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Preamble
These recommendations provide a data-supported approach to the diagnosis and treatment of patients with
Wilson disease. They are based on the following: (1) formal review and analysis of the recently-published world
literature on the topic including Medline search; (2)
American College of Physicians Manual for Assessing
Health Practices and Designing Practice Guidelines1; (3)
guideline policies, including the AASLD Policy on the
Development and Use of Practice Guidelines and the
American Gastroenterological Association Policy Statement on Guidelines2; (4) the experience of the authors in
the speciﬁed topic. A signiﬁcant problem with the literature on Wilson disease is that patients are sufﬁciently rare
to preclude large cohort studies or randomized controlled
trials; moreover, most treatment modalities were developed at a time when conventions for drug assessment were
less stringent than at present.
Intended for use by physicians, these recommendations suggest preferred approaches to the diagnostic, therapeutic, and preventive aspects of care. They are intended
to be ﬂexible, in contrast to standards of care, which are
inﬂexible policies to be followed in every case. Speciﬁc
recommendations are based on relevant published information. To characterize more fully the quality of evidence
supporting recommendations, the Practice Guidelines
Committee of the AASLD requires a class (reﬂecting ben-
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eﬁt versus risk) and level (assessing strength or certainty)
of evidence to be assigned and reported with each recommendation (Table 1, adapted from the American College
of Cardiology and the American Heart Association Practice Guidelines3,4).

Introduction
Copper is an essential metal that is an important cofactor for many proteins. The average diet provides substantial amounts of copper, typically 2-5 mg/day; the
recommended intake is 0.9 mg/day. Most dietary copper
ends up being excreted. Copper is absorbed by enterocytes mainly in the duodenum and proximal small intestine and transported in the portal circulation in
association with albumin and the amino acid histidine to
the liver, where it is avidly removed from the circulation.
The liver utilizes some copper for metabolic needs, synthesizes and secretes the copper-containing protein ceruloplasmin, and excretes excess copper into bile. Processes
that impair biliary copper excretion can lead to increases
in hepatic copper content.
Wilson disease (WD; also known as hepatolenticular
degeneration) was ﬁrst described in 1912 by Kinnear Wilson as “progressive lenticular degeneration,” a familial,
lethal neurological disease accompanied by chronic liver
disease leading to cirrhosis.5 Over the next several decades, the role of copper in the pathogenesis of WD was
established, and the pattern of inheritance was determined to be autosomal recessive.6,7 In 1993, the abnormal
gene in WD was identiﬁed.8-10 This gene, ATP7B, encodes a metal-transporting P-type adenosine triphosphatase (ATPase), which is expressed mainly in
hepatocytes and functions in the transmembrane transport of copper within hepatocytes. Absent or reduced
function of ATP7B protein leads to decreased hepatocellular excretion of copper into bile. This results in hepatic
copper accumulation and injury. Eventually, copper is
released into the bloodstream and deposited in other organs, notably the brain, kidneys, and cornea. Failure to
incorporate copper into ceruloplasmin is an additional
consequence of the loss of functional ATP7B protein.
The hepatic production and secretion of the ceruloplas2089
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Table 1. Grading System for Recommendations
Classiﬁcation

Class I

Class II

Class IIa
Class IIb
Class III

Description

Conditions for which there is evidence and/or general
agreement that a given procedure or treatment is
beneﬁcial, useful, and effective.
Conditions for which there is conﬂicting evidence and/or
a divergence of opinion about the usefulness/efﬁcacy
of a procedure or treatment.
Weight of evidence/opinion is in favor of usefulness/
efﬁcacy.
Usefulness/efﬁcacy is less well established by
evidence/opinion.
Conditions for which there is evidence and/or general
agreement that a procedure/treatment is not useful/
effective and in some cases may be harmful.

Level of Evidence

Level A
Level B
Level C

Description

Data derived from multiple randomized clinical trials or
meta-analyses.
Data derived from a single randomized trial, or
nonrandomized studies.
Only consensus opinion of experts, case studies, or
standard-of-care.

min protein without copper, apoceruloplasmin, result in
the decreased blood level of ceruloplasmin found in most
patients with WD due to the reduced half-life of apoceruloplasmin.11
WD occurs worldwide with an average prevalence of
⬃30 affected individuals per million population.12 It can
present clinically as liver disease, as a progressive neurological disorder (hepatic dysfunction being less apparent
or occasionally absent), or as psychiatric illness. WD presents with liver disease more often in children and
younger adult patients than in older adults. Symptoms at
any age are frequently nonspeciﬁc.
WD was uniformly fatal until treatments were developed a half-century ago. WD was one of the ﬁrst liver
diseases for which effective pharmacologic treatment was
identiﬁed. The ﬁrst chelating agent introduced in 1951
for the treatment of WD was British anti-Lewisite (BAL
or dimercaptopropanol).13,14 The identiﬁcation and testing of an orally administered chelator, D-penicillamine,
by John Walsh in 1956 revolutionized treatment of this
disorder.15 Other treatment modalities have since been
introduced, including zinc salts to block enteral copper
absorption, tetrathiomolybdate (TM) to chelate copper
and block enteral absorption, and orthotopic liver transplantation, which may be lifesaving and curative for this
disorder.

Clinical Features
Over the years, diagnostic advances have enabled more
systematic evaluation of individuals suspected to have
WD prior to their development of neurologic symptoms.

These include recognition of corneal Kayser-Fleischer
rings,16 identiﬁcation of reduced concentrations of ceruloplasmin in the circulation of most patients,17 and the
ability to measure copper concentration in percutaneous
liver biopsy specimens. More recently, molecular diagnostic studies have made it feasible either to deﬁne patterns of haplotypes or polymorphisms of DNA
surrounding ATP7B which are useful for identiﬁcation of
ﬁrst-degree relatives of newly diagnosed patients or to
examine directly for disease-speciﬁc ATP7B mutations on
both alleles of chromosome 13.
Patients with cirrhosis, neurological manifestations,
and Kayser-Fleischer rings are easily diagnosed as having
WD because they resemble the original clinical description. The patient presenting with liver disease, who is at
least 5 years old but under 40 years old, with a decreased
serum ceruloplasmin and detectable Kayser-Fleischer
rings, has been generally regarded as having classic WD.18
However, about half of the patients presenting with liver
disease do not possess two of these three criteria and pose
a challenge in trying to establish the diagnosis.19 Moreover, as with other liver diseases, patients may come to
medical attention when their clinical disease is comparatively mild.
Because at present, de novo genetic diagnosis is expensive and not universally available (and sometimes inconclusive), a combination of clinical ﬁndings and
biochemical testing is usually necessary to establish the
diagnosis of WD (Fig. 1). A scoring system has been devised to aid diagnosis, based on a composite of key parameters20; it has been subjected to preliminary validation in
children.21 A molecular genetic strategy using haplotype
analysis or direct mutation analysis may be effective in
identifying affected siblings of probands.
Spectrum of Disease. The spectrum of liver disease
encountered in patients with WD is summarized in Table
2. The type of the liver disease can be highly variable,
ranging from asymptomatic with only biochemical abnormalities to acute liver failure. Children may be entirely
asymptomatic, with hepatic enlargement or abnormal serum aminotransferases found only incidentally. Some patients have a brief clinical illness resembling an acute viral
hepatitis, and others may present with features indistinguishable from autoimmune hepatitis. Some present with
only biochemical abnormalities or histologic ﬁndings of
steatosis on liver biopsy. Many patients present with signs
of chronic liver disease and evidence of cirrhosis, either
compensated or decompensated. Patients may present
with isolated splenomegaly due to clinically inapparent
cirrhosis with portal hypertension. WD may also present
as acute liver failure with an associated Coombs-negative
hemolytic anemia and acute renal failure. Some patients
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Fig. 1. Approach to diagnosis of Wilson disease (WD) in a patient with unexplained liver disease. Molecular testing means conﬁrming homozygosity
for one mutation or deﬁning two mutations constituting compound heterozygosity. *Assure adequacy of urine collection. Conversion to SI units: CPN
⬍20 mg/dL or 0.2 g/L; 24-hour urinary Cu ⬎40 g/day or 0.6 mol/day. Note that normal ranges for CPN may vary slightly between laboratories.
Abbreviations: CPN, ceruloplasmin; KF, Kayser-Fleischer.

have transient episodes of jaundice due to hemolysis.
Low-grade hemolysis may be associated with WD when
liver disease is not clinically evident. In one series, hemolysis was a presenting feature in 25 of 220 cases (11%); in
these patients, hemolysis occurred as a single acute episode, recurrently, or was low-grade and chronic.22 In a
series of 283 Japanese cases of WD, only three presented
with acute hemolysis alone,23 but one-quarter of the patients who presented with jaundice also had hemolysis.
Patients diagnosed with WD who have a history of jaundice may have previously experienced an episode of hemolysis.
Patients with apparent autoimmune hepatitis presenting in childhood, or in adults with a suspicion of autoimmune hepatitis that does not readily respond to therapy,
should be assessed carefully for WD because elevated serum immunoglobulins and detectable nonspeciﬁc autoantibodies may be found in both conditions.24-26
Neurologic manifestations of WD typically present later
than the liver disease, most often in the third decade of life,
but they can present in childhood (Fig. 2). Earlier subtle

