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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

In 1912, S.A. Kinnier Wilson, a Neurology resident
described cirrhosis and lenticular degeneration occur-
ring in families and this disease has been since named
after him as Wilson’s disease1. J.N. Cumings first eluci-
dated the link between copper and Wilson’s disease in
19482. This is an inherited disorder of copper metabo-
lism manifesting typically as hepatic disease in children
and as neurological disease in older children and young
adults.

PAPAPAPAPATHOPHYSIOLTHOPHYSIOLTHOPHYSIOLTHOPHYSIOLTHOPHYSIOLOGOGOGOGOGYYYYY

Copper overload in Wilson’s disease occurs due
to reduced biliary excretion of copper. ATP7B gene was
identified as the defective gene causing the disease by
three independent teams in 19933-5. ATP7B protein is a
membrane bound copper transporting P-type ATPase
which transport copper out of the hepatocytes into bile
for incorporation of copper into ceruloplasmin, which is
then secreted into the bloodstream. H1069Q, the most
common ATP7B mutation in the Caucasian population6.

CLINICCLINICCLINICCLINICCLINICAL FEAAL FEAAL FEAAL FEAAL FEATURESTURESTURESTURESTURES

Symptomatic Wilson’s disease typically presents
in children and young adults, though it has been reported
from 2-70 years of age. The prevalence of Wilson’s dis-

ease is estimated to be 1 in 50,000 in general popula-
tion7. Being an autosomal recessive disorder, Wilson’s
disease occurs more frequently in children borne to par-
ents of consanguineous marriage.

Hepatic presentation:

Hepatic involvement by Wilson’s disease can
present as acute (acute hepatitis, fulminant hepatic fail-
ure) or chronic liver disease (chronic hepatitis, cirrho-
sis). Hepatocellular carcinoma is a rare presentation.
Coomb’s negative hemolytic anemia may be associated
with fulminant hepatic failure due to Wilson’s disease;
this is attributed to massive release of copper from hepa-
tocytes into the circulation leading to intravascular
hemolysis.

Neurological presentation:

Extrapyramidal features due to copper deposition
in basal ganglia are the typical neurologic presentation.
Dysarthria, dysphagia, apraxia and a tremor rigidity syn-
drome are seen. Deterioration of handwriting and drool-
ing of saliva are some common presentation.

Ocular involvement:

Kayser Fleischer (KF) rings are golden brown or
green rings due to copper deposits in peripheral part of
Descemet’s membrane of cornea which are best seen
on slit lamp examination. It appears as a zone of gran-
ules that change colour under different types of illumina-
tion. KF rings are present in nearly all patients with
Wilson’s disease, preferentially in the vertical meridian
and usually disappear with penicillamine therapy. Sun-
flower cataracts may also be seen.

Renal tubular acidosis:

Renal tubular acidosis maybe asymptomatic or
may present as metabolic bone disease, renal stones or
muscle weakness. Hypercalciuria, possibly due to tubu-
lar defect in calcium re-absorption and nephrocalcino-
sis can occur. Hypokalemia can present as muscle weak-
ness8.
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Although first described in the early 1900s, the pathogenesis of Wilson’s disease was identified in the mid-
1900s. It is an inherited error of copper metabolism that predominantly presents with hepatic and/or neurological
manifestations. Hepatic form of Wilson’s disease can have varied presentations from acute hepatitis to liver cirrhosis
and end stage liver disease necessitating liver transplantation. In addition to the liver and brain other organs like eyes,
kidneys and bones are frequently involved. Although infrequent, Wilson’s disease is not rare in Neuromedicine,
Hepatology and Ophthalmology practices. Chelation therapy remains the mainstay of treatment and several copper
chelating agents are now available.
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Orthopedic involvement:

Osteoporosis is most frequent, but inflammatory
changes in small joints, osteomalacia, premature osteoar-
thritis, spine osteochondritis, fractures and heterotopic
ossification are the different orthopedic presentations
seen in Wilson’s disease9.

DIAGNOSISDIAGNOSISDIAGNOSISDIAGNOSISDIAGNOSIS

It is common to see a lag period between onset of
symptoms and time of diagnosis in Wilson’s disease. The
key to early diagnosis of Wilson’s disease is keeping a
high index of clinical suspicion when unexplained he-
patic or neurological or psychiatric illness occurs in child-
hood or early adulthood. Presence of Kayser Fleischer
rings and/or low serum ceruloplasmin usually makes the
diagnosis of Wilson’s disease. Once a patient is diag-
nosed, the entire family should be screened to detect
pre-symptomatic disease.

