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Effect of D-penicillamine treatment on brain
metabolism in Wilson’s disease: a case study
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SUMMARY Sequential measurements of brain glucose metabolism were carried out in a patient with
Wilson’s disease, before and after successful treatment with D-penicillamine. They demonstrate an
evolution of regional metabolism consistent with clinical improvement. The first study showed
marked hypometabolism in the putamen on both sides. The second analysis showed bilateral im-
provement, with predominant residual deficits in the right putamen, while clinical symptoms of
striatal dysfunction persisted on the left side. This observation suggests that positron emission
tomography is able to follow the neurological evolution in cases of Wilson’s disease.

Wilson’s disease (WD), or hepatolenticular
degeneration' is mainly characterised by copper
deposits in liver, brain and cornea.2 Among the treat-
ments proposed, the copper chelator D-penicillamine
is generally favoured.? * Other molecules such as tri-
ethylene tetramine dihydrochloride®® or zinc
sulphate” ® are usually reserved for those cases where
intolerance to D-penicillamine occurs.® In the brain,
the main targets of the disease are the putamen and
the pallidum; caudate nuclei and other brain struc-
tures such as cerebellar dentate nuclei are also
affected.'®~!? Striatal dysfunction is generally held
responsible for the cardinal neurological symptoms of
dystonia, axial tremor and other extrapyramidal
signs. Previous papers!3 !4 have reported a diffuse
decrease of brain glucose utilisation associated with
relative focal hypometabolism in the lenticular nuclei
of four patients with Wilson’s disease. Three of these
patients received penicillamine but no pretreatment
measurements were obtained so that the effect of
treatment on metabolic parameters has not been
studied so far.

The present work describes two studies of glucose
metabolism performed in the same patient before and
after 17 months of D-penicillamine treatment. The
results suggest a strong correlation between regional
brain metabolism and response to therapy in Wilson’s
disease.
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Patient history

The propositus, a white Caucasian female, was aged 20 years
at the time of diagnosis and of the first study. She was
hospitalised because of the appearance of a very marked
tremor of head and hands during the last few months.
Writing was impossible and dystonia of the trunk was
present when walking. Head tremor was typically blocked
with both hands by the patient herself. Clinical examination
disclosed bilateral Kayser-Fleischer rings. Previous medical
problems consisted of haemolytic anaemia (dating back 7
years) and primary amenorrhoea; these were early man-
ifestations of the disease. The diagnosis of Wilson’s disease
was confirmed by the very low levels of serum
coeruloplasmin (6 mg/100 ml; reference values: 29-36) and
copper 31 pug/100 ml (reference values: 83-153). Laparoscopy
revealed the presence of a macronodular cirrhosis and splen-
omegaly. The copper content in the liver was remarkably
high (750 pg/g dry weight). Serum liver enzymes were in the
normal range. Discrete oesophageal varicosities were
observed by endoscopy. D-penicillamine treatment was
started and the dose increased up to 1-5 g/day. The tremor
disappeared almost completely within 12 months and spon-
taneous menstruation occurred for the first time after 18
months of treatment. Some dystonia and functional
impairment persisted in the left hand.

Methods

Regional brain glucose metabolism was measured using pos-
itron emission tomography (PET) with [F-18]2 deoxy-2-
fluoro-D-glucose (FDG), according to the method of Phelps
et al.}> Measurements were made with an ECAT III tomog-
raph (CTI) with an in-plane resolution of 9 mm FWHM and
a slice thickness of 15 mm.'® FDG was injected intra-
venously, and the input function was sampled from a radial
artery. Eight slices parallel to the canthomeatal line were
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Table | Metabolic values. (rCMRGLc, expressed in
umol/100 g min)
Control values
Patient (n=10)
First  Second

Brain regions study  study Mean, SD

1 Right frontal cortex 4278 4426 44-52, 9-31
2 Left frontal cortex 45-17 42-59 44-33, 10-42
3 Right temporal cortex 3817 3895 38-24, 892
4 l.z%t temporal cortex 3400 38-81 39-22, 9-83
5 Right parietal cortex 3383 3660 3791, 924
6 Left parietal cortex 32:89 3370 3723, 942
7 Right visual cortex 4172 40-00 43-41, 9-20
8 Left visual cortex 42-61 40-00 42-81, 9-12
9 Right insula 3494 41-13 3992, 10-11
10 Left insula 3567 43-44 39-63, 10-94
11 Right caudate 28-78* 33-59 42-10, 10-80
12 Left caudate 31-50* 3695 41-45, 10-59
13 Right putamen 28-:33* 32-04* 4207, 10-38
14 Left putamen 29-11* 33-84* 42-54, 11-16
15 Right thalamus 3539 3636 38-83, 8-84
16 Left thalamus 32:78 38-55 39-02, 894
17 Right frontomesial cortex 40-67 42-04 44-03, 10-91
18 Left frontomesial cortex  40-65 42-56 43-55, 10-25
19 Right cerebellum 3067 3025 3421, 927
20 Left cerebellum 29-33 2879 34-13, 9-89
Gray matter right hemisphere 37-06 40-12 40-73, 9-34
Gray matter left hemisphere  37-72 38-82 40-42, 976

* = decreased by more than 20%.

collected at 1 cm intervals, starting from the level of the
cerebellum. The overlap between adjacent sections ensured a
complete sampling of the activity contained in basal nuclei.
Glucose metabolic rates were calculated using the following
set of rate constants: k1 = 0-092; k2 = 0-140; k3 = 0-075;
k4 = 0-0056; lumped constant = 0-420. Control studies were
carried out in 10 normal, age-matched volunteers. Regions
of interest were drawn on caudate nuclei and putamina by
reference to neuroanatomical landmarks, particularly the
thalamus which was prominent on PET images, and to CT
scans. Absolute metabolic rates were considered abnormal
when deviating by more than 20% from control values. Rel-
ative metabolic rates were expressed in percent of mean gray
metabolism. They were considered abnormal when differing
from corresponding values in control subjects by more than
2 standard deviations.