ﬁndings may appear in pediatric patients, including changes
in behavior, deterioration in schoolwork, or inability to perform activities requiring good hand-eye coordination.
Handwriting may deteriorate, and cramped small handwriting as in Parkinson disease (micrographia) may develop.
Other common ﬁndings in those presenting with neurologic
disease include tremor, lack of motor coordination, drooling, dysarthria, dystonia, and spasticity. Because of pseudobulbar palsy, transfer dysphagia may also occur, with a risk of
aspiration if severe. Dysautonomia may be present. Migraine
headaches and insomnia may be reported; however, seizures
are infrequent. Along with behavioral changes, other psychiatric manifestations include depression, anxiety, and even
frank psychosis. Many of the individuals with neurologic or
psychiatric manifestations may have cirrhosis, but frequently
they are not symptomatic from their liver disease.
Patients with WD may present with important extrahepatic manifestations apart from neurologic or psychiatric disease: renal abnormalities including aminoaciduria
and nephrolithiasis,27-29 skeletal abnormalities such as
premature osteoporosis and arthritis,30 cardiomyopa-
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Table 2. Clinical Features in Patients with Wilson Disease
Hepatic

Neurological

Psychiatric

Other systems

• Asymptomatic hepatomegaly
• Isolated splenomegaly
• Persistently elevated serum aminotransferase activity
(AST, ALT)
• Fatty liver
• Acute hepatitis
• Resembling autoimmune hepatitis
• Cirrhosis: compensated or decompensated
• Acute liver failure
• Movement disorders (tremor, involuntary
movements)
• Drooling, dysarthria
• Rigid dystonia
• Pseudobulbar palsy
• Dysautonomia
• Migraine headaches
• Insomnia
• Seizures
• Depression
• Neurotic behaviours
• Personality changes
• Psychosis
• Ocular: Kayser-Fleischer rings, sunﬂower cataracts
• Cutaneous: lunulae ceruleae
• Renal abnormalities: aminoaciduria and
nephrolithiasis
• Skeletal abnormalities: premature osteoporosis and
arthritis
• Cardiomyopathy, dysrhythmias
• Pancreatitis
• Hypoparathyroidism
• Menstrual irregularities; infertility, repeated
miscarriages

thy,31-33 pancreatitis,34 hypoparathyroidism,35 and infertility or repeated miscarriages.36-39
Age. Even when presymptomatic siblings are excluded, the age at which WD may present or be diagnosed
is both younger and older than generally appreciated,
though the majority present between ages 5 and 35. WD
is increasingly diagnosed in children younger than 5 years
old, with atypical ﬁndings in children under 2 years
old,40-44 cirrhosis in a 3-year-old,45 and acute liver failure
in a 5-year-old.46 The oldest patients with WD, conﬁrmed by molecular studies demonstrating ATP7B mutations, were in their early 70s.47,48 Although the upper
age limit for consideration of WD is generally stated as
⬍40 years, when other concurrent neurologic or psychiatric symptoms and histologic or biochemical ﬁndings
suggest this disorder, further evaluation should be carried
out in older individuals.
Kayser-Fleischer Ring. Kayser-Fleischer rings represent deposition of copper in Deçemet’s membrane of the
cornea. When they are visible by direct inspection, they
appear as a band of golden-brownish pigment near the
limbus. A slit-lamp examination by an experienced observer is required to identify Kayser-Fleischer rings in
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most patients. They are not entirely speciﬁc for WD,
because they may be found in patients with chronic cholestatic diseases49-51 and in children with neonatal cholestasis52; however, these disorders can usually be
distinguished from WD on clinical grounds. Large series
of patients with WD show that Kayser-Fleischer rings are
present in only 44%-62% of patients with mainly hepatic
disease at the time of diagnosis.19,53-56 In children presenting with liver disease, Kayser-Fleischer rings are usually
absent.57-59 Kayser-Fleischer rings are almost invariably
present in patients with a neurological presentation, but
even in these patients they may be absent in 5% of cases.19,60 Kayser-Fleischer rings are rarely reported with
chronic cholestatic liver disease.
Other ophthalmological changes may be found. Sunﬂower cataracts, also found by slit-lamp examination, represent deposits of copper in the lens.61 These typically do
not obstruct vision. Both Kayser-Fleischer rings and sunﬂower cataracts will gradually disappear with effective
medical treatment or following liver transplant, though
the rate of disappearance does not correlate with resolution of clinical symptoms.62,63 The reappearance of either
of these ophthalmologic ﬁndings in a medically treated
patient in whom these had previously disappeared suggests noncompliance with therapy.
Recommendations:
1. WD should be considered in any individual
between the ages of 3 and 55 years with liver abnormalities of uncertain cause. Age alone should not be
the basis for eliminating a diagnosis of WD (Class I,
Level B).
2. WD must be excluded in any patient with unexplained liver disease along with neurological or
neuropsychiatric disorder (Class I, Level B).
3. In a patient in whom WD is suspected, KayserFleischer rings should be sought by slit-lamp examination by a skilled examiner. The absence of KayserFleischer rings does not exclude the diagnosis of WD,
even in patients with predominantly neurological disease (Class I, Level B).
Diagnostic Testing:
Biochemical Liver Tests. Serum aminotransferase activities are generally abnormal in WD except at a very
early age. In many individuals, the degree of elevation of
aminotransferase activity may be mild and does not reﬂect
the severity of the liver disease.
Ceruloplasmin. This 132-kDa protein is synthesized
mainly in the liver and is an acute phase reactant. The vast
majority of the protein is secreted into the circulation
from hepatocytes as a copper-carrying protein containing
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Fig. 2. Approach to diagnosis of Wilson disease (WD) in a patient with a neurological disorder or psychiatric disease with or without liver disease.
Molecular testing means conﬁrming homozygosity for one mutation or deﬁning two mutations constituting compound heterozygosity. Conversion to
SI units: CPN ⬍20 mg/dL or 0.2 g/L; 24-hour urinary Cu ⬎40 g/day or 0.6 mol/day. Abbreviations: CPN, ceruloplasmin; KF, Kayser-Fleischer.

six copper atoms per molecule of ceruloplasmin (holoceruloplasmin), and the remainder as the protein lacking
copper (apoceruloplasmin). Ceruloplasmin is the major
carrier for copper in the blood, accounting for 90% of the
circulating copper in normal individuals. Ceruloplasmin
is a ferroxidase. It is a nitric oxide oxidase thus inﬂuencing
nitric oxide homeostasis,64 and it acts as an oxidase for
substrates such as p-phenylamine diamine65 and o-dianisidine,66 which forms the basis for enzymatic assays for the
protein. Levels of serum ceruloplasmin may be measured
enzymatically by their copper-dependent oxidase activity
toward these substrates, or by antibody-dependent assays
such as radioimmunoassay, radial immunodiffusion, or
nephelometry. Results generally are regarded as equivalent,67 but immunologic assays routinely in clinical use
may overestimate ceruloplasmin concentrations because
they do not discriminate between apoceruloplasmin and
holoceruloplasmin. This makes serum ceruloplasmin as a
diagnostic criterion difﬁcult to interpret. Serum ceruloplasmin concentrations are elevated by acute inﬂamma-