Serum ceruloplasminSerum ceruloplasminSerum ceruloplasminSerum ceruloplasminSerum ceruloplasmin

Ceruloplasmin is a copper carrying protein
synthesised in the liver and secreted into the plasma.
Defective ATP7B protein in Wilson’s disease impairs in-
corporation of copper into ceruloplasmin, accounting for
reduced serum ceruloplasmin levels. Ceruloplasmin is
an acute phase reactant, thus serum levels can go up in
inflammatory states, including hepatic inflammation.
Serum ceruloplasmin levels can also be increased in
hyper-estrogenic states like pregnancy and oral contra-
ceptive use. Reduced serum ceruloplasmin levels may
also be seen in advanced liver disease of different eti-
ologies (probably reflecting reduced hepatic synthetic
function), proteinuria, malabsorption, heterozygote car-
rier status of ATP7B gene mutation, aceruloplasminemia
(caused by mutations of ceruloplasmin gene) and
Menke’s disease (X-linked disorder of copper transport
due to mutations of ATP7A gene). Despite all these inad-
equacies, serum ceruloplasmin is a first line investiga-
tion done to diagnose Wilson’s disease.

Serum copperSerum copperSerum copperSerum copperSerum copper

Serum copper levels are usually reduced in
Wilson’s disease (in proportion to reduced serum ceru-
loplasmin). However, free copper (which is not bound to
ceruloplasmin) levels are high in most of the patients with
Wilson’s disease.

UrinarUrinarUrinarUrinarUrinary coppery coppery coppery coppery copper

Urinary copper is a reflection of free copper in the
circulation. Measuring urine copper is useful in diagno-
sis of Wilson’s disease and can be used as a measure of
compliance to therapy.

HepaticHepaticHepaticHepaticHepatic coppercoppercoppercoppercopper estimationestimationestimationestimationestimation

Though dry weight estimation of hepatic copper is
the gold standard to diagnose Wilson’s disease, low val-

ues (due to sampling variability) can occur in significant
hepatic fibrosis / cirrhosis due to Wilson’s disease10. High
values can occur in chronic cholestatic liver disorders.

Liver histologyLiver histologyLiver histologyLiver histologyLiver histology

Histological changes are not diagnostic, but can
suggest a diagnosis of Wilson’s disease. Glycogenated
nuclei, macro and microvesicular steatosis, portal infil-
trate, Mallory bodies, chronic hepatitis-like appearance
and cirrhosis are some of the histological changes seen
in Wilson’s disease. The histological picture can mimic
autoimmune hepatitis and non-alcoholic steatohepatitis.

GeneticGeneticGeneticGeneticGenetic studiesstudiesstudiesstudiesstudies

The large number of ATP7B mutations known to
cause Wilson’s disease and the fact that majority of pa-
tients are compound heterozygotes (harbouring a differ-
ent mutation on each allele) mean that genetic tests can-
not be applied to diagnose Wilson’s disease in routine
clinical practice. However genetic tests are the method
of choice to rule out disease within other family mem-
bers. Genetic tests are done on DNA extracted from pe-
ripheral white blood cells, though it is possible to do this
on liver biopsy samples as well.

TREATREATREATREATREATMENTTMENTTMENTTMENTTMENT     (Table I)

Aim of treatment is to achieve normal copper lev-
els in the body in the shortest possible time and to main-
tain it. Of the drugs used to treat Wilson’s disease, Peni-
cillamine and Trientine mainly act by increasing
cupriuresis, while oral Zinc mainly acts by inhibiting cop-
per absorption from the intestine11. The commonly rec-
ommended regime is initial treatment with copper ch-
elators like penicillamine or trientine to normalise cop-
per levels in the body, followed by maintenance treat-
ment with lower dose of copper chelators or zinc.

Transition from the initial high dose chelator therapy
to maintenance therapy is made once patient is clinically
well, has normal liver function tests, normal non-cerulo-

TREATREATREATREATREATMENT OF WILSON’S DISEASETMENT OF WILSON’S DISEASETMENT OF WILSON’S DISEASETMENT OF WILSON’S DISEASETMENT OF WILSON’S DISEASE

TTTTTreatmentreatmentreatmentreatmentreatment IndicationsIndicationsIndicationsIndicationsIndications AdverseAdverseAdverseAdverseAdverse
EventsEventsEventsEventsEvents

Chelators

 D-penicillamine Initial and mainte- ++
nance therapy

 Trientine Initial and mainte- +
nance therapy

 Zinc acetate Maintenance therapy +

Liver trans- End stage liver disease
plantation

Table I
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plasmin bound copper level and 24 hour urine copper of
200-500 μgm per day on treatment. Treatment needs to
be continued lifelong. Measuring 24 hour’s urine copper
excretion while on treatment is useful to monitor compli-
ance.

PPPPPenicillamineenicillamineenicillamineenicillamineenicillamine

This was introduced in 1956 by Walshe as treat-
ment for Wilson’s disease and has remained the main-
stay of treatment. Penicillamine reduces copper bound
to protein and facilitates copper binding to Penicillamine,
which is then excreted in urine.

A dose of 1000-1500 mg per day in 2-4 divided
doses is used in the initial phase of treatment in adults
(for at least 4-6 months). Treatment is started at smaller
doses and dosage is gradually increased over time in an
attempt to reduce the incidence of early adverse effects.
A lower dose (750-1000 mg per day in 2 divided doses)
is used in maintenance phase of treatment. In children,
a dose of 20 mg per kg per day is used in 2-3 divided
doses. Pyridoxine (vitamin B6) 25 mg per day should be
given along with penicillamine to avoid pyridoxine defi-
ciency.

