
Wilson�s disease (WD), hepatolenticular degeneration, is an
autosomal recessive disorder characterized by a decreased serum
concentration of ceruloplasmin and excessive deposition of
copper in the brain, liver and other organs.1 The most common
neurological manifestations include motor dysfunctions such as
akinetic-rigid syndrome, dystonia and ataxia with tremor.2,3

Pathologically, the severely affected lesions are the basal ganglia
involving the putamen, caudate, and globus pallidus.4 Brain
computed tomography (CT) reveals low density lesions,
sometimes with cystic degeneration in the basal ganglia,
particularly the globus pallidus and putamen, in addition to
cortical atrophy and ventricular dilatation.5 Brain magnetic
resonance images (MRI) also show increased signal intensities in
T2 weighted (T2W) images of the lenticular nuclei, thalamus,
and brainstem, including the tegmentum of the pons and
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However, dopamine transporter (DAT) imaging with 99mTc-TRODAT-1 revealed a nonsignificantly
increased DAT uptake, suggesting a normal presynaptic nigrostriatal dopaminergic terminal.
Conclusion: We suggest that significant heterogeneity can be found in WD patients and a normal
presynaptic dopaminergic pathway may occur in some patients, even those with typical akinetic-rigid
syndrome and evidence of substantia nigra involvement in the brain on MRI.
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CASE REPORT

midbrain, and even the substantia nigra.6-8 A poor therapeutic
response to levodopa in WD suggests the mechanism of a
postsynaptic abnormality.9 However positron emission
tomography (PET) studies have shown an involvement of the
nigrostriatal presynaptic dopaminergic pathway.10

Both single-photon emission computed tomography (SPECT)
with 123I-iodobenzamide (123I-IBZM) and PET images with
[18F]-methylspiperone have revealed a reduction of postsynaptic
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striatal D2 receptors reflecting striatal neuronal damage in WD.11-

13 The dopamine transporter (DAT) is a protein located in
dopaminergic nerve terminals. Both (1r)-2β-carbomethoxy-3β-
(4-iodophenyl)tropane(β-CIT) and TRODAT-1 are cocaine
analogues that can easily bind to the DAT site on the presynaptic
dopamine neuron terminal membrane.14,15 Recently, DAT images
with [123I]-β-CIT have revealed a severe or differential loss of the
DAT in the striatum in WD patients, suggesting significant
damage in the presynaptic nigrostriatal dopaminergic nerve
terminal.14,16 However in another study, 123I-IBZM was
dramatically reduced, while [123I]-β-CIT uptake was only
slightly reduced, suggesting a postsynaptic lesion.17 Therefore,
whether the presynaptic, postsynaptic, or both nigrostriatal
pathways are involved has remained unclear. Recently we
encountered a patient with WD who had an akinetic-rigid
syndrome feature with initial hesitation and an involvement of
the substantia nigra region on the brain MRI. The results of the
99mTc-TRODAT-1 study are reported and possible mechanisms
are discussed.

CASE REPORT

The patient, a 22-year-old woman, was referred to our hospital
because of a gait disturbance with small steps, which began in October
1998, especially during initial walking. She was healthy until one year
before this admission, when she developed a right hand tremor and gait
disturbance. About six months later she had difficulty writing, followed
a few months later by a swallowing disturbance and slurred speech.
Neurological examination revealed bradykinesia, mild masked face,
micrographia, dysphagia, and dysarthria. In addition, postural and action
tremors were found. Her gait disturbance was more prominent in initial
walking, which made her unable to start walking for several seconds.
Dystonia was also found in the left foot with an extended toe. Tendon
reflexes were normal and plantar responses were flexor. There was no
sensory impairment, pyramidal signs, or cranial nerve palsy. Kayser-
Fleischer rings were noted over the cornea of both eyes. 

