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Abstract

In 1912, Kinnear Wilson was the first to describe an inherited fatal disease associated with progressive lenticular
degeneration, chronic liver disease and cirrhosis (Wilson 1912) [1]. In the same year, Kayser and Fleischer found
that patients with Wilson's disease (WD) often had brownish deposits of copper on the cornea, now called Kayser-
Fleischer rings (Fleischer 1912) [2]. WD is an autosomal recessive metabolic disorder. Its ATP7B gene encodes a
copper-transporting ATPase (Bull 1993, Tanzi 1993, Petrukhin 1993, Yamaguchi 1993) [3,4,5,6]. A genetic defect
in the ATP7B protein reduces Biliary excretion of copper leads to accumulation of copper in the cornea and various
organs, including the liver, brain, and kidneys. Alteration of the ATP7B protein also reduces copper incorporation
into ceruloplasmin. The corresponding presence of ceruloplasmin APO (ceruloplasmin without copper incorporation)
results in decreased circulating levels of ceruloplasmin due to the shortened half-life of the APO protein. Thus,
despite the accumulation of copper in many organs, circulating levels of copper and ceruloplasmin are reduced in
most patients with WD. The prevalence of WD is rare, estimated at 3 per 100,000 in the general population (Friedman
1990) [7]. The clinical picture may vary. Some patients with WD are diagnosed with liver problems, while others
have neurological or psychiatric symptoms; many patients show both liver and neurologic disease (Figure 1).
Episodes of hemolysis and renal abnormalities may also occur. WD typically affects children and younger. Adults
and is rarely seen in adults over 40 years of age. WD is fatal if not treated appropriately. Medications to treat WD
are copper chelators. such as penicillamine and trientine (Walshe 1956) [8]. Lately, zinc has been. it is used to reduce
the intestinal absorption of copper and to detoxify free circulating copper. Patients with fulminant liver failure or
decompensated cirrhosis. may need a liver transplant (LTX) to cure WD
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Introduction

Medical photograph Screening for WD is useful simplest in households
with an affected member. In all other circumstances, diagnostic
techniques are done only while signs and findings are suggestive of WD.
these include liver sickness, neurological signs and symptoms, renal
abnormalities, and episodes of hemolysis. WD is identified in the giant
majority of sufferers among the ages of five and 35. There are rare reports
of patients diagnosed at 3-5 years of age (Kalac 1993, Wilson [9,10]. and
as much as approximately 60 years of age (Gow 2000) [11]. late-onset
WD is a frequently ignored situation (Ferenci, 2007) [12]. Diagnostic
workup does not rely upon a single check, but consists of identification of
Kayser Fleischer corneal earrings, reduced serum ceruloplasmin and
copper, in addition to quantitative willpower of liver copper concentration
(Scheinberg 1952, Walshe 1956, Saito 1987, Stremmel 1991, Roberts
2003). [13,14,15,16,17]. (Parent 2) Genetic testing is generally executed
only in spouse and children of sufferers with confirmed WD. it is easy to
diagnose WD in subjects with liver cirrhosis, usual neurological
manifestations, and Kayser-Fleischer jewelry; lots of these patients’ gift
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between the whole of 5 and 35 and feature decreased serum copper and
ceruloplasmin (Sternlieb 1990). however, a substantial range of patients
with WD have only liver disease and might not have Kayser-Fleischer
jewelry or decreased serum ceruloplasmin stages (Steindl 1997) [18]. In
these instances, the prognosis can be difficult; the dimension of 24-hour
urinary copper excretion often helps to support the suspicion of WD. A
liver biopsy with measurement of quantitative copper attention must be
executed to confirm the diagnosis (Stremmel 1991, Roberts 2003)
[19,20]. In general, WD patients identified with liver disease are children
and adolescents and are more youthful than the ones identified with
neurological signs (Merle 2007) [21]. Many patients who have the most
effective CNS signs and symptoms are in their 20s-40s. patients with WD
may have a wide spectrum of liver sickness, ranging from asymptomatic
elevations of serum aminotransferases to fulminant liver failure. Serum
aminotransferase is increased in maximum patients with WD no matter
age (Schilksky 1991) [22]. different sufferers with WD may additionally
have findings and signs of autoimmune hepatitis, inclusive of
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autoimmune antibodies and improved 1gG (Scott 1978, Milkiewicz,
2000) [23,24]. The scientific photograph may additionally resemble acute
or continual viral hepatitis, without viral serum. markers. Even liver
histology is not predictive or typical of WD until copper awareness is
measured. Histological findings can range from fatty liver changes to
excessive necro-inflammatory and fibrotic disorder and entire cirrhosis.
