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Abstract

Purpose of Review Wilson disease (WD), an uncommon autosomal recessive (AR) hereditary disorder characterized by
abnormal accumulation of copper primarily in the liver and secondarily in other organs like the brain, is caused by a defi-
ciency in the ATP7B transporter gene. The key to successful therapy is early diagnosis.

Recent Findings Mutant genes need to be inherited from both parents for phenotypic expression. The ATP7B gene located
on chromosome 13q14.3 comprises 20 introns and 21 exons, encodes a protein of 165 amino acids, and this helps in incor-
poration of copper into ceruloplasmin, the copper binding protein. So far, more than 800 mutations have been reported, of
which 380 have confirmed involvement in the pathogenesis of WD. The most common mutations are H1069Q and R778L in
European and Asian populations respectively. Approximately 90%-98% of WD subjects are heterozygous, showing different
mutations in each of the alleles encoding the ATP7B. Conversely, the phenotype and the penetrance of WD can be extremely
variable. Even patients carrying two disease-causing mutations do not necessarily have a demonstrable alteration of copper
metabolism. Considering the possibility of late-onset disease, asymptomatic cases, and phenotypic variability, it is crucial
to evaluate previous and future generations of the index case.

Summary WD ranges from being asymptomatic in some patients to result in acute liver failure and/or a variety of neuropsychiatric
disorders among others. Although WD may be present at any age, is more common between the ages of 5 and 35 years. However,
it should be investigated in patients with liver failure of unknown cause and those with liver disease associated with neuropsy-
chiatric symptomatology. Diagnosis requires a combination of clinical signs and symptoms, as well as relevant diagnostic tests
such as measurement of serum ceruloplasmin, urinary excretion of copper, liver biopsy or genetic testing. Treatment is lifelong
and includes chelating agents (penicillamine and trientine) and inhibitors of copper absorption (zinc salts). Liver transplant is an
option for patients with end-stage liver disease. The key to successful therapy is early diagnosis.

Keywords Wilson disease - Ceruloplasmin - Serum copper - Urinary copper excretion - Genetics - Neurological pitfalls -
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Introduction reported in almost all exons [5], they mainly affect the central

regions of the gene (both 8 and 14 exons are the most fre-

Wilson disease (WD), is a genetically determined and treatable
neurometabolic disease. The causative ATP7B gene is located
on chromosome 13q14.3. It comprises 20 introns and 21 exons,
encoding a protein of 165 amino acids [1-8]. This helps in the
incorporation of copper into ceruloplasmin, the copper binding
protein. So far, more than 800 mutations have been discovered
in the gene [6]. Of these 380 have confirmed involvement in
the pathogenesis of WD [8, 9]. Although mutations have been
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quently affected). The most common mutations are H1069Q
and R778L in European and Asian populations, respectively
[2, 4]. Approximately 90%—98% of WD subjects are heterozy-
gous, showing different mutations in each of the alleles encod-
ing the ATP7B. Conversely, the phenotype and the penetrance
of WD can be extremely variable. Even patients carrying two
disease-causing mutations do not necessarily have a demon-
strable alteration of copper metabolism [7]. Hence, the poten-
tial role that epigenetics could have in the gene expression
of the disease needs to be looked into. Considering the prob-
ability of late-onset, the fact of having asymptomatic cases,
and the phenotypic variability, it seems vital to evaluate the
previous and next generation of the index case [8]. Some of the
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proposed reasons are differences in copper intake, individual
antioxidant capacity or susceptibility to liver fibrosis, and hor-
monal influences [9].

Early diagnosis is of paramount importance. Treatment
delays risk unfavorable outcomes [10—14]. WD is caused
by a mutation in the gene that encodes a copper-transport-
ing P-type ATPase (ATP7B). This gene product transports
excess copper into bile and thus is excreted in the small
bowel. WD is an AR disorder. Most mutations are missense
mutations, small deletions/insertions in the coding region, or
splice junction mutations. Rarely, whole exon deletions and
promoter region mutations have been found. ATP7B muta-
tion “hot spots” vary considerably among different popula-
tions [8, 9, 14, 15]. Diagnosis of WD remains challenging
because it is a great imitator [1, 10-14, 16].