tion and in states associated with hyperestrogenemia such
as pregnancy, estrogen supplementation, and use of some
oral contraceptive pills.
Levels of serum ceruloplasmin are physiologically
very low in early infancy to the age of 6 months, peak at
higher than adult levels in early childhood (at approximately 300-500 mg/L), and then settle to the adult
range. Serum ceruloplasmin is typically decreased in
patients with WD, but serum ceruloplasmin may be
low in certain other conditions with marked renal or
enteric protein loss or with severe end-stage liver disease of any etiology or with various rare neurologic
diseases.68 Low levels of ceruloplasmin and/or appearance of pancytopenia have been recognized in patients
with copper deﬁciency when trace elements were not
added to parenteral alimentation69 and in patients with
Menkes disease, an X-linked disorder of copper transport due to mutations in ATP7A.70 Patients with the
rare disorder aceruloplasminemia lack the protein entirely due to mutations in the ceruloplasmin gene on
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chromosome 3, but these patients may exhibit hemosiderosis, not copper accumulation.71,72
A serum ceruloplasmin level ⬍200 mg/L (⬍20 mg/
dL, though there are different normal ranges depending
on the laboratory) has been considered consistent with
WD, and diagnostic if associated with Kayser-Fleischer
rings. A prospective study of using serum ceruloplasmin
alone as a screening test for WD in patients referred with
liver disease showed that subnormal ceruloplasmin had a
very low positive predictive value: of 2867 patients tested,
only 17 had subnormal ceruloplasmin and only one of
these was found to have WD.73 Other recent reports indicate the limitations of ceruloplasmin measurements for
diagnosis. In one series, 12 of 55 patients with WD had
normal ceruloplasmin and no Kayser-Fleischer rings.19 In
another study, six of 22 patients with WD had serum
ceruloplasmin ⬎ 170 mg/L (⬎17 mg/dL), and of these,
four had no Kayser-Fleischer rings.53 In children, three of
26 patients had ceruloplasmin ⬎150 mg/L (⬎15 mg/
dL)59 and in an early study, 10 of 28 children with WD
had serum ceruloplasmin ⱖ200 mg/L (ⱖ20 mg/dL).74
However, most reports based on several decades of experience from the mid-1950s onward indicate that 90%100% of patients had serum ceruloplasmin in the
subnormal range.75-77 Using serum ceruloplasmin to
identify patients with WD is further complicated by overlap with some heterozygotes.75 Approximately 20% of
heterozygotes have decreased levels of serum ceruloplasmin.
Uric Acid. Serum uric acid may be decreased at presentation with symptomatic hepatic or neurological disease because of associated renal tubular dysfunction
(Fanconi syndrome). Insufﬁcient evidence is available to
determine the predictive value of this ﬁnding.
Recommendation:
4. An extremely low serum ceruloplasmin level
(<50 mg/L or <5 mg/dL) should be taken as strong
evidence for the diagnosis of WD. Modestly subnormal
levels suggest further evaluation is necessary. Serum
ceruloplasmin within the normal range does not exclude the diagnosis (Class I, Level B).
Serum Copper. Although a disease of copper overload, the total serum copper (which includes copper incorporated in ceruloplasmin) in WD is usually decreased
in proportion to the decreased ceruloplasmin in the circulation. In patients with severe liver injury, serum copper
may be within the normal range despite a decreased serum
ceruloplasmin level. In the setting of acute liver failure
due to WD, levels of serum copper may be markedly
elevated due to the sudden release of the metal from tissue
stores. Normal or elevated serum copper levels in the face
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of decreased levels of ceruloplasmin indicate an increase in
the concentration of copper not bound to ceruloplasmin
in the blood (non– ceruloplasmin bound copper).
The serum non– ceruloplasmin bound copper concentration has been proposed as a diagnostic test for WD. It
is elevated above 25 g/dL (250 g/L) in most untreated
patients (normal ⬍15 g/dL or ⬍150 g/L). Non– ceruloplasmin bound copper is usually estimated from the
serum copper and ceruloplasmin. The amount of copper
associated with ceruloplasmin is approximately 3.15 g
of copper per milligram of ceruloplasmin. Thus, the non–
ceruloplasmin bound copper is the difference between the
serum copper concentration in micrograms per deciliter
and three times the serum ceruloplasmin concentration in
milligrams per deciliter.78,79 (For Système International
(SI) units, both serum copper and ceruloplasmin should
be expressed as “per liter”; the conversion factor is unchanged, but the normal reference value is ⬍150 g/L.)
The serum non– ceruloplasmin bound copper concentration may be elevated in acute liver failure of any etiology,
not only in WD,57,80 and it may be elevated in chronic
cholestasis81 and in cases of copper intoxication from ingestion or poisoning.
The major problem with non– ceruloplasmin bound
copper as a diagnostic test for WD is that it is dependent
on the adequacy of the methods for measuring both serum copper and ceruloplasmin. If the serum copper measurement is inaccurate or, more commonly, if the serum
ceruloplasmin measurement overestimates holoceruloplasmin, then the estimated non– ceruloplasmin bound
copper concentration cannot be interpreted because it
may be a negative number. This determination may be of
more value in patient monitoring of pharmacotherapy
than in the diagnosis of WD. Non– ceruloplasmin bound
copper concentration ⬍5 g/dL (⬍50 g/L) may signal
systemic copper depletion that can occur in some patients
with prolonged treatment.
Urinary Copper Excretion. The amount of copper
excreted in the urine in a 24-hour period may be useful for
diagnosing WD and for monitoring of treatment. The
24-hour urinary excretion of copper reﬂects the amount
of non– ceruloplasmin bound copper in the circulation.
Basal measurements can provide useful diagnostic information so long as copper does not contaminate the collection apparatus and the urine collection is complete.
There is too much variability in the copper content in
spot urine specimens for them to be utilized. Volume and
total creatinine excretion in the 24-hour urine collection
are measured to assess completeness. The conventional
level taken as diagnostic of WD is ⬎100 g/24 hours
(⬎1.6 mol/24 hours) in symptomatic patients.56,80 Recent studies indicate that basal 24-hour urinary copper
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excretion may be ⬍100 g at presentation in 16%-23%
of patients diagnosed with WD.19,58,59 The reference limits for normal 24-hour excretion of copper vary among
clinical laboratories. Many laboratories take 40 g/24
hours (0.6 mol/24 hours) as the upper limit of normal.
This appears to be a better threshold for diagnosis.53,82
Interpreting 24-hour urinary copper excretion can be
difﬁcult due to overlap with ﬁndings in other types of liver
disease, and heterozygotes may also have intermediate levels.80 Patients with certain chronic liver diseases, including autoimmune hepatitis, may have basal 24-hour
copper excretion in the range of 100-200 g/24 hours
(1.6-3.2 mol/24 hours).83 In one study of patients with
chronic active liver disease, ﬁve of 54 patients had urinary
copper excretion above 100 g/24 hours84; overlap has
also been reported in children with autoimmune hepatitis.74
Urinary copper excretion with D-penicillamine administration may be a useful diagnostic adjunctive test. This
test has only been standardized in a pediatric population57
in which 500 mg of D-penicillamine was administered
orally at the beginning and again 12 hours later during the
24-hour urine collection, irrespective of body weight.
Compared to a spectrum of other liver diseases including
autoimmune hepatitis, primary sclerosing cholangitis and
acute liver failure, a clear differentiation was found when
⬎1600 g copper/24 hours (⬎25 mol/24 hours) was
excreted. Recent reevaluation of the penicillamine challenge test in children found it valuable for the diagnosis of
WD in patients with active liver disease (sensitivity 92%)
but poor for excluding the diagnosis in asymptomatic
siblings (sensitivity only 46%).85 Others have found the
predictive value of the 25 mol/24 hours cut-off to be
⬍100%.86,87 This test has been used in adults, but many
of the reported results of this test in adults used different
dosages and timing for administration of D-penicillamine.19,80,83
Measurement of the basal 24-hour urinary excretion of
copper forms part of the assessment to screen siblings for
WD, but it has not been validated as the sole test for
screening.
Recommendations:
5. Basal 24-hour urinary excretion of copper should
be obtained in all patients in whom the diagnosis of
WD is being considered. The amount of copper excreted in the 24-hour period is typically >100 g (1.6
mol) in symptomatic patients, but ﬁnding >40 g
(>0.6 mol or >600 nmol) may indicate WD and
requires further investigation (Class I, Level B).
6. Penicillamine challenge studies may be performed
for the purpose of obtaining further evidence for the
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diagnosis of WD in symptomatic children if basal urinary copper excretion is <100 g/24 hours (1.6
mol/24 hours). Values for the penicillamine challenge
test of >1600 g copper/24 hours (>25 mol/24 hours)
following the administration of 500 mg of D-penicillamine at the beginning and again 12 hours later during
the 24-hour urine collection are found in patients with
Wilson disease. The predictive value of this test in adults
is unknown (Class I, Level B).
Hepatic Parenchymal Copper Concentration. Hepatic copper content ⱖ250 g/g dry weight remains the
best biochemical evidence for WD. However, this threshold value has been criticized as being too high and based
on relatively few cases: based on analysis of 114 genetically
proven cases, a threshold value of 70 g/g dry weight has
been suggested to increase sensitivity dramatically albeit
with some loss of speciﬁcity.88 In another large series, all
patients studied had at least 95 g/g dry weight, and all
but 8% had parenchymal concentrations ⱖ250 g/g dry
weight.56 Normal concentrations rarely exceed 50 g/g
dry weight of liver. The concentration of hepatic copper in heterozygotes, although frequently elevated
above normal, does not exceed 250 g/g dry weight. In
long-standing cholestatic disorders, hepatic copper
content may also be increased above this level. Markedly elevated levels of hepatic copper may also be found
in idiopathic copper toxicosis syndromes such as Indian childhood cirrhosis.57
Biopsies for quantitative copper determination should
be taken with a disposable suction or cutting needle and
placed dry in a copper-free container. A core (or part of a
biopsy core) of liver should be dried overnight in a vacuum oven or, preferably, frozen immediately and kept
frozen for shipment to a laboratory for quantitative copper determination. Parafﬁn-embedded specimens can
also be analyzed for copper content.
The major problem with hepatic parenchymal copper
concentration is that in later stages of WD, distribution of
copper within the liver is often inhomogeneous. In extreme cases, nodules lacking histochemically detectable
copper are found next to cirrhotic nodules with abundant
copper. Thus, the concentration can be underestimated
due to sampling error. In a pediatric study, sampling error
was sufﬁciently common to render this test unreliable in
patients with cirrhosis and clinically evident WD.57 In
general, the accuracy of measurement is improved with
adequate specimen size: at least 1-2 cm of biopsy core
length should be submitted for analysis.89 Technical
problems associated with obtaining a liver biopsy in a
patient with decompensated cirrhosis or severe coagulopathy have largely been circumvented by the advent of
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the transjugular liver biopsy. However, the measurement
of hepatic parenchymal copper concentration is most important in younger patients in whom hepatocellular copper is mainly cytoplasmic and thus undetectable by
routine histochemical methods.
Radiocopper Study. In patients with WD who have a
normal serum ceruloplasmin, radiocopper incorporation
into this protein is signiﬁcantly reduced compared with
normal individuals and most heterozygotes. The failure to
incorporate copper into the plasma protein within the
hepatocyte occurs in all homozygotes with the disease.
This test is now rarely used because of the difﬁculty in
obtaining isotope. An experimental alternative to using
radiocopper is the use of 65Cu, a nonradioactive isotope
for copper which can be detected by mass spectroscopic
methods90; however, this methodology has difﬁculty in
distinguishing heterozygotes from patients and is not routinely available.
Recommendation:
7. Hepatic parenchymal copper content >250 g/g
dry weight provides critical diagnostic information
and should be obtained in cases where the diagnosis is
not straightforward and in younger patients. In untreated patients, normal hepatic copper content
(<40-50 g/g dry weight) almost always excludes a
diagnosis of WD. Further diagnostic testing is indicated for patients with intermediate copper concentrations (70-250 g/g dry weight) especially if there is
active liver disease or other symptoms of WD (Class I,
Level B).
Liver Biopsy Findings. The earliest histological abnormalities in the liver include mild steatosis (both microvesicular and macrovesicular), glycogenated nuclei in
hepatocytes, and focal hepatocellular necrosis.91-93 The
liver biopsy may show classic histological features of autoimmune hepatitis. With progressive parenchymal damage, ﬁbrosis and subsequently cirrhosis develop.94
Cirrhosis is frequently found in most patients by the second decade of life. It is usually macronodular, although