Adverse effects of Penicillamine are reported in
upto 30% of patients. The 2 broad classes of adverse
effects are: immune mediated adverse effects (usually
occur within first 3 months of treatment and need imme-
diate cessation of treatment) and direct dose dependent
adverse effects. Immune mediated adverse effects in-
clude fever, rash, lymphadenopathy, leukopenia, throm-
bocytopenia, lupus like syndrome, immune complex
nephritis, pemphigus, buccal ulcerations, myasthenia
gravis, Good Pasture’s syndrome and optic neuritis. Di-
rect adverse effects are pyridoxine deficiency, interfer-
ence with collagen and elastin formation leading to skin
lesions like cutis laxa and elastosis perforans serpi-
ginosa12.

Patients need close monitoring (clinical examina-
tion, complete blood count, urine analysis, serum creati-
nine) in the initial 6 weeks after commencing Penicil-
lamine to monitor for early (immune mediated) side ef-
fects. If it is well tolerated, then monitoring can be made
less frequent. In patients needing discontinuation of Peni-
cillamine due to toxicity, other drugs like Trientine or zinc
are tried. On initiation of Penicillamine for neurological
Wilson’s disease, worsening of neurological symptoms
can occur in 10% of patients and new neurological symp-
toms may appear in a few patients13. This may be due to
mobilization of hepatic copper stores leading to increased
brain copper exposure or development of intracellular
copper complexes. While these symptoms resolve in
some patients on continuing the drug, other options are
changing to other drugs like Trientine or zinc.

Abrupt discontinuation of Penicillamine is danger-
ous and has resulted in death or needed liver transplan-
tation for liver failure.

TTTTTrientenerientenerientenerientenerientene

Trientene was introduced in treatment of Wilson’s
disease by Walshe in 1969. It acts mainly by increasing
cupriuresis14. It appears to be as effective as Penicillamine
and has fewer side effects. Reversible sideroblastic ane-
mia may be a consequence of over-treatment. In adults,
doses of 750-1000 mg per day are used in initial phase
of treatment followed by 750 or 1000 mg per day in main-
tenance phase. In children a dose of 20 mg per kg per
day in 2 or 3 divided doses is used. Trientene is used as
primary therapy or as second line drug in patients who
are intolerant to Penicillamine.

ZincZincZincZincZinc

The use of zinc in treating Wilson’s disease was
first reported in 1960’s. Oral zinc interferes with intesti-
nal absorption of copper primarily by inducing metallo-
thionein in enterocytes, making them unavailable for sys-
temic absorption. These metals are then excreted in fe-
ces with desquamated epithelial cells. Zinc also induces
metallothionein in hepatocytes. The different oral zinc
salts probably have similar ability to interfere with cop-
per absorption, but may differ in tolerability. Zinc acetate,
has least gastrointestinal side effects, while gluconate is
more tolerable than sulfate. Dose of zinc acetate is upto
150 mg of elemental zinc per day in 3 divided doses in
adults and older children and upto 75 mg per day in 3
divided doses in younger children.

Gastrointestinal upset is the commonest adverse
effect. Elevation in serum amylase and lipase without clini-
cal pancreatitis has been reported. Current practice is to
use zinc as alternative therapy in patients who do not
tolerate Penicillamine, in maintenance phase of treatment
and first line treatment in asymptomatic Wilson’s disease.
It is not clearly known if combining zinc treatment with
copper chelator is better than either alone.

TTTTTreatment during pregnancyreatment during pregnancyreatment during pregnancyreatment during pregnancyreatment during pregnancy

It is important to continue treatment during preg-
nancy to avoid the risk of precipitating potentially fatal
liver failure on drug withdrawal. Limited data is available
about the teratogenicity of Penicillamine and Trientene
in general population15. Dose of Penicillamine and Trien-
tene is however reduced to 25-50% of pre-pregnancy
dose in third trimester as both the drugs may impair
wound healing.

DietDietDietDietDiet

Dietary restriction of copper is insufficient as a sole
therapy. It is advisable to reduce consumption of foods
high in copper content, like shellfish, nuts, chocolate,
mushrooms and organ meats in the first year of therapy.

Liver transplantationLiver transplantationLiver transplantationLiver transplantationLiver transplantation

Liver transplantation is treatment of choice in ful-
minant Wilson’s disease and may be considered in pa-
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tients with decompensated cirrhosis, non-responsive to
medical therapy. Following liver transplantation hepatic
insufficiency is corrected and neurological manifestations
improve in upto 80% cases. Survival at 1 year is 80%.

Other agentsOther agentsOther agentsOther agentsOther agents

Ammonium tetrathiomolybdate appears to be use-
ful as initial therapy in neurological Wilson’s disease,
however experience is very limited16. Antioxidants such
as vitamin E may be useful adjuncts to treatment17. Dimer-
caprol (British Anti-Lewisite) was the first drug used to
treat Wilson’s disease successfully, is rarely used now.
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