Causes for delay in diagnosis are multiple. Walshe and
Yealland [13] highlighted three major reasons: underestima-
tion of subtle early clinical features like tremors or writer
cramps; suboptimal awareness of the condition; and lastly,
laboratory errors in the estimation of copper and ceruloplas-
min concentrations. Evaluation for Kayser-Fleischer (KF)
rings should be done by experienced ophthalmologists, using
a slit lamp. KF rings should be differentiated from arcus
senilis/juveniles, by its position in relation to the Descemet
membrane at the limbus. Of note, KF rings may not be pre-
sent when WD manifests with non-neuropsychiatric features.
Patients presenting with psychiatric symptoms often receive
antipsychotic agents and with the development of extrapy-
ramidal symptoms with disease progression, a hallmark of
WD, these may be misinterpreted as drug related adverse
events. It is also known that even after suggestive laboratory
markers (like low ceruloplasmin levels), starting appropriate
therapy is delayed. Inadequate knowledge regarding long
term management, non-availability of drugs in certain cent-
ers, financial issues, inappropriate counseling, and need for
prolonged treatment are the main culprits [3, 4].

Neurologic problems at onset are seen in approximately
40%-50% of patients. The remainder present with either
hepatic or primarily psychiatric manifestations. Neurologic
and neuropsychiatric problems are quite non-specific and the
most common clinical problems associated with early and
late stages of the disease. Patients with neurologic symptoms
may not always have obvious hepatic symptoms. Dysarthria,
dystonia, tremor and parkinsonism are the most common
neurologic abnormalities. Regardless of the clinical het-
erogeneity observed in many patients with WD, laboratory
abnormalities reflecting abnormal copper metabolism, are
very specific and the diagnosis of WD, essentially remains
laboratory based. The clinical picture may be mimicked by
several basal ganglia disorders both during the acute and
chronic stages of the disease. There also can be pitfalls in
standard laboratory tests used in the diagnosis. This has
necessitated the application of genetic studies for diagnostic
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confirmation. There again errors may occur as new sites
of mutations have been recently described which produce
phenotypically similar clinical presentations. Treatment had
been standardized with the use of copper chelators to induce
a negative copper balance state but at times drug therapy
may induce further clinical deterioration in some treated
patients.

Most patients develop symptoms in adolescence to early
adulthood. Neurologic symptoms generally develop approxi-
mately one decade after hepatic presentation. Age of onset
may be variable with late disease onset noted even in the 7 th
and 8th decades of life. This may cause considerable diag-
nostic challenges because clinical symptoms are like other
common, age-related conditions like parkinsonism. Initial
signs and symptoms of WD are liver related in approxi-
mately 40% of patients, neurologic in about 40%—50% and
primarily psychiatric in about 10% of patients [2, 3]. WD
may be diagnosed in presymptomatic individuals through
biochemical screening of siblings of affected individuals or
in asymptomatic individuals when routine laboratory test
detects otherwise unexplained abnormalities of liver func-
tion tests. Patients presenting with liver disease may range
from asymptomatic to life-threatening hepatic failure. Most
patients with hepatic symptoms have chronic splenomegaly
due to portal hypertension and Coombs-negative hemolytic
anemia [3, 5].

Neurological Diagnostic Pitfalls

Early neurologic symptoms are generally subtle and non-
specific. Troubles with concentration are particularly com-
mon. Motor symptoms include lack of coordination, hand-
writing changes, and slurred speech with drooling [3]. A
primarily psychiatric disorder is often misdiagnosed before
the correct diagnosis is reached with potentially catastrophic
consequences. In such cases, the course is progressive and
more severe neurologic abnormalities emerge—dysarthria,
dystonia, tremor and parkinsonism being most common. At
times, tremor and ataxia may develop early in the disease,
followed by dystonia and parkinsonism. Neurologic pheno-
type in WD has been grouped into dystonic, pseudo-sclerotic
(tremor), parkinsonian and hyperkinetic (choreatic) subtypes
[5]. Dysarthric forms have also been suggested, but dysar-
thria is the most constant neurologic sign in WD. 90% of
affected individuals have speech abnormalities in the course
of the disease [5, 7].

Dysarthria is often mixed with dystonic and hypokinetic
features. Patients with the pseudo-sclerotic phenotype may
also exhibit signs of cerebellar ataxia and cerebellar dysar-
thria. However, there is a considerable overlap among these
groups and patients with severe WD display a mixed phe-
notype [5].
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Tremor is another common presenting symptom in
patients with WD [15]. The wing-beating tremor is a proxi-
mal tremor, which appears when patients hold their semi-
flexed arms outstretched. This has been suggested as a hall-
mark tremor of WD, though it may not be present in many
patients. The tremor increases in amplitude with a longer
duration of posture holding, ultimately progressing to a
severe flapping tremor with large amplitudes [17].

