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Summary

Wilson’s disease is an autosomal recessive disorder of copper metabolism which affects the liver, brain and other organs.
Diagnosis is based on: clinical features; biochemical tests, including plasma ceruloplasmin concentration, 24-h urinary copper
excretion, copper content in the liver; and molecular analysis. Leipzig score and additionally relative exchangeable copper
determination are recommended for diagnosis. Pharmacological therapy comprises chelating agents (penicillamine, trientine) and
zinc salts, while only chelators are recommended for significant liver disease. Monitoring is based on clinical symptoms, liver tests
and copper metabolism (urinary copper excretion, exchangeable copper) to detect poor compliance and over/under-treatment.
Acute liver failure is challenging as making a diagnosis is difficult and pharmacological therapy may not be sufficient to save
life. Liver transplantation has a well-defined role in Wilsonian acute hepatic failure but may also be considered in neurolog-
ical disease.
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Introduction

Wilson’s disease (WD) is an autosomal recessive genetic disorder
of copper metabolism which leads to toxic accumulation of
copper in the liver, nervous system and other organs.' Disease-
causing mutations on both alleles of ATP7B result in WD, in which
defective biliary excretion of copper and the absence of hol-
oceruloplasmin complex (five molecules of copper bound to
ceruloplasmin) lead to copper accumulation in body organs.®
Heterozygotes have no disease symptoms. Increased levels of
non-protein-bound toxic copper within the hepatocytes lead to
hepatitis and cell death, with subsequent release of copper into
the circulation. Since the maturation process of ceruloplasmin
requires functional intact ATPase 7B, decreased mature cerulo-
plasmin is secreted into the circulation due to decreased or ab-
sent ATPase 7B activity in hepatocytes.®”

The original prevalence estimates for WD of 1:30,000-
1:50,000 from 1984 still appear valid according to the recent
systematic literature review, at least for the United States,
Europe, and Asia.® More than 2,700 distinct variants have been
described in the ATP7B gene, from which over 800 have a
confirmed role in disease pathogenesis.-

Clinical presentation can vary widely, but the key features of
WD are liver involvement that can lead to cirrhosis, neurological
and psychiatric signs and symptoms, Kayser-Fleischer rings in
Descemet’s membrane of the cornea, and acute episodes of
haemolysis often in association with acute liver failure (ALF). WD
may present at any age, in young children as well as in elderly.5®
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The age at presentation, as well as the distribution of pre-
senting symptoms, often depend on the main focus of the
institution which collected the data (paediatrics, hepatology,
neurology) as well as the region where the data were obtained,
except for big national registries. Whether the different geno-
type distribution has an impact on the phenotypic presentation
is unknown. However, the preponderance of typical ATP7B
mutations varies among different populations. The H1069Q
variant is typical for patients with Central- or Eastern European
background,®"" while R778L (exon 8) occurs mostly in Eastern
Asia'? and C271X (exon 2) in India.’®

Methods

The European Association for the Study of the Liver (EASL) and
ERN-Rare Liver invited a panel of experts to develop clinical
practice guidelines (CPGs) aimed at providing recommendations,
based on the best available evidence, for the diagnosis and
management of WD for hepatologists, neurologists, general
physicians, paediatricians, specialists in training and other
healthcare professionals who provide care for this pa-
tient population.

P.S. was invited to chair the CPG and a further 11 panellists
(including one Governing Board representative [E.T.]) were then
selected to comprise the remainder of the CPG panel. The
process undertaken is summarised in Fig. 1. The panel initially
agreed on the most relevant topics to be addressed in the
guideline. The CPG panel drafted 24 clinically relevant ques-
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Fig. 1. Summary of the methods used to prepare the guidelines.

tions using the PICO (population/patient-intervention-compar-
ison-outcome) format. The PICO format represents a stand-
ardised method to address the patient population, intervention,
comparisons and outcome and ensures consistency across
recent EASL guidelines.

A Delphi panel, jointly nominated by the CPG group as well
as the EASL Governing Board, was formulated of 38 academic
experts and other stakeholders (Fig. 1) including hepatologists,
neurologists, paediatric hepatologists, psychologists, psychi-
atrists, and patient groups representatives.

A simplified Delphi process was undertaken, and the pro-
posed PICO questions reviewed, with feedback incorporated
into a finalised draft. Recommendations were submitted for
voting to the Delphi group where the classification of
consensus strength was as follows: strong consensus if >95%
agreement, consensus if >75-95% agreement, majority agree-
ment if >560-75% agreement, no consensus if <60% agreement.

The CPG panel was divided into subgroups and allocated
a proportion of the PICO questions. Each expert took
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responsibility, made proposals for statements and recom-
mendations for a specific section of the guideline and shared
tables of evidence and text with the full panel. Recommenda-
tions were drafted for each question following unbiased sys-
tematic review of the literature and rated based on the OCEBM
(Oxford Centre for Evidence-Based Medicine) guidelines
(Tables 1 and 2). The strength of the recommendations was
categorised as either ‘weak’ or ‘strong’. The higher the quality
of the evidence, the more likely a strong recommendation was
made. If no clear evidence was available, recommendations
were based on the expert opinion of the panel members.

Table 2. Grades of recommendation.

Grade Wording Criteria

Strong Shall, should, is recommended. Evidence, consistency of
Shall not, should not, is studies, risk-benefit ratio,
not recommended. patient preferences, ethical

Weak or  Can, may, is suggested. obligations, feasibility

open May not, is not suggested.

Table 1. Level of evidence based on the Oxford Centre for Evidence-based Medicine.

Level Criteria Simple model for high, intermediate and low evidence

1 Systematic reviews (SR) (with homogeneity) of randomised-controlled Further research is unlikely to change our confidence in the estimate
trials (RCT) of benefit and risk

2 RCT or observational studies with dramatic effects; SR of lower quality
studies (i.e. non-randomised, retrospective)

3 Non-randomised-controlled cohort/follow-up study/control arm of Further research (if performed) is likely to have an impact on our
randomised trial (systematic review is generally better than an indi- confidence in the estimate of benefit and risk and may change the
vidual study) estimate

4 Case-series, case-control, or historically controlled studies (system-
atic review is generally better than an individual study)

5 Expert opinion (mechanism-based reasoning) Any estimate of effect is uncertain
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Finally, all recommendations were discussed and approved by
all participants.

Once the recommendations were drafted and agreed by the
CPG panel another Delphi panel review was conducted, and
the recommendations were reviewed. Suggested changes
were considered in a revised draft that was subsequently sent
for review by the EASL Governing Board and external
reviewers.

Clinical presentation

Symptoms are variable (Box 1) and discussed in detail in the
text, the frequency is presented in Table 3 and discussed in the
text and age of clinical presentation is discussed in the text.

The most common presentations are liver disease and/or
neuropsychiatric disturbances. Pre/asymptomatic patients (no
clinical symptoms or minor laboratory abnormalities including
slightly increased transaminases) are most often detected by
family screening. Herein, the term asymptomatic is used to
describe patients without clinical symptoms. However, to be
more precise in formulating recommendations, asymptomatic
patients without signs of liver involvement or those with signs of
liver involvement (increased transaminases) were consid-
ered separately.

Age at onset of symptoms

WD may present symptomatically at any age, although the
majority of patients present between the ages of 5 and 35. The

Box 1. Major clinical features of WD.

Hepatic
Hepatomegaly, splenomegaly
Steatosis
Increased AST and/or ALT

Signs/symptoms of portal hypertension: splenomegaly,
esophageal/gastric varices, thrombocytopenia, dilated portal vein,
splanchnic collaterals

Symptoms of decompensated liver disease: ascites, hepatic
encephalopathy, jaundice

Neurological
Tremor
Dysarthria
Ataxia
Dystonia
Parkinsonism
Dysphagia
Choreal/athetosis
Cognitive alterations
Writing difficulties

Psychiatric
Mood disturbance
Personality changes
Depression
Anxiety
Psychosis

Other organ manifestations
Kayser-Fleischer-rings, sunflower cataracts
Renal abnormalities
Cardiomyopathy
Pancreatitis
Skeletal anomalies (e.g. arthropathy)
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youngest recorded case of cirrhosis due to WD was 3 years
old'* but hepatomegaly with increased transaminases has
been noted as early as 2 years of age.'® A small minority (3%
to 8%) of patients present beyond the fourth decade, either
with hepatic or neurologic disease.>®° The oldest reported
patients were two siblings diagnosed in their eighth
decade.’®"”

Physical signs

The clinical hallmark of WD is the Kayser-Fleischer ring,
which is present in 95% of patients with and slightly over
50% of those without neurological symptoms'®'® In
children presenting with liver disease, Kayser-Fleischer rings
are usually absent>® Kayser-Fleischer rings represent
deposition of copper in the Desgemet’s membrane of the
cornea. A slit lamp examination by an experienced ophthal-
mologist is required for their identification. Optical coherence
tomography is a more sensitive method to diagnose Kayser-
Fleischer rings.?’ Kayser-Fleischer rings are not entirely
specific for WD, since they may be found in patients with
chronic cholestatic diseases, including children with neonatal
cholestasis. Other ophthalmologic changes are rare, and
include sunflower cataracts, which represent deposits of
copper in the anterior lens capsule.?? Signs of liver disease
are nonspecific, but WD should be ruled out in any liver dis-
ease of unknown origin. Neurologic signs are very variable;
they most often consist of tremor, dysarthria, ataxia and/
or dystonia.

Liver disease

Any severity of liver disease may be encountered in patients
with WD. WD should be considered with any type of liver ab-
normality and neurological symptoms. Some neurological pa-
tients can have normal liver tests.

Clinically evident liver disease may precede neurologic
manifestations by as much as 10 years®?® and most patients
have some degree of liver disease at presentation. Presenting
symptoms can be highly variable, ranging from asymptomatic,
which can also be associated with only biochemical abnor-
malities, to overt cirrhosis with complications. WD may also
present as fulminant hepatic failure sometimes associated with
a Coombs-negative haemolytic anaemia and/or acute renal
failure. It is important to note that WD often presents with only
slightly increased transaminases.

Acute liver failure due to Wilson’s disease

We define ALF due to WD as a first and acute presentation of
liver disease with liver insufficiency indicated by increased in-
ternational normalised ratio (INR >2 or when encephalopathy
occurs INR >1.5), even in the presence of underlying chronic
liver disease. WD should be considered in the differential
diagnosis of any young patient presenting with acute hepatitis.
Its clinical presentation may be indistinguishable from that of
acute viral hepatitis, with jaundice and abdominal discomfort.
Once a diagnosis is made, lifelong treatment is necessary. On
the other hand, rapid deterioration can occur with fulminant
liver failure with encephalopathy and renal failure. Acute liver
failure due to WD occurs predominantly in young females
(female:male ratio 4:1)."®
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Table 3. Frequency of clinical symptoms in patients with Wilson’s disease presenting with liver disease.

Author (Country, Ref) Walshe (UK)¢”

Stremmel/Merle (Ger)>*%®

Taly (India)®® Scott (UK)™® Ferenci (Austria)>>""

No. with liver disease (out of) 87 (>250) 34/96 (51/163) 52 (282) 17" (45) 30 (64)
Presenting symptom [% of patients presenting with liver disease]

Jaundice, anorexia, vomiting (%) 44 27/28 40 41 37
Ascites/oedema (%) 26 21/21 12.4 24 23
Variceal haemorrhage (%) 6 <1 6 3
Haemorrhagic diathesis (%) 8 3 3
Haemolysis (%) 20 15/12 10
Hepatomegaly/splenomegaly (%) 16 74/47 39 29 17
Fulminant hepatic failure (%) NA 0/8 NA NA 17
Asymptomatic® (%) NA 18/7.4 5 23

*Only cases with chronic active hepatitis.

$Elevated alanine aminotransferase at routine testing, or incidental finding of cirrhosis or Kayser-Fleischer rings.

An acute presentation with rapid deterioration may also
occur in patients who were previously treated but stopped their
medications.?* Suspicion for acute WD should be particularly
high in patients with ALF in combination with severe jaundice,
low haemoglobin (haemolysis), low cholinesterase and only
mildly increased transaminases.?* This is usually combined
with Coombs-negative haemolysis and relatively high bilirubin
levels, but these criteria are not required for the definition used
in this guideline.

Chronic hepatitis and cirrhosis

Many patients present with evidence of cirrhosis, either
compensated or decompensated. Patients may present with
isolated splenomegaly due to clinically silent cirrhosis with portal
hypertension. The presentation may be indistinguishable from
other forms of chronic liver disease, with symptoms including
jaundice, malaise, and vague abdominal complaints.

Haemolysis

Coombs-negative haemolytic anaemia may be the only initial
symptom of Wilson’s disease. However marked haemolysis is
commonly associated with severe liver disease. Death of liver
cells may result in the release of large amounts of stored copper,
which further aggravates haemolysis. The more acute the hepatic
presentation is, the more likely it is that haemolysis is detectable.
In a chronic disease state clinically relevant Coombs-negative
haemolysis is usually not present.>>2 Acute liver disease and
haemolysis as a presenting symptom of Wilson’s disease can
occur during delivery, mimicking HELLP syndrome.?” Low-grade
haemolysis may be associated with Wilson’s disease when liver
disease is not clinically evident. Some patients presenting with
neurological symptoms report that they have experienced tran-
sient episodes of jaundice previously, probably due to haemol-
ysis.?® In one study, 18 of the 26 patients with haemolysis
underwent liver biopsy, and 12 had cirrhosis (66.6%). As ex-
pected, 38 of the 41 patients with fulminant Wilson’s disease
underwent urgent liver transplantation, while three died before a
graft was available; 35 of the transplanted patients had cirrhosis
(92.3%) and three advanced fibrosis.?®

Neurologic disease

Wilson’s disease can manifest with a wide spectrum of neuro-
logical manifestations which may be its first clinical manifestation,
or appear simultaneously with hepatic signs, or after a diagnosis is
made. Initial neurological presentation occurs in 40-60% of
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patients,? with symptoms typically commencing around 20-30
years of age, a decade after the onset of liver disease.®° Neuro-
logical presentation can be extremely subtle, and intermittent for
many years, but may also develop very rapidly leading to com-
plete disability over a few months. The neurological abnormalities
can generally be classified into three syndrome types based on
predominant signs and symptoms: tremor and ataxia, bradyki-
nesia (parkinsonism-like) and dystonia.®>*°>? In many cases
neurological symptoms are very difficult to classify as patients
can have more than one abnormality, each with different severity.
Movement disorders are often associated with dysarthria, gait
and posture disturbances, drooling and dysphagia. Other
neurological symptoms including epilepsy, olfactory dysfunction,
autonomic impairment, neuropathy, restless leg syndrome, sleep
abnormalities, tics, myoclonus, migraines, pyramidal signs, ocu-
lomotor impairment and taste dysfunctions; however, studies
describing their frequency at diagnosis and relevance are
lacking.2%*3-39 Speech changes and drooling are often very early
neurological manifestations so should be carefully examined*%*’

Because of increasing difficulty in controlling movement or
progressive dystonia, patients may become bedridden and un-
able to care for themselves. In patients presenting with advanced
liver disease, neurologic symptoms can be mistaken for signs of
hepatic encephalopathy. Although neurological/psychiatric
symptoms usually develop in the second or third decade of life,
they may occasionally be seen before the age of 10%>*° and have
been reported in 4% to 6% of paediatric cases with hepatic
onset.?%**“5 Kayser-Fleischer rings are present in almost all pa-
tients with neurological presentation at WD diagnosis.**’

Psychiatric symptoms

In the early years of WD research, cognitive deficit and psy-
chiatric symptoms, such as mood disturbance, abnormal
behaviour (e.g. increased irritability or disinhibition), anxiety and
depression, were considered directly associated with neuro-
logical findings, but now it is known that they can present and
evolve separately.’®*° Behavioural and psychiatric symptoms
are common and some of them may precede neurological or
hepatic signs and symptoms. About one-third of patients
initially present with psychiatric abnormalities. In children with
WD, declining school performance, personality changes,
impulsiveness, labile mood, sexual exhibitionism, and inap-
propriate behaviour may be observed.’®®! The initial symptoms
are frequently misdiagnosed as behavioural problems associ-
ated with puberty. In older persons (>50 years old) psychotic
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features resembling paranoia and schizophrenia or depression
can be observed but behavioural changes are also common.
Severe cognitive deterioration may be observed in advanced
neurological cases, but in general cognitive functioning is not
markedly impaired.>®> A delay of around 2 years in diagnosing
WD for those patients with neuropsychiatric presentations is
frequent, with delays as long as 12 years reported.”® Patients
presenting with neuropsychiatric symptoms may have con-
current symptomatic liver disease, but liver disease can only be
detected by laboratory evaluations, such as low platelets, im-
aging or on histology in most patients.*®

Other clinical manifestations
Less common manifestations include acromegaly, lunulae,

renal abnormalities including aminoaciduria and neph-
rolithiasis, hypercalciuria and nephrocalcinosis, tubular
acidosis,®**®  cardiomyopathy,®®°”  myopathy,®®  chon-

drocalcinosis and osteoarthritis,®® bone demineralization,®%:¢"

risk of fracture,®® hypoparathyroidism,®® pancreatitis,®* infer-
tility or repeated miscarriages.®*°°

Differential diagnosis

A number of liver and neurological diseases were described in
the text when discussing symptoms and are summarised
in Table 4.

Differential diagnosis of liver presentation should include
viral hepatitis, drug-induced liver disease, metabolic-
associated steatotic liver disease (MASLD), autoimmune hep-
atitis, progressive familial intrahepatic cholestasis and meta-
bolic liver diseases.”® Recently, a number of new diseases
presenting with Wilson-like symptoms and/or copper meta-
bolism disturbances have been described — like MEDNIK syn-
drome,”® V-ATPase deficiency with liver steatosis’® and
phosphoglucomutase | deficiency’>~ the last two being
congenital defects of glycosylation. The main difficulty in dif-
ferential diagnosis can be related to increased copper accu-
mulation in the liver in cholestatic disorders (primary sclerosing
cholangitis, primary biliary cholangitis, progressive familial
intrahepatic cholestasis), steatosis as a histological and imag-
ing feature (MASLD, alcohol-related liver disease, lysosomal
acid lipase deficiency) or positive autoantibodies (autoimmune
hepatitis). Differential diagnosis of WD with neurological pre-
sentation includes the different movement disorders, in
particular: parkinsonian and parkinsonian-plus syndromes,
neurodegeneration with brain iron accumulation, inborn dys-
tonia, as well as multiple sclerosis.>*

Table 4. Differential diagnosis of Wilson’s disease.

Diagnosis

Which stepwise diagnostic approach should be followed in
adult patients with suspicion of WD and a predominantly
hepatic manifestation?

Recommendations

e The first step should be screening for abnormalities in
copper metabolism (both serum ceruloplasmin and basal
24-h urinary copper excretion). If available, relative
exchangeable copper determination in serum should be
performed (LoE 2, strong recommendation, consensus).

e |n addition, typical extrahepatic features of WD (Kayser-
Fleischer rings, neurological symptoms, Coombs-negative
haemolysis, brain MRI abnormalities) should be sought
(LoE 3, strong recommendation, strong consensus).

e Pharmacological treatment should be started once diag-
nosis is well supported by the Leipzig score (LoE 2, strong
recommendation, consensus).

e Genetic ATP7B analysis should follow to confirm diagnosis,
which in turn may enable family screening (LoE 2, strong
recommendation, strong consensus).

e [f diagnosis remains questionable, hepatic parenchymal
copper quantification (dry weight) should be performed
(LoE 2, strong recommendation, strong consensus).

WD is a mosaic diagnosis and the diagnostic algorithm
depends on the presenting symptoms and the age at onset
(Fig. 2). It should be considered in any adult who presents with
chronic liver disease of unknown aetiology irrespective of age.
Family history is important to be addressed in the medical
history of a patient (e.g. consanguinity).

The clinical spectrum of WD is broad and comprises variable
features as illustrated in Box 1 and described in the introduc-
tion. Steatosis is a frequent finding before cirrhosis develops.”®
Onset of disease may also vary from early childhood (as young
as 2 years of age) to as late as >60 years of age.