occasionally micronodular. There are some older individuals who do not appear to have cirrhosis even after this
time, though they have neurologic disease; however, their
hepatic histology is not normal.19 In the setting of acute
liver failure due to WD, there is marked hepatocellular
degeneration and parenchymal collapse, typically on the
background of cirrhosis. Apoptosis of hepatocytes is a
prominent feature with acute liver failure due to WD.95
Detection of copper in hepatocytes by routine histochemical evaluation is highly variable. In early stages of
the disease, copper is mainly in the cytoplasm bound to
metallothionein and is not histochemically detectable; in
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later stages, copper is found predominantly in lysosomes.96 The amount of copper varies from nodule to
nodule in cirrhotic liver and may vary from cell to cell in
precirrhotic stages. The absence of histochemically identiﬁable copper does not exclude WD, and this test has a
poor predictive value for screening for WD.97 Copperbinding protein can be stained by various methods, including the rhodanine or orcein stain. The more sensitive
Timms sulfur stain for copper binding protein is not routinely applied.96
Ultrastructural analysis of liver specimens at the time
steatosis is present reveals speciﬁc mitochondrial abnormalities.98,99 Speciﬁc patterns of mitochondrial abnormalities may be visible among affected family
members.100 Typical ﬁndings include variability in size
and shape, increased density of the matrix material, and
numerous inclusions including lipid and ﬁne granular
material which may be copper.101 The most striking alteration is increased intracristal space with dilatation of the
tips of the cristae, creating a cystic appearance. In the
absence of cholestasis, these changes are considered to be
essentially pathognomonic of WD. With adequate chelation treatment, these changes may resolve.102 At later
stages of the disease, dense deposits within lysosomes are
present. Ultrastructural analysis may be a useful adjunct
for diagnosis in helping to distinguish between heterozygous carriers and patients, but if not routine, it requires
advanced planning so that part of the specimen is placed
in the proper preservative when biopsy is performed.
Development of hepatocellular carcinoma was regarded as rare with WD, but recent reports suggest it
occurs in WD more frequently than appreciated.103-108 A
case of cholangiocarcinoma complicating WD has been
reported.56 Screening for hepatocellular carcinoma has
not been recommended for patients with WD; cost effectiveness of screening in this population needs to be examined prospectively, at least for those with cirrhosis at the
time of presentation.
Neurologic Findings and Radiologic Imaging of the
Brain. Neurologic disease may manifest as motor abnormalities with Parkinsonian characteristics of dystonia, hypertonia, and rigidity, either choreic or pseudosclerotic,
with tremors and dysarthria. Disabling symptoms include
muscle spasms, which can lead to contractures, dysarthria
and dysphonia, and dysphagia. Rare patients present with
polyneuropathy109 or dysautonomia.110 At this stage of
disease, magnetic resonance (MR) imaging of the brain or
computed tomography (CT) may detect structural abnormalities in the basal ganglia. Most frequently found are
increased density on CT and hyperintensity on T2 MR
imaging in the region of the basal ganglia. MR imaging
may be more sensitive in detecting these lesions. Abnor-
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mal ﬁndings are not limited to this region, and other
abnormalities have been described. Signiﬁcant abnormalities on brain imaging may even be present in some individuals prior to the onset of symptoms.111,112
Neurologic evaluation should be performed on all patients with WD. Consultation with a neurologist or
movement disorder specialist should be sought for evaluation of patients with evident neurologic symptoms before treatment or soon after treatment is initiated. A
speciﬁc rating scale based on that for Huntington disease
was used to evaluate patients with WD in clinical trials;
however, this has never been tested outside of this research
setting.113,114
Recommendation:
8. Neurologic evaluation and radiologic imaging of
the brain, preferably by MR imaging, should be considered prior to treatment in all patients with neurologic WD and should be part of the evaluation of any
patient presenting with neurological symptoms consistent with WD (Class I, Level C).
Genetic Studies. Molecular genetic studies are becoming available for clinical use. Pedigree analysis using
haplotypes based on polymorphisms surrounding the
WD gene is commercially available from speciﬁc clinical
laboratories. This analysis requires the identiﬁcation of a
patient within the family (the proband) by clinical and
biochemical studies as above. After the mutation or haplotype, based on the pattern of dinucleotide and trinucleotide repeats around ATP7B, is determined in the
proband, the same speciﬁc regions of the DNA from ﬁrstdegree relatives can be tested to determine whether they
are unaffected, heterozygous, or indeed patients.115-118
Prenatal testing can also be performed119,120 but has limited application clinically because diagnosis early in life
allows appropriate timing for treatment.121
Direct mutation analysis is currently feasible. Interpretation of results can sometimes be difﬁcult because most
patients are compound heterozygotes with a different mutation on each allele. Currently, more than 300 mutations
of ATP7B have been identiﬁed, but not all gene changes
have been established as causing disease (see www.
medgen.med.ualberta.ca/database.html for updated catalog). Mutation analysis is an especially valuable diagnostic
strategy for certain well-deﬁned populations exhibiting
a limited spectrum of ATP7B mutations. Some populations with a single predominant mutation include:
Sardinian,122 Icelandic,123 Korean,124 Japanese,125 Taiwanese,126 Spanish127 and in the Canary Islands.82 Similar
mutations are found in Brazil as in the Canary Islands.128
Certain populations in Eastern Europe also show predominance of the H1069Q mutation.127,129,130
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Genotype-to-phenotype correlations in WD are hampered by the high prevalence of compound heterozygotes
and the relative paucity of homozygotes. Studies in homozygotes suggest that mutations affecting critical portions of the protein, including copper-binding domains
or the ATPase loop, may lead to early onset of hepatic
disease,131 but strict concordance is difﬁcult to
prove.118,132 In general, convincing genotype-phenotype
correlations remain elusive.56
Recommendation:
9. Mutation analysis by whole-gene sequencing is
possible and should be performed on individuals in
whom the diagnosis is difﬁcult to establish by clinical
and biochemical testing. Haplotype analysis or speciﬁc
testing for known mutations can be used for family
screening of ﬁrst-degree relatives of patients with WD.
A clinical geneticist may be required to interpret the
results (Class I, Level B).
Diagnostic Considerations in Speciﬁc Target
Populations
“Mimic” Liver Diseases. Patients with WD, especially younger ones, may have clinical features and histologic ﬁndings on liver biopsy indistinguishable from
autoimmune hepatitis.24-26 All children with apparent autoimmune hepatitis and any adult patient with the presumptive diagnosis of autoimmune hepatitis failing to
respond rapidly and appropriately to corticosteroid treatment must be carefully evaluated for WD. Occasional
patients with WD may beneﬁt from a brief course of
treatment with corticosteroids along with appropriate
speciﬁc treatment for WD.26 In some patients concurrent
WD and autoimmune hepatitis cannot be excluded.133
Hepatic steatosis in WD is rarely as severe as in nonalcoholic fatty liver disease (NAFLD). Nevertheless, occasional patients with WD closely resemble NAFLD or may
have both diseases.
Acute Liver Failure. Most patients with the acute
failure presentation of WD have a characteristic pattern of
clinical ﬁndings134-139:
● Coombs-negative hemolytic anemia with features of
acute intravascular hemolysis;
● Coagulopathy unresponsive to parenteral vitamin K
administration;
● Rapid progression to renal failure;
● Relative modest rises in serum aminotransferases
(typically ⬍⬍2000 IU/L) from the beginning of clinical
illness;
● Normal or markedly subnormal serum alkaline
phosphatase (typically ⬍40 IU/L)26;
● Female:male ratio of 2:1.
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A high level of clinical suspicion is essential for the
diagnosis; simple indices of laboratory ﬁndings do not
reliably distinguish patients with acute liver failure due to
WD from those with acute liver failure due to viral infection or drug toxicity.140 The relatively modest elevations
of serum aminotransferase activity seen in most of these
individuals compared with acute liver failure of other etiologies often leads to an underestimate of the severity of
the disease. Serum ceruloplasmin is usually decreased, but
the predictive value of this test in the setting of acute liver
failure is poor (M.L. Schilsky, unpublished observations).
Serum copper and 24-hour urinary excretion of copper
are greatly elevated. The serum copper is usually ⬎200
g/dL or ⬎31.5 mol/L (M.L. Schilsky, unpublished
observations). In many facilities, these results are not
available in a timely manner, and diagnosis has to rest on
clinical features. Kayser-Fleischer rings may be identiﬁed
to support the diagnosis of WD but may be absent in 50%
of these patients. Other ﬁndings, such as lunulae ceruleae,
are rarely detected but should suggest further evaluation
to exclude WD. Expeditious diagnosis is critically important because these patients require urgent liver transplantation to survive. In some patients with acute liver failure
due to WD, the serum aspartate aminotransferase (AST)
level may be higher than the serum alanine aminotransferase (ALT) level, potentially reﬂecting mitochondrial
damage, but this ﬁnding is not sufﬁciently invariable to be
diagnostic.54,62,141 A more common ﬁnding in this setting
is the low level of serum alkaline phosphatase activity and
a ratio of alkaline phosphatase (in international units per
liter) to total bilirubin (in milligrams per deciliter) of
⬍2.141 A prognostic index to be applied at the time of
diagnosis of acute liver failure due to WD that may be
helpful to predict survival without liver transplant has
been developed based on total serum bilirubin, AST, and
prolongation of prothrombin time142; although it deﬁnes
extreme cases adequately, it does not reliably discriminate
between survivors and nonsurvivors in patients with moderately severe disease. This index has recently been revised
(and now includes white blood count and serum albumin) and may provide a more informative assessment.86
Because this is usually the ﬁrst presentation of WD in the
patient, underlying liver disease is not suspected, though cirrhosis is typically present.54 It is thought that an intercurrent
illness such as a viral infection143 or drug toxicity may touch
off this rapidly progressive liver disease. Rare patients have
acute liver failure from viral hepatitis and are found at that
time to have underlying WD.144,145
Patients with acute liver failure due to WD are appropriately afforded the highest category of priority for liver
transplantation by the United Network for Organ Shar-
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ing, status 1A, despite the recognition of the underlying
chronic liver injury in these patients.54
Recommendations:
10. Patients in the pediatric age bracket who
present a clinical picture of autoimmune hepatitis
should be investigated for WD (Class I, Level B).
11. Adult patients with atypical autoimmune hepatitis or who respond poorly to standard corticosteroid
therapy should also be investigated for WD (Class I,
Level C).
12. WD should be considered in the differential
diagnosis of patients presenting with nonalcoholic
fatty liver disease or have pathologic ﬁndings of nonalcoholic steatohepatitis (Class IIb, Level C).
13. WD should be suspected in any patient presenting with acute hepatic failure with Coombs-negative
intravascular hemolysis, modest elevations in serum
aminotransferases, or low serum alkaline phosphatase
and ratio of alkaline phosphatase to bilirubin of <2
(Class I, Level B).
Family Screening. First-degree relatives of any patient newly diagnosed with WD must be screened for
WD (Fig. 3). Assessment should include: brief history
relating to jaundice, liver disease, and subtle features of
neurological involvement; physical examination; serum
copper, ceruloplasmin, liver function tests including aminotransferases, albumin, and conjugated and unconjugated
bilirubin; slit-lamp examination of the eyes for Kayser-Fleischer rings; and basal 24-hour urinary copper. Individuals
without Kayser-Fleischer rings who have subnormal ceruloplasmin and abnormal liver tests undergo liver biopsy to
conﬁrm the diagnosis. If available, molecular testing for
ATP7B mutations or haplotype studies should be obtained
and may be used as primary screening. Treatment should be
initiated for all individuals greater than 3 years old identiﬁed
as patients by family screening.
Newborn Screening. Measurement of ceruloplasmin
in Guthrie dried-blood spots or urine samples from newborns may promote detection of individuals affected with
WD, but further reﬁnement of methodology involving
immunologic measurement of ceruloplasmin is required
before wide-scale implementation can be advised.146-148
Recommendation:
14. First-degree relatives of any patient newly diagnosed with WD must be screened for WD (Class I,
Level A).