Focal or generalized dystonia may occur in about a third
to half of patients in the early stage of the disease [1, 5, 7].
Segmental or focal dystonia affecting the cranio-facial mus-
culature may be very troublesome with severe dysphonia,
and dysarthria. At times there is complete loss of speech,
risus sardonicus with exaggerated smile and dysphagia pro-
gressing to total inability to swallow food. Focal dystonia in
one limb manifesting as writer’s cramp is not very uncom-
mon among young subjects. Advanced WD may be associ-
ated with generalized dystonia, with debilitating symptoms,
secondary skeletal changes and inability to walk. The dys-
tonia observed in WD is a secondary dystonia, with hyper-
kinetic jerks being less common than in idiopathic primary
dystonia [5].

A hypokinetic-rigid syndrome may be present in about a
third to half of patients presenting with an impassive facies
along with a hypophonic voice, micrography and shuffling
or gait freezing [3]. Such parkinsonian symptoms are gener-
ally symmetrical but unilateral tremor can be observed. This
phenotype needs to be distinguished from Parkinson disease
(PD) occurring in younger subjects and from the akinetic
rigid form of Huntington disease in the young (Westphal
variant).

Uncommonly, choreoathetoid movements may be noted.
True cerebellar ataxia and incoordination and balance prob-
lems are more commonly caused by extrapyramidal system
affection [1, 3, 7]. Of course, tremor in WD may have some
cerebellar features like dysmetria and intention tremor.

Seizures in WD

A large Indian study [17[noted that seizures precede symp-
toms related to WD in about 20%, occur concurrently in
around 50%, and follow copper chelating therapy in about
30% of cases. Most seizures are generalized tonic—clonic
(GTCO) in nature. Interictal EEG abnormalities are common.
Brain MRI may show signal changes especially in the white
matter but also in the basal ganglia. It has been postulated
that deafferentation of white matter tracts from the cortex
may be the cause. Autopsy studies may show cavitary lesions
in the white matter in the frontal, temporal and parietal areas
with varying involvement of the cortical ribbon. A few cases
of status epilepticus have also been described mostly after
starting copper chelation therapy [18]. Most patients had
focal onset seizures with secondary generalization on ictal

electroencephalographygraphy. New onset seizures in young
patients need to have their ceruloplasmin levels checked.

Psychiatric Pitfalls

Presentation with psychiatric symptoms is probably the most
important cause of delayed diagnosis in WD due to the non-
specific nature of the symptoms.

Case Vignette: A 32-year-old sailor had been referred to
the corresponding author (AC) for neurological assessment
by a psychiatrist in 2011. This man was diagnosed to have
bipolar disorder for which he was been treated with val-
proate sodium and a selective serotonin reuptake inhibitor.
His mood improved, but of late, he was found to be slow in
motor tasking and with tremor of both hands. These features
were attributed to parkinsonism related to valproate therapy.
The valproate was stopped and replaced with carbamaz-
epine. After two months of being off valproate, his condi-
tion deteriorated. This prompted a neurological referral. On
examination he was found to have symmetrical parkinso-
nian features with tremor, rigidity and bradykinesia. Eye
examination demonstrated the presence of a brownish ring
at the limbus of both eyes. Slit lamp examination confirmed
presence of KF ring. The serum ceruloplasmin level was
much low (7 mg/dl) and his liver enzymes were mildly raised.
WD was diagnosed and he was started on D-Penicillamine
and zinc sulfate. His condition improved over the next six
months. Later his psychiatric treatment could be tailed off.
He continues to remain well till date. His KF rings had dis-
appeared after about six years of therapy.

A younger brother, 30 years of age, was asymptomatic.
A KF ring was seen in both of his eyes. The serum cerulo-
plasmin was low as well. This suggested the diagnosis of
asymptomatic WD. He was also started on D- Penicillamine
and he remains asymptomatic until this day. The KF ring
had disappeared several years earlier.

Often noted psychiatric disturbances of WD include
behavioral and personality disorders. Common manifesta-
tions include irritability, aggression, and antisocial behavior.
Catatonia, anorexia nervosa, bulimia, obsessive—compulsive
disorder and attention-deficit hyperactivity disorder have
also been reported [2, 5, 7]. The first psychiatric manifes-
tation may even occur in childhood as a decline in school
performance, inappropriate behavior or impulsivity. Para-
doxically, psychiatric symptoms may become evident fol-
lowing the institution of chelation therapy when the neuro-
logical features are improving. Mood disturbances are the
most common psychiatric manifestation especially severe
depression, often combined with a high rate of suicidal idea-
tion and attempts. Bipolar disease is encountered in patients
WD more frequently than in age and gender matched con-
trols. The neural basis of such features as emotional lability,
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irritability and aggression, shallow cheerfulness, euphoria,
social disinhibition, hypersexuality, and deficits in planning
and anticipating social consequences, have been postulated
to be due to involvement of frontal lobe or its pathways
related to copper deposition.

