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Abstract
Thirty patients with Wilson’s disease (WD) were ob-
served at a movement disorder clinic between 1970 and
2000. Disease onset was at the mean age (SD) of 14.5
(B5.9) years. Presentation with hepatic disease occurred
in 12 of 30 patients and with neurologic disease in 15.
Three patients were asymptomatic at the time of diagno-
sis. The mean (SD) delay to diagnosis was 5.9 (B5.7)
years. Five patients diagnosed in an advanced stage of
disease died before initiating treatment. Eighteen pa-
tients were followed and treated with D-penicillamine
alone or in combination with zinc sulphate. Treatment
improved most of neurological symptoms. Dystonic pos-
tures, behavioural disturbances and dysarthria were the
most resistant neurological signs. ‘Pseudo-sclerotic’
neurologic involvement predicted a good outcome,
whereas hepatic onset and ‘classic’ neurologic involve-
ment were associated with a poorer prognosis. Two of
the 18 treated patients died of hepatic failure due to vol-
untary discontinuation of therapy. Both D-penicillamine
and zinc sulphate were well tolerated. No teratogenic
effect of D-penicillamine was observed throughout 5

pregnancies. Our results suggest that D-penicillamine or
a combination of D-penicillamine and zinc sulphate is a
safe and effective long-term treatment in patients with
WD.

Copyright © 2003 S. Karger AG, Basel

Introduction

Wilson’s disease (WD) is an autosomal recessive disor-
der of copper accumulation due to mutations in copper-
binding ATPase (ATP7B), primarily expressed in the liv-
er [1]. It is one of the very few forms of serious, degenera-
tive neurological diseases for which specific, effective
therapy is available [2]. The greatest experience of treat-
ment of WD has been obtained with D-penicillamine,
introduced by Walshe in 1956 [3]. Since then, the progno-
sis of patients with WD has dramatically improved. In the
following years, other drugs, such as zinc, trientine dihy-
drochloride and tetrathiomolybdate, have been intro-
duced in the treatment of WD [4].

In the present study, we reviewed the clinical data of
30 consecutive patients with WD observed at our move-
ment disorder clinic over the last 30 years and evaluated
the clinical courses of 18 of them. These patients had been
followed closely and treated with D-penicillamine alone
or in combination with zinc sulphate.
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Patients and Methods

Thirty patients (15 males, 15 females) with WD have been diag-
nosed at the movement disorder clinic of the ‘Federico II’ Medical
School since 1970. The diagnosis was confirmed by low levels of plas-
ma ceruloplasmin, increased levels of urinary copper and increased
copper contents in liver biopsy specimens.

Five of these patients died before treatment. Seven patients have
been followed in other movement disorder clinics. Eighteen patients
were followed in our centre and were treated with daily doses of D-
penicillamine ranging from 600 to 3,000 mg. The drug was gradually
introduced over a period of 2–3 weeks and the dose was then
adjusted individually according to urinary copper excretion. Daily
doses ranging from 1,200 to 3,000 mg were used in the first months of
treatment to obtain an adequate copper excretion (at least 800–
1,000 Ìg/24 h). After clinical improvement or stabilisation, a mainte-
nance dose (600–900 mg/day) was given. The total overall treatment
period was 182.5 years (mean: 10.1 years). Pyridoxine (50 mg per os
weekly) was also administered. We introduced the use of oral zinc in
our centre in 1983; 11 of 18 patients also received zinc sulphate (dai-
ly dose: 600 mg), with a total overall treatment period of 71.5 (mean:
6.5) years. All patients were placed on a copper-reduced diet. Liver
transplantation was performed in 1 patient with severe cirrhosis. To
assess the severity of neurologic involvement, a scale ranging from
zero to 3 (0 = asymptomatic; 1 = slight; 2 = moderate; 3 = severe
neurologic involvement) was used. Follow-up brain magnetic reso-
nance imaging (MRI) was performed in 5 patients.

