specificity

of bicaudate and frontal horn indices of CT in
the diagnosis of Huntington's disease, using
the trinucleotide repeat sequence as our "gold
standard."

Methods
We studied 16 patients (eight men and eight
women) age range 32-73 (mean 52 4 (SD
2-5)) years with clinical features of
Huntington's disease. Cranial CT was per-
formed on all subjects. Two patients had a
second CT study after an interval of two to
three years. All patients had a history of adult
onset chorea but not all had a family history of
Huntington's disease.

Genetic verification of Huntington's disease
was performed on all subjects using the previ-
ously described polymerase chain assay.' This
technique identifies the number of CAG
repeats in the Huntington's disease gene: in
our laboratory a gene containing 40 or more
repeats has been shown to be diagnostic of
Huntington's disease.
The control group consisted of 16 subjects
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Table I Mean (SE) and range of skull and ventricular measurements, bicaudate indices, andfrontal horn indices

Huntington's disease (n = 16) Controls (n = 16)

Mean (SE) Range Mean (SE) Range

Bicaudate diameter (CC) 26-1 (1-4) 15-35 12-4 (0 9) 7-19
Distance between the outer tables of the skull 143-2 (2-1) 131-156 138-4 (2 4) 120-152

at the level of the bicaudate diameter (OTcc)
Distance between the tips of frontal horns of 39 9 (1-4) 33-51 34 9 (1 1) 28-43

lateral ventricules (FH)
Bicaudate index (CC/OTcc) 0-182 (0-009) 0 105-0229 0 090 (0 007) 0 051-0144
Frontal horn index (FH/CC) 1-57 (0-06) 1-40-2-20 2-99 (0-19) 2 05-5-00

Table 2 Clinical details ofpatients with Huntington's disease

Mean age of Mean time of
n (tnnucleotide) onset (y) CT (y) after onset Mean frontal Mean bicaudate
repeat size (range) of disease (range) horn index (SD) index (SD)

40-45 45-7 (28-57) 7-9 (1-21)* 1 62 (0-24) 0-18 (0-04)
45-50 39-8 (28-50) 2-7 (1-5) 1 47 (0-06) 0-18 (0 03)

*One patient had CT 45 years after diagnosis. If included the mean tine ofCT would be 11-6 (range 1-45) years.

(eight men and eight women), age range
29-75 (mean 51-7 (SD 2 9)) years. These sub-
jects presented with clinical symptoms which
included headache, dizziness, behavioural dis-
turbance, and fits, but no focal neurological
signs. No subject in the control group had any
abnormality on CT apart from age related
cerebral involutional changes. All CT in both
groups was performed on a General Electric
9800 CT scanner using 10 mm thick contigu-
ous sections.
The bicaudate and frontal horn indices

were calculated by analysing the section clos-
est to the point where the foramen of Monro

Figure1 CT section at the level oftheforamen ofMonro
in a normal subject. The bicaudate ventricular diameter
(cc) is where the heads of the caudate nuclei cause
maximum indentation of the lateral ventricles (shaded).
The distance between the outer tables of the skull (OT) at
the level of the bicaudate ventricular diameter is referred to
as OTcc. FH indicates the widest extent of the frontal
horns.

meets the superior part of the third ventricle.
Line CC (figs 1-2) was drawn where the heads
of caudate nuclei caused maximum indenta-
tion of the lateral ventricles (bicaudate ventric-
ular diameter). Continuation of this line to the
outer table of the skull on both sides gave line
OTcc. The ratio of these two measurements,
CC/OTcc, is the bicaudate index.
The second method of quantifying the size

of the heads of caudate nuclei used the frontal
horn index. Line FH was drawn at the widest
extent of the frontal horns on any section (figs
1-2). The ratio FH/CC is the frontal horn
index.

Results
There was a significant difference in the bicau-
date ventricular diameter CC between patients
with Huntington's disease and control subjects
(table 1; P < 0-0000 1 Mann-Whitney U test).
There was also a highly significant difference
in both the bicaudate index and frontal horn
index between the two groups (P < 0-00001
Mann-Whitney U test). However, for each of
these measurements there was some overlap
between the groups (table 1).

Table 1 shows the bicaudate index in
Huntington's disease and controls. Two out of
16 patients with Huntington's disease lay
within the control range (01 1 and 0-12) at the
time of initial CT. One of these (0- 12) was
scanned again after three years, and then
showed a bicaudate index within the
Huntington's disease range (0 16). Similarly,
the frontal horn index initially lay close to the
control range (2 0), but again after three years
showed a reduced FH/CC ratio (1 6), indicat-
ing progressive caudate atrophy. The initial
CT had been performed one year after the
onset of chorea. Thus CT findings of caudate
atrophy may not be present early in the clinical
course of Huntington's disease but may
develop fairly rapidly thereafter.
The size of the trinucleotide repeat

sequence was compared with the frontal horn
and bicaudate indices. Neither the mean
frontal horn or the mean bicaudate indices in
the group with repeat sizes of 40-45 and
45-50 were significantly different (table 2).
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Figure 2 (A) CT section
of a patient scanned one
year after the oniset of
chorea, showing an
increase in CC compared
wvith the control subject.
The ratio FHICC has
decreased; the ratio
CCIOTcc has increased.
(B) The same patienit
scanned three years later
shows a further increase in
CC, indicatingfurther
atrophy of the caudate
heads.
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We compared cranial CTwith*:: thegold! stan-

peteHutngo' disease, although.whe

positive they are highly significant.
Unlike earlier authors2 we found that there

is an overlap in the range of these indices
between genetically established cases of
Huntington's disease and control subjects.
Moreover, the degree of apparent caudate
atrophy may change considerably within a
short period during the clinical course of the
disease. Caudate metabolism is known to
decrease as the disease advances.7 Although
the size of the triplet repeats correlates with
the age of onset of the disease, we could not
show a significant correlation with the degree
of caudate atrophy. This might be explained
by the fact that in this study CT was per-
formed at widely differing points in the clinical
time course of the disease. In our study the
frontal horn index FH/CC separated patients
with Huntington's disease from controls
slightly better than the bicaudate index
CC/OTcc, but in each case only 14 out of 16
patients with Huntington's disease lay well
outside the normal range at the time of their
first CT. Thus we obtained an overall sensitiv-
ity of 87 5% from CT.
The diagnosis of Huntington's disease with

its invariably progressive and fatal outcome
should and now can be made with certainty
genetically. Thus Huntington's disease should
be diagnosed using the molecular genetic test,
and CT, which exposes patients to potentially
hazardous x rays, should only be undertaken if
there is clinical suspicion of other underlying
disease or if genetic investigations are negative.
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