Increased copper content of the liver is a hallmark of WD
(Table 5). More advanced liver failure goes along with impaired
synthetic function with reduced albumin secretion, which in turn
may result in an underestimated total copper content in plasma.
Elevated non-protein-bound serum copper and decreased serum

Liver presentation

Neuropsychiatric presentation

Steatotic liver diseases (MASLD, ALD, LAL-D)
DILI

Autoimmune hepatitis

Viral hepatitis

Cholestatic liver diseases (PSC, PBC, PFIC)
Hemochromatosis

Alpha-1-antytrypsin deficiency

Cystic fibrosis

Congenital defects of glycosylation (V-APTase deficiency, phosphoglucomutase | deficiency)

MEDNIK syndrome

Essential tremor

Parkinson disease

All types of dystonia (focal, segmental or generalized)
Specific task dystonia (writer's cramp)

Functional abnormal movement

Spino-cerebellar ataxia

Aceruloplasminemia

Niemann Pick type C

Manganese transporter disorders

ALD, alcohol-related liver disease; LAL-D, lysosomal acid lipase deficiency; MASLD, metabolic dysfunction-associated steatotic liver disease; PBC, primary biliary cholangitis; PFIC,

progressive familial intrahepatic cholestasis; PSC, primary sclerosing cholangitis.

694

Journal of Hepatology, April 2025. vol. 82 | 690-728



Clinical Practice Guidelines

Suspicion of Wilson’s disease (WD)* ]

and 24-h copper urinary
excretion

Extrahepatic features
of WD**

{ Serum ceruloplasmin
: adE
— []
@ [ Leipzig score 24 ] [ Leipzig score 1-3 ] + REC <15% £
=
$ $ 4
= [ Molecular testing ]
Q
o
2
F| @ [ Leipzig score 24 ] [ Leipzig score 1-3 ]
$
@ [ Leipzig score 24 ]«[ Liver copper ]
—

Fig. 2. Diagnostic algorithm. REC, relative exchangeable copper. *family screening may be performed by specific pathways including direct molecular testing
**including neurological symptoms, Kayser-Fleischer Corneal-rings & Coombs-negative hemolytic anemia ***REC, relative exchangeable copper as percentage of

exchangeable to total serum copper.

concentration of ceruloplasmin are therefore typical in untreated
patients with WD, though sensitivity is not 100%. A copper
challenge test with D-penicillamine can be used for copper
mobilisation, which is detected within the urine after exposure to
D-penicillamine. This has been validated in children but not in
adults.”” If available, relative exchangeable copper (REC) defined
as the ratio of exchangeable copper to total serum copper should
be determined (discussed later in this chapter).

Coombs-negative haemolysis may occur in patients with an
acute hepatic presentation. Presumably the more acute the liver
injury caused by copper excess is, the more likely that haemolysis
is detectable.”® Radiolabelled copper has been used historically
and may also serve as a valuable tool; however, this is nowadays
rarely available, and experience is limited.

Ceruloplasmin and 24-h urinary copper excretion remain the
most common tests used for the diagnosis of WD. The diag-
nostic value of these tests was analysed in a recent Cochrane
review and showed high accuracy.”® The best WD diagnostic
threshold of serum ceruloplasmin was below 14 mg/dl (sensi-
tivity 93% and specificity 100%) in a series of 57 adults and
children with WD, with liver dysfunction and/or neurological
deficits,®° and below 20 mg/dl (sensitivity 95% and specificity
84.5%) in a series of 40 clinically asymptomatic children with
elevated serum transaminases.?' On the other hand, up to 20%
of children and adults with WD may have normal serum ceru-
loplasmin levels, as reported in patients carrying bi-allelic
missenses mutations of the ATPB7 gene.®>®® Notably,
misleadingly elevated serum ceruloplasmin levels may be seen
when using the immunological-nephelometric assay which also
measures the biologically inactive apo-form. This is why the
enzymatic assay measuring oxidase activity should be the
preferred method but is rarely available in routine practice.83

Table 5. Diagnostic value of copper metabolism parameters.

Abnormal ceruloplasmin may also be expected in other dis-
eases with decompensated liver function, malnutrition, protein
loss or in aceruloplasminemia.®*

24-h urinary copper excretion is recommended in all previous
guidelines and position papers including the 2023 AASLD guid-
ance. The cut-off values >100 pig/24 h (>1.6 pmol/24 h) are typical
for symptomatic patients with WD but sensitivity is not high enough
to use this value to exclude WD. 24-h urinary copper excretion may
increase in cholestatic liver disease. Sampling error and contami-
nation during urine collection can also influence results.’®%*

Depending on the presentation, i.e. acute vs. chronic or
hepatic vs. neurological, the approach of diagnosing WD may
vary. One approach to improve diagnosis is the Leipzig score®
which is shown in Table 6. The idea of this score is a sum of
different parameters and symptoms, which together form the
likelihood of diagnosing WD. Thus, although no individual pa-
rameters or symptoms are specific for WD, a combination of
different parameters is required for diagnosis. Still, cerulo-
plasmin and 24-h urinary copper excretion remain basic tests.
24-h urinary copper excretion should score 2 points if >100 pg/
24 h as indicated in adult patients with significant liver disease.

Slit lamp examination by an experienced ophthalmologist
may reveal KFRs, which are characteristic once other chole-
static liver diseases have been excluded.®® This examination
should always be performed for the diagnosis of WD and is an
important part of the diagnostic score.

Variable clinical presentation of WD requires a multidisci-
plinary approach from the very beginning — including a hep-
atologist, neurologist and ophthalmologist. Once diagnosis is
established and the clinical presentation defined — a hepatol-
ogist and/or neurologist can take over care in follow-up.

Normal values

High suspicion of Wilson’s disease

Serum ceruloplasmin
24-h urinary copper excretion

20-40 mg/dl
<40 pug (<0.65 pmol) in children

<10 mg/dl
>100 pg (1.6 umol)

<50 pg (0.8 pmol) in adults

Relative exchangeable copper (%)
Liver copper content

<50 pg/g dry weight

>15%
>250 pg/g dry weight (>4 umol/g dry weight)

3.4-8%
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Table 6. Diagnostic Leipzig score in Wilson’s disease.

Score -1 0 1 2 4
Kayser-Fleischer rings Absent Present
Neuropsychiatric symptoms suggestive of Wilson’s disease Absent Present
(or typical brain MRI)
Coombs-negative haemolytic anaemia + high serum copper Absent Present
24-h urinary copper excretion (in the absence of acute hepatitis) Normal 1-2x ULN >2x ULN, or normal but >5x
ULN during challenge
with 2 x 0.5 g D-penicillamine
Liver copper quantitative Normal <5x ULN (<250 pg/g) >5x ULN (>250 pg/g)
Rhodanine positive hepatocytes (only if quantitative copper Absent Present
measurement is not available)
Serum ceruloplasmin (nephelometric assay) >0.2g/L 0.1-0.2 g/L <0.1 g/L
Disease-causing mutations detected None 1 2
Assessment of the Wilson’s disease diagnostic score
0-1: unlikely 2-3: probable 4 or more: highly likely

ULN, upper limit of normal.

Genetic analysis is part of the diagnostic score but should
follow other tests even if diagnosis is confirmed based on clinical/
biochemical findings. It enables discovery of disease-causing
variants on both alleles in >85% of patients with a typical WD
phenotype and in around 60% of those with neurological WD
(unpublished data). However, even if disease-causing mutations
are not identified on one or both alleles, WD cannot be conclu-
sively excluded. Progress in genetics may enable its use for
screening or rapid diagnosis in the future. In addition, a mutational
search is a valuable tool for family screening.

The Leipzig score was validated in children for the diagnosis of
WD and showed very high accuracy. In a retrospective analysis of
142 children with liver disease in the UK, 53 of whom had WD, the
Leipzig score had a high positive and negative predictive value of
95% and 99%, respectively.®” Similar results were reported from
Italy, in 40 children with mild WD and 58 matched patients with
other liver diseases, with positive and negative predictive values
of 93% and 92%, respectively.®" Still, validation in adult cohorts
has not been conducted.

In recent years several tests have been developed to measure
non-ceruloplasmin-bound copper for diagnosis and monitoring of
WD. A major diagnostic advance was achieved with the imple-
mentation of the direct assay of "free copper”, or exchangeable
copper.?88° The methodology for plasma exchangeable copper
measurement by ultrafiltration coupled to atomic absorption
spectrometry was reported in 2009 and applied to healthy in-
dividuals to set reference value ranges.’® The REC that corre-
sponds to the ratio between exchangeable copper and total serum
copper was shown to enable a diagnosis of WD with high sensi-
tivity and specificity close to 100% when its value is >18.5%.°" It
was also shown to significantly discriminate WD from other liver
diseases such as metabolic dysfunction-associated steatohepa-
titis and autoimmune hepatitis.® Finally, REC determination also
significantly discriminates heterozygous ATP7B carriers and in-
dividuals with no ATP7B mutations from patients with WD at a cut-
off of 15%,%® and therefore is very useful for family screening of
WD. Moreover, exchangeable copper values at diagnosis are a
marker of extrahepatic involvement and its severity. A value of
>2.08 pumol/L is suggestive of corneal and brain involvement
(sensitivity = 86%, specificity p = 94%), and the disease will be
more clinically and radiologically severe as values rise.®* The
exchangeable copper assay is available for routine clinical use in
France, Spain, Denmark and India, and allows for the calculation of
REC. The results from France were confirmed in another study
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from Spain, where REC values were below 15% in all the control
individuals and >14% in all patients with WD.®> An abnormal REC
result indicates the initiation of chelating treatment without delay,
pending a definitive confirmation of the diagnosis through a mo-
lecular biology study of the ATP7B gene. REC can be used as an
additional test to the Leipzig scoring system and may help to
establish diagnosis.

Additional investigations can help to confirm diagnosis and
especially to describe sub-clinical brain involvement. Brain MRI
can indirectly detect copper and iron overload using T2/fluid-
attenuation inversion recovery (FLAIR) and T2*/susceptibility
weighted imaging (SWI) sequence analysis and may in future
serve as a standardised non-invasive diagnostic tool for copper
overload in organs.”®”

Which stepwise diagnostic approach should be followed in
adult patients with suspicion of WD and predominantly
neurological or neuropsychiatric manifestations?

Recommendations

e Screening for copper metabolism abnormalities (both serum
ceruloplasmin and basal 24-h urinary copper excretion) and
presence of Kayser-Fleischer rings should be performed. If
available, relative exchangeable copper in serum determi-
nation should also be performed (LoE 2, strong recom-
mendation, strong consensus).

e Brain MRI should be performed in all patients to search for
abnormalities especially in basal ganglia, thalamus, brain-
stem, and cerebellum (LoE 2, strong recommendation,
strong consensus).

e |n addition, testing for any kind of liver involvement should
be performed, with liver function tests, liver imaging and
non-invasive fibrosis testing (LoE 2, strong recommen-
dation, strong consensus).

e Pharmacological treatment should be started once diag-
nosis is well supported by the Leipzig score (LoE 2, strong
recommendation, consensus).

e Genetic ATP7B analysis should follow to confirm diagnosis,
which in turn may enable family screening (LoE 2, strong
recommendation, strong consensus).
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WD should be considered in any adult with neurological or
neuropsychiatric anomalies irrespective of the presence of liver
disease. Once patients with other neurological or neuropsy-
chiatric diseases (e.g. essential tremor, Parkinson disease, all
types of dystonia, spino-cerebellar ataxia) do not respond to
treatment, differential diagnosis of WD should be re-evaluated.

The localisation of copper deposition within the brain in WD
varies, resulting in variable neurological and neuropsychiatric
symptoms.®° Basal ganglia and cerebellum are commonly
affected resulting in variable movement disorders and behav-
ioural changes. Therefore, neurological and psychiatric mani-
festations are manifold (Table 3). Usually, liver disease exists to
a variable degree. Since liver disease may not be symptomatic,
it may be overlooked. Splenomegaly and/or low platelets may
be a sign of cirrhosis and portal hypertension in these patients.
Once diagnosis of WD is established, a hepatologist should
screen for the presence and severity of liver fibrosis.®

The more pronounced the neurological/neuropsychiatric
manifestations are, the more likely that Kayser-Fleischer rings are
detectable. In some cases, these may be evident even without a
slit lamp. MRI of the brain should search for anomalies, especially
hyperintensities in —T2-weighted FLAIR images in the basal
ganglia, thalamus, midbrain, pontine, and cerebellum. The so-
called “face of giant panda” in the midbrain occurs in about
20% of patients with WD with neurological symptoms.®®

Once WD has been diagnosed, a neuropsychiatric assess-
ment should be performed. The extent of neurological and
neuropsychiatric symptoms may be evaluated using the Unified
Wilsons Disease Rating Scale (UWDRS) or the Global
Assessment for Wilsons Disease.'°° The shorter the duration of
neurological symptoms, the greater the chances for a mean-
ingful symptomatic and functional improvement. It should be
noted that normal liver tests do not exclude liver involvement in
neurological presentations of WD.

Which stepwise diagnostic approach should be followed in
children with suspicion of WD?

Recommendations

e The first step should be screening for copper metabolism
abnormalities (serum ceruloplasmin and basal 24-h urinary
copper excretion). If available, relative exchangeable cop-
per determination in serum should also be performed (LoE
2, strong recommendation, strong consensus).

e Typical extrahepatic clinical features of WD (Kayser-
Fleischer rings, neurological symptoms, Coombs-negative
haemolysis) should be looked for in all children, especially
those >10 years of age (LoE 3, strong recommendation,
strong consensus).

e Pharmacological treatment should be started once diag-
nosis is well supported by the Leipzig score (LoE 3, strong
recommendation, consensus).

e Genetic ATP7B analysis should follow to confirm diagnosis,
which in turn may enable family screening (LoE 2, strong
recommendation, strong consensus).

e |f diagnosis cannot be confirmed or excluded, hepatic
parenchymal copper quantification (dry weight) should be
performed (LoE 2, strong recommendation, strong
consensus).
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Clinical Practice Guidelines

e Especially in older children (>10 years old, even if asymp-
tomatic) brain MRI should be performed at diagnosis
to evaluate the extent of disease (LoE 4, strong
recommendation, consensus).

As in adults, WD in children is a composite diagnosis,
however, substantial differences exist in terms of extent of
copper accumulation and organ involvement, and conse-
quently in copper metabolism tests.'®" WD can be diagnosed in
children >1 year of age upon incidental findings of persistently
increased transaminases, hepatomegaly, hyperechogenic liver,
acute hepatitis up to ALF, with symptoms rarely occurring
before 5 years of age.**102-1%

In children and young adults, features of autoimmune hep-
atitis can be detected in WD, as up to 28% of children with WD
exhibit significantly increased (1:160) serum anti-nuclear auto-
antibodies. In addition, other autoantibodies like smooth mus-
cle, and liver-kidney microsomal autoantibodies and/or
increased levels of IgG were also reported.’® """

In children with increased transaminases, fatty liver and
presence of overweight/obesity, WD should be ruled out before
establishing a diagnosis of MASLD.""?

A high index of suspicion remains the pillar of a correct
identification of paediatric liver disease due to WD, while
possible competing diagnoses should be challenged. Neuro-
logic symptoms are much less common in children than in
adults. However, 4-6% of children with hepatic WD have
underlying neurologic involvement at the time of diagnosis,
while neurologic issues might remain unrecognised in a pro-
portion of children and emerge later on during childhood and
young adulthood.*>""*""* When present, neurologic symp-
toms are generally milder and underreported, and mainly
manifested by subtle tremor, ataxia, and dysarthria, while
frank dystonia occurs rarely."'* Psychiatric problems -
namely mood disorders with depression and anxiety — are
described in the paediatric age bracket, but their prevalence is
unclear.”'® Poor school attainment, and mild cognitive im-
pairments have been reported in children and young adults
with WD, implying special needs in management, rehabilita-
tion, and transition of care.’'®

Neurologic assessment of WD in children is clinical and
instrumental. MRl may detect changes in children with WD —
even in the absence of neurologic symptoms — and support the
diagnosis.”” On the other hand, MRS (magnetic resonance
spectroscopy) has greater sensitivity in detecting changes in
neuronal/axonal viability, metabolism, and membrane status
even in children with no overt neurologic involvement."'®

The decision to perform an MRI/MRS for diagnostic purposes
should take into account the need for sedation or general
anaesthesia, and the expected added value of the exam. Still,
sedation may be required only in small children <6 years of age
when neurological presentation is not observed or in patients with
ALF and encephalopathy, when the decision to perform liver
transplantation is based primarily on clinical and labora-
tory features.

In terms of copper metabolism, the determination of both
the serum ceruloplasmin concentration and the 24-h urinary
copper excretion are recommended as a first step to the WD
diagnosis in children. A ceruloplasmin cut-off of <20 mg/dl is
considered acceptable in children,®" considering that a
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proportion of patients bearing biallelic missense mutations may
exhibit higher concentrations.?2:8%119

False positive results may be observed in children with liver
failure, and arise from rare conditions such as congenital glyco-
sylation disorders, Menkes disease, MEDNIK syndrome, Huppke-
Brendel syndrome, aceruloplasminemia, or alternatively by
malabsorption, malnutrition or protein wasting or loss.®'1207123
24-h urinary copper excretion mostly reflects age-dependent
copper accumulation, and its diagnostic accuracy with the adult
cut-off (>100 ug/24 h or >1.6 umol/24 h) is substantially lower in
terms of sensitivity for a first-tier test. In children with mild/
asymptomatic liver disease (elevated transaminases and fatty
liver, with or without hepatomegaly) a lower cut-off of >40 ng/24 h
(>0.65 pmol/24 h) has demonstrated better diagnostic accuracy,
with a sensitivity of 78.9% and a specificity of 87.9%.°"

The D-penicillamine challenge test has poor diagnostic ac-
curacy in asymptomatic children (12% sensitivity and 46%
specificity) with the established diagnostic cut-off value of 1,575
ng/24 h (25 pmol/24 h). The alternative cut-off of a 5-fold increase
of the upper normal limit for basal urinary copper (200 ng/24 h; 3.2
umol/24 h) increased the sensitivity to 88% despite a consider-
able loss in specificity (24.1%). Thus, a D-penicillamine challenge
test should not be routinely performed in children with mild liver
disease. Ceruloplasmin and 24-h urinary copper excretion are of
limited diagnostic value in the setting of paediatric ALF,"'** which
will be addressed in a separate paragraph.

The REC determination — currently not widely available - is
the ideal complement to ceruloplasmin and urinary copper in
investigating children with suspected WD. In two large case-
control studies that included children, a REC >18.5% had a
sensitivity of 79-100% and a specificity of 100% in discrimi-
nating patients with WD from healthy controls and those with
non-Wilsonian liver disease, and was unaffected by the low
ceruloplasmin levels observed in individuals with cirrhosis.®?%°
In a child with suspected WD and low ceruloplasmin, 24-h
urinary copper excretion could provide sufficient proof of the
disease to start treatment promptly, while waiting for confir-
matory genetic testing. In case the diagnosis remains uncertain
after genetic testing, or in case of its unavailability or long
turnaround time, or whenever a liver biopsy is performed for
clinical reasons, hepatic copper quantification should be per-
formed due to its high sensitivity and specificity.

The Leipzig score is recommended for use in children, as it
has shown very high accuracy in two cohorts studied.

Which diagnostic approach should be followed to diagnose
WD in patients presenting with ALF?

Recommendations

e Screening for WD should be performed in all adult patients
and children >4 years of age presenting with ALF (LoE 3,
strong recommendation, consensus).

e Coombs-negative haemolysis, Kayser-Fleischer rings and
neurological symptoms suggestive of WD should be looked
for as highly indicative of WD (LoE 3, strong recommen-
dation, strong consensus).

e Relative exchangeable copper determination may be per-
formed if available (LoE 4, weak recommendation, strong
consensus).
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e Brain MRI may be performed whenever possible to support
diagnosis (LoE 4, weak recommendation, strong
consensus).

e Genetic ATP7B analysis should be performed as soon as
possible but is not required for treatment initiation (LoE 2,
strong recommendation, strong consensus).

The most severe form of hepatic presentation of WD is ALF
(formerly ‘fulminant WD’). Features indicative of ALF due to WD
are Coombs-negative haemolysis, discrepancy between high
bilirubin and INR values vs. relatively little elevation of alanine
aminotransferase (ALT)/aspartate aminotransferase (AST),
decreased alkaline phosphatase (ALP) and the presence of
Kayser-Fleischer rings.'%% 12126

Anaemia or disproportionately high bilirubin level is typical
for ALF due to WD'?>"27"%0 and should prompt further hae-
molysis work-up with reticulocyte count, direct antiglobulin
(Coombs) test and haptoglobin level.