When psychotic symptoms occur as the first manifesta-
tion of WD, both diagnostic and therapeutic challenges face
the clinician. Very often such symptoms are due to schizo-
phrenia, schizoaffective or delusional disorder. Some guide-
lines suggest exclusion of WD in first episodes of psychosis
[2]. Onset of WD with psychiatric symptoms often causes
delay in diagnosis.

Neuromuscular Pitfalls

A rare diagnostic puzzle is when children present with proxi-
mal limb muscle weakness, which may be mistaken for a
primary muscle disease.

Case Vignette: A 7-year-old child had slowly progressive
weakness of both proximal lower limb muscles with difficulty
in walking, climbing stairs and rising up from a squatting
position. Symptoms had been present for approximately two
months. She had muscle pain or cramps. There was no fam-
ily history of similar disorders. On examination, she was a
thin built child who walked with a waddling gait and had
considerable difficulty in getting up from squatting position
though she did not exhibit the typical Gower sign. Cranial
musculature, neck musculature and upper limbs were of nor-
mal power. In the lower limbs, muscle power was reduced
in the quadriceps, hamstrings and the glutei (power grade
3+—4 MRC) but were normal in the distal leg and feet mus-
cles. She could stand on her toes and heels. Muscle stretch
reflexes were intact. Plantar responses were flexors. No sen-
sory changes were elicitable including intact joint position
sense and vibration. She had mild hepato-splenomegaly.
Hemogram, ESR, urea, creatinine, electrolytes (including
Ca**) and serum CK were normal. Serum alkaline phos-
phatase was raised above the upper limit of normal for a
child. Facilities for estimating Vitamin D3 and B12 were not
available at that time. EMG/NCS did not show any sponta-
neous activity nor any myopathic changes. Nerve conduction
studies were normal. A muscle biopsy was planned.

On the third night after admission, she had a bout of
hematemesis. This was managed with one unit of packed
cell transfusion. A barium swallow of the esophagus showed
presence of esophageal varices. Ophthalmological exami-
nation demonstrated the presence of a brownish ring at the
scleral-corneal junction suggestive of a KF ring. Serum
ceruloplasmin was down to 8 mg/dl. A liver biopsy showed
liver cirrhosis. WD was confirmed. She was sent home on
a small dose of D-penicillamine but was lost to follow-up.
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Very few such cases have been recorded in the literature,
but this had been recognized in South Asian countries [19,
20]. The exact pathophysiology of the early proximal muscle
weakness observed is not known. However, it may be specu-
lated that this is in some way related to the calcium metabo-
lism in these patients as hypocalcemia had been observed in
some WD patients related probably to the association with
hypoparathyroidism and possibly with the renal tubular dys-
function, observed in some patients [20].

Other systemic manifestations of WD, including ami-
noaciduria, nephrolithiasis, arthropathy, premature osteo-
porosis and cardiomyopathy, are rare and very difficult to
be recognized as the result of WD without other features of
the disease.

Laboratory Diagnostic Pitfalls

The first step for confirming the diagnosis in suspected cases
of WD is a serum ceruloplasmin level less than 20 mg/dL
(1.49 pmol/L) which has an overall positive predictive value
of less than 6% [21]. Ceruloplasmin is the main copper binding
plasma protein with more than 90% of total copper bound to it.
However, even low ceruloplasmin levels cannot conclusively
confirm the diagnosis of WD and additional confirmatory tests
need to be performed [3-7]. Ceruloplasmin being an acute
phase reactant, may reveal false negative data, leading to a
missed diagnosis of WD. An important cause of higher ceru-
loplasmin is elevated estrogen levels, often caused by oral con-
traceptives or estrogen replacement therapy. Abnormally low
ceruloplasmin level less than 5 mg/dl (0.37 pmol/L), though
strongly suggestive of WD can also be found in conditions
with very low serum copper levels, in copper deficiency states
and aceruloplasminemia [21, 22]. Genetic disorders of copper
metabolism that might mimic WD include [6, 7]:

1. Menkes disease: This X-linked recessive disorder is
characterized by impaired copper absorption due to
mutations in the ATP7 Al gene Menkes disease typically
occurs in boys aged 2-3 months and is characterized
by neurodevelopmental delay, seizures, and failure to
thrive [23, 24]. Death usually occurs within a few years
after onset. Early treatment with parenteral copper is
indicated at diagnosis.