Treatment
For the ﬁrst half century following the description of
WD, there was no effective treatment for this progres-
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Fig. 3. Screening for Wilson disease (WD) in sibling or child of a patient with secure diagnosis of WD. If molecular testing is available in the index
patient, then this is the most efﬁcient screening strategy. If initial screening by blood and urine testing is normal, then consider repeat screening in
2-5 years. Conversion to SI units: CPN ⬍20 mg/dL or 0.2 g/L; 24-hour urinary Cu ⬎40 g/day or 0.6 mol/day. Abbreviation: KF, Kayser-Fleischer.
Baseline testing ⫽ complete blood count including platelet count (CBC), liver biochemistries, international normalized ratio (INR), serum
ceruloplasmin, 24-hour urine copper excretion; liver biopsy when appropriate.

sively fatal disorder. Because controlled trials were not
possible when treatment became available, treatments for
WD historically progressed from the intramuscular administration of BAL to the more easily administered oral
penicillamine. Although there are studies showing dose
response of penicillamine and the resultant cupruresis,
initial clinical use was limited by the availability of the
drug itself. Empiric doses were chosen because no formal
dose response studies for efﬁcacy over time were carried
out. Interestingly, when these treatments initially became
available, treatment was ﬁrst reserved for symptomatic
patients because there were no good diagnostic tests available to identify presymptomatic disease. Simultaneous
with the advances in diagnostic testing for WD, a new era
was ushered in by the recognition that signiﬁcant morbidity and mortality could be prevented by the treatment of
asymptomatic patients.149 The development of alternative agents to penicillamine was stimulated by the inabil-

ity of some patients to tolerate this drug. Trientine was
developed and introduced speciﬁcally for patients who
developed adverse reactions to penicillamine. Zinc was
developed separately, as was TM which was used by veterinarians for copper poisoning in animals. Today, the
mainstay of treatment for WD remains lifelong pharmacologic therapy; liver transplantation, which corrects the
underlying hepatic defect in WD, is reserved for severe or
resistant cases.
In general, the approach to treatment is dependent on
whether there is clinically-evident disease or laboratory or
histological evidence of aggressive inﬂammatory injury,
whether neurologic or hepatic, or whether the patient is
identiﬁed prior to the onset of clinical symptoms. We
believe this distinction helps in determining the choice of
therapy and the dosages of medications utilized, although
there are no studies in which this approach has been systematically explored. The recommended initial treatment
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Table 3. Pharmacological Therapy for Wilson Disease
Drug

D-Penicillamine

Mode of Action

General chelator
induces
cupruria

Neurological Deterioration

10%-20% during initial phase of
treatment

Side Effects

• Fever, rash, proteinuria, lupuslike reaction
• Aplastic anemia
• Leukopenia
• Thrombocytopenia
• Nephrotic syndrome
• Degenerative changes in skin
• Elastosis perforans serpingosa
• Serous retinitis
• Hepatotoxicity
• Gastritis
• Aplastic anemia rare
• Sideroblastic anemia

Trientine

General chelator
induces
cupruria

10%-15% during initial phase of
treatment

Zinc

Metallothionein
inducer, blocks
intestinal
absorption of
copper

Can occur during initial phase of
treatment

• Gastritis; biochemical
pancreatitis
• Zinc accumulation
• Possible changes in immune
function