especially, youngsters and teens with persistent energetic hepatitis of
unknown etiology or autoimmune hepatitis and grownup sufferers with
suspected autoimmune hepatitis or unresponsive to immuno suppressants
need to be evaluated for WD (Roberts, 2003) [25]. WD ought to be
dominated out in patients with fulminant liver failure of unknown
etiology, mainly underneath the age of 35; WD sufferers with this
presentation typically have some type of liver disease (Rector 1984,
Ferlan Maroult 1999, Roberts 2003) [26,27]. related to Coombs-bad
hemolysis. Anemia and markedly prolonged for thrombin time,
unresponsive to vitamin ok, and innovative renal failure (Sallie 1992)
[28]. some sufferers have bilirubin ranges of more than forty mg/dL,
while serum alkaline phosphatase is regular or only mildly accelerated
(Berman, 1991) [29]. In contrast to many kinds of toxic liver failure, liver
failure in WD does now not commonly start with an excessive elevation
of aminotransferase. In lots of sufferers with WD, AST degrees exceed
ALT ranges (Emre 2001, Berman 1991) [30]. In most cohorts, the female-
to-male ratio is about 2:1 for unexplained motives (Roberts, 2003). Serum
ceruloplasmin can be reduced, even as serum copper and 24-hour urinary
copper excretion are typically accelerated. it is very helpful if Kayser-
Fleischer rings may be identified in this example; these patients must be
tested with a slit lamp by an experienced ophthalmologist. patients with
acute liver failure need diagnostic workup as soon as viable; if there is a
robust suspicion or diagnosis of WD, the patient should be transferred to
a transplant center on the same day. Neurological signs and symptoms in
WD frequently resemble those visible in Parkinson's ailment, together
with tremors and tension. Many sufferers record these symptoms. begin

Hepatocerebral

Hepatic
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handwriting issues and dysarthria. Neurological signs may be related to
moderate behavioral modifications, which can later progress to overt
psychiatric contamination and melancholy, anxiety, and psychosis. As
CNS involvement progresses, sufferers might also expand their WD

seizures and pseudobulbar palsy related to excessive dysphagia,
aspiration, and pneumonia. despite the fact that many older WD patients
present with neurological illness, the diagnostic workup frequently
suggests huge liver involvement or maybe whole liver cirrhosis. Renal
involvement of WD also can be gifted with aminoaciduria and
nephrolithiasis (Aziza 1989, Nakada 1994, Chu 1996) [31,32,33]. There
can be numerous non-neurological and. non-hepatic headaches of WD,
including osteoporosis and arthritis cardiomyopathy, pancreatitis,
hyperparathyroidism, and miscarriages. Kayser-Fleischer earrings are
caused by corneal copper deposition (determine. 3). Once in a while, you
may see the rings right now as a band of brown pigment near the limbus.
In one-of-a-kind sufferers, the ring can pleasantly be identified by using
a slit lamp. Very not often similar rings may be seen in non-WD
sufferers.g., in a few patients with neonatal or chronic cholestasis (Tauber,
1993) [34]. Kayser-Fleischer earrings are detectable.in 50-60% of WD
patients in most massive cohorts (Tauber, 1993, Roberts, 2003). Many
young WD patients with liver sickness do not have such earrings
(Giacchino, 1997) [35]. at the same time as nearly all patients within
maximum cases neurologic signs do have them (Steindl 1997). WD
patients may additionally produce other a whole lot much less specific
eye modification, collectively. sunflower cataracts (Cairns 1963) [36].