While bilirubin is markedly elevated in ALF presentation of WD
(WD ALF), serum levels of aminotransferases are only moderately
increased (typically less than ten-times normal), and serum con-
centrations of ALP are normal or extremely low. 2%

A low ALP, low ALP to total bilirubin (TB) ratio or high AST
to ALT ratio should also raise suspicion of WD. Studies
consistently show that the ratios of AST to ALT and of ALP to
TB can discriminate ALF due to WD from other aetiologies,
but studies differ with respect to optimal cut-offs and diag-
nostic performance.

The ratio of AST to ALT is typically higher in WD ALF than in
non-WD ALF and cut-offs used are AST:ALT ratio >2.2,'%°
>2.03,"*° and >2'?® with sensitivities ranging from 62.5% to
94% and specificities ranging from 69.6% to 87%. Due to
typically low serum ALP, the ratio of ALP to TB is typically lower
in WD ALF than in non-WD ALF. The cut-off of <4 of ALP:TB
yielded a sensitivity of 94% and specificity of 96% for WD
ALF,"2 pbut showed much lower diagnostic performance in
other studies (with sensitivities and specificities of 66.7% and
100% at a cut-off of <1.82'%° and 55.6% and 94.8% at a cut-off
of £8.69."2° Corresponding to that, in a recent individual patient
data meta-analysis of a cohort of paediatric patients with WD
ALF, the sensitivity of the amended ratios proposed by Korman
et al.'?® yielded sensitivities of only 71% (n = 81/114) and 52%
(n = 76/146), for the ratios ALP/TB <4.0 and AST/ALT >2.2,
respectively.’®® In summary, at least in paediatric patients, the
diagnostic performance of these ratios is lower than previ-
ously reported.

Despite typical features indicative for WD ALF, WD pre-
senting as ALF is diagnostically challenging as the conventional
diagnostic markers of copper metabolism are less sensitive and
specific than under non-acute conditions.'2%128:129

The serum copper level, which represents both
ceruloplasmin-bound and non-ceruloplasmin-bound copper, is
usually low at the time of diagnosis in non-acute presentations
of WD but is markedly elevated (usually >200 pg/dl) in WD ALF
due to copper release from hepatocellular injury."®®

24-h urinary copper excretion is typically greatly elevate
Of note, since urinary copper excretion is known to increase in
diseases associated with extensive hepatocellular necrosis,
there is a high likelihood of overlap between WD ALF and ALF

d.126
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of other aetiologies, with slight elevations likely in ALF irre-
spective of aetiology but greatly elevated levels in WD ALF

Kayser-Fleischer rings are commonly reported to be absent in
up to 50% of patients with WD but were recently reported to be
detectable in 74% of patients in a large international WD paedi-
atric cohort.'?® Therefore, although slit lamp examination may be
challenging in the intensive care setting, it should be considered in
any patient with unexplained acute liver injury or failure.

The predictive value of the acute-phase reactant serum
ceruloplasmin in ALF is lower than under stable conditions, as
it may be only slightly decreased or even low-normal. In
addition, ALF of other aetiologies can present with low serum
ceruloplasmin levels. Based on prospective registry data
including adult and paediatric patients, serum ceruloplasmin
in patients with WD ALF was on average only slightly
decreased or even low-normal.’®> Due to a wide range of
ceruloplasmin levels in WD and non-WD ALF, ceruloplasmin
determination had low sensitivity of 56% and low specificity
of 63%.'2° In contrast, ceruloplasmin levels were shown to
differ significantly between WD ALF and non-WD ALF in a
retrospective paediatric cohort study, with significantly lower
levels in WD ALF."?° Accordingly, in a recent individual patient
data meta-analysis of a cohort of paediatric patients with WD
ALF (n = 256), serum ceruloplasmin was found to be low, at a
mean level of 0.11 [IQR 6.7-16.0] ¢/L."*® In summary,
screening for a diagnosis of WD in the setting of ALF using
ceruloplasmin measurements is unreliable but may be more
reliable in paediatric patients compared to adult patients,
although prospective data on ceruloplasmin test accuracy
solely in paediatric patients are missing.

REC determination should be performed if available as it
may help to distinguish WD ALF from non-WD ALF. In a
retrospective study by Spirea et al.'% in 31 patients diagnosed
with ALF (9 patients with confirmed WD, 22 with non-WD ALF),
REC had a high diagnostic value with all patients with non-WD
ALF having a REC <15% and all WD ALF a REC >15%.

Patients should be evaluated for neurological symptoms as
neurologic symptoms or signs can occur in parallel with ALF or
emerge while patients are being considered for transplantation.
However, it is important to differentiate these from hepatic
symptoms due to WD. As brain MRI-features suggestive of WD
can be diagnostically helpful, a brain MRI should be performed
when possible. Genetic ATP7B analysis should follow to
confirm diagnosis. Mortality without liver transplantation is
high, especially in paediatric patients, with only 11% of pae-
diatric patients achieving spontaneous survival.'%*'%®

Is measurement of copper content and liver histology
useful and accurate for the diagnosis of WD in patients with
and without neurologic symptoms?

Recommendations

e Measurement of hepatic parenchymal copper content in dry
weight liver biopsy is recommended if required for diag-
nostic purposes. The value >250 ng/g is highly suggestive of
WD but requires differential diagnosis with cholestatic liver
disease (LoE 2, strong recommendation, strong
consensus).
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Clinical Practice Guidelines

e Although liver histological evaluation does not provide any
definite diagnostic features for WD, it should be carried out
whenever a liver biopsy is performed for hepatic copper
quantification (LoE 3, strong recommendation, strong
consensus).

e Histochemical copper staining may be omitted, as it has
only minor diagnostic value for WD (LoE 3, weak recom-
mendation, consensus).

As hepatic copper accumulation is the hallmark of WD, copper
quantification in liver tissue is the method of choice for the diag-
nosis of WD if a liver biopsy is performed. The normal copper
content is 15-55 pg/g liver dry weight."®* Four studies (1,150
participants, of whom 367 had WD) evaluated the diagnostic
value of hepatic copper quantification for the diagnosis of
WD.B"+133.13% |n most but not all cases of WD, the hepatic copper
content was elevated >4 pmol/g or >250 pg/g dry weight. Sensi-
tivity and specificity at this cut-off ranged between 66% to 94%
and 52% to 99%, respectively. Lowering the threshold from 4
umol/g (250 pg/g) dry weight to 1.2 umol/g (75 pg/g) dry weight
improved the sensitivity from 83.3% to 96.5%), while specificity
remained acceptable (95.4% vs. 98.6%).'%> A prospective study
in a Chinese population reported 3.3 umol/g (209 mg/g) dry weight
as the optimal cut-off for diagnosis. ' In this latter study, 23% of
patients without WD had a hepatic copper content >75 g/g dry
weight. Importantly, the hepatic copper content may also be
severely increased in long-standing cholestatic disorders. About
half of patients with primary biliary cholangitis and primary scle-
rosing cholangitis in the Chinese study had a hepatic copper
content >4 pmol/g (>250 pg/g).'** However, as the clinical pre-
sentation of these patients differs from that of patients with WD, 4
umol/g (250 pg/g) dry weight is considered as the best
biochemical evidence for WD.”®

Liver biopsies obtained for hepatic copper quantification
should be submitted to the analysis centre as so-called “dry bi-
opsies”, which means that the biopsy cylinder is immediately
transferred into an empty copper-free container. No additional
precautions (like tissue fixation by freezing or chemical solutions)
are required until measurement. Due to the uneven copper dis-
tribution in liver tissue of patients with WD, the gold standard
hepatic copper quantification may give false negative results.*®
To improve the reliability of hepatic copper quantification, at
least 1 mg of dry liver tissue should be analysed."®* Importantly, a
second biopsy pass is not associated with an increased risk of
complications compared to a single biopsy pass.'®’

As gadolinium is known to interfere with most metal tests,
a specimen should not be collected for 96 hours in case
a gadolinium-containing contrast medium has been
administered.

The liver histology of WD is extremely variable. Thus, WD
can be mistaken for other liver disorders. Matching the clinical
spectrum, the histopathological changes range from subtle
changes over acute hepatic failure to chronic hepatitis with less
or more inflammatory activity to the development of cirrhosis.
However, there are characteristic histological features, which
may support the diagnosis and exclude relevant differential
diagnosis. Typical histological findings in WD include features
of MASLD like macrovesicular steatosis, glycogenated
nuclei, Mallory Denk bodies, portal and lobular mononuclear
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inflammation. Additional features include unusual abundant
lipofuscin and (in case of haemolysis) Kupffer cell siderosis.'®®

Compared to adults, the features of MASLD (e.g. steatosis,
glycogenated nuclei, Malloy Denk bodies) are more prevalent
in children, while cirrhosis is more frequently seen in adult
patients, 397142

In general, conventional liver histology alone does not pro-
vide sufficient specificity for differentiating WD from relevant
differential diagnoses like MASLD.'*®

In paediatric liver biopsies, electron microscopy findings of
mitochondrial abnormalities including dilated tips of cristae,
pleomorphism, membrane duplication and dense matrix were
significantly more frequently observed in patients with WD than
in those with MASLD and autoimmune hepatitis,'*® but these
findings are neither pathognomonic nor specific for the diag-
nosis of WD.

Histochemical staining of copper (e.g. rhodanine or Timms
sulphide silver staining) and/or copper-associated protein (e.g.
orcein) is currently used to support the histological evaluation of
liver biopsies with suspected WD. Rhodanine is the most used
histochemical copper stain, as it is considered the most reliable,
reproducible and simple histochemical staining. Nevertheless,
especially in early stages of WD, diffuse cytoplasmic localisation
of non-protein-bound copper evades histochemical detection,
while in later disease stages, copper accumulates in lysosomal
complexes and is then more easily stained. However, due to its
low sensitivity, ranging from 11-56% depending on disease
stage, and very low sensitivity in early stages, rhodanine staining
has only a minor value for diagnosing WD and cannot be used to
exclude hepatic copper overload.'#*14°

In addition to its low sensitivity, the specificity of histo-
chemical copper detection is also low, as other conditions (e.g.
chronic biliary diseases) result in hepatic copper accumulation
and may give rise to positive staining as well.'*®

Already 50 years ago, metallothionein was described as
being upregulated in liver tissue of patients with WD."*" It
represents the major hepatic copper-binding protein'*® and
recent, independently validated, data suggest that it is a sen-
sitive, potentially widely available, inexpensive immunohisto-
chemical stain for the diagnosis of WD.'*°

Even in patients without significant fibrosis, the sensitivity of
metallothionein immunohistochemistry was reported to be
>70%."*® As the staining pattern is also different between WD
and chronic biliary diseases in most patients, the diffuse met-
allothionein expression typically observed in WD also has a
high specificity for the diagnosis of WD."3"'%°

In cases where a liver biopsy has already been performed
during the evaluation of unexplained elevated liver enzymes,
archived liver biopsy tissue can be used for metal-
lothionein immunohistochemistry.

Liver biopsy is not performed for neurological presentation
and therefore is rarely used for diagnostic purposes. Still, once
it is performed it can also be used for copper quantification,
even if copper cut-offs are not extensively validated in neuro-
logical patients.
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When should molecular-genetic analyses be performed and
which approach should be used when WD is suspected?

Recommendations

e Molecular testing is recommended to confirm the diagnosis
of WD or to complete diagnosis if clinical and biochemical
testing is not decisive (LoE 2, strong recommendation,
strong consensus).

e A stepwise approach may be applied to reduce costs of
testing, starting from most common variants up to whole-
exome testing (LoE 3, weak recommendation, consensus).

e Screening the full-length sequence of ATP7B by next-
generation sequencing should be performed in non-
conclusive cases (LoE 2, strong recommendation, strong
consensus).

Direct molecular-genetic diagnosis is difficult, because of
the occurrence of more than 2,500 variants; except for a
few, each variant is rare.’"'®*® Furthermore, most patients are
compound heterozygotes (i.e. carry two different variants).
Over recent decades, genetic testing has improved steadily
(for detailed review of the methodologies see'*"). Compre-
hensive molecular-genetic screening that previously took
several months is now more rapid due to advances in DNA
sequencing techniques, but still may take weeks in com-
mercial laboratories. This makes this an impractical method
in a patient who needs a final diagnosis within a shorter
time frame. Nevertheless, it is reasonable to perform mo-
lecular analysis of the ATP7B gene in any patient who has a
provisional diagnosis of WD, both for confirmation purposes
and to facilitate the subsequent screening of fam-
ily members.

Patients with WD present with a spectrum of organ
involvement with variability in signs and symptom severity that
requires clinical correlation and expertise to interpret ge-
netic findings.

Databases of variants must be used with caution when
variant pathogenicity is interpreted. The frequency of mis-
annotation of the Human Gene Mutation Database
(HGMD®) variants and annotation concordance between
databases in depth is around 3.5%.'°" Sequencing results
or WES reports, which contain information on genetic vari-
ants, require clinical correlation. The classification and
interpretation of these variants (as pathogenic, likely path-
ogenic, or variant of uncertain significance [VUS]) reflects
the current state of scientific understanding.”®® It should be
kept in mind that a VUS corresponds to a genetic alteration
for which current information is insufficient to determine
pathogenicity; therefore, a VUS should not be used in
clinical decision making. Finding an undescribed sequence
variation of ATP7B is not necessarily sufficient to establish
the diagnosis of WD. The availability of new technology
does not necessarily mean that disease-causing variants
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can be found in all patients.”®®"®* Asymptomatic patients
with two unknown ATP7B variants (homozygous or com-
pound heterozygotes) should undergo complete diagnostic
work-up including REC if available, liver biopsy with copper
quantitation and imaging of the central nervous system.'>®

However, there are still patients with clinically suspected
WD who do not have detectable pathogenic variants, which
makes diagnosis difficult and delays treatment. The full-
length sequence of ATP7B has been screened by next-
generation sequencing in such patients. Newly identified
synonymous'®® and intronic variants were then identi-
fied."®”'58 Pathogenicity of a genetic variant can be tested
in cell models, e.g. by analysis of RNA transcripts from
primary fibroblasts.'*°

Moreover, large deletions in ATP7B are rare, but account
for a detectable proportion in some patients with WD and
may require additional molecular analysis like MLPA (multi-
plex ligation-dependent probe amplification).'®®

Which screening approach should be followed in siblings
and first-degree relatives (parents, offspring of patients
with a confirmed diagnosis of WD)? (whom to screen
and with which diagnostic tests, including prena-
tal screening).

Recommendations

e |t is recommended to measure serum ceruloplasmin and
24-h urinary copper excretion (and relative exchangeable
copper if available), evaluate clinical symptoms and to
perform liver tests in siblings and in first-degree relatives
(parents and offspring of an index case) (LoE 3, strong
recommendation, strong consensus).

e Molecular-genetic testing should be performed in siblings
to search for the biallelic variants from the index patient
(LoE 2, strong recommendation, strong consensus).

e Molecular testing should be performed in first-degree rela-
tives with abnormalities of copper metabolism or abnormal
liver tests (LoE 3, strong recommendation, strong
consensus).

It is essential to screen the family of patients presenting with
WD'®" because the chance of a sibling having WD is 25%.
Parents are at least heterozygotes, and to confirm that the
detected variants are biallelic, the father and mother have to be
genotyped. It is advisable to extend molecular testing beyond
siblings.'®?7'%5 Amongst offspring the likelihood is 0.5% to
4%.15657 The probability of nephews and nieces being
affected is 1 in 600, and the probability of cousins being
affected is 1 in 800,% which is significantly higher than that of
the general population. Although this risk is low, analysis of the
ATP7B gene for variants in offspring of an index patient is
justified given the potential devastating course of WD."®" If the
child is symptomatic, the other parent needs to be tested,
including clinical assessment and copper metabolism.

If the variants on both chromosomes are known in the index
patient, it is sufficient to sequence the exons carrying the variant.
If the variant(s) of the index case are not detected, pedigree
analysis using haplotypes based on polymorphisms surrounding
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the ATP7B gene is available. This analysis requires the identifi-
cation of an index patient with an unquestionable diagnosis of
WD within the family. DNA is required from both parents. The
inheritance of the “disease associated” haplotypes make it
possible to determine whether siblings are unaffected, hetero-
zygous, or indeed patients. Genetic testing is the most reliable
method to separate heterozygote from homozygote siblings.

Based on the Wilson & Jungner criteria,'®® WD may be
suitable for mass screening, especially in neonates. However,
currently, there are no effective biomarkers or methods suitable
for newborn screening for WD."°

Ceruloplasmin has been tested for paediatric and newborn
screening with limited utility. Newer technologies are needed.
Quantification of ATP7B peptide effectively identified 92.1% of
patients with known WD and reduced ambiguities resulting
from ceruloplasmin and genetic analysis.'”® This method is
currently being evaluated for neonatal screening. In the Qing-
dao area (Province of China), sequencing using multiplex PCR
combined with second-generation sequencing of 5,012 dried
bloodspots from neonates revealed a carrier frequency of 12
hotspot variants of 1.46%.'"" Therefore, currently family
screening is the only way to look for asymptomatic patients
with normal liver tests.

Should children or adults with WD undergo a detailed
neurological examination at diagnosis?

Recommendations

e A detailed neurological examination should be performed in
all adults following a diagnosis of WD (LoE 3, strong
recommendation, strong consensus).

e A detailed neurological examination should be performed in
children following a diagnosis of WD if they have neuro-
psychiatric symptoms or are >10 years of age (LoE 3,
strong recommendation, strong consensus).

In many cases, classification of neurological features is
challenging as patients with WD can have various signs and
more than one abnormality, each with a different level of
severity. The clinical course of the disease is also difficult to
predict. Neurological symptoms can be subtle and persist
for many years, or their onset and progression may be
rapid, leading to severe disability within a few months.
There may also be substantial fluctuations, with stress,
general health conditions and concomitant treatments
aggravating neurological symptoms.*®'72'7® To describe
the severity of neurological involvement in WD, a detailed
neurological evaluation should be performed in all adult
patients with a confirmed diagnosis of WD, regardless of
presentation. To allow for precise evaluation and follow-up,
a validated scale should be used like the UWDRS.174

Children with WD can experience neurological symptoms, but
much less frequently than hepatic manifestations.'”*""" In a
French study of 182 children with WD, 84.6% had hepatic man-
ifestations, 10.4% had neurological manifestations and 4.9%
were asymptomatic at diagnosis.'®® Symptoms among 50 chil-
dren with neurological WD in Pakistan included dystonia, dysar-
thria and cognitive decline (92%), drooling (68%), tremors (52%),
chorea (24%) and seizures (12%).'”® These symptoms may
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represent the more severe end of the clinical spectrum, while
other neuropsychiatric symptoms may be more subtle and diffi-
cult to distinguish from the behavioural changes of adolescence.
Declining school performance, personality changes, labile mood
and compulsive behaviours may be observed.'”® If neuropsy-
chiatric symptoms are discovered during the diagnostic work-up,
a detailed neurological examination including MRI (see below)
should be performed, but teenagers should be examined irre-
spective of symptoms to detect minor changes for further follow-
up and treatment decisions.

What neurological investigations should be performed at
diagnosis in patients with WD?

Recommendations

e Neurological assessment using a validated scale is rec-
ommended in adult patients and children >10 years of age
with a confirmed diagnosis of WD and at any age if they
have neuropsychiatric symptoms (LoE 2, strong recom-
mendation, consensus).

e A brain MRI should be performed in all adult patients and
children >10 years of age with a confirmed diagnosis of WD
(LoE 2, strong recommendation, consensus).