Tetrathiomolybdate

Chelator, blocks
copper
absorption

Reports of rare neurologic
deterioration during initial
treatment

• Anemia; neutropenia
• Hepatotoxicity

of symptomatic patients or those with active disease is
with chelating agents, though there are some reports
showing primary treatment with zinc may be adequate for
some individuals. The largest treatment experience
worldwide is still with D-penicillamine; however, there is
now more frequent consideration of trientine for primary
therapy. Data now exist that show the efﬁcacy of trientine
in treating patients with decompensated neurologic or
hepatic disease. Previous limitations to the use of trientine
were its limited supply and concerns about its continued
availability; many clinicians lack experience with this
medication. Combination therapy, in which zinc is used
in conjunction with a chelating agent (temporally separated), has a theoretical basis in both blocking copper
uptake and eliminating excess copper. There are some
reports of the simultaneous use of chelators and zinc as
primary therapy, and future studies are needed to determine whether efﬁcacy is greater than with chelator therapy alone. Studies of the use of TM as an alternative
chelating agent for the initial treatment of neurologic
WD suggest that this drug may be useful as initial therapy
for patients presenting with neurological symptoms.
Once disease symptoms or biochemical abnormalities
have stabilized, typically in 2-6 months after initiation of
therapy,25 maintenance dosages of chelators or zinc therapy can be used for treatment. Patients presenting without symptoms may be treated with either maintenance

Comments

Reduce dose for surgery to promote
wound-healing and during
pregnancy
Maximum dose 20 mg/kg/day;
reduce by 25% when clinically
stable

Reduce dose for surgery to promote
wound-healing and during
pregnancy
Maximum dose 20 mg/kg/day;
reduce by 25% when clinically
stable
No dosage reduction for surgery or
pregnancy
Usual dose in adults: 50 mg
elemental Zn three times daily;
minimum dose in adults: 50 mg
elemental Zn twice daily
Experimental in the United States
and Canada