Results

The clinical features of 30 patients diagnosed with WD
since 1970 are summarised in table 1. We observed 27
symptomatic patients, 14 with neurologic presentation
and 13 with hepatic presentation. Three patients were
‘pre-symptomatic’ at the time of diagnosis and were iden-
tified on family screening. Neurologic involvement sug-
gested the classic, dystonic form of WD in 22 patients and
the ‘pseudo-sclerotic’ (Westphal) type in 5 [5]. The pa-
tients were from 25 families. Consanguinity was present
in 1 family. There were 25 singletons and 5 couples. Eigh-
teen families came from Southern Italy, 4 from Sicily, and
the remaining 3 families were from Northern Italy.

Disease onset was at the mean (SD) age of 14.5 (B5.9)
years. Onset with hepatic signs (12.9 B 7.2 years) was
slightly earlier than onset with neurological signs (15.9 B
4.5 years). Patients with hepatic onset typically had a clas-
sic neurologic involvement. The mean (SD) delay to diag-
nosis was 5.9 (B5.7) years. Delay to diagnosis was not
related with neurological score at diagnosis. Two of the 3
symptomatic couples were concordant for type of disease
onset and neurologic involvement, the third couple was
discordant for both features.

Neurologic outcome of the 18 patients treated at our
movement disorder clinic is shown in table 1. Figure 1
shows duration of treatment with D-penicillamine alone
and in combination with zinc sulphate in our patients.
Seven patients were treated with penicillamine alone and
11 with the combination therapy. Improvement began a
few months after initiation of therapy and continued for
up to 5 years, although improvement was more evident in
the first 2 years of treatment.

Six patients had an excellent response to treatment and
became symptom-free (neurological score = 0). Six pa-
tients had a good recovery but were left with minor neuro-
logic deficits (neurological score = 1). Kinetic tremor and
dysmetria were the most responsive neurological signs,
whereas dysarthria, dystonic postures and behavioural
disturbances were the more resistent neurological fea-
tures. All 5 patients with ‘pseudo-sclerotic’ neurologic
involvement had a good or excellent recovery. Five of the
12 patients (41.7%) with classic neurologic involvement
had a poor response and were left with major disabilities
(neurological scores = 2, 3). They had the most severe pre-
sentation at the time of diagnosis. Nine of the 11 patients
(81.8%) with neurologic onset compared with 3 of the 6
patients (50%) with hepatic onset had a good or excellent
recovery. One asymptomatic relative (table 1, patient 30)
continued to be asymptomatic after 4 years of penicillam-
ine treatment. Delay to diagnosis was not related with
neurological score. Four of the 6 symptomatic patients
(66.7%) treated with penicillamine alone and 8 of the 11
patients (72.7%) treated with penicillamine and zinc had
a good or excellent neurologic outcome. Mean (SD) im-
provement of neurological score was 1.45 (B0.93) in
patients treated with the combination therapy and 0.67
(B0.82) in patients treated with penicillamine alone (p =
0.104).

Two patients (patients 15 and 26) voluntarily discon-
tinued their therapy after they had obtained a good recov-
ery and died of hepatic failure 2 years later. One patient
with behavioural disturbances (patient 20) was murdered.
One patient (patient 3) showing progressive hepatic fail-
ure had successful hepatic transplantation after 6 months
of D-penicillamine treatment, but she was left with upper-
limb dystonia and behavioural disturbances.