Neurological investigations are part of the multidisciplinary
approach to WD. The UWDRS neurological subscale is
considered a valuable tool for the comprehensive evaluation of
neurological signs and symptoms in patients with WD.'”®
Developed by the EuroWilson consortium and the German
Network of Hereditary Movement Disorders (GeNeMove), this
34-item scale is based on partly modified elements from well-
established and validated scales assessing neurological sta-
tus, such as the Barthel index, the Unified Parkinson’s Disease
Rating Scale, and the Unified Huntington’s Disease Rating
Scale.*%'%° part | of UWDRS concerns consciousness, part |l
evaluates disability and part lll involves a neurological exami-
nation using clinical rating scales, e.g. for tremor and cerebellar
disorders to measure neurological signs. UWDRS part lll scores
correlate with brain MRI findings,'”® exchangeable copper'®®
and optical coherence tomography of the retina,*” but not
serum levels of ceruloplasmin, copper, non-ceruloplasmin-
bound copper or liver tests.** UWDRS has not been validated
in children. Tier 2 of the Global Assessment Scale for Wilson’s
Disease (GAS for WD) is a shorter 14-item scale that also
scores neurological dysfunction'®" and has been suggested as
an alternative to UWDRS. "8 In addition, a shorter version of the
UWDRS (“minimal UWDRS”) that contains only nine patient-
reported items has been assessed as a feasible, economical
tool for the evaluation of the neurological status in patients with
WD, with mild to moderate neurological symptoms.'’®
Although not commonly used, with further validation, the min-
imal UWDRS may be useful as a screening tool in all patients,
even children. Currently, brain MRI is the most sensitive neu-
roimaging method to assess neurological pathology associated
with WD.>*' More than 90% of patients with WD and neuro-
logical symptoms have brain MRI abnormalities.®'8%18% |n
addition, neuroimaging abnormalities are present in approxi-
mately 40-70% of patients with predominantly hepatic pre-
sentation and in 20% of asymptomatic WD cases.®%'%*
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Different brain regions appear to have distinct suscepti-
bilities to copper toxicity.** The most prominent MRI findings
in WD are symmetric hyperintensities in T2-weighted or FLAIR
images in the deep grey matter nuclei and white matter pre-
dominantly in the brainstem, which presumably reflect
oedema, demyelination and gliosis.’®* In addition, signs of
diffuse tissue atrophy'®°'8% and hypointensities in T2/T2* and
SWI in the deep grey matter caused by abnormal iron accu-
mulation (resulting from necrosis) are frequently pre-
sent.’®'8 So-called pathognomonic neurological signs of
WD include the ‘face of the giant panda sign’, which is present
in around 15% of cases and 27 % of patients with neurological
WD."”® As the presence of MRI brain changes is observed in
patients with neurological, hepatic and presymptomatic WD,
MRI seems to be justified in all patients before the initiation of
therapy. The evaluation of baseline MRI changes guides
treatment and enables monitoring of disease progression and
response to treatment.

MRI scoring approaches are needed to quantify the degree
of brain parenchyma damage for treatment monitoring and
outcome prediction. Recently, a semiquantitative scale for
assessing brain MRI abnormalities that scores acute toxicity,
chronic damage and atrophy was validated.’” The acute
toxicity score reflects T2/FLAIR hyperintensities in the caudate
nucleus, thalamus, putamen, mesencephalon, pons or other
areas, and relates to potentially reversible lesions, resulting
from oedema, demyelination and gliosis. The chronic damage
score reflects the sum of T2/T2*/SWI hypointensities assessed
in the putamen, globus pallidus, thalamus, caudate nucleus
and dentate nucleus. Together with the atrophy score, which is
assessed on T1 sequences, these components represent irre-
versible damage, resulting from iron accumulation, necrosis
and degeneration. Functional impairment and neurological
deficits scored using UWDRS part Il and Il correlated well with
acute toxicity, chronic damage and total scores using the
MRI scale.'”®

Other neuroimaging methods, such as MRS and trans-
cranial brain ultrasonography,'®®'9? may also provide rele-
vant data, although these methodologies are not in routine
use. Studies have shown abnormal visual, brainstem auditory
and motor evoked potentials in patients with WD, 871937195
but currently such investigations may be of more use in the
research setting. Retinal and visual pathway abnormalities are
also active areas of current research.*’'%° Plasma neurofila-
ment light concentrations have been shown to be a biomarker
of neurological involvement'®”'% and, following further vali-
dation, may prove a useful adjunct to clinical and neuro-
imaging disease severity scales.

With regards to abnormal MR findings in children with WD, a
study (n = 50) found that high-signal intensity lesions in the basal
ganglia on T1-weighted images reflected hepatic involvement,
while high-signal-intensity lesions on T2-weighted images re-
flected cerebral involvement and showed a good correlation with
neurologic symptoms."'” Following copper-chelating therapy,
follow-up of MRI changes was strongly correlated with improve-
ments due to treatment (o <0.001), indicating that MRI may be
helpful in assessing clinical response. We suggest that a brain MRl
scan should be performed in children with a confirmed diagnosis
of WD and neuropsychiatric signs or symptoms or Kayser-
Fleischer rings or even without any signs of neuropsychiatric
involvement if aged >10 years.
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Treatment

How should treatment response be defined in patients
with WD?

Recommendations

e Treatment response should be evaluated by clinical and
laboratory/imaging parameters as well as laboratory tests
of copper metabolism (LoE 3, strong recommendation,
strong consensus).

e Treatment response should be defined by resolution of liver
symptoms (jaundice, ascites) and/or improvement of liver
parameters (ALT, INR, albumin) and/or progressive
improvement of neurologic symptoms, disappearance of
Kayser-Fleischer rings or at least no deterioration on a
validated scale or on brain imaging (LoE 3, strong
recommendation, strong consensus).

Treatment response should be evaluated according to
baseline abnormalities — both clinical and biochemical. The
parameters used to define treatment response are variable,
depending on the initial clinical presentation. The major pa-
rameters to measure clinical response in liver presentation are
the resolution of ascites and/or jaundice.%*"%°

In neurological presentation, all abnormal neurological
findings should be evaluated and a validated UWDRS scale
should be used.?°° Neurological response to chelators may be
delayed and is defined by the progressive disappearance or
attenuation of symptoms and the decrease or normalisation of
the UWDRS score.174°°° Brain MRI can be used to measure
treatment response with a progressive vanishing and disap-
pearance of T2/FLAIR hypersignal.?®’

Liver disease is defined not only by clinical symptoms but
also by laboratory liver tests which include mainly ALT, AST,
prothrombin time/INR and bilirubin. A complete liver response
is indicated by normalisation of all these tests, though some
abnormalities such as slightly increased ALT (<1.5x the upper
limit of normal) may persist in the long term.?°? Liver biopsy is
not used in practice to measure treatment response, however,
non-invasive fibrosis assessment can show improvement of
fibrosis markers with long-term treatment. Liver copper may
drop under therapy but usually remains increased in the long
term and is not used for monitoring.?®

Copper parameters used for diagnosis of WD should be
monitored during therapy. Treatment should aim at decreasing
urinary copper excretion, non-ceruloplasmin-bound copper
and exchangeable copper, but these parameters are strongly
related to the choice of pharmacotherapy.?%4-2°7

Which pharmacological treatment is recommended in pa-
tients with WD to achieve response?

Recommendations

e Chelators should be the primary choice in patients with
significant liver disease, e.g. features of significant fibrosis
and cirrhosis, liver failure, and haemolysis (LoE 3, strong
recommendation, strong consensus).
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e Either zinc or chelators should be used in patients with a
neurological presentation (LoE 2, strong recommenda-
tion, consensus).

e A ‘start low, go slow’ treatment regimen is recommended
for chelators, especially in patients with a neurological
presentation (LoE 3, strong recommendation, strong
consensus).

e FEither zinc or chelators may be used in asymptomatic pa-
tients without signs of significant liver involvement (LoE 4,
weak recommendation, consensus).

The aim of pharmacological treatment in WD is to remove
excess copper via inhibition of intestinal copper absorption
(zinc salts) or by using copper-chelating agents such as D-
penicillamine and trientine. Treatment should be started
immediately after diagnosis in symptomatic children and adults
to prevent further progression of liver and/or neurological dis-
ease and continued throughout life. Asymptomatic patients
diagnosed by family screening should receive treatment after 2-
3 years of age. Administration of drugs, especially to very
young children is challenging.'® There is no high-quality evi-
dence for the optimal first-line treatment choice in WD.

D-penicillamine chelates copper and enhances its excre-
tion into urine. Additionally, it induces endogenous hepatic
metallothionein — a cytosolic metal-binding protein which se-
questers copper and protects the liver from its toxic effects. D-
penicillamine has been shown to efficiently prevent the pro-
gression of disease in children with WD. It improves liver
symptoms in over 80% of symptomatic children within a mean
time of 16 months®®® including those presenting with liver
failure but no hepatic encephalopathy. Adverse effects of D-
penicillamine may result in drug withdrawal in 15-30% of
cases.”’®®2"% Worsening of neurologic symptoms may occur in
up to 14.3% of patients with WD,?°%%1"%12 egpecially in pa-
tients with neurological involvement at treatment onset or those
treated with dopamine receptor antagonists.?’>?'* Early
adverse effects include sensitivity reactions, e.g. fever, cuta-
neous eruptions, neutropenia, thrombocytopenia, lymphade-
nopathy and proteinuria. There are reports on medium- and
long-term adverse events such as D-penicillamine-related
lupus-like syndrome, bone marrow toxicity with severe throm-
bocytopenia or aplasia, and skin changes such as elastosis
perforans serpiginosa, cutis laxa, pemphigus, lichen planus, and
aphthous stomatitis.?'® Iron can be given between the chelator
doses orally to prevent iron deficiency, but this is not required
for all patients if dietary iron intake is sufficient.

The dose of D-penicillamine should be gradually increased
in children to 20 mg/kg/day given in 2 or 3 doses and in adults
to 1,000-1,500 mg given in 2 to 3 divided doses (preferably 2
doses) with close follow-up for the occurrence of adverse
events mentioned above. Drugs should be administered 1 h
before or 2 h after meals (detailed dosing in Table 7). Increases
in dose should be progressive and related to neurological
severity (e.g. prolonged to 8 weeks or longer). In some clinical
situations (e.g. ALF) the dose has to be increased more rapidly.

Trientine (triethylene tetramine hydrochloride) was originally
reserved for patients who developed adverse events related
to D-penicillamine.?'® Currently two forms of trientine are
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Table 7. Characteristics and description of drug administration for Wilson’s disease.

Zinc acetate/sulphate per elemental
zinc

D-penicillamine

Trientine

Dosage e Age >16 years and body weight >50
kg: 150 mg/day in 3 divided doses.

Age 6 to 16 years and body weight

<50 kg: 75 mg/day in 3 divided
doses

Under 6 years of age: 50 mg/day in

2 divided doses

Administration 1 h before meal or 2 h after meal
Adequacy of treatment

parameters

e 24-h urinary copper excretion: 30- o
75 pg (0.5-1.2 umol)/24 h on main-
tenance treatment

Serum zinc level >125 pg/dl

Urinary zinc >2 mg/24 h on main-
tenance treatment

Liver test improvement ALT normalisation up to 1 year

Indication for a drug change .

Persistent ALT >3x upper limit of
normal and/or INR >1.5

Poor tolerance or side effects, e.g.
abdominal pain

1 h before meal or 2 h after meal 1

Up to 6 months, INR normalisation to 1
year
Poor tolerance or side effects

Currently there are two available forms:
TN-2HCI and TN-4HCI.

e Starting dose for TN-2HCI (250 mg or
200 mg capsules) gradually increasing
to about 20 mg/kg/day: 500-750 mg/
day in children and 750-1,600 mg/day
in adults in 2-4 divided doses.
Maintenance dose for TN-2HCl is 10-15
mg/kg per day, maximum 1,500 mg/day
in children and 750-1,500 mg/day in
adults divided in 2-4 doses.

Starting dose for TN-4HCI (150 mg
capsules) gradually increasing to 225-
600 mg/day in children and 600-975
mg/day in adults in 2-4 divided doses
Maintenance dose: 225-600 mg/day in
children and 450-975 mg/day in adults
divided in 2-4 doses.

h before meal or 2 h after meal

24-h urinary copper excretion: 150-500
ug (3-8 pmol)/24 h on maintenance
treatment

Starting dose: 150-300 mg/day,
gradually increasing once a week
up to 20 mg/kg/day given in 2 or 3
divided doses or 1,000-1,500 mg in
young adults given in 2 or 4 divided
doses.

Maintenance dose: 10-20 mg/kg/
day up to 750-1,000 mg/day in 2
divided doses

24-h urinary copper excretion: 200-
500 g (3-8 umol)/24 h on mainte-
nance treatment

Up to 6 months, INR normalisation to 1
year
Poor tolerance or side effects

ALT, alanine aminotransferase; INR, international normalised ratio; TN-2HCI, trientine dihydrochloride; TN-4HCI, trientine tetrahydrochloride.

available: trientine dihydrochloride (trientine-2HCI) and trientine
tetrahydrochloride (trientine-4HCI). Adverse effects on trientine
seem to be less frequent than on D-penicillamine but still may
include allergic reactions, arthralgias, muscle cramps, and
sideroblastic anaemia in cases of overtreatment.?'” The ther-
apeutic efficacy of trientine-2HCI is similar to that of D-peni-
cillamine, which was shown in a cohort of adults with liver
symptoms.?'® In one study, trientine-2HCI was associated with
a higher risk of neurologic worsening than D-penicillamine in
patients with a neurologic manifestation of WD. In a paediatric
study, trientine-2HCI, used as second-line therapy after D-
penicillamine intolerance, improved liver function but did not
alleviate  accompanying  neurological or  psychiatric
symptoms.?’” In a recent randomised, open label study,
4HCl-trientine as maintenance therapy was non-inferior to
D-penicillamine and was well tolerated in adults with WD.?"®

The dose of trientine should be gradually increased, similarly
to D-penicillamine, to avoid neurologic deterioration. The dose
of trientine-2HCI in children is 20 mg/kg/day given in 2-3 doses.
In adults, the dose is 750-1,600 mg/day in 2-4 divided doses
(preferably 2 doses) for trientine-2HCI, or 600-975 mg/day in 2-
4 divided doses (preferably 2 doses) for trientine-4HCI. During
therapy patients should avoid concomitant oral iron supple-
mentation. Tablets must be given on an empty stomach for
optimal absorption (for details see Table 7). In many countries,
trientine is a second-line option after D-penicillamine because
of its high cost.

Zinc induces metallothionein in enterocytes and subse-
quently copper is sequestered in enterocytes, which — at the
end of their life cycle — carry copper into the lumen. Zinc also
has an impact on hepatocyte metallothionein and may have
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additional copper-detoxifying effects. Zinc salts are usually
used for the first-line treatment of asymptomatic patients and
for maintenance therapy after initial de-coppering with D-
penicillamine or trientine. Zinc monotherapy in symptomatic
patients with liver disease remains controversial.?2°

Zinc as first-line monotherapy showed a better tolerance
profile than D-penicillamine in various presentations of
WD.207:209.221.222 However, treatment failure was reported in
symptomatic children with liver disease. Furthermore, patients
who relapsed on zinc improved after reintroduction of a
chelating agent.?°”*? Patients receiving zinc salts can expe-
rience neurological deterioration, though the risk appears lower
than for D-penicillamine or trientine.?%?

There are several formulations of zinc salts available: zinc
sulphate, zinc acetate and zinc gluconate. Zinc sulphate is
associated with gastrointestinal problems, such as nausea,
vomiting, epigastric pain, gastric/duodenal mucosal ulceration
that may lead to poor adherence both in children and adults.?®*
Such symptoms seem to be observed less often with zinc
acetate.?**??> Other adverse reactions include anaemia and
increased serum amylase and lipase levels without clinical or
radiological features of pancreatitis. The recommended dose of
zinc is 25 mg of elemental zinc in children under 5 years of age,
75 mg/day in older children (<50 kg of body weight) or 150 mg/
day in adults and children with body weight >50 kg, in 2-3
divided doses. Zinc should not be taken with food because it
interferes with its absorption (1 h before a meal or 2 h after a
meal) (Table 7). Some centres use combined zinc and chelator
therapy, which is generally not recommended. Still, if such a
combination is used, the drugs should be given at least 3
h apart.®*
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In the publications reporting treatment of WD, asymptomatic
patients were inconsistently described either as healthy pa-
tients picked up by family screening or as patients with
asymptomatic alterations in liver function or neurolog-
ical status.

Both chelators and zinc were shown to be effective in the
treatment of asymptomatic patients.?%%192247226  Although
chelators were reported to be used efficiently for treatment of
significant liver disease, we still do not have the same evidence
for zinc.?07:208:210.217.218,222.227 Btk zinc and chelators were
shown to be effective in the treatment of patients with a
neurological presentation.?%°

The studies performed to date have used mainly clinical and
basic laboratory parameter endpoints. Most of the studies did
not compare different therapies head-to-head and only one
proper randomised-controlled trial on the described therapies
has been reported.”’® Some new drugs have been tested and
described without further registration.?® Long-term effects of
therapy are mainly dependent on patient adherence to treat-
ment. There are several reasons for poor compliance. Insuffi-
cient knowledge of the disease, lack of family support, poor
monitoring of copper metabolism by treating physicians,
inadequate transition programmes and neuropsychiatric
symptoms are the key factors.??°**° Even if WD is a genetic
disorder with favourable treatment outcomes in almost 85% of
cases, the problems with irreversible neurological de-
teriorations (up to 12%), adverse drug reactions (in up to 30%),
non-compliance with anti-copper treatment (3 times daily,
before or after meals, administration of zinc without milk in
food) or persistence of neurological symptoms (up to 50%
patients) exist.33101:173:231

New therapies with a better safety profile, greater efficacy,
and easier administration (e.g., once daily or with food) are
needed. The current investigations focus on: 1) new pharma-
cological treatment possibilities®*?; 2) cell/gene therapies which
aim to restore the function of ATP7B.%*"

In patients with WD, should a low-copper diet be advised?

Recommendations

e Avoiding frequent dietary intake of food containing high
concentrations of copper is suggested in symptomatic pa-
tients with WD until remission/stabilisation of signs and
symptoms, especially in the first year of treatment (LoE 4,
weak recommendation, strong consensus).

e Further low-copper dietetic restrictions may be evaluated
with regard to the effects of therapy and quality of life (LoE 4,
weak recommendation, consensus).

There is no high-quality evidence for the efficacy of a low-
copper diet in the management of WD. It is known that cop-
per restriction is important, but it does not prevent copper
accumulation.?®3>2* Therefore, it cannot be recommended as
the only therapy.?*®* Common copper-rich foods are shellfish,
nuts, black chocolate, cocoa powder, mushrooms, liver and
organ meats. Sometimes high concentrations of copper may
be found in water, especially when the household is supplied by
copper pipes. Avoiding copper is advised until remission of
symptoms and improvement of biochemical abnormalities,
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usually in the first year of treatment.?*® After that, restrictions on
copper intake are modified based on the response to therapy,
treatment used (chelators vs. zinc) and quality of life. Dietary
support can be considered in all patients with WD.

Once treatment response is achieved, should initial therapy
(dose and type of drug) be changed?

Recommendation

e Once treatment response is achieved, a change of treat-
ment (lowering chelator dose, switching to zinc) can be
considered for medium and long-term safety reasons (LoE
4, weak recommendation, strong consensus).

Changing therapy is justified by several factors like efficacy
and side effects but also patient’s preference, compliance and
copper balance. This question is not discussed in publications
so we cannot directly describe how dose changes during
therapy. Different treatment scenarios are presented in clinical
practice. Still, the major issue is copper balance and usually it
improves with time due to de-coppering. Therefore, we suggest
adjusting the dose of chelators or zinc to copper balance. This
problem was carefully discussed in a longitudinal study by Jan
Pfeiffenberger et al.>*®

Still, even this study did not present changing dose over time
when compared with copper balance. However, long-term studies
have shown that over time an increasing number of patients are
being treated with zinc or trientine vs. D-penicillamine.?®

Once clinical and biochemical response is achieved (as
described above), usually in about 6-12 months, patients may still
be treated with maintenance dosages of chelators or switched to
zinc.?*® Long-term treatment with zinc can be considered as more
selective for de-coppering than chelators and related to milder
side effects,>®” but is not recommended in cirrhosis. On the other
hand, it has recently been shown that trientine was equally efficient
and well tolerated as D-penicillamine for the maintenance treat-
ment of WD.?"® The initiative to change treatment may come from
the patients or parents and should be discussed with the physi-
cian. However, there is no solid scientific evidence regarding when
to change treatment in patients with either hepatic or neurological
presentations of WD.?%®

What is the preferred therapeutic strategy in patients with
WD who do not achieve sufficient treatment response or
develop paradoxical neurological worsening or side effects
on first-line therapy?