Laboratory studies showed normal complete blood counts, renal
function, and lipid tests.Normal liver function was noted with albumin:
50 g/L (ref. 35-52 g/L), AST: 32.0 µ/L, total bilirubin: 13.7 µmol/L (ref.:
3.4-22.3 µmol/L) and α-fetoprotein 7 µg/L (ref.: < 20 µg/L). The
prothrombin time was 13.7 seconds (control: 11.9 seconds) and activated
partial thrombin time was 40.3 seconds (control: 32.0 seconds). Serum
ceruloplasmin was undetectable (< 0.4 µmol/L, normal controls: 1.0-4.1
µmol/L), the serum copper level was 5.0 µmol/L (normal controls: 10.9-
21.8 µmol/L) and the 24-hour urinary copper excretion was 194.7
µmol/day (normal controls: < 6.3 µmol/day). Abdominal echogram
revealed a slightly enlarged liver with a coarse and deranged
parenchyma, undulated liver surface, and splenomegaly indicating liver
cirrhosis. A diagnosis of WD was made although neither a liver biopsy
nor a genetic test was done. Brainstem auditory evoked potentials
revealed a delayed latency of peak wave V and increased interpeak
latencies of III-V and I-V on both sides. Pattern reversal visual evoked
potentials showed prolonged peak latencies of P100 in both eyes. The
data indicated bilateral impairments of visual conduction pathways.
Somatosensory evoked potentials also disclosed bilateral prolongation
of central conduction times of N13-N20 by median nerve stimulation,
and N22-P40 by tibial nerve stimulation. In a motor evoked potential
study, central conduction times were normal bilaterally. The patient was
treated with D-penicillamine (300 mg), and zinc gluconate (78 mg 4
times daily). In addition, levodopa / benserazide (300/75 mg to 450 /

112.5 mg daily in divided doses) was given. However, the parkinsonian
features had not improved significantly after levodopa treatment.

Brain magnetic resonance images (MRI) 
Magnetic resonance images showed typical basal ganglia and

thalamic lesions. In addition, the brain MRI also revealed a small
brainstem with decreased signal intensity lesions in the substantia nigra
on T1 weighted images (T1W). On T2W images and proton weighted
images the substantia nigra lesions were hyperintense (Figure 1).
Hyperintense lesions were also noted in the pretectal region of the pons.
Figure 2 shows the increased signal intensity in the substantia nigra
region in a magnified view of T2W as compared with those in a normal
control and in a patient with Parkinson�s disease (PD).

MATERIAL AND METHODS

99mTc-TRODAT-1 Brain SPECT
The 99mTc-TRODAT-1 Brain SPECT was performed as

previously described,15, 18-20 and was prepared from a research kit
from the Institute of Nuclear Energy Research. The intravenous
injection dose was 925 MBq (25 mCi). Imaging was performed
4 h later. Single-photon emission computed tomography images
were obtained using a MULTISPECT 3γ camera (Siemens
Medical Systems, Inc., Hoffman Estates, IL) with a fanbeam
collimator, 128 projections over 360o, 60s per stop, and a 128 x
128 matrix. Individual images were reconstructed with back-
projection using a Butterworth filter, with a cutoff of 0.3/cm and
an order of 10. The data were corrected for the effects of photon
attenuation using Chang�s first-order method, with the
attenuation ellipses defined on the summed images of the entire
data set and applied, without modification, to all the images
individually. The summed image was reoriented to give
transverse slices parallel to the orbitomeatal line, and then the
same transformation parameters were applied to every other
image in turn. Pixel size was 2.9 x 2.9 mm, and slice thickness
was 2.9 mm. 

The analysis of the nigrostriatal dopaminergic pathway with
Tc-TRODAT-1 binding, and the ratio of specific to nonspecific
binding was calculated by summing two transverse slices
representing the most intense nigrostriatal DAT binding. Data
analyses were performed by three investigators, blindly. A
standard region-of-interest template using a stereotatic shape
obtained from a MRI atlas, and including regions of the putamen,
caudate, and occipital cortex, and additional regions of interest
for the entire striatum, were placed bilaterally on the acquired
images. Estimates of specific striatal binding were made by
subtracting occipital counts from nigrostriatal counts. The ratio
of specific to nonspecific striatal 99mTc-TRODAT-1 binding was
then calculated by dividing the specific nigrostriatal uptake by
occipital bindings. 

All data were analyzed using the computer software package
JMP 3.0 (SAS Institute Inc., Cary, NC) on a Macintosh personal
computer (Apple Computer, Cupertino, CA). Statistical analysis
was performed using the analysis of variance.

RESULTS

The striatal specific-to-nonspecific binding ratios calculated
from the 99mTc-TRODAT-1 Brain SPECT was 2.34 on the right
and 2.33 on the left side, respectively (Figure 3). In comparison
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Figure 1: Brain magnetic resonance images (MRI) revealed decreased signal intensity lesions at the
midbrain, particularly the substantia nigra (arrows) on T1W (A). On T2W, the substantia nigra
lesions showed hyperintensity (arrows) (B). Brain MRI also showed low signal intensities on T1W in
the putamen of the basal ganglion (C). On T2W, the basal ganglia revealed hyperintensities in the
putamen and hypointensities in the globus pallidus (D).