2. Occipital horn syndrome: This is a mild variant form
of Menkes disease, characterized by milder neurologi-
cal manifestations, slight generalized muscle weakness,
dysautonomia, and chronic diarrhoea. Diagnosis is usu-
ally delayed due to the non-specific nature of symptoms.

3. Distal motor neuropathy: Features include: ATP7 A
allelic variant, progressive distal motor neuropathy and
no overt copper metabolic abnormalities
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4. Huppke-Brendel syndrome: This disorder is related to
mutations in SLC33 Al which encodes the acetylCoA
transporter AT-1. There is low serum copper and cerulo-
plasmin concentrations. Patients have congenital cataracts,
hearing impairment, severe developmental delay, pro-
nounced cerebellar hypoplasia and hypomyelination [25].

5. 5. MEDNIK syndrome (acronym—Mental retardation,
Enteropathy, Deafness, Neuropathy, Ichthyosis, and Kera-
toderma). This is an autosomal recessive trait due to muta-
tions in the AP1S1 gene (encodes the 6 1 A small subunit
of the adaptor protein complex-1 (AP1), that is involved
in the intracellular trafficking of transmembrane proteins;
hypo-cupremia, hypo-ceruloplasminemia and hepatic cop-
per accumulation, similar to that seen in WD [26].

6. Aceruloplasminemia: This is a rare autosomal recessive
neurodegenerative disease, usually presenting during late
adulthood around age 50-60 [27, 28]. It belongs to the
group of Neurodegeneration with Brain Iron Accumu-
lation, particularly in the basal ganglia and liver. There
is a complete lack of ferroxidase activity in the case of
homozygous mutation. The serum indicates a low level
of copper and iron with elevated ferritin. Renal copper
excretion is normal. Neurological features include ataxia,
dysarthria, hyperkinesias, dystonia, parkinsonism, depres-
sion and cognitive disorders. Anemia, retinopathy, diabe-
tes mellitus and in some patients, heart failure due to iron
overload are the cardinal systemic features. Heart failure
is the major determinant of prognosis.

7. Defects in copper metabolism are also seen in some
children with congenital disorders of glycosylation,
often accompanied by severe liver disease.

A 24-h urine copper excretion can confirm the diagnosis
of WD in patients with neurologic symptoms who do not
have advanced obstructive liver disease [22]. Complete
collection of 24 h must be ensured, and the collecting ves-
sel must not be made of copper. The 24-h copper excretion
values more than 100 pg are conventionally considered
diagnostic of WD. While this may be true for patients with
neurologic or psychiatric clinical presentations who have
no signs of chronic cholestasis, in normal individuals, the
24-h urine copper excretion is generally below 40 or 50
pg. Values below this cutoff would exclude WD. Interme-
diate values between 50 and 100 pg may be seen among
heterozygous (carriers) individuals. Symptomatic children
with WD may also have 24-H urine copper values below
the conventional 24-h urine copper. Urinary excretion test
can also be used for therapy monitoring. In doubtful cases,
a significant rise in copper excretion after a challenge dose
of D- penicillamine, may be used as suggestive of WD [2].

Serum non—ceruloplasmin bound or free copper assay is
often used as a diagnostic test for WD along with estima-
tion of ceruloplasmin. It is elevated above 25 ug/dL in most

untreated patients. However, raised levels may also be seen
in acute liver failure. Normal values are 10—15 pg/dL and
free copper below 5 pg/dL, indicates copper deficiency. It is
not advisable to rely on total copper value alone, as it is very
variable and generally parallels the value of the main copper
binding protein—ceruloplasmin [22, 23].

Liver biopsy has been considered the gold standard for
the confirmation of the diagnosis of WD and may still be
required in patients with predominantly hepatic presentation.
The diagnosis of WD with neurological and/or psychiatric
presentations, can be reliably based on diagnostic values of
24-h urine copper excretion along with a low serum ceru-
loplasmin level.