Recommendations

e When patients do not achieve sufficient treatment response,
adherence should be checked in detail based on copper
balance, laboratory investigations and clinical symptoms
(LoE 2, strong recommendation, strong consensus).

e |n patients with WD who do not achieve sufficient treatment
response on first-line therapy despite a good adherence to
treatment and a 24-h urinary copper excretion in the target
range, or side effects, switching treatment should be
considered (D-penicillamine to trientine and vice versa or
zinc to chelators) (LoE 2, strong recommendation, strong
consensus).
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e |n patients with WD who develop paradoxical neurological
worsening on first-line therapy, decreasing the dose of che-
lators and slowing the increase of doses or changing the WD
treatment should be considered (chelators to zinc or zinc to
chelators) (LoE 2, strong recommendation, consensus).

e LT should be considered on a case-to-case basis in pa-
tients with a continuous worsening of neurological symp-
toms despite at least 6 months of optimised medical
treatment (LoE 2, strong recommendation, consensus).

e LT should be considered in patients with decompensated
cirrhosis despite adequate medical treatment (LoE 2,
strong recommendation, strong consensus).

If the diagnosis is made early, before the development of
advanced liver or brain disease, and patients adhere well to
pharmacological treatment, a favourable treatment outcome is
observed in almost 85% of cases, and prolonged survival has
become the norm.?*=2*" Markers of liver dysfunction improve
in over 90% of patients, usually within 2-6 months, while
clinical neurological improvement is observed in approximately
50-60% of patients over a longer time course of 1-3
years.>4%?%2 A recent meta-analysis of 16 cohort studies
exploring the efficacy of D-penicillamine or zinc revealed that
the pooled improvement rate in all symptomatic patients with
WD is 78.0% (95% CI 70.8%-85.2%). In patients with symp-
tomatic hepatic WD and neurological WD, the pooled
improvement rates are 76.0% (95% Cl 59.0%-92.0%) and
74.0% (95% Cl 66.0%-81.0%), respectively.”

Despite the good overall outcome, first-line therapy may lead,
in some patients, to an insufficient treatment response with liver
decompensation and worsening of neurologic symptoms
(14.3%),2'1212243  egpecially in patients with neurological
involvement at treatment onset or those treated with dopamine
receptor antagonists, or adverse drug reactions (up to
30%).*521321* An approach to overcome this problem is the
careful and systematic assessment of biochemical response
patterns and the quantitative monitoring of symptoms using vali-
dated rating scales.

When patients do not achieve a sufficient treatment
response, adherence should be examined in detail, as poor
adherence to treatment is present in up to 50% of patients with
WD,280-244245 and is a frequent cause of worsening or inade-
quate response.?%246 The reasons for poor compliance with
treatment are multiple: insufficient knowledge of the disease,
psychological difficulties, the burden of taking medication 2 or
3 times a day outside of meals, side effects of medication, lack
of family support, and infrequent monitoring of copper levels by
physicians. Close follow-up with monitoring of treatment,
copper metabolism,?°® adverse events, and involving the pa-
tient in the treatment process, along with psychological support
and/or educational programmes, may improve adher-
ence.?®>?* To improve adherence to lifelong therapy, the
treatment scheme should be as simple as possible. Simplifying
maintenance therapy by using a single daily dose could be a
good option but further studies are required to confirm similar
effectiveness.?*"24°
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The presence of side effects is also a potential reason for
poor adherence and may lead to clinical aggravation. D-peni-
cillamine efficiently prevents disease progression in children
and adults with WD, but intolerance and serious side effects as
previously described may result in drug withdrawal in 15% to
30% of cases in both children and adults.?°*?'° There is evi-
dence that D-penicillamine could perturb H,O, redox homeo-
stasis (through transient but recurring catalase inactivation) and
induce oxidative stress, which may, in part, explain some of the
deleterious effects observed with this therapeutic agent.?’"-2°°
Trientine or zinc are effective in preventing the effects of
interrupting D-penicillamine therapy.?°'°° Trientine has a
better tolerance profile than D-penicillamine, but some side
effects (nausea, skin rash, colitis, anaemia, etc.) may lead to
proposing a switch of treatment. Zinc as a first-line mono-
therapy showed a better tolerance profile than D-penicillamine
in various presentations of WD.297:209:221:251.254 The main side
effects are gastrointestinal, including nausea, vomiting, and
abdominal pain.?2#254-256

To date, no randomised-controlled trials have been con-
ducted on monotherapies for first- and second-line WD treat-
ments. However, current efforts are underway to design clinical
trials in WD to compare the efficacy and safety of various
treatments.?>” Regardless of the reason for moving to second-
line treatment (insufficient treatment response, development of
neurological worsening, or side effects on first-line therapy), the
choice of therapy should be based on the patient’s phenotype.
Owing to the distinct mechanisms of action between copper
chelators and zinc salts, transitioning requires a period of
overlap and increased monitoring. No large studies have
investigated the optimal transition strategies between agents.

In patients with hepatic disease, with or without the pres-
ence of acute haemolytic anaemia, the severity of liver disease
determines the treatment approach. Validated scores guide
physicians in assessing whether the timeframe for another
medical intervention is sufficiently broad or if urgent liver
transplantation (LT) is warranted.’® LT may be considered in
WD cases at the stage of ALF or when there is a progression of
liver dysfunction despite drug therapy.“® If LT is not indicated,
the preferential use of an alternative chelating agent appears
reasonable.?'®219:258-261 Ghelators establish a negative copper
balance more rapidly than zinc salts, and zinc monotherapy
may prove inadequate for controlling hepatic disease in a
subset of these patients. Moreover, individuals who experi-
enced relapses on zinc demonstrated improvement upon
reintroduction of chelating agents.?°"??® In a paediatric study,
trientine, used as a second-line therapy after D-penicillamine
intolerance, was as efficacious as D-penicillamine, and small
population studies indicate an improved side effect profile.?'”
That said, zinc monotherapy was reported to be effective as
an alternative treatment option for WD-related decompensated
liver disease in a recent case report.?®? Furthermore, a recent
meta-analysis comparing the effects of D-penicillamine and
zinc demonstrated that these two treatment options exhibit
similar efficacy in managing symptomatic hepatic WD (relative
risk 0.98, 95% CI 0.86-1.12; p = 0.765). It is important to note
that first- and second-line therapies were merged in
the analysis.?*?
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A recent meta-analysis of 32 retrospective studies (217
cases) showed that early neurological worsening on first-line
therapy - corresponding to a worsening up to 6 months af-
ter the initiation of anti-copper treatment — occurred in 14.3%
of patients with WD and mainly in those with neurological
disease. It involved 21.8% of patients with initial neurological
symptoms.?'> Risk factors included severe neurological
involvement at baseline (especially dystonia), brainstem and
thalamic lesions on MRI, younger age of onset and concurrent
antipsychotic drug use.?'***® Most neurological deterioration
occurred in patients treated with D-penicillamine (70.5%), and
much less frequently with trientine (14.2%) or zinc salts
(6.9%); based on the data it was not possible to determine if
the risk of deterioration differed with therapy.?’® Studies
concentrating on second-line therapy for patients experi-
encing neurological deterioration despite initial treatments are
limited. Retrospective analyses involving children and adults
with WD who exhibited neurological deterioration while on D-
penicillamine therapy have suggested that effective man-
agement and positive outcomes can be achieved with trien-
tine or zinc. Additionally, small-scale population studies have
indicated a lower incidence of side effects.?'”>? A recent
meta-analysis comparing the effectiveness of D-penicillamine
and zinc salt treatments for patients with a neurological pre-
sentation, but where first- and second-line therapies were
combined, showed that the response rate to chelation therapy
was in the same range as that reported for zinc monotherapy
(relative risk 0.83, 95% Cl 0.40%-1.75%; p = 0.632). The
pooled improvement rate in five studies reporting effective-
ness data for patients with neurological WD treated with D-
penicillamine was 56.3% (95% CIl 37.5%-75.1%). In contrast,
the pooled improvement rate in three studies reporting zinc
salt treatment for patients with neurological WD was 80.2%
(95% Cl 67.2%-93.2%). Consequently, zinc salts appear to
have superior effectiveness to D-penicillamine in the first- or
second-line treatment of patients with neurological WD.???
For patients experiencing worsening neurological symptoms
on first-line therapy, the initial recommendation should involve
reducing the chelator dosage and adopting a gradual dose
escalation approach ("start low and go slow"), along with
discontinuing dopamine receptor antagonists.*®?'? If inef-
fective, the recommendation is to consider switching WD
treatment (between chelators and from chelators to zinc),
despite the absence of clear evidence from head-to-head
treatment studies comparing the effects of D-penicillamine,
trientine, and zinc in patients with neurological symptoms.
There are indications that zinc and trientine are associated
with fewer side effects and a lower treatment discontinuation
rate than D-penicillamine therapy while being similarly effec-
tive.211:251:252.264 Gonsequently, zinc or trientine may also be
employed as second-line therapy for patients experiencing
neurological deterioration despite first-line treatment.

As a last option, LT may be considered in the case of
continuous worsening of neurological symptoms or an intrac-
table neurological situation under active chelation therapy®®®
(see 2.10). Objective clinical and radiological scores, such as
the UWDRS and the semiquantitative brain MRI scale, are
recommended to assess the severity of the disease and its
evolution.®”'"*178 The combination of D-penicillamine and zinc
salts is effective in treating liver and neurological symptoms but
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increases adherence difficulties. This combination has not been
studied as a second-line therapy.>®®

CRISPR/Cas9-mediated correction of ATP7B point muta-
tions is feasible and may have the potential to be transferred to
the clinic.?6726°

Is a defined period of medical treatment (chelators or zinc)
indicated in patients with WD and decompensated cirrhosis
before they are referred for LT?

Recommendation

e Patients with decompensated cirrhosis in WD may respond
to medical therapy, usually after >3 months of treatment,
but they should be concomitantly evaluated for LT (LoE 3,
strong recommendation, strong consensus).

Liver function in patients with WD and decompensated
cirrhosis may improve with chelation treatment.*® However, the
probability of treatment response is affected by a variety of
factors such as patient age, tolerance to therapy, and degree of
liver dysfunction.?>*”° Patients with WD and decompensated
cirrhosis typically present with hypoalbuminemia and coagul-
opathy, complications of portal hypertension such as ascites or
hepatic encephalopathy, and jaundice.?’" These patients are
usually older by 10-20 years than those with ALF,%*® thus
increasing the risk of treatment nonresponse. In decom-
pensated patients receiving medical therapy, close follow-up of
liver function and monitoring for development of further
decompensation are mandatory and could be better performed
in tertiary care liver units with immediate access to LT.?”?
Recently, “combination” therapy with either D-penicillamine or
trientine plus zinc has been proposed as an intensive regimen
for patients with decompensated liver disease.?* However,
further studies are required to better understand the potential
clinical benefit of this practice. Essentially, all patients with WD
and decompensated chronic liver disease who fail to respond
to or tolerate medical therapy should be considered promptly
for transplantation.>”®

Prognostic scoring systems such as the new Wilson index
(NWI) may help identify these patients.'® This score assigns
points to serum total bilirubin, AST, INR, white blood cell count,
and serum albumin. The points assigned for each of these five
parameters are summed to calculate the score. A score of 211
is a strong predictor of mortality without LT. Importantly, the
NWI had a higher diagnostic accuracy and lower false nega-
tivity rate than the Nazer and MELD (model for end-stage liver
disease) scores.?’* Prospective assessment of NWI in patients
receiving therapy may improve prediction of disease trajectory
and need for transplantation.®*

Case series and small observational studies suggest that
dialysis, plasmapheresis, albumin dialysis and high-volume
plasma exchange can be considered as bridging therapies to
LT in patients with WD ALF, especially once excess copper is
detectable within the plasma.?”>2"® Indications for such ther-
apies in patients with decompensated cirrhosis should be
discussed in a multidisciplinary setting and on an individual
basis, and ultimately depend on local availability and experi-
ence. It should be highlighted, however, that the availability of
such therapies should not preclude or slow down LT evaluation
or the access to the waiting list.

707



Which treatment strategy is recommended in patients with
WD during pregnancy and breastfeeding?

Recommendation

e Any anti-copper therapy should be maintained during
pregnancy and breastfeeding (LoE 4, weak recommen-
dation, consensus).

Reproductive health is a major need for women with child-
bearing potential living with WD. Untreated WD is associated
with infertility, miscarriage, premature birth and perinatal mor-
tality.®® Of more than 800 reported pregnancies from around 450
women affected by WD, 21.7% resulted in spontaneous abor-
tions, and almost 70% of these cases occurred in untreated
patients.?’”” Undiagnosed women have a 2.8-fold higher risk of
miscarriage compared to treated patients with an established
WD diagnosis.278 Also, maternal health status can be affected by
pregnancy. While a limited and transient elevation in liver en-
zymes can occur in pregnant women with stable disease, severe
hepatic deterioration has been observed almost exclusively in
those with uncontrolled copper status, either naive to anti-
copper drugs®’®?8° or following treatment discontinuation.?®°
Neurologic deterioration only occurs in 1% of pregnancies but
can be irreversible.?’#?®" The benefit of anti-copper treatment
during pregnancy clearly outweighs the risks to the foetus of
potential teratogenicity or drug-induced copper deficiency. The
overall proportion of stillbirths and birth defects in WD preg-
nancies is comparable to that expected in non-WD pregnancies.
Evidence for the potential teratogenicity of D-penicillamine
related to copper deficiency comes from animal studies,”®* and
reports of birth defects in humans (e.g., connective tissue de-
fects) are related with the highest dosage.?®*2%° Similarly, tri-
entine teratogenicity in rats is mediated by the low foetal copper
status,?®® but there are no safety concerns in pregnant women
under standard dosage.?’”*®” The speculative risk of over che-
lation affecting foetal outcomes has led to the conservative
recommendation to reduce the dose of copper-chelating agents
during the first trimester.*6:173:277:278.287 7ine is usually consid-
ered safe in pregnancy, although birth defects in zinc-treated
women have been reported.?8828°

Women with WD willing to conceive or who are pregnant should
be carefully followed and supported to start or maintain anti-copper
drug treatment. Intrauterine devices should be avoided.

Limited information indicates that D-penicillamine and trientine
have no substantial passage in breast milk.?*° Neither copper-
chelating agents nor zinc substantially affect the copper content
of breast milk.?°" Thus, there is no evidence to contraindicate
breastfeeding in mothers treated with anti-copper drugs.

Which symptomatic treatment is recommended in pa-
tients with WD and neurological and/or neuropsychi-
atric manifestations?

Recommendations

e Specific treatment for WD (chelators and zinc salts) enables
improvement of neurological and neuropsychiatric symp-
toms but may be insufficient to control symptoms, in which
case symptomatic treatments should be considered (LoE 2,
strong recommendation, strong consensus).
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e Symptomatic treatments of neurological symptoms should
be based on pharmacotherapy, botulinum toxin injections,
physiotherapy, speech therapy and rarely neurosurgery
(LoE 2, strong recommendation, strong consensus).

e Neuropsychiatric symptoms can be treated by psychotro-
pic medications (mood stabilisers, antidepressants, anxio-
lytics) and/or psychotherapy. Neuroleptics should be
avoided (except quetiapine or clozapine) as they could
worsen neurological symptoms (LoE 2, strong recom-
mendation, strong consensus).

In addition to anti-copper therapy, symptomatic treatments
are crucial at any stage of the disease for the long-term man-
agement of patients with WD who present neurological or
psychiatric symptoms,*0:115:292-295

The symptomatic treatment of neurological symptoms de-
pends mainly on the predominant symptoms and includes
pharmacotherapy, toxin botulinum injections, physiotherapy,
and speech therapy. In rare situations, neurosurgical procedures
may also be considered.??? Symptomatic treatments need to be
regularly adjusted to address the evolving nature of symptoms
throughout the progression of the disease. Factors such as
stress, concurrent medication use, trauma, or infections may
exacerbate neuropsychiatric symptoms, displaying classical
daily fluctuations, and should be taken into consideration.

Table 8 summarises the main therapy proposed for each
symptom. The majority of these treatment proposals come
from case reports.

Tremors

In cases of action/postural tremor, the most effective phar-
macological treatment option is propranolol (20-240 mg/day,
divided into two or three doses), followed by primidone (25 mg/
day up to 750 mg daily in three divided doses).??¢?°7 |f these
treatments prove ineffective, benzodiazepines (alprazolam
0.75-1.5 mg/day) or clonazepam (0.5-4 mg/day) may offer
some relief.>®” High dose zolpidem was effective in “wing
beating” tremor in a case report.>*® For voice tremors, the
optimal treatment involves the use of botulinum toxin A (BTX)
with laryngeal electromyography-guided injections. BTX in-
jections are also the preferred first-line treatment for dystonic
tremors affecting the head, jaw, or voice.”®® Dystonic hand
tremors should initially be addressed with anticholinergics or
beta-blockers. In the event of treatment failure, second-line
medications include benzodiazepines, primidone, or tetrabe-
nazine. Intention, rubral or resting tremor are rare in WD and
typically unresponsive to pharmacotherapy. In the case of se-
vere disability due to tremor, and after long-term anti-copper
treatment, deep brain stimulation (DBS) of the subthalamic
regions or thalamus or thalamotomy, should be considered in
light of the promising outcomes from several single case re-
ports, but more studies are needed.*%°~304

Dystonia

Dystonia is one of the most disabling symptoms of WD and is
often refractory to anti-copper treatment, with an unfavourable
prognosis.>®® Focal dystonias are usually effectively treated
with BTX injections®*®'° and segmental or generalized dys-
tonias are treated with oral drugs alone or in combination with
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Table 8. Summary of symptomatic treatments of neurological and psychiatric symptoms of WD.