A B C

Figure 2: A magnified brain MRI on T2W shows an increased signal intensity, particularly in the substantia nigra, in the patient with WD (B),
as compared with those of a normal control (A) and a PD patient (C).
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with 16 age-matched normals (age range: 20 to 40 yrs) and 10
PD patients (age range: 35 to 45 yrs), the data indicate a non-
significant trend towards increased DAT binding (right: 2.15 ±
0.35, left: 2.14 ± 0.32) in the corpus striatum for the normals.
However, the data also show a higher DAT binding in the corpus
striatum than those in PD (right: 1.38 ± 0.18, left: 1.41 ± 0.20).
Figure 4 shows the results of the 99mTc-TRODAT-1 brain SPECT
in the caudate and putamen in the WD patient, 16 normals and
10 PD patients.

DISCUSSION

The present study reports a WD patient with akinetic-rigid
syndrome whose MRI findings showed an involvement of the
substantia nigra with high signal intensities in T2W images, in

addition to basal ganglion and thalamic lesions. However, a
measurement with 99mTc-TRODAT-1 showed a normal DAT
binding as compared with those of the normal controls. The data
indicate normal dopaminergic nerve terminals despite
involvement of the substantia nigra region on MRI. 

Lesions of the basal ganglion have been considered to be
commonly affected in WD.4 Akinetic-rigid syndrome and
dystonia have been the common manifestations.2,3,21 In addition,
postsynaptic damage in the striatum has been shown in
pathological studies, neuroimages and D2 receptor images.4,5-8,11-13

Poor therapeutic response to L-dopa also suggests a postsynaptic
mechanism. However, the brain MRI revealed structural lesions
in the midbrain, including the nigral region.8 In some [18F]-6-
fluorodopa PET studies, the fluorodopa uptake was decreased in

A B C

Figure 3: Demonstration of 99mTc-TRODAT-1 uptake in an age-matched normal control (A), WD patient (B) and PD patient (C). Normal uptake
of 99mTc-TRODAT-1 in the putamen and caudate nucleus was noted in the normal control and WD patient (A and B). In PD patient, there was
an asymmetrically decreased 99mTc-TRODAT-1 uptake, predominantly in the putamen (C). 

Figure 4: Ratio of 99mTc-TRODAT-1 brain SPECT in the caudate and putamen to that of the occipital
cortex in 16 normal controls, WD patient and 10 patients with PD. The error bars indicate
confidence interval with 3 standard deviations. The data indicate a nonsignificantly increased
uptake of 99mTc-TRODAT-1 in the WD patient as compared with the normal controls and a
significantly higher uptake of DAT as compared with the PD patients.
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WD patients with neurological symptoms.10 Similarly, striatal
binding of [11C]-(+)-nomifensine was reduced in neurological
WD patients.22 In addition, some reports showed that L-dopa
might improve the neurological symptoms in WD patients.23,24

These data suggest that presynaptic dopaminergic damage may
also play an important role in WD patients.

The DAT may directly reflect the normal function of
nigrostriatal dopaminergic terminals.14,15 In our study, the patient
had an involvement in the substantia nigra region on the MRI.
However, the DAT with the 99mTc-TRODAT-1 study showed a
normal result. Our findings were very similar to those of the
study by Bettin et al,17 who reported a dramatic reduction of the
basal ganglia/medial frontal cortex ratio for 123I-IBZM and only
a slight reduction in the [123I]-β-CIT study. These data suggested
a prominent postsynaptic D2 receptor lesion rather than a
presynaptic dopaminergic terminal lesion. In contrast, in the
study by Jeon et al,14 a severe loss of DAT in the striatum
indicated significant damage in the presynaptic membrane.
Surprisingly, the loss of DAT is very severe, similar to that of the
control patients with PD. Most of them also showed some lesions
in the substantia nigra but the important MRI were not shown.
The discrepancy between our case and Jeon�s patients may be
due to the differences in severity of the clinical manifestations.
In addition, our WD patient was also different from patients with
dopa responsive dystonia. In dopa responsive dystonia patients,
DAT studies are also normal but their responses to dopamine
treatment have been excellent.25

In our patient, despite typical akinetic-rigid syndrome
features and lesions in bilateral substantia nigra on the MRI scan,
the DAT results were still within normal limits. An alternative
explanation may be put forward. The MRI lesions may represent
damage to the nondopaminergic neurons or glial cells, or a
demyelinating process.8,26 We conclude that there is significant
heterogeneity in terms of the pathological substrate for
parkinsonian symptoms in WD. In some patients, this may be
related to a presynaptic abnormality, whereas in other patients
the symptoms are presumably related to a postsynaptic
abnormality. A further large series study is warranted to elucidate
the problem.
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