Ophthalmologic Diagnosis

The presence of KF rings caused by copper deposition in
the Descemet membrane of the cornea at the sclera-corneal
junction, is often considered as diagnostic of WD, when
combined with a low ceruloplasmin level [1, 2]. Naked eye
examination may reveal a golden-brownish pigmentation
around the limbus [2]. Ophthalmoscopic examination with
a 10 diopters lens to get a magnified view of the limbus
region, would be a better way to detect such a ring. Some
rings may be incomplete, and increased pigmentation can
be seen around 6 and 12 o'clock positions only. Definitive
detection of KF rings can be made using slit lamp. Develop-
ment of sunflower cataracts caused by copper deposits in the
lens can also be detected through a slit lamp examination. It
may be noted that the presence of rings can only support the
diagnosis of WD as such rings can rarely be seen in patients
with chronic cholestasis. Also, KF rings may not be visible
in WD patients with only the hepatic form of the disease.
Absence of KF rings is rare (in only 10%) in patients with
neurologic presentations [16]. Copper deposits in the cornea
and the lens disappear with chelation therapy. Initially, KF
was considered pathognomonic for WD. However, they are
rarely found in primary biliary cholangitis, chronic chol-
estasis or in children with neonatal cholestasis. Regarding
differential diagnoses, corneal opacities caused by other dis-
eases, such as galactosialidosis. Despite these aspects, KF
rings are considered a classical ophthalmological manifesta-
tion of WD, while the sunflower cataract caused by copper
accumulation in the lens of the eye is rare.

Abdominal WD

Abdominal features in WD include hepatomegaly, jaun-
dice, right upper quadrant pain, asthenia, elevation of liver
transaminases, acute liver failure, cirrhosis and steatosis.
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Combined jaundice and anemia, especially in toddlers up
to puberty are, in addition to WD, significant in regard to
differential diagnoses. Amongst others, hemoglobinopa-
thies, iron deficiency, lymphatic leukaemia, erythroblas-
topenia, glucose-6- phosphate dehydrogenase deficiency
and autoimmune hemolytic disorders must be taken into
consideration. In the Indian subcontinent, iron deficiency
anemia and thalassemia minor account for most causes
o anemia in children and adolescents. It is important to
include estimation of serum ceruloplasmin level in the
work-up of children up to puberty with hepato-splenomeg-
aly and with icterus specially. In very young children with
hepatic failure, it is also important to exclude WD when
the viral hepatitis panel is negative. Indian Childhood Cir-
rhosis used to be considered in the differential of WD in
toddlers, but fortunately this disease seems to have been
extinct. Its cause and reason for its disappearance remains
unclear though improved nutritional status may be one of
the causative factors.

Pitfalls In Genetic Diagnosis

Molecular genetic testing with sequencing of the ATP7B
gene is confirmatory of the diagnosis of WD if both dis-
ease-causing mutations can be identified [5, 15]. Allelic het-
erogeneity in WD is common with many mutations being
limited to single families and most patients exhibit com-
pound heterozygote states. Therefore, unless mutations in
the specific family are known or the patient is from a region
where certain mutations are very commonly encountered,
all exons and promoter regions must be sequenced. This
would necessitate targeted mutation analysis for specific
mutations prevalent in the population concerned with PCR
[29]. Overall rate of detection of mutations in patients with
biochemically confirmed disease is about 98% but intronic
mutations or mutations in the promoter regions, may remain
undetected. Hence a negative genetic testing alone, would
not absolutely exclude WD. Supportive biochemical labora-
tory testing are mandatory.

Progressive familial intrahepatic cholestasis type 3
(PFIC3, OMIM #602347, gene ABCB4) is an autosomal
recessive cholestatic liver disorder caused by absence of
functional multidrug resistance protein 3 (MDR3), also
known as ATP-binding cassette (ABC) subfamily B mem-
ber 4 (ABCB4) [30]. ABCB4/MDR3 is a hepato-canalicu-
lar transporter, “floppase (a protein that moves lipids from
the cytosolic side of a membrane to the exoplasmic side),
translocating phosphatidylcholine from the inner leaflet to
the outer leaflet of the canalicular membrane lipid bilayer.
The effects of ABCB4 deficiency on hepatobiliary sys-
tem can be related to “toxic bile” with potent detergent
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and lithogenic properties. Typical laboratory findings
include conjugated hyperbilirubinemia and elevated serum
y-glutamyl transferase (GGT) activity. Chronic cholestasis
is often associated with increased urinary copper excretion
and significant deposition of copper in the liver. This may
be misinterpreted as Wilson’s disease (hepatic form) in
liver biopsy specimens.