Psychiatric symptoms

Class/drug or procedure

Tremors (pseudo essential

tremor, dystonic tremor,

resting tremor, voice tremor)

Dystonia

Parkinsonism

Chorea/choreoathetosis

Dysarthria

Dysphagia

Drooling

Cognitive deficit

Sleep disturbances

e Beta-blockers/propranolol 20-240 mg/day (divided into 2-3) first-line treatment for action/postural tremor

e Barbiturates/primidone (25-750 mg/day divided into 3 doses) first-line treatment for action/postural tremor

® Benzodiazepines/alprazolam 0.75-1.5 mg/day or clonazepam 0.5-4 mg/day

e Zolpidem (20 mg twice daily)

e BTX injections, first-line treatment for dystonic head, jaw and voice tremor

e Anticholinergics/trihexyphenidyl 8-30 mg or biperiden 6-16 mg, with low starting doses, first-line treatment for all types of
tremor

e Dopamine depleting drugs/tetrabenazine 50-75 mg/day with initial dose 12.5 mg - for dystonic tremor

e Levodopa (300-1,200 mg) or dopamine agonists, first-line treatment for rubral or parkinsonian tremor

e Antiepileptics drugs/levetiracetam

e Neurosurgical treatment — DBS of thalamic nucleus or thalamotomy, ultimate treatment

e BTX injections, first-line treatment for focal dystonia

e Anticholinergics/trihexyphenidyl 8-30 mg, first-line treatment

e Presynaptic gamma-aminobutyric acid agonists/baclofen 60-120 mg/day

e Benzodiazepines/alprazolam 0.75-1.5 mg/day or clonazepam 0.5-4 mg/day

e Levodopa (300-1,200 mg) or dopamine agonists

e Dopamine depleting drugs/tetrabenazine 50-75 mg/day with initial dose 12.5 mg

e Antiepileptics drugs/oxcarbazepine up to 300 mg/day, gabapentin 900 mg/day

e Repetitive transcranial magnetic stimulation (rTMS)

e Neurosurgical treatment — DBS of GPi, pallidotomy or thalamotomy, ultimate treatment

e Levodopa dopamine agonists to be tried as a therapeutic test

e Neurosurgical treatment — DBS or neuroablative lesions of GPi or STN; ultimate treatment

e Dopamine depleting drugs/tetrabenazine 50-75 mg/day with initial dose 12.5 mg

* Avoid neuroleptic drugs or dopamine antagonists

e Speech therapy

e Zolpidem (low doses for dystonic dysarthria)

e BTX for voice tremor or spasmodic dysphonia

* Augmentative communications devices

e Dietary modifications

e Stopping the drugs influencing arousal

e Neuromuscular electrical stimulation

e Tube feeding (may increase dystonic features)

e Percutaneous gastrostomy

e Chewing gum or sucking candies

* Anticholinergics as sublingual 1% atropine drops or trihexyphenidyl 8-30 mg, or transdermal scopolamine

e Adrenergic alfa-2 receptor agonists/clonidine 0.15 mg/day

e BTX (injection in parotid and/or sublingual glands)

e No data on pharmacological agents

* Neuropsychological training

e Avoid agents that worsen cognition (benzodiazepines, anticholinergics ...).

e RLS: dopaminergic substances, gabapentin (600 mg/day)

e [nsomnia: cognitive behavioural therapy, hypnotics or melatonin to try

e RBD: melatonin or clonazepam to try

L]

Treat pain, dysautonomia, depression and anxiety

Psychiatric symptoms

Class/drug or procedure

Depression

Psychosis/hallucinations

Behavioural troubles

Obsessive-compulsive
behaviours

Mania/bipolar disorder

SSR/citalopram 20-40 mg/day or escitalopram 10-20 mg/day or sertraline 50-200 mg/g in first line
TCA/nortriptyline 50-150 mg/day or desipramine 50-150 mg/day second line

SNRI/venlafaxine 75-225 mg/day second line

SSRI/paroxetine 20-60 mg/day or mirtazapine 15-45 mg second line

ECT if resistance to pharmacological treatment

Second-generation antipsychotics/olanzapine 10-20 mg; quetiapine 300-800 mg; aripiprazole 15-30 mg in first line
Clozapine only for treatment-resistant cases (leukopenia and seizures risk)

Antipsychotic/amisulpride 200-800 mg; sulpiride 200-800 mg, second line

Avoid haloperidol and high-potency antidopaminergic agents

Avoid long-acting antipsychotics

Behavioural therapy, first line

SSRl/citalopram, escitalopram, sertraline, first line

Antiepileptic drugs/carbamazepine, lamotrigine, gabapentin, pregabaline, first line
Benzodiazepines short-term/lorazepam, oxazepam, temazepam, first line
Adrenergic beta-blockers/propranolol 20-60 mg, first line

Second-generation antipsychotics/quetiapine 50-300 mg, second line
SSRl/escitalopram 10-20 mg; sertraline 50-200 mg, first line

SSRI/fluvoxamine 150-250 mg; paroxetine 20-60 mg, second line

Cognitive behavioural therapy (exposure and response prevention)

Avoid clomipramine

Mood stabilisers/lithium carbonate in first line (serum target 0.6-1 mmol/L)

Mood stabilisers/valproate 500-1,000 mg/day and carbamazepine, second line (hepatotoxicity)

Second-generation antipsychotics/quetiapine 300-800 mg/day, olanzapine 5-20 mg/day, aripiprazole 10-30 mg, second line
Benzodiazepines/alprazolam, clonazepam for psychomotor agitation and anxiety

Avoid haloperidol and high-potency antidopaminergic agents

(continued on next page)
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Table 8. (continued)

Psychiatric symptoms Class/drug or procedure

Catatonia Benzodiazepines/lorazepam, first line

ECT, second line

Avoid long-acting antipsychotics

Second-generation antipsychotics/quetiapine 300-800 mg/day, olanzapine 5-20 mg/day, third line
Avoid haloperidol and high-potency antidopaminergic agents

BTX, botulinum toxin A; ECT, electroconvulsive therapy; RBD, REM sleep behaviour disorder; RLS, restless legs syndrome; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,

selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

BTX injected into the most affected muscles. Only a few case
and series reports have provided data about the effectiveness of
oral treatments for dystonia. Anticholinergic drugs show mod-
erate efficacy with well-known side effects to watch for (confu-
sion, urinary retention, blurred vision, etc.) (trihexyphenidyl with a
starting dose of 2 mg, slowly increased up to a maximum of 30
mg/day, or biperiden with a starting dose of 6 mg/day in three
doses, slowly increased up to 16 mg/day).>*>*'" Other phar-
macological agents include (a) baclofen (ranging between 60 and
120 mg/day),?” (b) benzodiazepines®** (c) levodopa or dopa-
mine agonists,®'>'¢ (d) tetrabenazine (starting dose 12.5 mg,
increased up to 50-75 mg/day),>°* and (e) carbamazepine (up to
900 mg/day) or oxcarbazepine (up to 300 mg/day).®'"*'° More
anecdotally, a single case report described the efficacy of
cannabis in reducing dystonic symptoms.®?° More recently, two
trials investigating the efficacy of repetitive transcranial magnetic
stimulation over the somatosensory or the motor cortex in limb
dystonia found some improvements.®>'=*?®> Results of excep-
tional surgical procedures such as DBS or thalamotomy in cases
of severe generalized dystonia refractory to long-term anti-
copper treatment and symptomatic pharmacological treatment
are not convincing.3%%%3:39%:324 gevere structural changes of
basal ganglia and thalami should be absent as the efficacy of
DBS with electrodes placed in damaged targets is unpredictable
and often limited.?

Parkinsonism

The majority of reports indicate no significant effect of dopami-
nergic drugs on Parkinsonian symptoms in WD. Nevertheless,
considering the established alteration in dopaminergic neuro-
transmission among patients with WD and the low prevalence
of adverse reactions to dopaminergic treatment, a trial of dopa-
minergic treatment should be considered for patients with WD to
address dystonia and parkinsonism,?7:313:314,326-328

Chorea and choreoathetosis

Treatment of chorea and choreoathetosis are poorly studied in
WD. Only one case reported good efficacy of tetrabenazine in
treating chorea in WD.?°” Neuroleptic drugs and dopamine
antagonists should not be used in WD due to a high risk of
neurological deterioration.?'®

Dysarthria

Speech therapy is the primary treatment for this highly preva-
lent and debilitating symptom associated with social chal-
lenges due to reduced communication. Speech rehabilitation is
tailored to the specific type of dysarthria, incorporating targeted
training on relaxation techniques for the spastic form, methods
to modify speech rate and prosody in cases of ataxic distur-
bances, and intensive voice treatment, such as the Lee Sil-
verman voice treatment, to enhance loudness and improve
articulation in the hypokinetic form.3?° In instances of dystonic
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dysarthria, the use of zolpidem (2x 10 mg and 5x 5 mg orally)
has been reported to yield positive effects without sedative side
effects.®*° For spasmodic dysphonia or voice tremor, injections
of BTX have been identified as a viable treatment option in
isolated cases.>"*3! |n cases of severe dysarthria with limited
or poor vocalisation, the recommendation is to utilise alterna-
tive and augmentative communication devices, such as com-
puter systems, tablets, or smartphone applications.

Dysphagia

Objective methods, such as videofluoroscopy and fibre optic
endoscopic evaluation, should be employed to assess swal-
lowing and determine the severity of dysphagia for the purpose
of tailoring treatment.?® Initial interventions should encompass
discontinuation of sedatives and drugs that may affect arousal,
as well as anticholinergic drugs contributing to mouth dryness,
thereby exacerbating swallowing difficulties. In addition to
specific behavioural therapies aiming to enhance food bolus
preparation and ingestion (including optimising position,
maintaining concentration on the task, and swallowing before
the next bite), dietary modifications are recommended. These
modifications involve avoiding dry and sticky foods and opting
for cold liquids or those with gas. Neuromuscular electrical
stimulation, explored in dysphagia rehabilitation for improving
swallowing, holds significant promise.>*2*3 |n cases of severe
dysphagia accompanied by weight loss, tube feeding with
direct delivery of food into the stomach may be contemplated
to prevent food aspiration, address malnutrition, and facilitate
anti-copper therapy. However, this procedure may exacerbate
dystonia, necessitating prompt consideration of percutaneous
endoscopic gastrostomy.®** Both solutions may be imple-
mented temporarily and discontinued upon neurological
improvement and recovery from dysphagia.

Drooling/hypersialorrhea

The severity of drooling should be assessed using objective tools
such as the drooling severity and frequency scale and objective
assessment of saliva secretion.®*>*% Factors contributing to
drooling (saliva hypersecretion, salivary stasis, swallowing
dysfunction, extrapyramidal postural abnormalities, oro-facial
dystonia, sensitive alterations, cognitive, and behavioural
impairment) must be considered. Chewing gum or sucking
candies, which reduces salivation by triggering automatic swal-
lowing and reduces saliva volume in the mouth, should be tried.>*”
As no therapeutic study exists in WD, pharmacological options
used for drooling in other neurological conditions should be
considered, including anticholinergics (e.g. benzatropine, trihex-
yphenidyl, transdermal scopolamine, sublingual 1% atropine
drops), adrenergic alpha-2 receptor agonists (clonidine 0.15 mg/
day), or BTX injection in parotid and/or sublingual glands or to
treat oro-mandibular dystonia.®*¢-3%8
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Cognitive deficit

There are currently no pharmacological agents used for
cognitive disturbances in WD, and no published studies
describing the efficacy and safety of cholinesterase inhibitors
or memantine in WD. Neuropsychological training is usually
proposed and agents that worsen cognition should be avoided
(e.g. benzodiazepines, anticholinergics).

Sleep disturbances

Insomnia, restless legs syndrome, daytime sleepiness, and REM
sleep behaviour disorder are present in WD and should be
explored with video polysomnography and multiple sleep latency
test. Pain, motor symptoms, psychiatric disorders, dysautonomia
and drugs are involved in the mechanisms of sleep abnormalities
and should be taken into consideration and decreased.®*** In
case of significant restless legs syndrome, treatment with dopa-
minergic substances® or gabapentin (600 mg/day)**° may be
considered. No specific study exists but cognitive behavioural
therapy, hypnotics or melatonin should be discussed in insomnia,
and melatonin or clonazepam can be used in REM sleep behav-
iour disorder.%°

Depression

There are no randomised trials evaluating the efficacy and safety
of antidepressant treatment in WD but tricyclic antidepressants,
selective serotonin reuptake inhibitors (SSRIs), serotonin-
norepinephrine reuptake inhibitors, as well as electroconvulsive
therapy, have been successfully used in the treatment of
depression in WD and could be recommended.*®"19:312:342-346
The choice of SSRIs to treat depression in WD aligns with evi-
dence of altered serotonergic neurotransmission in WD and
SSRIs appear to be a reasonable choice as a first-line treat-
ment."'® Caution is advised when using imipramine, amitriptyline,
duloxetine, and bupropion with a higher risk of hepatic injury.
Psychotherapy or cognitive behavioural therapy can be consid-
ered for treatment of mild depression in patients with WD; how-
ever, there is currently no data documenting the efficacy of
these interventions.

Mania/bipolar disorder

Lithium is the recommended first-line treatment for mania and
hypomania in WD because it is renally excreted and not
metabolised by the liver.®*"°° However, lithium may worsen
tremor and impair cognition. Other mood stabilisers, such as
valproate and carbamazepine, carry a risk of hepatotoxicity,
which would necessitate strict monitoring. Case studies re-
ported that second-generation antipsychotics (quetiapine,
olanzapine, aripiprazole) can successfully treat mania in
WD?*9:115:346:351 yith relative low risk of side effects. First-
generation neuroleptics should be avoided as they could
induce neurological deterioration. Benzodiazepines have been
used for the short-term treatment of agitation in WD.""> Al-
prazolam improves psychomotor agitation and anxiety, and
clonazepam decreases insomnia in mania. Lorazepam, oxaz-
epam, or temazepam, should be preferred as they are metab-
olised in the liver by glucuronidation rather than oxidative
metabolism by the cytochrome P,50 enzymes.*’

Psychosis/hallucinations

Patients with WD are especially sensitive to the adverse effects
of neuroleptics,>*? and are more likely to develop parkinsonian
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symptoms or tardive dyskinesia. Quetiapine and clozapine are
neuroleptics associated with low risk of extrapyramidal symp-
toms, as well as low hepatic risk, and could be recommended
as the first-line treatment for psychosis. However, clozapine
should be reserved for the most severe and treatment-resistant
cases due to increased risk of leukopenia. Haloperidol and
risperidone should be used as a last resort as there have been
reports of irreversible neurological deterioration and neuroleptic
malignant syndrome. Long-acting antipsychotics should be
used in patients with WD only with great caution.

Behavioural disorders

Behavioural and personality disorders are mostly characterised
by irritability, aggression, personality changes, antisocial
behaviour and may lead to non-compliance with anti-copper
treatment, as well as other medical recommendations. Thera-
peutic recommendations are based on general psychiatry
recommendations and include behavioural therapy when
possible and SSRIs (citalopram, escitalopram or sertraline) to
reduce irritability. Antiepileptic medications may also have
some anti-aggressive and mood-stabilising effects, and
promising results have been obtained with carbamazepine,
lamotrigine, gabapentin, oxcarbamazepine and valproate.
Second-generation antipsychotics (clozapine or quetiapine)
can be used for severe symptoms, their use being restricted to
the shortest effective time course with the lowest effective
dosages. Benzodiazepines are a safe option for short-term
acute management of aggression in patients with WD.""®

What are the indications for LT in patients with ALF due to
WD and how should they be managed?

Recommendations

e All patients with ALF due to WD should be referred to LT
centres (LoE 2, strong recommendation, strong
consensus).

e Patients with ALF and encephalopathy should be immedi-
ately listed for LT (LoE 2, strong recommendation, strong
consensus).

e Patients with ALF due to WD should be evaluated according
to the modified King’s College prognostic score at each
biochemical evaluation but at least every 24 h; scores 211,
even without encephalopathy, are an indication for LT (LoE
3, strong recommendation, strong consensus).

e Pharmacotherapy with chelators (rapidly increased to full
dose) should be started immediately in all patients with ALF
due to WD and those listed for LT, to be continued until LT
(LoE 3, strong recommendation, consensus).

e High-volume plasma exchange should be considered as a
bridge to LT. Albumin dialysis might also be considered if
available (LoE 3, strong recommendation for high-
volume plasma exchange, weak recommendation for
albumin dialysis, strong consensus).

e Patients on a waiting list for LT should be monitored closely
and possibly withdrawn from the waiting list when
improvement is noted (LoE 3, strong recommendation,
strong consensus).

711



Indications for LT are rare (<1%), including patients with ALF
or those with progression of liver dysfunction to liver failure
despite drug therapy. Excellent post-LT outcomes are re-
ported.?*®352 Actual patient survival rates were 87% at 5, 10,
and 15 years in a French series of 75 adults and 46 children
(median age: 14 years, range 7 to 17 years) transplanted be-
tween 1985 and 2009 for ALF (53%), decompensated cirrhosis
(41%), or severe neurological disease (6%). In another study
analysing the United Network for Organ Sharing database,
including 515 adults and 156 children with WD who underwent
LT between 1987 and 2016, 3-, 5- and 10-year survival rates
were 87.5%, 85.4%, and 80.5% for adults, and 90.5%, 89.7%,
and 86.5% for children, respectively. In both studies, patients
transplanted for end-stage chronic liver disease had better
long-term survival than patients transplanted for ALF.

Paediatric LTs were also evaluated using data from the
European Liver Transplant Registry, showing good results from
after the year 2000, with risk factors for poor outcomes being
treatment in an intensive care unit, dialysis and partial graft
transplantations.®*® Most of the centres reported on cadaveric
donor LT but there are also reports on living related donor LT
from the left or the right lobe depending on the size of
the recipient.®>#3%°

Patients presenting with decompensated cirrhosis but no he-
patic encephalopathy can often be rescued with chelation ther-
apy. Response to medical treatment may take time, with
improvement of prothrombin time after a minimum of 1 month and
normalisation between 3 months and 1 year or more.'® Close
follow-up and monitoring for hepatic encephalopathy, ascites,
sepsis and liver function tests are required in specialised units to
enable timely listing of patients for LT, a decision that is extremely
challenging. In 1986, Nazer et al. devised a scoring system to
predict the outcome of patients, including adults and children,
with hepatic decompensation in the setting of WD.*® In 2005, the
score was re-examined in the paediatric population by Dhawan
et al. who proposed a new scoring system (NWI) that had a better
positive predictive value for mortality without transplantation

(Table 9)'0%4357 357357 357357 358 The NWI is reported to be 93%
sensitive and 98% specific, with a positive predictive value of
93%.'%* All patients with encephalopathy and WD died. The NWI
was also tested in adult cohorts with fulminant liver failure and
decompensated cirrhosis due to WD, showing higher accuracy
and lower false negativity compared to the Nazer and
MELD scores®’*.

Dialysis, plasmapheresis, albumin dialysis and plasma ex-
change are considered as bridges to LT, but they are also
discussed as rescue therapies in ALF. The argument to use
high-volume plasma exchange as a rescue therapy comes from
one publication from India comparing two groups of children
with WD ALF on high-volume plasma exchange (90-day sur-
vival in 9/19) vs. standard medical therapy (90-day survival 3/
18), but the patients were not randomised.>>®

When patients with WD present with ALF, the diagnosis is
not established at presentation. The general recommendation
is to treat and diagnose ALF in liver specialised units that can
directly refer to or transplant patients. The diagnostic approach
is demanding for many reasons: it should be done very quickly,
access to advanced laboratory methods is necessary and pa-
tient monitoring usually requires intensive care units, access to
dialysis and transplant surgery.

The definition of ALF, fulminant liver failure or end-stage liver
disease with liver failure is not well defined and described in the
literature. Most of the papers report on LT from mixed groups
with different courses of liver failure. We decided to define ALF
as a first and acute presentation of liver disease, even if this is
chronic (see Introduction). This is usually combined with
Coombs-negative haemolysis and relatively high bilirubin
levels, but these criteria were not required for the definition
used in our guideline.

ALF has been reported in children, predominantly teen-
agers but also younger children, and in young adults, with
significant female predominance from puberty onwards. Very
few patients have been described and transplanted at an age
>40 years.>>°

Table 9. Wilson’s disease scoring system to predict outcomes in children with hepatic decompensation without encephalopathy (King’s College Wilson

index) by Dhawan et al.

Score Bilirubin (pmol/L) INR AST Leukocytes (10%/L) Albumin (g/L)
0 0-100 0-1.29 0-100 0-6.7 >45
1 101-150 1.3-1.6 101-150 6,8-8.3 34-44
2 151-200 1,7-1.9 151-200 8.4-10.3 25-33
3 201-300 2.0-24 201-300 10.4-15.3 21-24
4 >300 >2.5 >300 >15.3 0-20

AST, aspartate aminotransferase; INR, international normalised ratio.

if 11 and over, then urgent listing for liver transplantation.

Table 10. Treatment and monitoring.

Zinc salts D-penicillamine Trientine

Adequacy of treatment parameters o 24-h urinary copper excretion:

30-75 pg (0.5-1.2 umol)/24

h on maintenance treatment
e Serum zinc level >125 pg/dl
e Urinary zinc >2 mg/24 h on

maintenance treatment

e 24-h urinary copper excretion:
200-500 pg (3-8 pmol)/24 h on main-
tenance treatment

24-h urinary copper excretion:
150-500 pg (3-8 pmol)/24 h on
maintenance treatment
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Should LT be considered in patients with WD and severe
neurologic symptoms?

Recommendations

e LT should not be contraindicated in patients with WD and
neurological symptoms who need to be transplanted for
decompensated cirrhosis (LoE 2, strong recommenda-
tion, strong consensus).

e LT may be considered a “brain indication” on a case-to-
case basis in patients with severe neurological WD who
do not respond to anti-copper treatment (LOE 2, weak
recommendation, consensus).

When started early in the course of the disease and appro-
priately taken, copper chelators and zinc therapy are effective
treatments in most patients with WD: clinical improvement is
observed in almost 85% of treated patients?'®23°¢° and patient
survival is similar to that of age-matched populations,*®" with an
amelioration of survival in the last decades.?*°

However, the neurological situation remains difficult to
control with confidence as early deterioration is observed in
14.3% of patients with an initial neuropsychiatric presenta-
tion,?12213281 and may lead to irreversible cerebral lesions in
44% of such patients, resulting in severe disability or even
death despite optimal therapy.®'58:213:352 Thjs neurological
worsening can be “primary” in de novo neurological patients in
whom treatment is newly started but also “secondary” in pa-
tients with known WD who experience neurological symptoms
after discontinuation of their treatment and in whom treatment
is reintroduced.”'*

Inefficacy of intracerebral chelation or excessive copper
mobilisation by the chelating agents leading to oxidative stress
and an accentuation of brain tissue damage are the classical hy-
potheses proposed to explain this paradoxical worsening.'%-%¢2

In the absence of comparative studies, it is difficult to know
which treatment causes the most neurological worsening;
however, neurological worsening seems to be more frequently
associated with chelators than zing,*0:207:209.210.213.364-366 g,
far, the only consensual recommendations to reduce the risk of
neurological deterioration are to start at a low dose and to
slowly increase the dose of chelators over a period of 3 to 6
months.*®®* Unfortunately, this proposal may be insufficient to
prevent neurological deterioration.