Side effects of D-penicillamine therapy were mild and
occurred in 2 patients (11%). One patient (patient 3)
developed skin rash and leukopenia in the first months of
treatment. One patient (patient 8) developed cutaneous
elastosis of the neck after several years of penicillamine
treatment. Initial neurologic deterioration with D-penicil-
lamine was observed in 10 out of 18 patients (55%) and
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Table 1. Clinical data of 30 patients with WD

Pt. Sex Age at
onset
years

Family history Initial feature
of WD

Type of
neurologic
involvement

Delay to
diagnosis
years

Neurological score

pre post

Clinical outcome

1 F 5 – hepatic classic 9 2 0 symptom-free
2 M 7 – hepatic absent 6 0 died pre-therapy
3 F 7 parents were

first cousins
hepatic classic 13 3 2 dystonic postures and

behavioural disturbances
4 F 9 – hepatic classic 4 3 3 poor recovery
5 M 9 brother of 13 hepatic classic 1 1 followed elsewhere
6 M 10 – hepatic classic 1 1 followed elsewhere
7 M 11 brother of 15 hepatic classic 0 1 died pre-therapy
8 M 12 – neurologic classic 12 2 0 symptom-free
9 F 12 – neurologic pseudo-sclerotic 12 3 1 good recovery, mild dysarthria and

action tremor persist
10 M 12 – hepatic classic 5 3 died pre-therapy
11 M 13 – neurologic pseudo-sclerotic 10 2 0 symptom-free
12 F 13 sister of 14 neurologic classic 3 3 died pre-therapy
13 M 13 brother of 5 hepatic classic 3 2 followed elsewhere
14 M 14 brother of 12 neurologic classic 0.5 1 1 good recovery
15 F 14 sister of 7 neurologic pseudo-sclerotic 4 2 1 good recovery, died due to therapy

discontinuation
16 F 14 – neurologic classic 1 3 died pre-therapy
17 M 15 – hepatic classic 2 3 followed elsewhere
18 F 16 – neurologic classic 1 2 0 symptom-free
19 F 16 – neurologic pseudo-sclerotic 3 2 0 symptom-free
20 M 17 – hepatic classic 9 2 2 poor improvement, murdered
21 M 17 – neurologic classic 1 1 followed elsewhere
22 M 17 – neurologic classic 0.5 2 1 good recovery, behavioural

disturbances persist
23 F 18 – neurologic classic 2 3 3 generalised dystonia
24 M 19 brother of 30 neurologic classic 13 3 3 dystonic postures and dysarthria
25 F 24 sister of 28 hepatic classic 3 1 0 symptom-free
26 M 29 – hepatic classic 17 2 1 good recovery, died due to therapy

discontinuation
27 F 30 – neurologic pseudo-sclerotic 7 3 0 good recovery
28 F – sister of 25 asymptomatic – – 0 followed elsewhere
29 F – 1 asymptomatic – – 0 followed elsewhere
30 F – sister of 24 asymptomatic – – 0 0 asymptomatic

pre = Pre-therapy; post = post-therapy; classic = characterised primarily by extrapyramidal dysfunction, especially dystonia; pseudo-sclerotic = characterised
by kinetic tremor and dysarthria of the cerebellar type [5]. Severity of neurologic involvement: 0 = asymptomatic; 1= slight; 2 = moderate; 3 = severe.
1 Patient 29 had an affected brother diagnosed in Germany.

was characterised by a worsening of the pre-existing neu-
rological signs, particularly tremor and dysarthria. It
reversed within 2–4 months in all patients. No side-effects
have been observed in association with zinc sulphate. We
treated 3 women throughout 5 pregnancies with D-peni-
cillamine (mean dosage: 1 g; mean therapy duration: 10
years), and no teratogenic effects were observed in the
new-borns.

Follow-up MRIs were performed in 5 of the patients
with good or excellent recovery on treatment and showed
almost complete resolution of hyperintense lesions on T2

in the basal ganglia, thalamus and brainstem (fig. 2). Four
of these patients had been treated with penicillamine and
zinc sulphate, and 1 with penicillamine alone.