Pitfalls/Differentials in Neuro-Radiological
Diagnosis

Magnetic resonance imaging (MRI) can detect structural
abnormalities in the majority of WD patients with neurologic
presentation. The most common finding is hyperintensity on
T-2 weighted and FLAIR images involving the putamen,
striatum and globus pallidus. These along with hyperintense
signals in the midbrain around the red nucleus and substan-
tia nigra may give the appearance of “eye/face of giant/little
panda sign” that is most commonly observed in WD patients.
However, these changes are non-specific and WD needs to be
confirmed by other laboratory methods. MRI changes cor-
relate with neurologic deficits and clinical improvement with
chelation therapy also followed improvement in the signal
changes detectable with serial MRIs. Structural changes also
correlate with cognitive decline in these patients [31, 32]. In
WD, functional assessment of dopaminergic innervation using
single photon emission computerized tomography (SPECT)
in striatum may be abnormal using both presynaptic and post-
synaptic dopaminergic markers. This pattern is nearly specific
for WD because in other striatonigral neurodegenerative dis-
orders, either pre or postsynaptic deficits can only be noted
but not of both. Some patients with chronic hepato-cerebral
degeneration associated with liver cirrhosis with cognitive and
gait dysfunction often exhibit similar MRI changes to WD.
Similar features are also seen in cases with chronic manganese
toxicity (seen among mine workers). The differential features
are tabulated in Table 1.

Therapeutic Paradox/Pitfalls

Case Vignette:A 12-year-old boy presented in Marchl1995 at
the neurology clinic with history of progressive scholastic dete-
rioration, behavioral problems, slurring of speech, drooling of
saliva and worsening of handwriting due to dystonic posturing
of hands for the past three years. He also had gaze evoked
horizontal nystagmus. Clinical diagnosis of WD was made in
view of the history, observation of mild dystonia in the hands
and the finding of a scleral-corneal ring which was later con-
firmed as KF ring by slit lamp examination. Family history had
been negative, no hepatosplenomegaly or any hepatic dysfunc-
tion. The diagnosis was confirmed by the findings of low serum
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Table 1 Differential features of wilson disease, acquired hepato-cerebral degeneration and chronic manganism

WD

Acquired Hepato-cerebral Degeneration

Chronic Manganism

Serum Ceruloplasmin |

24 h urinary copper | Normal to slightly

1 ammonia level
Abnormal LFTs

may be shown
Hemolytic anemia +
Genetic testing: ATP7B mutations
Imaging: T2-MRI: Hyperintensities
in the thalamus, lentiform and
caudate nuclei, midbrain
(“‘eye/face of the giant/little panda’’),

and substantia nigra

of F-DOPA and DAT

Pathology: Opalski cells, Alzheimer
type II astrocytes, cavitations

Abnormal liver function tests

1 manganese levels in
whole blood and CSF

Imaging:1) T1-MRI: hyperintensities
in the globus pallidus, putamen,

2) T2-MRI: MCP and cerebellum
3) F-DOPA and DAT scan:
conflicting results (normal
uptake and reduced uptake

Pathology: Alzheimer type II astrocytes,
Poly-micro-cavitation, CPM/EPM

1 manganese
levels in whole blood

Imaging:1) T1-MRI: hyperintensities
in the globus pallidus

and substantia nigra

2) E-DOPA and DAT scan:
conflicting results (normal

uptake and reduced uptake

of F-DOPA and DAT)

Pathology: Alzheimer type II astrocytes

ceruloplasmin level (8 mg/dl) and a high 24-h urinary cop-
per excretion of 138ug (normal upto70ug). Hepatic and renal
function tests had been normal. The initial pre-treatment CT
scan of brain showed mild ventricular dilatation only. The EEG
was normal. Therapy was started with D-penicillamine 250 mg
daily which was subsequently increased to 500 mg daily along
with Vitamin B6 supplementation. A couple of weeks later zinc
sulphate 600 mg daily in divided dosage was added with D-pen-
icillamine. Initiation of therapy had been uneventful and within
a fortnight his symptoms started improving with improvement
in speech and handwriting. After six weeks of therapy the 24 h
copper excretion was88.6ug.

Suddenly in end June 1995, after 3 months of therapy,
he was brought in with development of gross disorienta-
tion, recurrent vomiting, increased slurring of speech and
hyper-salivation. Though his condition gradually improved
in the latter part of the day, similar deteriorations, espe-
cially in the mornings continued over the subsequent three
days. All medicines were withheld, and he was admitted.
He was still disoriented with memory dysfunction, dyscal-
culia, had increased slurring of speech, rigidity of limbs,
central nystagmus but no upper motor neuron signs. Rou-
tine hematology, blood biochemistry, liver function tests,
serum ammonia and prothrombin time were normal. EEG
showed diffuse slowing of the background. This persisted
even when repeated one week later. Head CT this time
showed hypodense lesions at the right frontal and left
parieto-temporal regions. The boy was started on car-
bamazepine on the suspicion that he probably had had
non-convulsive seizures during sleep at night. His clinical
condition improved over the next 7—-10 days and he was

restarted on D-penicillamine and zinc sulfate. MRI of the
brain revealed (Figs. 1, 2 and 3), multiple asymmetric non-
enhancing lesions (T1 and T2 lengthening) involving sub-
cortical and deep white matter in both frontal, left temporal
and both parietal regions. Both putamina and thalamic
regions showed similar lesions. Focal areas of hyperinten-
sity on long TR images were noted in midbrain and pontine
tectum. Both lateral ventricles seemed enlarged (L> R).