Results and discussion

Absolute and relative metabolic rates in the pro-
positus and in control subjects are shown in tables 1
and 2. A perfect match in the head’s position between
the two studies could not be achieved. However, the
data collection mode was such that the entire volume
of basal nuclei was sampled in adjacent, slightly over-
lapping sections. Regions of interest were defined on
the head of the caudate nuclei and on putamina in the
images where these structures were best visible (that is,
in the second study). They were transferred and
matched on the corresponding image of the first anal-
ysis as shown in the fig. It is readily apparent that
mean gray glucose metabolism was affected neither by
the disease nor by the treatment. In the first study (fig
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a), the putamen and, to a lesser extent, the caudate
nuclei were the only regions with significant hypo-
metabolism. After 17 months of treatment (fig b),
glucose utilisation remained normal in all brain
regions which were normal in the first study. There
was 10% improvement of both relative and absolute
metabolic rates in the putamen on both sides, however
with a slightly larger deficit on the right side. After
treatment, the putaminal anomalies were borderline
in terms of absolute metabolic rates, but still clearly
significant in terms of relative rates. In the caudate
nuclei, post-treatment metabolic values were within
the normal range.

In the present patient, mean brain glucose metabo-
lism was not affected by Wilson’s disease. This is in
contrast to the study of Hawkins et al'® who found
diffuse glucose hypometabolism in four Wilson’s dis-
ease patients. It should be pointed out, however, that
these patients had a long history of disease and appar-
ently severe neurological and hepatic changes.

Our measurements suggest that, with the exception
of the putamen and caudate nuclei, brain glucose
metabolism is not affected by Wilson’s disease, at least
during the first stages of the disease. In spite of its
common pathological involvement, the cerebellum, in
particular, did not show any significant anomaly in
the present study. As might be predicted, D-
penicillamine treatment did not alter global brain
metabolism and resulted in a remarkable but incom-
plete recovery of glucose utilisation in the striatum.
The metabolic and clinical evolutions were correlated:
the right putamen remained, after treatment, slightly
more affected than its left counterpart. This is in

Table 2  Relative values. (rCMRGLc/Mean CMRGLc,
expressed in %)

Control values

Patient (n=10)
First  Second
Brain regions study  study Mean, SD
1 Right frontal cortex 114-41 112-14 110-34, 3-63
2 Left frontal cortex 120-80 107-90 109-25, 3-81
3 Ri%ht temporal cortex 102:08 98-68 94-44, 3-43
4 Left temporal cortex 90-94 98-33 96-42, 3-74
5 Right parietal cortex 90-49 92-73 93-39, 3-61
6 Left parietal cortex 8796 85-38 91-47, 526
7 Right visual cortex 111-59 101-34 107-68, 6-63
8 Left visual cortex 11397 101-34 106-17, 6:96
9 Right insula 93-46 104-21 97-75, 270
10 Left insula 95-39 110-06 96-84, 4-44
11 Right caudate 7697 8510 103-57, 5-86
12 Left caudate 84-25 93-62 101-98, 5-91
13 Right putamen 7578 81-83 103-64, 4-48
14 Left putamen 77-86 8791 104-46, 4-39
15 Right thalamus 94-65 92-12 96-09, 3-82
16 Left thalamus 87-67 97-67 96-44, 5-14
17 Right frontomesial cortex 10877 106-51 108-30, 4-14
18 Left frontomesial cortex 108-77 107-83 107-29, 3-48
19 Right cerebellum 82:02 7664 84-04, 6:03
20 Left cerebellum 78-45 72-94 83-63, 7-71
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Figure PET images at the level of the basal nuclei, before (A), and after (B) treatment by D-penicillamine. Prominent
hypometabolism was found in both putamina in the first PET examination (A), whilst the second study (B) showed a
marked but incomplete improvement of glucose utilisation in the putamen, especially on the left side. Regions of interest have
been drawn on caudate nuclei and putamina.

agreement with the persisting dystonia on the left side.
PET, however, demonstrated the persistence of meta-
bolic anomalies on both sides, despite the satisfactory
clinical evolution, and may thus provide a more sensi-
tive estimation of the neurological involvement than
does clinical assessment. Owing to the large individual
variations of global glucose utilisation rates, the esti-
mation of relative metabolic indexes probably gives
sufficient information, thus eliminating the need of an
arterial input function. Provided this impression is
confirmed in further cases, our observation suggests
that the PET/FDG method may be a suitable tool for
following the neurological evolution of Wilson’s
disease.
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