Kayser-Fleischer earrings generally regress. chelation remedy or after
LTX (Stremmel 1991, Schilksky 1994). diagnosis of Wilson's sickness
may be hard. Consequently, a scoring gadget has. bean installed (Ferenci
2003) (desk 1), which is now encouraged with the aid of cutting-edge
EASL suggestions (EASL 2012)

Figure 1: Clinical course of WD in 53 patients (modified from Stremmel 1991)
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Figure 2: Diagnostic workup
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Ceruloplasmin, the primary circulating copper transporter, is synthesized
and secreted through hepatocytes. The 132 kg protein includes six copper
atoms in line with. Molecule of Ceruloplasmin (holo ceruloplasmin)
while the last part of the Protein does now not convey copper
(ceruloplasmin). Ceruloplasmin acts as an acute. phase reactant and
might therefore be increased through any inflammatory system it is able
to additionally upward push in pregnancy and with the use of estrogens
and oral contraceptives. One also desires to understand that the ordinary
variety of serum ceruloplasmin is age-dependent: it is also low in toddlers
until 6 months; in older kids, it can be better than in adults. As defined
previously, serum degrees of. Ceruloplasmin is typically decreased in
WD; however, this locating by myself is unreliable due to the fact low
serum ceruloplasmin can be seen without WD and serum ceruloplasmin
may also even be expanded in extreme WD and liver failure. Non-specific
discounts of ceruloplasmin are commonly related. with protein deficiency
or any end-level liver sickness. long-term parenteral vitamins may
additionally lead to decreased levels of ceruloplasmin. Low serum
ceruloplasmin is likewise an indicator of Menkes' ailment, a very rare X-
linked inborn mistake of metabolism that results in an illness in copper
transport due to mutations in ATP7A (Menkes 1999) [37]. Very not often,
one can't measure serum. ceruloplasmin at all. This ceruloplasmin is a
very rare genetic ailment. resulting from mutations inside the
ceruloplasmin gene; but, patients with ceruloplasmin broaden iron and not
copper overload (Harris 1998) [38]. maximum patients with WD have
serum ceruloplasmin decrease than 20 pg/dl; this locating is diagnostic
for WD, but, only when there are other findings, including a Kayser
Fleischer corneal ring. in one potential screening examination,
ceruloplasmin becomes. measured in 2867 patients presenting with liver
disease, the best 17 of them had decreased ceruloplasmin tiers, and the
most effective 1 of those subjects had WD (Cazuza 1997) [39]. As a
consequence of deceased ceruloplasmin had a nice predictive fee of the
best 6% inside the 2867 patients tested. In cohorts, approximately 20% of
WD had everyday ceruloplasmin and no. Kayser-Fleischer rings (Steindl
1997, Gow 2000). most reports, but, show that more than 90% of WD
patients have reduced serum ceruloplasmin (Walshe 1989, Lau 1990,
Stremmel 1991) [40,41]. size of ceruloplasmin as an available marker
can't reliably differentiate homo zygotes from heterozygote
Serum copper corresponding to the lower serum ceruloplasmin, general
serum copper is also normally decreased in WD. much like the diagnostic
troubles in interpreting ceruloplasmin facts in WD patients with fulminant
liver failure, serum copper can also, be every day in this case—even though
serum ceruloplasmin is decreased. In acute liver failure, circulating
copper can be accelerated due to the fact it's far hugely released from
Injured hepatocytes. If ceruloplasmin is decreased, a regular or multiplied
serum copper. typically suggests that there is a growth in free serum
copper (not bound to ceruloplasmin). The free copper attention is
calculated from the total copper. and ceruloplasmin values have also been
proposed as a diagnostic check and for tracking WD. Its miles extended
above 25 pg/dl in maximum untreated patients. (Everyday values are
underneath 10-15 pg/dl). the amount of copper associated. With
ceruloplasmin is three.15 pg of copper in keeping with mg of
ceruloplasmin. thus, unfastened copper is the difference between the total
serum copper in pg/dl and three times the ceruloplasmin concentration in
mg/dl (Roberts 1998) [42]. increases in serum-unfastened but, copper isn't
specific for WD and may be visible in all types of acute liver failure, in
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addition to marked cholestasis (Gross 1985, Martins 1992) [43, 44]. As a
result, serum copper isn't endorsed as a primary device for the prognosis
of Wilson's disorder (Ferenci 2003, EASL 2012) (desk 2) [45]. however,
serum copper remains encouraged as a tool. reveal treatment (EASL
2012) (desk 3). Calculation of loose copper concentration relies upon
seriously on the adequacy of the techniques used to degree total serum
copper and ceruloplasmin; laboratories regularly honestly file that one of
the checks is under a positive fee, making it not possible to calculate the
quantity of unfastened copper. Urinary copper excretion Most sufferers
with WD have multiplied urinary copper excretion above a hundred pg/24
hours, which is taken into consideration to be a boom in circulating
unfastened copper (not sure to ceruloplasmin). some studies suggest that
about 20% of sufferers with WD may additionally have 24-hour urinary
copper excretion between 40 and one hundred pg/24 h (Steindl 1997,
Giacchino 1997, Gow 2000, Roberts 2003). but, some increases in urinary
copper excretion may be in severe cholestasis, continual active hepatitis,
and autoimmune hepatitis (Frommer, 1981) [46]. It has. Bean suggested
that penicillamine-inspired urinary copper excretion can be greater
beneficial than a non-stimulation take a look at. In children, 500 mg of
oral penicillamine is typically given to begin with after which 12 hours
later all through a 24-hour urine series. all the WD children they looked
at had higher tiers. 1600 pg copper/24 h and all sufferers with other liver
diseases, such as autoimmune hepatitis and cholestatic liver ailment, had
decreased values. It isn't. It is unclear whether or not this check has a
similar discriminating strength in adults, where it has been utilized in
numerous changes (Tu 1967, Frommer 1981) [47].