Echocardiography, and detailed connective tissue and
coagulation screen were unremarkable.

The clinical status improved, and he was sent home. He
continued D-penicillamine 500 mg daily, zinc sulfate 600 mg
daily and carbamazepine 300 mg daily. All his neurologi-
cal parameters improved. EEG showed persistent of slowing
over the frontal and parietal regions of both sides. A repeat
MRI of brain (Figs. 4 and 5) three months later, revealed
gross encephalomalacia in both frontal lobes, left temporal
and both parietal lobes. Cavitary changes were noted in the
frontal lobes mostly. The signal changes noted earlier in the
basal ganglia persisted so also the ventricular dilatation.

Deterioration of clinical status following successful ini-
tiation of therapy with D-penicillamine has been reported in
up to 40% of cases [33, 34], but very seldomly observed by
us. In the present case, it is likely that there had been very
rapid turnover of hepatic copper stores with huge amount of
free copper released into the circulation, which the kidneys
failed to excrete completely and quickly. The result had been
a large amount of free copper getting access to the brain
and getting deposited and causing widespread demyelina-
tion. There is a report of a presymptomatic patient with WD,
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Figs. 1-3 MRI brain during acute phase of the illness showing multiple areas of alterations of signal suggesting encephalomalacia due to cop-

per accumulation

Figs.4 &5 MRI brain showing residual encephalomalacia with cavitary changes

becoming neurologically disabled after initiation of therapy
with D-penicillamine [34].

Occurrence of such a devastating phenomenon in some
subjects with WD, would raise several issues in relation to
therapy with chelating agents. No doubt treatment should
be started with a lower dosage. But practical problem of
providing such a dose remains — capsules are available
only containing 250 mg of D-penicillamine and this can-
not be halved! The present author practices starting treat-
ment with Zinc sulfate, in a graded manner to minimize

@ Springer

copper absorption as much as possible, and then introduce
the chelating agent in a small dose, which would perhaps
prevent hepatic release of very large amount of copper rather
suddenly. Furthermore, the D-penicillamine maybe com-
bined with potassium or ammonium tetra-hydro-molybdate,
both of which tend to make free copper ‘non-toxic’[35]. It is
worth remembering that D-penicillamine has been reported
to cause a hypercoagulable state with strokes and excess
immune mediated vasculitis conditions like systemic lupus
erythematosus (SLE) and Goodpasture syndrome. A further
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point needs mentioning — both zinc and penicillamine need
to be given separated from mealtime by several hours; also,
they should not be given together but again separated by
some hours if given together [36], penicillamine would che-
late zinc sulphate and reduce its bioavailability.

Conclusions

WD is caused by a mutation in the gene that encodes
a copper-transporting P-type ATPase (ATP7B). This
gene product transports excess copper into bile and thus
excreted in the small bowel. Failure of transportation
would lead to excess copper accumulating in hepatocytes
and then onto brain and other organs. Several non-neuro-
logical manifestations of WD occur and their early rec-
ognition are of paramount importance. Onset of WD with
psychiatric symptoms often causes delay in diagnosis.
Children presenting with behavioural and personality dis-
orders including attention deficit hyperactivity disorders
must be screened for WD. In the Indian subcontinent,
any patient below the age of 50 years, presenting with
a movement disorder, however trivial it might be, must
be screened for WD. The same may be true for younger
patients (< 40 years) presenting with any form of psychi-
atric disorder as mentioned in the text. Also in the Indian
subcontinent, assessment for proximal muscle weakness
in children must include tests to exclude WD. Seizures
may be the initial presentation of WD. Penicillamine
should be started at a very small dose if used as initial
therapy for WD with serial measurements of urinary
copper excretion. Rapid turnover of hepatic copper may
lead to excess copper deposition in brain with clinical
deterioration. Deterioration may also occur with red cell
deposition causing acute haemolytic crisis. Alternatively
initial therapy may be started with oral zinc sulphate or
tetra-hydro-molybdate and penicillamine started later
when urinary copper excretion stabilizes.
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