Discussion

Penicillamine is a controversial treatment for WD
because of its reported side-effects and potential initial
neurological worsening [6, 7]. It was reported that about
50% of patients with neurological signs of WD have an
initial deterioration after D-penicillamine introduction
and that 50% of them do not recover after this initial dete-
rioration [7]. However, long-term studies showed that
penicillamine, when used by an experienced physician, is
a safe and effective treatment for WD and initial deterio-
ration of neurological symptoms, if it occurs, does not
alter the final outcome unfavourably [8, 9]. Walshe [8]
reported that only 3 patients in his total series of 300
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Fig. 1. Duration of treatment with D-penicillamine alone or in combination with zinc sulphate in 18 patients. Age at
last examination is indicated at the top of the column.

showed rapid, irreversible deterioration. We observed an
initial deterioration in a considerable number of patients,
but it did not modify the final neurologic outcome. We
successfully used penicillamine as a maintenance therapy
in WD and we found a lower incidence of penicillamine-
related side-effects than in previous studies, where they
occurred in up to 30% of patients [10, 11].

D-penicillamine therapy during pregnancy is a contro-
versial matter. D-penicillamine has a teratogenic effect
according to some authors [12, 13], but other studies
reported uncomplicated pregnancies and no teratogenic
effects in the new-borns of several women [14, 15]. In our
experience, D-penicillamine is a safe drug during preg-
nancy.

Fig. 2. T2-weighted MRIs showing hyperintense lesions in the basal
ganglia and thalamus (a) and midbrain (c) that disappeared after
treatment with penicillamine and zinc sulphate in two different
patients (b, d; patients 9 and 22). c Note the typical ‘face of the giant
panda’.
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Zinc is a non-toxic drug, but it is rather slow in induc-
ing a negative copper balance in patients with WD [4]. It
is largely used in pre-symptomatic patients with WD and
in maintenance therapy, but it also has a value as adjunc-
tive therapy for the treatment of symptomatic patients
[16, 17]. Combination therapy using a chelating drug and
zinc has been recently proposed for all symptomatic
patients with liver or neurologic disease [10, 18], although
an antagonistic effect of these drugs in the gastrointestinal
tract was postulated [19]. We used a combination therapy
of D-penicillamine and zinc in 11 patients because of the
potential additive effects. In fact, D-penicillamine acts by
reductive chelation and increasing urinary excretion of
copper, while zinc acts by inducing intestinal cell metallo-
thionein and blocking the absorption of copper from
foods and endogenous secretions, promoting its excretion
into the stools [4]. In our patients, the two drugs were
administered at different times during the day to avoid
interaction in the gastrointestinal tract, which could re-
duce the efficacy of both D-penicillamine and zinc. Our
patients received therapeutic doses of zinc for up to 19
years without gastric discomfort or any other side-effect.
MRI follow-up in patients with good clinical outcome
showed that penicillamine alone or in combination with
zinc sulphate can reverse brain damage. The combination
therapy was slightly more effective than penicillamine
alone, but the analysed data are retrospective and the two
groups too small to draw conclusions.

At the time of diagnosis, patients with most severe neu-
rological disability, especially of the classic type, had
poorest prognosis. Even though some recovery occurred,
they were left with significant disabilities. Pseudo-sclerot-
ic neurologic involvement was always associated with
good clinical outcome. Moreover, it appeared that hepatic
onset was associated with poorer prognosis than neuro-
logic onset. In our series all patients who died (7 out of 30)
had been diagnosed in an advanced stage of disease or
voluntarily discontinued their treatment. In our study,
neither disease severity at the time of diagnosis nor neuro-
logic outcome appeared to be related with delay to diagno-
sis. It is likely that genetic differences influence the type
and severity of clinical presentation in WD.

A lifelong WD therapy also causes major compliance
problems. Many patients with little or no symptoms dur-
ing their maintenance phase are prone to discontinue
their treatment. The rate of serious problems with com-
pliance amounts to about 10% in a large series [6]. In our
series, 2 of 18 patients (11%) died of hepatic failure due to
treatment discontinuation.

Overall, our experience with WD was very satisfactory:
we obtained good or excellent clinical outcome in 66% of
our patients, restoring them to a normal life. In fact, at
present, 50% of them are working full time and 33% are
married.
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