dosages of a chelating agent or with zinc from the outset.
Failure to comply with lifelong therapy has led to recurrent symptoms and liver failure, the latter requiring liver
transplantation for survival. Monitoring of therapy includes monitoring for compliance as well as for potential
treatment-induced side effects.
Available Treatments:
Available treatments are listed in Table 3.
D-Penicillamine. Penicillamine was introduced as the
ﬁrst oral agent for treating WD in 1956.15 It was identiﬁed as a breakdown product of penicillin but is actually
the sulfhydryl-bearing amino acid cysteine doubly-substituted with methyl groups. Like dimercaptopropanol (or
BAL) it has a free sulfhydryl group, which functions as the
copper chelating moiety. Penicillamine is currently synthesized as such, and contamination with penicillin is not
an issue; likewise, the racemic mixture, which tends to
interfere with pyridoxine action, is no longer used. Nevertheless, supplemental pyridoxine is still provided at a
dosage of 25-50 mg by mouth daily.
The major effect of D-penicillamine in WD is to promote the urinary excretion of copper. D-Penicillamine
may also act by inducing metallothionein in individuals
with WD.150 D-Penicillamine also interferes with collagen
cross-linking151 and has some immunosuppressant actions.152 It is a general chelator of metals, is used to treat
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cystinosis, and has been used as an immunosuppressant in
rheumatoid arthritis.
D-Penicillamine is rapidly absorbed from the gastrointestinal tract with a double-peaked curve for intestinal
absorption.153-155 Uptake may occur by an unusual mechanism: disulﬁde binding to the enterocyte membrane followed by pinocytosis. If D-penicillamine is taken with a
meal, its absorption is decreased overall by about
50%.155,156 Total bioavailability is estimated at
40%-70%.154,157 Once absorbed, 80% of D-penicillamine circulates bound to plasma proteins; there is little
free D-penicillamine in the plasma, because it forms inactive dimers or binds to cysteine. Greater than 80% of
D-penicillamine excretion is via the kidneys. The excretion half-life of D-penicillamine is on the order of 1.7-7
hours,153,155,157 but there is considerable interindividual
variation and D-penicillamine or its metabolites can be
found in the urine months after the drug has been discontinued.158
The initial use of D-penicillamine was for the treatment of symptomatic patients, and numerous studies attest to the effectiveness of D-penicillamine as treatment
for WD.77,159-164 Worsening of neurologic symptoms has
been reported in 10%-50% of those treated with D-penicillamine during the initial phase of treatment.165,166 In a
recent series, neurologic worsening occurred on all three
treatments used for WD, but mainly with D-penicillamine where 13.8% were adversely affected.56 For patients
with symptomatic liver disease, the time for evidence of
recovery of synthetic function and improvement in clinical signs such as jaundice and ascites is typically during the
ﬁrst 2-6 months of treatment, but further recovery can
occur during the ﬁrst year of treatment. Failure to comply
with therapy has led to signiﬁcant progression of liver
disease and liver failure in 1-12 months following discontinuation of treatment, resulting in death or necessitating
liver transplantation.167
D-Penicillamine use is associated with numerous side
effects. Severe side effects requiring the drug to be discontinued occur in approximately 30% of patients.55,76 Early
sensitivity reactions marked by fever and cutaneous eruptions, lymphadenopathy, neutropenia or thrombocytopenia, and proteinuria may occur during the ﬁrst 1-3 weeks.
D-Penicillamine should be discontinued immediately if
early sensitivity occurs; the availability of alternative medications makes a trial of prednisone cotreatment unnecessary. Late reactions include nephrotoxicity, usually
heralded by proteinuria or the appearance of other cellular
elements in the urine, for which discontinuation of Dpenicillamine should be immediate. Other late reactions
include a lupus-like syndrome marked by hematuria, proteinuria, and positive antinuclear antibody, and with
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higher dosages of D-penicillamine no longer typically used
for treating WD, Goodpasture syndrome. Signiﬁcant
bone marrow toxicity includes severe thrombocytopenia
or total aplasia. Dermatological toxicities reported include progeric changes in the skin and elastosis perforans
serpingosa,168 and pemphigous or pemphigoid lesions,
lichen planus, and aphthous stomatitis. Very late side effects include nephrotoxicity, severe allergic response upon
restarting the drug after it has been discontinued, myasthenia gravis, polymyositis, loss of taste, immunoglobulin
A depression, and serous retinitis. Hepatotoxicity has
been reported.169 Hepatic siderosis has been reported in
treated patients with reduced levels of serum ceruloplasmin and non– ceruloplasmin bound copper.170
Tolerability of D-penicillamine may be enhanced by
starting with incremental doses, 250-500 mg/day, increased by 250 mg increments every 4-7 days to a maximum of 1000-1500 mg/day in 2-4 divided dosages.
Maintenance dose is usually 750-1000 mg/day administered in two divided doses. Dosing in the child is 20
mg/kg/day rounded off to the nearest 250 mg and given
in two or three divided doses. D-Penicillamine is best administered 1 hour prior to or 2 hours after meals, because
food inhibits its absorption. Closer proximity to meals is
acceptable if it ensures compliance. Apart from numerous
adverse side effects detailed above, another feature of
treatment with D-penicillamine is that the serum ceruloplasmin may decrease after initiation of treatment. Serum
ceruloplasmin may then either remain low or increase
over the term of chronic treatment, the latter occurring in
some patients with severe hepatic insufﬁciency as they
recover synthetic function in response to treatment. In
contrast, decrease in serum ceruloplasmin levels in patients treated chronically with penicillamine may be a sign
of excessive copper depletion and often is associated with
neutropenia, sideroblastic anemia, and hemosiderosis.
Adequacy of treatment is monitored by measuring 24hour urinary copper excretion while on treatment. This is
highest immediately after starting treatment and may exceed 1000 g (16 mol) per day at that time. With
chronic (maintenance) treatment, urinary copper excretion should run in the vicinity of 200-500 g (3-8 mol)
per day on treatment. In addition, estimate of non– ceruloplasmin bound copper shows normalization of the
non– ceruloplasmin bound copper concentration with effective treatment.
Values of urine copper excretion below 200 g/day
(3.2 mol/day) may indicate either nonadherence to
therapy or overtreatment and excess copper removal. In
those with nonadherence to therapy, non– ceruloplasmin
bound copper is elevated (⬎15 g /dL or ⬎150 g/L),
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while with overtreatment, values are very low (⬍5 g/dL
or ⬍50 g/L).
Trientine. Trientine (triethylene tetramine dihydrochloride or 2,2,2-tetramine, also known by its ofﬁcial
short name trien) is one of a family of chelators with a
polyamine-like structure chemically distinct from penicillamine. It lacks sulfhydryl groups and copper is chelated
by forming a stable complex with the four constitutent
nitrogens in a planar ring.
Trientine was introduced in 1969 as an alternative to
penicillamine. Few data exist about the pharmacokinetics
of trientine. It is poorly absorbed from the gastrointestinal
tract, and what is absorbed is metabolized and inactivated.171,172 About 1% of the administered trientine
and about 8% of the biotransformed trientine metabolite,
acetyltrien, ultimately appears in the urine. The acetyltrien is a less effective chelator than trientine. The
amounts of urinary copper, zinc and iron increase in parallel with the amount of trientine excreted in the urine.173
Like penicillamine, trientine promotes copper excretion by the kidneys. Whether trientine is a weaker chelator of copper than penicillamine is controversial 160,174,175
and dose adjustments can compensate for small differences. Trientine and penicillamine may mobilize different
pools of body copper.174
Trientine is effective treatment for WD167,176 and is
indicated especially in patients who are intolerant of penicillamine or have clinical features indicating potential
intolerance (history of renal disease of any sort, congestive
splenomegaly causing severe thrombocytopenia, autoimmune tendency). Neurological worsening after beginning
treatment with trientine has been reported but appears
much less common than with penicillamine. Trientine
has also been shown to be effective initial therapy for
patients, even with decompensated liver disease at the
outset.177,178
Trientine has few side effects. No hypersensitivity reactions have been reported although a ﬁxed cutaneous
drug reaction was observed in one patient. Pancytopenia
has rarely been reported. Trientine also chelates iron, and
coadministration of trientine and iron should be avoided
because the complex with iron is toxic. A reversible sideroblastic anemia may be a consequence of overtreatment
and resultant copper deﬁciency. Lupus-like reactions have
also been reported in some WD patients treated with
trientine; however, these patients were almost all uniformly treated previously with penicillamine, so the true
frequency of this reaction when trientine is used de novo is
unknown. In general, adverse effects due to penicillamine
resolve when trientine is substituted for penicillamine and
do not recur during prolonged treatment with trientine.
Use in patients with primary biliary cirrhosis revealed that
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trientine may cause hemorrhagic gastritis, loss of taste,
and rashes.179 Recent evidence suggests that copper deﬁciency induced by trientine can result in iron overload in
livers of patients with WD, similar to that observed for
penicillamine.180
Typical dosages are 750-1500 mg/day in two or three
divided doses, with 750 or 1000 mg used for maintenance
therapy. In children, the weight-based dose is not established, but the dose generally used is 20 mg/kg/day
rounded off to the nearest 250 mg, given in two or three
divided doses. Trientine should be administered 1 hour
before or 2 hours after meals. Taking it closer to meals is
acceptable if this ensures compliance. Trientine tablets are
not stable for prolonged periods at high ambient temperatures, which is a problem for patients traveling to warm
climates.
Adequacy of treatment is monitored by measuring 24hour urinary copper excretion while on treatment. This
should run in the vicinity of 200-500 g (3-8 moles) per
day on maintenance treatment but may be higher when
treatment is ﬁrst started. Additionally, estimate of non–
ceruloplasmin bound copper may show normalization of
the non– ceruloplasmin bound copper concentration
with effective treatment.
Values of urine copper excretion below 200 g/day
(3.2 mol/day) may indicate either nonadherence to
therapy or overtreatment and excess copper removal. In
those with nonadherence to therapy, non– ceruloplasmin
bound copper is elevated (⬎15 g/dL or ⬎150 g/L),
whereas with overtreatment, values are very low (⬍5
g/dL or ⬍50 g/L).
Zinc. Zinc was ﬁrst used to treat WD by Schouwink
in Holland in the early 1960s.181,182 Its mechanism of
action is different from that of penicillamine and trientine: zinc interferes with the uptake of copper from the
gastrointestinal tract. Zinc induces enterocyte metallothionein, a cysteine-rich protein that is an endogenous
chelator of metals. Metallothionein has greater afﬁnity for
copper than for zinc and thus preferentially binds copper
present in the enterocyte and inhibits its entry into the
portal circulation. Once bound, the copper is not absorbed but is lost into the fecal contents as enterocytes are
shed in normal turnover.183 Because copper also enters
the gastrointestinal tract from saliva and gastric secretions, zinc treatment can generate a negative balance for
copper and thereby remove stored copper.184 Zinc may
also act by inducing levels of hepatocellular metallotheionein.185-187
Zinc has very few side effects. Gastric irritation is the
main problem and may be dependent on the salt employed. Hepatic deterioration has been occasionally reported when zinc was commenced and was fatal in one
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case.188,189 Zinc may have immunosuppressant effects
and reduce leukocyte chemotaxis, but one study found no
adverse effect on lymphocyte function with chronic
use.190 Elevations in serum lipase and/or amylase may
occur, without clinical or radiologic evidence of pancreatitis. Neurological deterioration is uncommon with
zinc.164,183 Whether high-dose zinc is safe for patients
with impaired renal function is not yet established.
Although zinc is currently reserved for maintenance
treatment, it has been used as ﬁrst-line therapy, most
commonly for asymptomatic or presymptomatic patients. It appears to be equally effective as penicillamine
but much better tolerated.164 Reports of large studies of
adults with WD indicate good efﬁcacy.114,182 A child who
presented with ascites and coagulopathy was effectively
treated only with zinc191; a few other favorable reports
have appeared in children192 and in adults.193 Combination treatment with trientine plus zinc or penicillamine
plus zinc in which the chelator and the zinc are given at
widely spaced intervals during the day has been advocated
but not yet reported in rigorously designed series.
Dosing is in milligrams of elemental zinc. For larger
children and adults, 150 mg/day is administered in three
divided doses. Compliance with the three times per day
dosage may be problematic, and it has to be taken at least
twice daily to be effective.114 The actual salt used does not
make a difference with respect to efﬁcacy but may affect
tolerability. With respect to gastrointestinal side effects,
acetate and gluconate may be more tolerable than sulfate,
but this varies with individuals. For smaller children, ⬍50
kg in body weight, the dose is 75 mg/day in three divided
doses,194 and the dose is not well deﬁned for children