LT is the recommended therapeutic option in WD with ALF
or end-stage cirrhosis, but since the first report of good
neurological outcomes after LT in 1973,%67-358 the place of this
therapeutic option for patients with significant neurological
symptoms has been questioned.?6%:369-376

In the last five decades, data on 383 patients with WD and
neurological symptoms who underwent LT were reported through
retrospective and prospective cohorts?!8:222:352:354,355,377-404 o,
case reports and case series; ¢-367:368:405-434 68 patients (17.8%)
were transplanted solely for neurological deterioration, and 319
underwent LT for a liver indication.

The cumulative survival rate of patients with neurological
symptoms was 92.5% at 1 year and 89.1% at 5 years, with a clear
trend toward better results of LT in more recent studies compared
with older studies, which may be due to improvements in LT
techniques as well as improved candidate selection. Sepsis was
the main cause of death (65.8%).
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Among patients with neurological and/or psychiatric symp-
toms transplanted for a liver indication, major improvement or
complete neurological recovery was reported in 76% of pa-
tients, stability in 6.4% and worsening in 7.4% of patients,
mainly due to previous brain necrosis in the basal ganglia. 8.8%
of patients developed new neurological symptoms. Most of the
neurological symptoms occurring early after LT were related to
immunosuppressive drugs, but metabolic disturbances*®®
leading to central or extrapontine myelinolysis were reported
in 5 to 10% of cases.*?**%¢

Among patients with neurological and/or psychiatric symp-
toms transplanted for a brain indication, 55/68 patients (80.9%)
presented with moderate to major improvement of their neuro-
logical symptoms, and eight patients (11.8%) had a stabilisation
of their symptoms. Even in bedridden patients with extremely
severe neurological symptoms, amelioration was possible with
some patients being able to gain full autonomy. Improvement was
reported to take up to 3-10 years®® and positive effects were
maintained in the long term.®””*°® Appearance of new symptoms
secondary to immunosuppression or side effects of LT were not
reported. Eleven patients died (16.1%), mainly from
sepsis.?’7%903% |n the largest series reported, of 14 highly
dependent LT recipients (median modified Rankin scale score 5)
with severe neurological symptoms (median UWDRS score 105),
mRS and UWDRS scores improved significantly after LT (o
<0.0001 and p = 0.0003 respectively)”.>%°

Evaluating psychiatric outcomes is difficult due to the
complexity of the presenting signs and the variety of factors
potentially influencing clinical outcomes, such as immunosup-
pressive therapy, WD itself, and major surgery. However, 101
patients with psychiatric symptoms were studied before and after
LT with description of psychiatric symptoms or use of dedicated
questionnaires. No significant changes after LT were reported,
suggesting that LT neither improves nor impairs psychiatric
symptoms in patients with WD. Close collaboration with psychi-
atrists is essential for an accurate decision and follow-
up_377,381,387,388,3947396,404,406,412,414—416,418,423,424,426—428,430,432,
433 T had a positive effect on brain MRI lesions in the large ma-
jority of 26 studies (71%), with the T2/FLAIR hypersignal vanishing
after a mean post-LT follow-up of 3 years3’ 738138,
388,394-396,404,406,412,414-416,418,423,424,426-428,430,432,433 Lesions
remained stable in 26.1%. Only two patients presented a wors-
ening of the brain images with extension of the necrosis.****3? |t
was shown that transplantation attenuates (11.4%) and even
leads to complete disappearance of Kayser-Fleischer rings in

709% of patients after a mean follow-up of
3 7 years 36,354,355,368,382,388,394,396,398,399,405,413,418,422,428,437

Should living donor LT be considered in paediatric patients
with WD and indications for transplantation?

Recommendation

e Living donor related LT from the left or the right lobe,
depending on size of the recipient, should be considered if WD
is excluded in the donor (LoE 3, strong recommendation,
strong consensus).

Several papers describe living donor related LT (LRLT) for both
fulminant liver failure and decompensated cirrhosis in the course
of WD. The Chinese experience showed good results in two pa-
tients with fulminant hepatic failure and 32 patients with chronic
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advanced liver disease, including 13 patients with Wilsonian
neurologic manifestations.*° On the other hand, living donationin
the European database was associated with poor patient and graft
survival, but living donor related LT was also related to longer
waiting list time and more pretransplant complications.®>® Again, a
group from Japan reported good results from their country, the
indication for LT was chronic liver failure in 42 children and
fulminant hepatic failure in 17 children with WD. The 1-, 5-, 10-,
and 15-year patient and graft survival rates were 98.4%, 96.6%,
94.7% 77.5%, and 96.6%, 94.7%, 90.1%, 62.9%, respec-
tively.**® While the techniques used and the age of patients un-
dergoing living donor related LT varies, the experience of the
transplant team is extremely important to decide when and whom
to transplant.

In patients with WD who undergo LT, should anti-copper
therapy be resumed after LT?

Recommendation

e Anti-copper therapy is not indicated after LT (LoE 4, strong
recommendation, strong consensus).

LT corrects the hepatic metabolic defects of WD and per-
mits normalisation of extrahepatic copper disposition without
WD treatment.®*2"® Therefore, medical treatment specific for
WD is unnecessary after LT. Some authors have proposed that
patients continue at least low-copper dietary control and zinc
monotherapy*>* or chelators after LT*% to improve long-term
prognosis especially if urinary copper excretion remains
elevated after LT. Data are too scarce to confirm the positive
effect of this procedure. If anti-copper therapy is maintained
after LT, a regular control of serum copper and urinary copper
excretion is recommended to avoid copper deficiency.

Treatment monitoring

With which parameters and examinations, other than copper
metabolism markers, and how often should patients with WD
be monitored depending on their clinical status?

Recommendations

e Patients with WD who are stable on treatment should be
monitored every 6 to 12 months (LoE 4, weak recom-
mendation, consensus).

e Patients who have recently started treatment, have
decompensated cirrhosis, significant neurological disability
or suspected non-adherence should be followed up more
frequently (LoE 4, strong recommendation, consensus).

e Monitoring should include history on symptoms and
adherence, physical examination, measurement of body
weight and vital signs, ophthalmologic examination if
Kayser-Fleischer rings were present at baseline or if con-
cerns about adherence, laboratory investigations (full blood
count, liver profile, renal profile and a coagulation profile if
the patient has cirrhosis) and abdominal ultrasound (LoE 3,
strong recommendation, consensus).

e Patients with WD and cirrhosis should be screened for
complications of portal hypertension and hepatocellular
carcinoma (LoE 3, strong recommendation, consensus).
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Patients with WD should be monitored at least every 6
months. More frequent monitoring might be required in patients
who have recently started treatment, and in those with
decompensated cirrhosis, significant neurological disability or
suspected non-adherence to treatment. For patients who have
been stable on treatment for many years, with no cirrhosis or
neurological manifestations at baseline, monitoring can be
performed every 12 months. The goals of monitoring are to
assess the response to treatment, to identify potential side
effects and to ensure the adherence to the pre-
scribed medication.

Monitoring should consist of history, to include any new
symptoms and the adherence to the prescribed medication
both in terms of dose and taking the medication in a fasting
state. A physical examination should look for symptoms of liver
disease, neurological manifestations and skin changes if the
patient is taking penicillamine. Body weight should be
measured and alcohol intake should be recorded. Patients
should be counselled to maintain a normal body weight,
abstain from alcohol if they have cirrhosis and otherwise only
drink alcohol within the recommended limits. Kayser-Fleischer
rings should be checked periodically if present at baseline or
if there are concerns about adherence.

Laboratory investigations should include a full blood count,
liver profile, renal profile, bone profile and a coagulation profile
if the patient has cirrhosis.

Patients with cirrhosis at baseline might require 6-monthly
liver ultrasounds for hepatocellular carcinoma surveillance,
particularly in the presence of co-factors such as obesity or
increased alcohol intake. #3744

Which copper parameters should be used in the monitoring
of patients with WD?

Recommendations

e Adequacy of treatment with D-penicillamine or trientine
should be monitored during all stages of treatment by
measuring 24-h urinary copper excretion and serum non-
ceruloplasmin-bound copper or serum exchangeable cop-
per whenever available (LoE 3, strong recommendation,
consensus).

e Adequacy of treatment with zinc salts should be monitored
during all stages of treatment by measuring 24-h urinary
copper excretion and serum non-ceruloplasmin-bound
copper or serum exchangeable copper whenever avail-
able (LoE 3, strong recommendation, consensus).

e Monitoring serum exchangeable copper is advised when
available and its value should decrease progressively in
response to treatment (LoE 3, weak recommendation,
consensus).

e Medication adherence can be assessed based on moni-
toring serum non-ceruloplasmin-bound copper levels,
serum exchangeable copper, 24-h urinary copper excretion
at baseline and 48 hours after cessation of chelators (LoE
3, weak recommendation, consensus).

Treatment strategies aim at decreasing copper overload in
the body. Therefore, in addition to evaluating the clinical signs
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and symptoms of the disease, appropriate monitoring of
copper balance is essential to assess efficacy of treatment
and avoid undertreatment that may result from non-
adherence, and overtreatment that may result in copper
deficiency.**? Moreover, monitoring becomes a real challenge
in patients who have persistently increased serum trans-
aminases but deny non-adherence.

Currently, WD treatment monitoring lacks reliable and fully
validated bioanalytical methods. For many decades, moni-
toring of copper metabolism in WD has been assessed with
serum ceruloplasmin concentrations, total serum copper
concentration, and 24-h wurinary copper excretion, as
described in recent international guidelines,*6:84:219:243:443
(Table 10). As recommended in these guidelines, 24-h uri-
nary copper excretion values should be monitored and remain
between 150 and 500 pg/24 h (3-8 umol/24 h) on mainte-
nance therapy with chelators,*6:84:101:219.:443.444 yia| yeg of 24-h
urinary copper excretion of >500 pg/24 h in treated patients
previously excreting 200-500 pg/24 h suggest insufficient
drug action (non-adherence to medication, poor drug ab-
sorption, inadvertently low dosing), or excessive intake of
dietary copper. 24-h urinary copper excretion <100 pg/24 h
(<1.6 pmol/24 h) on chelator treatment may signal over-
treatment following excessive copper removal or, occasion-
ally, non-adherence. With overtreatment, serum copper and
exchangeable copper are very low, as is the calculated non-
ceruloplasmin-bound copper (typically <5 pg/dl) although
the estimated value may not accurately reflect this. In
contrast, when low urinary copper excretion accompanies
non-adherence, serum copper and exchangeable copper in-
crease, and non-ceruloplasmin-bound copper may be
elevated (>25 pg/dl). The previous European WD guidelines
recommend the cessation of chelator therapy 2 days before
determination of 24-h urinary copper excretion, while the
American guidelines recommend it as an alternative.*®:842%6
During long-term treatment with chelating agents, a 2-day
interruption of the treatment should result in normal 24-h
urinary copper concentrations (<50 pg/dl), and appears as a
reliable method for confirming patient compliance.?°® Under
zinc salts, 24-h urinary copper excretion <20 ng/24 h (<0.3
pumol/24 h) suggests overtreatment, while values higher than
target (2100 pg/24 h) suggest poor adherence, insufficient
dosing or increased dietary copper intake. A reasonable goal
in children is to maintain 24-h urinary copper excretion be-
tween 1 and 3 pg/kg/day.**® Urinary excretion of zinc, with
target values of >1-2 mg/24 h may be measured to check
adherence. Urinary zinc content correlates positively with the
patient’s total daily dosage of zinc®*® and serum zinc levels
may be informative and should be >125 mg/dl.

The main limitation is that 24-h urine collection is cumber-
some, especially in young children and results show large in-
dividual patient variability making this biomarker a less than
ideal parameter to monitor therapy in isolation for treat-
ment recommendations,?06:219:446:447

To et al. aimed to examine patterns of ALT and AST
elevation in treated adult patients for a mean duration of 21
years.**” Having normal to low 24-h urine copper did not
directly correlate with normalisation of ALT and AST for the
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different treatment regimens (trientine or D-penicillamine or
zinc or combination therapy). Similarly, higher levels of urinary
copper excretion failed to show a linear correlation with ALT
and AST.

Monitoring non-ceruloplasmin-bound copper has long been
recommended as it theoretically reflects the toxic fraction of
copper, i.e. so-called free copper, especially in patients treated
with copper chelators, which mobilise tissue copper, contrib-
uting to a non-bioavailable pool of circulating copper. In
adequately treated patients, serum non-ceruloplasmin-bound
copper is in the range of 5-15 pg/dl. Just after anti-copper
treatment initiation, non-ceruloplasmin-bound copper is usu-
ally >15 pg/dl, decreases afterwards and shows normalisation
with effective treatment. However, non-ceruloplasmin-bound
copper is estimated using a calculated method assuming a
ceruloplasmin-copper/ceruloplasmin ratio of 6:1 that could
yield negative values, which are biologically implausible.
Moreover, although non-ceruloplasmin-bound copper values
tend to decline over time under treatment, a higher variation of
results than that observed for urinary copper excretion rate has
been reported.?%®

Measurement of exchangeable copper is routinely moni-
tored nowadays in treated patients in France, Spain, Denmark,
and India, and is under evaluation in other countries.**® To
date, it has not been included in clinical recommendations
apart from in France**° nor in clinical studies, but was recently
shown to be an accurate tool for the follow-up of WD.?’° The
authors reported the long-term changes in exchangeable
copper levels compared to urinary copper excretion levels in
symptomatic children with WD under chelation therapy. Of 36
children (median age of 10.5 [8.4-13.1] years), predominantly
with a hepatic form of WD (n = 31), the median (IQR)
exchangeable copper value was 1.01 (0.60-1.52) pmol/L at
diagnosis and decreased significantly during the first year of
chelation, then stabilised with values at 0.43 (0.31-0.54) pmol/L
after 5 years of chelation. Similarly, there was a significant
decrease in 24-h urinary copper excretion during the first year
of chelation treatment that then stabilised, suggesting the
usefulness of both biomarkers in clinical practice for moni-
toring treatment.

Other methods to measure direct non-ceruloplasmin-
bound copper in plasma (dNCC) are very promising and
have been developed for therapeutic controlled trials. A non-
ceruloplasmin-bound copper assay using liquid chromatog-
raphy and ICP mass spectroscopy (NCC-Sp) was developed
for a multicentre controlled trial (NCT03539952), the
CHELATE trial (trientine-4HCI vs. D-penicillamine), in which 53
adults with stable WD were randomly allocated after a 12-
week baseline observation period to either D-penicillamine
or trientine-4HCI for 24 weeks.**° Paired samples for NCC-Sp
and 24-h urinary copper excretion were compared pre- and
24 weeks post-randomisation. Validation studies for NCC-Sp
included 50 healthy adults, identifying a range (2.5% to
97.5%) of 40-150 pg/L used as reference target range for the
study population.**"*5> The recommended therapeutic range
for 24-h urinary copper excretion was 200-500 pg/24 h. NCC-
Sp was in the reference range at randomisation vs. study end
in 86% vs. 84% of individuals, respectively, while 24-h urinary
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copper excretion was in the recommended therapeutic range
in only 41% vs. 37% respectively. Agreement when both
NCC-Sp and 24-h urinary copper excretion were in range at
randomisation/study end was 17/49 (35%) and 17/51 (33%),
respectively. NCC-Sp had less intra-patient variability than
urinary copper excretion, suggesting that NCC-Sp is a more
reliable biomarker for monitoring chelation therapy in WD.**"
Following these data, a small study aimed to determine if
dNCC is a useful biomarker for treatment monitoring based
on data from a multicentre, multinational WD patient registry
(data coordinating centre and biorepository at Yale). dNCC
was determined in serum from patients on zinc (n = 13) or
trientine (n = 8) therapy, using a previously described novel
assay based on copper protein speciation and inductively
coupled plasma mass spectroscopy.**® dNCC ranged from
0.22 to 1.66 umol/L, with the average for zinc treatment being
significantly lower at 0.74 + 0.29 vs. 1.21 + 0.37 pmol/L for
those on trientine (p = 0.009). For reference, the dNCC range
for a non-WD population was determined to be 1.17 to 3.87
pmol/L. 24-h urinary copper excretion showed a poor corre-
lation with dNCC though average values were in expected
ranges for most patients on long-term treatment.**¢

Another direct and fast liquid chromatography inductively
coupled plasma mass spectroscopy method was developed
to assess copper metabolism during treatment with ALXN-
1840 (bis-choline tetrathiomolybdate).*>* The assay utilises
immunocapture of ceruloplasmin, followed by chelation and
filtration to isolate different copper fractions, including
ceruloplasmin-protein, ceruloplasmin-Cu, dNCC, and labile
bound copper in human plasma. Finally, a fluorometric assay
to determine labile copper (Il) ions in serum was also recently
developed and may prove useful for monitoring treat-
ment progress.*®

Finally, cerebrospinal fluid copper concentrations in patients
with neurological symptoms have been shown to decrease
slowly over the years, as clinical symptoms improve, and may
increase in non-adherent patients, suggesting that they may
reflect the accumulation of copper in the brain and may be
useful to monitor in very specific clinical situations.??%+°6:457

The minimum recommended frequency of monitoring is
twice annually. More frequent monitoring is required during
treatment initiation, for those experiencing worsening of
symptoms or medication side effects, and in individuals sus-
pected of non-adherence.

A survey was conducted in Germany to investigate moni-
toring of WD and included 63 departments.**® Forty-eight
reported adherence to the previous European recommenda-
tions for chelator cessation before measuring 24-h urinary
copper excretion. The proportion of departments that paused
chelator treatment before urinary copper excretion was low in
paediatrics (15%) and high in departments of neurology and
gastroenterology (taken together 70%). Most patients with
WD were seen at least every 3 (45%) to 6 months (38%). The
procedures performed during check-up varied between the
departments. Total serum copper (71%), ceruloplasmin (75%)
and 24-h urinary copper excretion (69%) were determined by
most departments at least twice a year.

716

Transition from paediatric to adult care

How should paediatric patients with WD be transitioned to
adult care?

Recommendations

e Transition planning should be initiated by the paediatric
team in early adolescence (between 12-14 years of age) to
ensure the progressive development of competencies
regarding self-care, before moving to adult healthcare (LoE
4, strong recommendation, strong consensus).

e There can be a specific programme for transition and
transfer of adolescents and young adults with WD that al-
lows them to become autonomous, independent, and
responsible in their healthcare (LoE 4, weak recommen-
dation, strong consensus).

e The minimum core team involved in transition to adult care
may include a physician and a specialist nurse; additionally,
a psychologist and social worker might be involved (LoE 4,
weak recommendation, consensus).

e Joint or alternate clinical appointments with a paediatrician
and adult hepatologist and/or neurologist, preferably in the
presence of a specialist nurse, are advised during transition
(LoE 4, weak recommendation, strong consensus).

There is an increased risk of medical complications and
morbidity following transfer from paediatric to adult health care
services in patients with childhood-onset chronic iliness. Unlike
most paediatric rare liver diseases, WD is a well-known disease
among adult hepatologists and neurologists, but a poor training
in adolescent medicine and at-risk behaviours may become a
barrier to transition at the level of the adult provider.

Patients with WD have unique challenges, as some may
have neurologic or psychiatric involvement leading to impaired
executive functioning. Moreover, there is also evidence of
impaired cognition in treated patients despite the absence of
neurological symptoms and normal cerebral MRI scan results,
which should be taken into account when beginning the
healthcare transition process.''6459-461

In the recent study from Day et al.’'® involving 69 children
and young adults with WD (37.8% who presented with ALF,
48.6% with chronic liver disease and 13.5% after family
screening), the most frequently reported cognitive concerns
were memory difficulties with specific learning difficulties
together with poor school performance in 14.5% of patients.
Mental health concerns (depression, anxiety, rage, and/or
psychosis with hallucinations) were recorded in 49.3% and
were more common in young patients who presented with
acute liver disease/liver failure (70.8%) but also reported in
those with chronic liver disease (40%) and those asymptomatic
with familial screening (30%). Four patients (5.4% of the cohort)
were diagnosed with an autism spectrum condition prior to the
diagnosis of WD. Deliberate self-harm and suicidal ideation/
attempts were noted in 3 (4%) cases.''®

Journal of Hepatology, April 2025. vol. 82 | 690-728



General management principles do not differ substantially
between pre-adolescents and adults. Patients who are leaving
the paediatric age group continue to have substantial medical
problems, which are complicated by individual behavioural,
social, and educational difficulties. A new subspecialty — tran-
sitional medicine — is slowly developing; it is faced with the
difficult task of offering a similar level of medical care with very
different individual responsibilities.