Hepatic copper awareness Liver copper content material above 250 pg/g
liver dry weight remains the gold popular for diagnosing WD and is not
seen in heterozygotes or different liver illnesses besides Indian formative
years cirrhosis (Martins 1992) [48]. Biopsies (greater than 1 cm in period)
for the size of liver copper determinations ought to be interested in a
disposable Tru-reduce needle, positioned dry in a copper-free container,
and shipped frozen (track 2000, Roberts 2003) [49]. Radiolabelled copper
in WD, the incorporation of radiolabelled copper into ceruloplasmin is
notably reduced. This takes a look at what is rarely used because of its
problem. acquisition of the isotope and because of legal restrictions. Liver
Biopsy Findings Histological findings in WD variety from some steatosis
and hepatocellular necrosis to the image visible in intense autoimmune
hepatitis with fibrosis and cirrhosis. patients identified at a younger age
commonly have the extensive liver disorder; aged sufferers presenting
with neurological signs and symptoms for the primary time often also
have liver biopsy abnormalities (Stemmel 1991, Steindl 1997, Merle
2007) [50]. Detection of copper in hepatocytes, e.g., by way of staining.
rhodamine does now not allow the prognosis of WD by recurring
histochemistry (Geller 2000) (discern 4) [51]. Neurology and CNS MRI.
Neurological signs in WD consist of Parkinsonian-like abnormalities with
pressure, tremors, and dysarthria. In more significantly affected patients.
Muscle spasms, contractures, dysphoria, and dysphagia may additionally
occur. In patients with huge neurological signs, magnetic resonance
imaging (MRI)often identifies abnormalities in basal ganglia, such as
hyper intensity on T2-weighted imaging (Aisen 1995, van Wassenaer
1996) [52]. MRI of the CNS is superior to computed tomography to
diagnose WD.
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Figure Kayser-Fleischer ring in a patient with WD

Genetic studies. using mutation analysis in WD is limited because more
than 200 ATP7B mutations have been described
(www.medgen.med.ualberta. Ca/database.html). when the mutation is
thought in a specific patient, gene. the evaluation may be useful for the
circle of relatives screening or prenatal evaluation (Thomas 1995, Shah
AB 1997, Illinois 1994) [53,54]. A few populations in Japanese Europe
display a predominance of the H1069Q mutation. Recently, genetic
evaluation is suggested as a primary tool for the analysis of Wilson's
ailment (Ferenci 2003, EASL 2012) (desk?2).

Treatment earlier than 1948, all patients with Wilson's ailment died
rapidly after diagnosis. In 1948, intramuscular administration of the
copper chelator BAL (dimercaprol) turned into introduced because the
first treatment of WD (Cumming 1951, Denny-Brown 1951) [55, 56].
accompanied through the oral chelator penicillamine (1955), trientine
(1969), and tetrathiomolybdate (1984). other treatment modalities include
oral zinc salts (1961) and liver transplantation (1982). nowadays,
maximum sufferers with WD continue to be on a lifelong pharmacologic
remedy, commonly inclusive of a copper chelator and/or a zinc salt
(parent 5). LTX is reserved for fulminant. liver failure and irreversible
decompensation of liver cirrhosis. patients with a hit LTX no longer want
WD remedy due to the fact LTX heals the biochemical defect. today, most
physicians use oral chelators for the preliminary. remedy for symptomatic
sufferers; many physicians start with Penicillamine, while some choose
trientine. both drugs are in all likelihood equal. effective, with trientine
having fewer aspect results. In sufferers with advanced neurological
sickness, a few authors propose tetrathiomolybdate for primary therapy.