under 5 years of age. Taking zinc with food interferes with
zinc absorption195 and effectiveness of treatment, but
dose adjustments can be employed to compensate for this
effect if taking zinc around mealtime assures compliance.
Adequacy of treatment with zinc is judged by clinical
and biochemical improvement and by measuring 24-hour
urinary excretion of copper, which should be less than 75
g (1.2 mol) per 24 hours on stable treatment. Additionally, estimate of non– ceruloplasmin bound copper
shows normalization of the non– ceruloplasmin bound
copper concentration with effective treatment. Urinary
excretion of zinc may be measured from time to time to
check compliance.
Antioxidants. Antioxidants, mainly vitamin E, may
have a role as adjunctive treatment. Serum and hepatic
vitamin E levels have been found to be low in WD.196-200
Symptomatic improvement when vitamin E was added to
the treatment regimen has been occasionally reported but
no rigorous studies have been conducted. One study sug-
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gests no correlation of antioxidant deﬁciency with clinical
symptoms.199
Diet. Foods with very high concentrations of copper
(shellﬁsh, nuts, chocolate, mushrooms, and organ meats)
generally should be avoided, at least in the ﬁrst year of
treatment. Diets deﬁcient in copper may delay the onset
of the disease and control disease progression, but dietary
management is not recommended as sole therapy.201
Consultation with a dietitian is advisable for practicing
vegetarians. Well water or water brought into the household through copper pipes should be checked for copper
content, but in general, municipal water supplies do not
have to be checked. A water purifying system may be
advisable if the copper content of the water is high. For
those with copper pipes, it is important to ﬂush the system
of stagnant water before using water for cooking or consumption. Copper containers or cookware should not be
used to store or prepare foods or drinks.
Ammonium Tetrathiomolybdate. TM is a very
strong decoppering agent which works by two mechanisms: interfering with intestinal uptake of copper (if administered with meals) and binding copper from plasma
(when taken between meals). At low doses, TM removes
copper from metallothionein, but at higher doses it forms
an insoluble copper complex, which is deposited in the
liver.202 TM remains an experimental therapy in the
United States, and it is not commercially available. Recent data indicate its utility because it does not cause
neurological deterioration.203,204 Potential adverse effects
include bone marrow depression,205 hepatotoxicity,206
and overly aggressive copper removal which causes neurological dysfunction. TM also has antiangiogenic effects
due to its extensive decoppering effect.207-209
Treatment in Speciﬁc Clinical Situations:
Asymptomatic Patients. For asymptomatic or presymptomatic patients identiﬁed through family screening,
treatment with a chelating agent, such as D-penicillamine149,210 or with zinc is effective in preventing disease
symptoms or progression.211 Zinc appears preferable for presymptomatic children under the age of 3 years.
Maintenance Therapy. After adequate treatment with
a chelator, stable patients may be continued on a lower dosage of the chelating agent (as noted above) or shifted to
treatment with zinc. In general, such patients will have been
treated for 1-5 years. They will be clinically well, with normal
serum aminotransferase levels and hepatic synthetic function, non– ceruloplasmin bound copper concentration in
the normal range, and 24-hour urinary copper repeatedly in
the range of 200-500 g/day (3-8 mol/day) on treatment.
The advantages of long-term treatment with zinc include
that it is more selective for removing copper than penicilla-
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mine or trientine and is associated with few side effects. Adequate studies regarding the timing of this change-over in
treatment of adult patients with hepatic WD are not available, and only limited data are available for children.212 No
matter how well a patient appears, treatment should never be
terminated indeﬁnitely. Patients who discontinue treatment
altogether risk development of intractable hepatic decompensation.167,213
Recommendations:
15. Initial treatment for symptomatic patients
should include a chelating agent (D-penicillamine or
trientine). Trientine may be better tolerated (Class I,
Level B).
16. Patients should avoid intake of foods and water
with high concentrations of copper, especially during
the ﬁrst year of treatment (Class I, Level C).
17. Treatment of presymptomatic patients or those
on maintenance therapy can be accomplished with a
chelating agent or with zinc. Trientine may be better
tolerated (Class I, Level B).
Decompensated Cirrhosis. Patients who present with
decompensated chronic liver disease, typically with hypoalbuminemia, prominent coagulopathy, ascites, but no
encephalopathy, have recently been treated with a chelator, either D-penicillamine86,178 or trientine,214 plus zinc.
The two types of treatment must be temporally dispersed
throughout the day in four dosages, with usually 5-6
hours between administration of either drug, in order to
avoid having chelator bind the zinc and thus potentially
cancel the efﬁcacy of either modality. A typical regimen is
zinc (50 mg elemental, or 25 mg elemental in children)
given by mouth as the ﬁrst and third doses, and trientine
(500 mg, or ⬃10 mg/kg in children) given by mouth as
the second and fourth doses. This is fundamentally an
intensive induction regimen. Some patients may fail this
regimen and require transplantation; therefore, they
should be referred to a transplant center promptly. Those
who respond may be transitioned to full-dose zinc or fulldose trientine (or D-penicillamine) as monotherapy after
3-6 months. This treatment strategy remains investigational despite some supportive data 86,178,214 (E.A. Roberts, unpublished observations).
Acute Liver Failure. Patients with acute liver failure
due to WD require liver transplantation, which is lifesaving.215 To help determine which patients with acute
hepatic presentations will not survive without liver transplantation, Nazer et al. developed a prognostic score
whose components include serum bilirubin, serum aspartate aminotransferse, and prolongation of prothrombin
time above normal; patients with a score of 7 or greater
did not survive in their series of patients with WD.142
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Scoring systems have recently been devised for children86
and adults216 with Wilsonian acute liver failure: both have
good predictive values but do not appear to be routinely
utilized. Until transplantation can be performed, plasmapheresis and hemoﬁltration217 and exchange transfusion218 or hemoﬁltration219 or dialysis may protect the
kidneys from copper-mediated tubular damage.220,221 Albumin dialysis was shown to stabilize patients with acute
liver failure due to WD and delay, but not eliminate, the
need for transplantation.222 The Molecular Adsorbents
Recirculating System ultraﬁltration device may be efﬁcacious in this setting.223-225
Pregnancy. In pregnant women, treatment must be
maintained throughout the course of pregnancy for all
patients with WD. Interruption of treatment during
pregnancy has resulted in acute liver failure.226 Experience
to date indicates the chelating agents (both penicillamine
and trientine)172,227-230 and zinc salts231,232 have been associated with satisfactory outcomes for the mother and
fetus.36,233-237 The occurrence of a few birth defects has
been noted infrequently in offspring of treated patients;
however, the rarity of this disorder has made it difﬁcult to
determine whether this is different from the frequency of
these defects in the population at large. The dosage of zinc
salts is maintained throughout without change; however,
dosages of chelating agents should be reduced to the minimum necessary during pregnancy, especially for the last
trimester to promote better wound healing if cesarean
section is performed. Such a dose reduction might be on
the order of 25%-50% of the prepregnancy dose. Patients
should be monitored frequently during pregnancy.
Women taking D-penicillamine should not breast-feed
because the drug is excreted into breast milk and might
harm the infant. Little is known about the safety of trientine and zinc in breast milk.
Liver Transplantation. Liver transplantation is the
only effective option for those with WD who present with
acute liver failure and is indicated for all patients with
WD with decompensated liver disease unresponsive to
medical therapy. Liver transplantation corrects the hepatic metabolic defects of WD and may serve to initiate
normalization of extrahepatic copper metabolism.238
One-year survival following liver transplantation ranges
from 79%-87%, and those who survive this early period
continue to survive in the long term.239 Although the vast
majority of patients undergoing liver transplant for WD
have received cadaveric donor organs, living donor transplants can be performed. Successful live donor transplant
is possible when the donor is a family member heterozygous for WD.240-243
Less deﬁnite indications for liver transplantation exist
for patients with respect to severe neurological disease.
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Some individuals who undergo transplantation for decompensated cirrhosis have had psychiatric or neurologic
symptoms, which improved after liver transplantation.239,244 There are also a few reports of other individuals who underwent transplantation for neurologic disease
who improved after liver transplantation,245-248 but detailed data on the neurologic evaluations of these patients
are not available. Liver transplantation is not recommended as a primary treatment for neurologic WD because the liver disease is stabilized by medical therapy in
most of these individuals and outcomes with liver transplantation are not always beneﬁcial.54,239,249-252 Furthermore, patients with neurological or psychiatric disease
due to WD may have poorer outcomes and also difﬁculties with adherence to medical regimens after liver transplantation.253
Recommendations:
18. Patients with acute liver failure due to WD
should be referred for and treated with liver transplantation immediately (Class I, Level B).
19. Patients with decompensated cirrhosis unresponsive to chelation treatment should be evaluated
promptly for liver transplantation (Class I, Level B).
20. Treatment for WD should be continued during
pregnancy, but dosage reduction is advisable for Dpenicillamine and trientine (Class I, Level C).
21. Treatment is lifelong and should not be discontinued, unless a liver transplant has been performed
(Class I, Level B).
Treatment Targets and Monitoring of Treatment.
The goal of treatment monitoring is to conﬁrm clinical
and biochemical improvement, ensure compliance with
therapy, and identify adverse side effects in a timely fashion. The frequency of monitoring of patients may vary,
but at a minimum it should be performed twice a year.
More frequent monitoring is needed during the initial
phase of treatment, for those experiencing worsening of
symptoms or side effects of medications and in individuals suspected of noncompliance with therapy. Physical
examinations should look for evidence of liver disease and
neurological symptoms. Repeat examination for KayserFleischer rings should be performed if there is a question
of patient compliance because their appearance or reappearance in a patient in whom they were absent may
portend the onset of symptomatic disease. For patients on
penicillamine, cutaneous changes should be sought on
physical examination. A careful history should also include questioning for psychiatric symptoms, especially
depression.
Laboratory testing should include liver biochemistries
including tests of hepatic synthetic function and indices
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of copper metabolism (serum copper and ceruloplasmin);
the estimated serum non– ceruloplasmin bound copper
may provide the best guide to treatment efﬁcacy. Analysis
of 24-hour urinary copper excretion while on medication
reﬂects overall exchangeable copper and is helpful for
monitoring compliance. Patients taking D-penicillamine
or trientine should have 24-hour urinary copper excretion
values of 200-500 g/day (3-8 mol/day); for patients on
zinc, it should be no more than 75 g/day (1.2 mol/
day). For patients on chelation therapy, elevated values
for urine copper may suggest nonadherence to treatment,
and hepatic deterioration may follow.56 Low values for
urine copper excretion for patients on chelation treatment
can also indicate overtreatment, and this ﬁnding is accompanied by very low values for estimates of non– ceruloplasmin bound copper. Neutropenia and anemia, as well
as hyperferritinemia, can also be present in these individuals. Patients who have stopped their chelation therapy or
are taking subtherapeutic dosages may also have low values for 24-hour urine copper excretion, but these individuals have elevated non– ceruloplasmin bound copper.
Compliance in patients taking zinc can also be checked by
measuring serum zinc or 24-hour urinary zinc excretion,
which should be on the order of 2 mg/24 hours. The total
blood count should be monitored in all patients on chelators, and a urinalysis should be performed regularly to
assure safety.
Recommendations:
22. For routine monitoring, serum copper and ceruloplasmin, liver biochemistries and international
normalized ratio, complete blood count and urinalysis
(especially for those on chelation therapy), and physical examination should be performed regularly, at
least twice annually. Patients receiving chelation therapy require a complete blood count and urinalysis
regularly, no matter how long they have been on
treatment (Class I, Level C).
23. The 24-hour urinary excretion of copper while
on medication should be measured yearly, or more
frequently if there are questions on compliance or if
dosage of medications is adjusted. The estimated serum non– ceruloplasmin bound copper may be elevated in situations of nonadherence and extremely low
in situations of overtreatment (Class I, Level C).
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