mixture remedy

chelators and zinc salts can have additive consequences, affecting both
urinary copper excretion and intestinal absorption. After removing a
maximum of the gathered copper and regression of the most excessive
clinical troubles, the chelator dose may be decreased and later replaced
with zinc. Asymptomatic patients can be, to begin with, handled with a
low-dose chelator or zinc salt. Compliance troubles had been shown to
frequently cause recurrence of symptomatic WD and can result in
fulminant liver failure, the need for LTX, or death. current EASL hints
summarize the suggestions for the control of Wilson's ailment (EASL
2012) (table 3). Penicillamine. Penicillamine was the first oral copper
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chelator shown to be effective in WD (Walshe, 1955) [57]. the whole
bioavailability of oral penicillamine stages among 40% and 70%
(Bergstrom 1981) [58]. Many studies have proven this. penicillamine
reduces copper accumulation and affords clinical benefit in WD (Walshe
1973, Grand 1975, Sternlieb 1980) [59,60, 61]. symptoms of the liver
ailment are frequently remedied within the first 6 months of treatment. A
non-compliance has happened. it's been proven to cause the development
of liver ailment, liver failure, death, and LTX (Scheinberg 1987). but
neurological signs may worsen. initiation of penicillamine treatment, it
stays questionable how regularly this neurological deterioration takes
place and whether or not it's far reversible; prices of neurological
deterioration range from 10-50% in one-of-a-kind cohorts (Brewer 1987,
Walshe 1993) [62]. A few authors even recommend now not the usage of
penicillamine. In WD patients with neurological sickness (Brewer 2006).
Penicillamine is related to many unfavorable results that result in its
discontinuation in up to 30% of patients (for literature, see Roberts 2003).
An early hypersensitivity response may also arise during the first three
weeks, such as fever, skin rash, lymphadenopathy, neutropenia,
thrombocytopenia, and proteinuria. Penicillamine has to be substituted for
such early sensitivity. straight away using trientine. every other
commonplace facet effect is nephrotoxicity. of penicillamine, which
seems later and includes proteinuria and signs of tubular damage. In this
situation, penicillamine ought to be instantaneous. Penicillamine can also
cause a lupus-like syndrome with hematuria, proteinuria, superb
antinuclear antibodies, and appropriate grazing syndrome. extra hardly
ever, the drug can damage the conduction of the bone marrow. to
thrombocytopenia or preferred aplasia. Dermatological aspect results
include a desire for elastosis Serpiginous, pemphigoid lesions, lichen
planus, and aphthous stomatitis. cases of myasthenia gravis, polymyositis,
loss of taste, reduced IgA, and excessive retinitis have also been
pronounced because of the management of penicillamine. To decrease the
side effects of penicillamine, it must be started at a dose of 250 mg every
day; the dose may be accelerated by way of 250 mg each week to a
maximum each day quantity of one thousand to 1500 mg given in 2 to
four divided doses in keeping with day (Roberts 2003). maintenance
doses vary from 750 to one thousand mg/day, given in 2 divided doses.
For children, the dose is 20 mg/kg/day divided into 2 or three parts. doses.
Penicillamine must be administered 1 hour earlier than or 2 hours after a
meal. because meals can hinder its absorption. After initiation of
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penicillamine remedy, serum ceruloplasmin may also initially decrease.
The fulfillment of the remedy is monitored. a 24-hour urine copper
dimension that should be between two hundred and 500 pg/day. In the
long term, ceruloplasmin and loss of copper have to increase. regression
to regular with penicillamine remedy (Roberts, 2003). Trientine (triene).
The chemical structure of the copper-chelating trientine
(triethylenetetramine dihydrochloride, AKA triene) differs from that of
penicillamine. Trientine became normally used as an opportunity or
opportunity for penicillamine, especially when the primary factor effects
of penicillamine are not tolerable (Walshe, 1982) [63]. Trien rarely has
any results. like penicillamine, the long-term trientine drug can also cause
iron to accumulate in the liver in people with WD. Trientine is poorly
absorbed from the gastrointestinal tract and a large 1% appears in the
urine (Walshe 1982). Various doses from 750 to 1500 mg/day are given
in 2 or 3 divided doses; For protective treatment, 750 or 1000 mg is given
(Roberts 2003). A 20 mg/kg/day dose is usually recommended for
domestic puppies. people. like penicillamine, trientine must be taken 1
hour before or 2 hours after a meal. The overall efficiency of copper
chelation using the triene is measured as defined. penicillamine. Triene
chelates several metals along with copper, zinc, and iron through urinary
excretion and effectively removes accumulated copper from many organs
in people with WD beyond moderate liver disease (Walshe 1979,
Scheinberg 1987, Santos 1996, Saito 1991) [64, 65, 66, 67]. but it is miles,
extremely debatable whether penicillamine is an extra effective copper
chelator compared to triene; probably the difference in effectiveness is
modest (Walshe 1973, Sarkar 1977) [68]. Worsening of neurologic
disability may also be determined after initiation of triene therapy;
worsening is much less common and much less suggested than after
initiation of penicillamine therapy. Zinc. docs maximally update
penicillamine or triene with zinc as a preservative while removing
maximal copper accumulation. Zinc can also be transported as a pro drug
in asymptomatic patients who were subsequently identified in accordance
with their circle of relatives. but the current document lists the signs and
symptoms of WD. it can occur regardless of zinc prophylaxis in
asymptomatic patients (Mishra, 2008) [69] By the present review from
India, there were 45 affected WD on each penicillamine and zinc sulfate.
the maximum number of patients (84%) had Neuropsychiatric
manifestations. the same old duration of correction with penicillamine
and zinc before discontinuation of penicillamine changed to 107 months.
All sufferers had to avoid penicillamine because of the financial burden.
the afflicted then received zinc sulfate for 27 months and destroyed it for
44 months. Of the forty-five affected (90-8%), they remained robust. The
simplest disabled person qualified for worsening dysarthria (Sinha 2008)
{70}. Zinc now no longer acts as an iron chelator, but inhibits the gut.
absorption of copper and is also thought to bind unfixed toxic copper
(Brewer 1983, Schilksky 1989, Hill 1987). Zinc has almost no results. but
it is uncertain whether zinc as monotherapy is an effective "interpreter” in
symptomatic patients. there are many suggestions that copper may
additionally accumulate in the liver regardless of zinc treatment, along
with suggestions of fatal liver damage (Lang 1993, Walshe 1995).
therefore, many authors use zinc mixed with a chelator. Neurological
deterioration is uncommon with zinc (Brewer 1987, Czlonkowska 1996).
approved doses of zinc vary in the literature: according to AASLD
practice, the dosage is in milligrams of elemental zinc (Roberts, 2003).
Older children and adults are given 100 and 50 mg/day in divided doses.
Adherence to doses several times a day can be difficult; zinc wishes to be
considered a minimum of two cases during the afternoon to be potent
(Brewer 1998). various authors recommend using zinc sulfate 3 times in
the afternoon as a loading dose of 10 mg and for maintenance treatment
10 mg 3 times in the afternoon. numerous boards approve the
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administration of 50 mg of zinc. acetate 3 times in the afternoon in adults.
The form of zinc salt used was changed to match the difference in typical
overall performance (Roberts, 2003). but zinc acetate modified to. In
addition, it is recommended to motivate to the least possible pain in the
digestive tract. while zinc binds with a chelator, the substances should be
given at widely spaced intervals, potentially causing compliance
problems. The effectiveness of the zinc treatment should be checked as
described for penicillamine and zinc (Roberts 2003). Tetrathiomolybhdate.
Tetrathiomolybdate is an experimental copper Chelator not approved by
FDA or EMA. It has been suggested as the initial. treatment of WD
patients with neurological involvement. Early reports say. that
tetrathiomolybdate stabilizes neurological disease and reduces circulating
free copper in a matter of weeks (Brewer 1994, Brewer 1996). A more
recent randomized study supports this view and suggests that zinc
monotherapy is insufficient for treating neurological WD (Brewer2006).
Vitamin E, other antioxidants, and diet. Since serum and hepatic
concentrations of vitamin E levels may be reduced in WD (von Herbay
1994, Sokol 1994). It has been. Suggested to complement vitamin E
intake. Some authors have also recommended it. taking other
antioxidants; studies have not proven their effectiveness as yet. WD
patients should avoid food with high copper content (nuts, chocolate,
shellfish, mushrooms, organ meats, etc). Patients living in older buildings
Should also check whether the water runs through copper pipes. Such
dietary and lifestyle restrictions do not replace chelator or zinc therapy
(Roberts 2003). Fulminant hepatic failure and LTX. Most WD patients
with fulminant liver failure need LTX urgently to survive (Sokol 1985,
Roberts 2003). However, in a long-term cohort study, only two patients
died before LTX, being available (Stremmel 1991). It is a difficult clinical
question whether WD patients are involved. Liver failure can survive
without LTX. The prognostic score is used to help with this. The difficult
decision includes bilirubin, AST, and INR (Nazer 1986). In any case, WD
patients with signs of fulminant liver failure need to be transferred
immediately (same day!) to a transplant center. WD patients with a
chronic course of decompensated cirrhosis follow the usual rules for LTX.
LTX cures metabolic defects and thus copper. metabolism returns to
normal afterward (Groth 1973). The prognosis for WD after LTX is
excellent, in particular when patients survive the first year (Eghtesad
1999). It is still unclear under which circumstances LTX may be. helpful
for WD patients with neurological complications, which do not respond
to drug therapy. In some patients, CNS symptoms regress after LTX.
while other patients do not improve (for literature, see Brewer, 2000).
Asymptomatic Patients. All asymptomatic WD subjects — usually
identified by family screening—need to be treated by chelators or zinc to
prevent life-threatening complications (Walshe, 1988, Brewer, 1989,
Roberts 2003). It is unclear whether therapy should begin in children
under. the age of 3 years. Maintenance Therapy. After the initial removal
of excessive copper by chelators, some centers replace the chelators with
zinc for maintenance therapy. It is unclear when such change is advisable
and whether it might. be better to reduce the dose of chelators instead of
replacing them with zinc. It is generally accepted that replacement of
chelators with zinc should only be done in patients who are clinically
stable for some years, have normal aminotransferase and liver function,
have a normal free copper concentration, and a 24-hr urinary copper
repeatedly in the range of 200-500 pg while on chelators (Roberts 2003).
Long-term treatment with zinc may be associated. with fewer side effects
than chelator treatment. Many patients are on trientine, however, have
significant side effects, and this author believes one needs to replace
trientine with zinc in such patients. In any case, therapy Either with a
chelator or with zinc needs to be maintained indefinitely; any
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interruption may lead to lethal liver failure (Walshe 1986, Scheinberg
1987). Pregnancy. Treatment must be maintained during pregnancy
because an interruption has been shown to carry a high risk of fulminant
liver failure (Shimono 1991). Maintenance therapy with chelators
(penicillamine, trientine) or with zinc usually results in a good outcome
for mother and child, although birth defects have (rarely) been
documented (for literature See Sternlieb 2000). It is recommended that
the doses of both chelators be. reduced, if possible, by about 50%, in
particular during the last trimester to avoid potential problems in wound
healing (Roberts, 2003). Zinc does not. need to be reduced. Monitoring of
Treatment Monitoring should be done closely during initial treatment in
all WD patients to look for efficacy (Table 4) and side effects. During the
maintenance phase, patients should be checked at least twice a year.
Clinical examinations include. neurological, ophthalmologic, and
psychiatric consultations. Patients with liver involvement need to be
checked carefully for signs of liver failure. Laboratory tests include
measurements of serum copper and ceruloplasmin, calculation of free
(non-ceruloplasmin-bound) copper, and 24-hr urinary copper excretion
(Roberts 2003). While on chelating therapy 24-hr urinary copper
excretion Should initially range between 200 and 500 pg; such a value
can also suggest that the patient is adherent to the drug. After the removal
of copper accumulation, Urinary copper excretion may be lower. The
prognosis of WD is dependent on the. initial severity of the disease and
then on adherence to the lifelong treatment. Patients treated before severe
and potentially irreversible neurological and hepatic complications have
a good prognosis approaching a normal life expectancy (Figure 6).
Irreversible liver disease often can be treated. successfully by LTX while
some patients with severe neurological disease do not get better despite
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