Older pre-adolescent patients should be educated, and active
participation in their care should be promoted by paediatric
hepatologists as they approach adolescence. The adult hep-
atologists taking over the formerly paediatric patients should be
clearly identified. The main challenge is treatment and follow-up
adherence. The relationship between non-adherence and signif-
icant morbidity and mortality has been well described in particular
during adolescence.’®® Non-adherence to medication was
mentioned in half (50.7 %) of the WD children and young patients
reported by Day et al."'® Type of WD treatment, gender, pheno-
typic presentation, adverse events and duration of treatment have
not been related to treatment adherence in most studies in ado-
lescents (or adults). ' 16-229:2%0

Higher or upper/post-secondary education and a supportive
family attitude towards treatment were the most important
factors related to adherence.??%?° Despite this inherent risk,
there has been no formal, standardised approach to transition
planning for children with WD. Young patients with WD require
a multidisciplinary approach and follow-up as some may have
chronic liver disease, others neurological disease, or some
both. The goal of a transition programme is to help facilitate the
process of changing from a paediatric to an adult model of
health care and optimise the likelihood of sustained well-being
in young adults by fostering their ability to achieve physical,
social, and psychosocial potential. To reach such a goal, a
dedicated team involving the paediatrician, a specialist nurse
as the coordinator of the healthcare transition process, a psy-
chologist, a social worker working in collaboration with the
parents and the adult care services is warranted.*3-4¢°

Clinical Practice Guidelines

Transition planning should be initiated by the paediatric team
in early adolescence.?*® The transition process does not end at
the time of transfer but must continue throughout early adult-
hood. Transfer of care is just an event, i.e. the planned move-
ment of a patient from paediatric to adult health care facilities.

Ineffective transition increases the risk of non-adherence to
medication, and irreversible hepatic or neurological deterioration.

Ideally, a joint transition liver-neurology clinic for young
people with WD (12 to 25 years) involving hepatologists and
neurologists, with input from psychiatrists, social workers,
liaison nurses, and clinical psychologists/neuropsychology,
should be provided to ensure subtle symptoms are identified
early and addressed appropriately. This also includes patients
who are diagnosed through family screening and are appar-
ently “asymptomatic.”

Continued multidisciplinary efforts in adult practice are
essential for long-term success, including the involvement of
social workers and a geneticist for genetic counselling. Patient
associations could also get involved in this process.

Unmet needs and future research

The Leipzig diagnostic score still needs validating in adult pa-
tients and in ALF. Rapid molecular testing should be further
developed, mainly for quick diagnosis in ALF. Currently no
screening tests have been validated for whole popula-
tion screening.

Even if current therapies are effective, further development of
new drugs is expected and strong chelators could improve
treatment of ALF and severe neurological disease. Gene therapy
can improve efficacy, mainly in those with poor compliance, and
ongoing clinical trials will allow recommendations to be formu-
lated in the near future. The role of LT warrants further evaluation,
particularly in patients with neurological presentations. Moni-
toring of pharmacotherapy requires validated biomarkers both for
copper metabolism and liver and brain injury. Transition pro-
grammes need to be developed and assessed.

Appendix. Delphi round agreement on the recommendations of the present clinical practice

guidelines.

Recommendation

Consensus

The first step should be screening for abnormalities in copper metabolism (both serum ceruloplasmin and basal 24-h urinary copper
excretion). If available, relative exchangeable copper determination in serum should be performed (LoE 2, strong recommendation).
In addition, typical extrahepatic features of WD (Kayser-Fleischer rings, neurological symptoms, Coombs-negative haemolysis, brain
MRI abnormalities) should be sought (LoE 3, strong recommendation).

Pharmacological treatment should be started once diagnosis is well supported by the Leipzig score (LoE 2, strong
recommendation).

Genetic ATP7B analysis should follow to confirm diagnosis, which in turn may enable family screening (LoE 2, strong
recommendation).

If diagnosis remains questionable, hepatic parenchymal copper quantification (dry weight) should be performed (LoE 2, strong
recommendation).

Screening for copper metabolism abnormalities (both serum ceruloplasmin and basal 24-h urinary copper excretion) and presence of
Kayser-Fleischer rings should be performed. If available, relative exchangeable copper in serum determination should also be
performed (LoE 2, strong recommendation).

Brain MRI should be performed in all patients to search for abnormalities especially in basal ganglia, thalamus, brainstem, and
cerebellum (LoE 2, strong recommendation).

In addition, testing for any kind of liver involvement should be performed, with liver function tests, liver imaging and non-invasive
fibrosis testing (LoE 2, strong recommendation).

Pharmacological treatment should be started once diagnosis is well supported by the Leipzig score (LoE 2, strong
recommendation).
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(continued)

Recommendation

Consensus

Genetic ATP7B analysis should follow to confirm diagnosis, which in turn may enable family screening (LoE 2, strong
recommendation).

The first step should be screening for copper metabolism abnormalities (serum ceruloplasmin and basal 24-h urinary copper
excretion). If available, relative exchangeable copper determination in serum should also be performed (LoE 2, strong
recommendation).

Typical extrahepatic clinical features of WD (Kayser-Fleischer rings, neurological symptoms, Coombs-negative haemolysis) should
be looked for in all children, especially those >10 years of age (LoE 3, strong recommendation).

Pharmacological treatment should be started once diagnosis is well supported by the Leipzig score (LoE 3, strong
recommendation).

Genetic ATP7B analysis should follow to confirm diagnosis, which in turn may enable family screening (LoE 2, strong
recommendation).

If diagnosis cannot be confirmed or excluded, hepatic parenchymal copper quantification (dry weight) should be performed (LoE 2,
strong recommendation).

Especially in older children (>10 years old, even if asymptomatic) brain MRI should be performed at diagnosis to evaluate the extent
of disease (LoE 4, strong recommendation).

Screening for WD should be performed in all adult patients and children >4 years of age presenting with ALF (LoE 3, strong
recommendation).

Coombs-negative haemolysis, Kayser-Fleischer rings and neurological symptoms suggestive of WD should be looked for as highly
indicative of WD (LoE 3, strong recommendation).

Relative exchangeable copper determination may be performed if available (LoE 4, weak recommendation).

Brain MRI may be performed whenever possible to support diagnosis (LoE 4, weak recommendation).

Genetic ATP7B analysis should be performed as soon as possible but is not required for treatment initiation (LoE 2, strong
recommendation).

Measurement of hepatic parenchymal copper content in dry weight liver biopsy is recommended if required for diagnostic purposes.
The value >250 pg/g is highly suggestive of WD but requires differential diagnosis with cholestatic liver disease (LoE 2, strong
recommendation).

Although liver histological evaluation does not provide any definite diagnostic features for WD, it should be carried out whenever a
liver biopsy is performed for hepatic copper quantification (LoE 3, strong recommendation).

Histochemical copper staining may be omitted, as it has only minor diagnostic value for WD (LoE 3, weak recommendation).
Molecular testing is recommended to confirm the diagnosis of WD or to complete diagnosis if clinical and biochemical testing is not
decisive (LoE 2, strong recommendation).

A stepwise approach may be applied to reduce costs of testing, starting from most common variants up to whole-exome testing
(LoE 3, weak recommendation).

Screening the full-length sequence of ATP7B by next-generation sequencing should be performed in non-conclusive cases (LoE 2,
strong recommendation).

It is recommended to measure serum ceruloplasmin and 24-h urinary copper excretion (and relative exchangeable copper if avail-
able), evaluate clinical symptoms and to perform liver tests in siblings and in first-degree relatives (parents and offspring of an index
case) (LoE 3, strong recommendation).

Molecular-genetic testing should be performed in siblings to search for the biallelic variants from the index patient (LoE 2, strong
recommendation).

Molecular testing should be performed in first-degree relatives with abnormalities of copper metabolism or abnormal liver tests (LoE
3, strong recommendation).

A detailed neurological examination should be performed in all adults following a diagnosis of WD (LoE 3, strong recommendation).
A detailed neurological examination should be performed in children following a diagnosis of WD if they have neuropsychiatric
symptoms or are >10 years of age (LoE 3, strong recommendation).

Neurological assessment using a validated scale is recommended in adult patients and children >10 years of age with a confirmed
diagnosis of WD and at any age if they have neuropsychiatric symptoms (LoE 2, strong recommendation).

A brain MRI should be performed in all adult patients and children >10 years of age with a confirmed diagnosis of WD (LoE 2, strong
recommendation).

Treatment response should be evaluated by clinical and laboratory/imaging parameters as well as laboratory tests of copper
metabolism (LoE 3, strong recommendation).

Treatment response should be defined by resolution of liver symptoms (jaundice, ascites) and/or improvement of liver parameters
(ALT, INR, albumin) and/or progressive improvement of neurologic symptoms, disappearance of Kayser-Fleischer rings or at least no
deterioration on a validated scale or on brain imaging (LoE 3, strong recommendation).

Chelators should be the primary choice in patients with significant liver disease, e.g. features of significant fibrosis and cirrhosis, liver
failure, and haemolysis (LoE 3, strong recommendation).

Either zinc or chelators should be used in patients with a neurological presentation (LoE 2, strong recommendation).

A ‘start low, go slow’ treatment regimen is recommended for chelators, especially in patients with a neurological presentation (LoE 3,
strong recommendation

Either zinc or chelators may be used in asymptomatic patients without signs of significant liver involvement (LoE 4, weak
recommendation

Avoiding frequent dietary intake of food containing high concentrations of copper is suggested in symptomatic patients with WD until
remission/stabilisation of signs and symptoms, especially in the first year of treatment (LoE 4, weak recommendation).

Further low-copper dietetic restrictions may be evaluated with regard to the effects of therapy and quality of life (LoE 4, weak
recommendation).

Once treatment response is achieved, a change of treatment (lowering chelator dose, switching to zinc) can be considered for
medium and long-term safety reasons (LoE 4, weak recommendation).

When patients do not achieve sufficient treatment response, adherence should be checked in detail based on copper balance,
laboratory investigations and clinical symptoms (LoE 2, strong recommendation).
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Clinical Practice Guidelines

(continued)

Recommendation Consensus
In patients with WD who do not achieve sufficient treatment response on first-line therapy despite a good adherence to treatment and 100%
a 24-h urinary copper excretion in the target range, or side effects, switching treatment should be considered (D-penicillamine to

trientine and vice versa or zinc to chelators) (LoE 2, strong recommendation).

In patients with WD who develop paradoxical neurological worsening on first-line therapy, decreasing the dose of chelators and 91%
slowing the increase of doses or changing the WD treatment should be considered (chelators to zinc or zinc to chelators) (LoE 2,

strong recommendation).

LT should be considered on a case-to-case basis in patients with a continuous worsening of neurological symptoms despite at least 86%
6 months of optimised medical treatment (LoE 2, strong recommendation).

LT should be considered in patients with decompensated cirrhosis despite adequate medical treatment (LoE 2, strong 100%
recommendation).

Patients with decompensated cirrhosis in WD may respond to medical therapy, usually after >3 months of treatment, but they should 100%
be concomitantly evaluated for LT (LoE 3, strong recommendation).

Any anti-copper therapy should be maintained during pregnancy and breastfeeding (LoE 4, weak recommendation). 91%
Specific treatment for WD (chelators and zinc salts) enables improvement of neurological and neuropsychiatric symptoms but may 97%
be insufficient to control symptoms, in which case symptomatic treatments should be considered (LoE 2, strong recommendation).

Symptomatic treatments of neurological symptoms should be based on pharmacotherapy, botulinum toxin injections, physiotherapy, 100%
speech therapy and rarely neurosurgery (LoE 2, strong recommendation).

Neuropsychiatric symptoms can be treated by psychotropic medications (mood stabilisers, antidepressants, anxiolytics) and/or 97%
psychotherapy. Neuroleptics should be avoided (except quetiapine or clozapine) as they could worsen neurological symptoms (LoE

2, strong recommendation).

All patients with ALF due to WD should be referred to LT centres (LoE 2, strong recommendation). 100%
Patients with ALF and encephalopathy should be immediately listed for LT (LoE 2, strong recommendation). 97%
Patients with ALF due to WD should be evaluated according to the modified King’s College prognostic score at each biochemical 97%
evaluation but at least every 24 h; scores 211, even without encephalopathy, are an indication for LT (LoE 3, strong

recommendation).

Pharmacotherapy with chelators (rapidly increased to full dose) should be started immediately in all patients with ALF due to WD and 93%
those listed for LT, to be continued until LT (LoE 3, strong recommendation

High-volume plasma exchange should be considered as a bridge to LT. Albumin dialysis might also be considered if available (LoE 3, 100%
strong recommendation for high-volume plasma exchange, weak recommendation for albumin dialysis).

Patients on a waiting list for LT should be monitored closely and possibly withdrawn from the waiting list when improvement is noted 100%
(LoE 3, strong recommendation).

LT should not be contraindicated in patients with WD and neurological symptoms who need to be transplanted for decompensated 100%
cirrhosis (LoE 2, strong recommendation).

LT may be considered a “brain indication” on a case-to-case basis in patients with severe neurological WD who do not respond to 93%
anti-copper treatment (LoE 2, weak recommendation).

Living donor related LT from the left or the right lobe, depending on size of the recipient, should be considered ifWD is excluded in the 100%
donor (LoE 3, strong recommendation).

Anti-copper therapy is not indicated after LT (LoE 4, strong recommendation). 97%
Patients with WD who are stable on treatment should be monitored every 6 to 12 months (LoE 4, weak recommendation). 91%
Patients who have recently started treatment, have decompensated cirrhosis, significant neurological disability or suspected non- 100%
adherence should be followed up more frequently (LoE 4, strong recommendation).

Monitoring should include history on symptoms and adherence, physical examination, measurement of body weight and vital signs, 94%
ophthalmologic examination if Kayser-Fleischer rings were present at baseline or if concerns about adherence, laboratory in-

vestigations (full blood count, liver profile, renal profile and a coagulation profile if the patient has cirrhosis) and abdominal ultrasound

(LoE 3, strong recommendation).

Patients with WD and cirrhosis should be screened for complications of portal hypertension and hepatocellular carcinoma (LoE 3, 94%
strong recommendation).

Adequacy of treatment with D-penicillamine or trientine should be monitored during all stages of treatment by measuring 24-h urinary 91%
copper excretion and serum non-ceruloplasmin-bound copper or serum exchangeable copper whenever available (LoE 3, strong

recommendation).

Adequacy of treatment with zinc salts should be monitored during all stages of treatment by measuring 24-h urinary copper excretion 91%
and serum non-ceruloplasmin-bound copper or serum exchangeable copper whenever available (LoE 3, strong recommendation).

Monitoring serum exchangeable copper is advised when available and its value should decrease progressively in response to 86%
treatment (LoE 3, weak recommendation).

Medication adherence can be assessed based on monitoring serum non-ceruloplasmin-bound copper levels, serum exchangeable 90%
copper, 24-h urinary copper excretion at baseline and 48 hours after cessation of chelators (LoE 3, weak recommendation).

Transition planning should be initiated by the paediatric team in early adolescence (between 12-14 years of age) to ensure the 100%
progressive development of competencies regarding self-care, before moving to adult healthcare (LoE 4, strong recommendation).

There can be a specific programme for transition and transfer of adolescents and young adults with WD that allows them to become 100%
autonomous, independent, and responsible in their healthcare (LoE 4, weak recommendation).

The minimum core team involved in transition to adult care may include a physician and a specialist nurse; additionally, a psy- 78%
chologist and social worker might be involved (LoE 4, weak recommendation).

Joint or alternate clinical appointments with a paediatrician and adult hepatologist and/or neurologist, preferably in the presence of a 96%
specialist nurse, are advised during transition (LoE 4, weak recommendation).
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ALF, acute liver failure; ALP, alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; BTX, botulinum toxin A; CPG, clinical
practice guidelines; DBS, deep brain stimulation; dNCC, direct non-
ceruloplasmin-bound copper; EASL, European Association for the Study of the
Liver; FLAIR, fluid-attenuation inversion recovery; INR, international normalised
ratio; LT, liver transplantation; MASLD, metabolic-associated steatotic liver dis-
ease; MRS, magnetic resonance spectroscopy; NCC-Sp, non-ceruloplasmin-
bound copper assay using liquid chromatography and ICP mass spectroscopy;
NWI, new Wilson index; REC, relative exchangeable copper; SSRIs, selective
serotonin reuptake inhibitors; SWI, susceptibility weighted imaging; TB, total
bilirubin; UWDRS, Unified Wilson’s Disease Rating Scale; VUS, variant of un-
certain significance; WD, Wilson’s disease.

Conflict of interest
Please refer to the accompanying ICMJE disclosure forms for further details.

Acknowledgements

The authors would like to thank the members of the Delphi Panel of this Clinical Practice
Guideline for their valuable contribution: Aftab Ala, Marina Berenguer, Radan Bruha,
Antal Dezsofi, Anil Dhawan, Nouzha Djebrani-Oussedik, James Dooley, Petr Dusek,
Alberto Ferrarese, Gloria Gonzalez-Aseguinolaza, Olivier Guillaud, Roderick Houwen,
Deirdre Kelly, Tomasz Litwin, Ansgar Lohse, Georgios Loudianos, Zoe Marino, Isabelle
Mohr, Darius Moradpour, Peter Ott, Wiebke Papenthin, Gabriella Par, Maria Teresa
Pellecchia, Roman Polishchuk, Tudor Pop, Adam Przybylkowski, Mohamed Rela, Eve
Roberts, Thomas Sandahl, Joanna Seniow, Oren Shibolet, Samuel Shribman, Daniela
Virovska, Karl Heinz Weiss, Valerie Wheater, France Woimant, Paula Zimbrean, Heinz
Zoller, Ciska F.H.H. Linn, Albert Stattermayer, Caroline den Hoed, Valentina Medici.
The authors would also like to thank the external reviewers Albert Stattermayer,
Caroline den Hoed, Ciska F.H.H. Linn, Valentina Medici and the EASL Governing
Board, and ERN-Rare Liver for their valuable contribution to the review process. In
addition, the authors would like to thank the EASL Editorial Office, and Joé&l Walicki in
particular, for their support.

Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/
j.jhep.2024.11.007.

References

[1] Base Wdmd, 2023. http://www.wilsondisease.med.ualberta.ca/database.
asp; 20283.

[2] Tao TY, Gitlin JD. Hepatic copper metabolism: insights from genetic dis-
ease. Hepatology 2003;37(6):1241-1247.

[3] Czlonkowska A, Litwin T, Dusek P, et al. Wilson disease. Nat Rev Dis
Primers 2018;4(1):21.

[4] Lutsenko S, Petris MJ. Function and regulation of the mammalian copper-
transporting ATPases: insights from biochemical and cell biological ap-
proaches. J Membr Biol 2003;191(1):1-12.

[5] Sandahl TD, Laursen TL, Munk DE, et al. The prevalence of wilson’s dis-
ease: an update. Hepatology 2020;71(2):722-732.

[6] Ferenci P, Czlonkowska A, Merle U, et al. Late-onset Wilson’s disease.
Gastroenterology 2007;132(4):1294-1298.

[7] Ferenci P, Pfeiffenberger J, Stattermayer AF, et al. HSD17B13 truncated
variant is associated with a mild hepatic phenotype in Wilson’s Disease.
JHEP Rep 2019;1(1):2-8.

[8] Nilles C, Obadia MA, Sobesky R, et al. Diagnosis and outcomes of late-
onset wilson’s disease: a national registry-based study. Mov Disord
2023;38(2):321-332.

[9] Ferenci P. Regional distribution of mutations of the ATP7B gene in patients
with Wilson disease: impact on genetic testing. Hum Genet 2006;120(2):
151-159.

[10] Olivarez L, Caggana M, Pass KA, et al. Estimate of the frequency of Wil-
son’s disease in the US Caucasian population: a mutation analysis
approach. Ann Hum Genet 2001;65(Pt 5):459-463.

[11] Huster D, Kuhne A, Bhattacharjee A, et al. Diverse functional properties of
Wilson disease ATP7B variants. Gastroenterology 2012;142(4):947-956 e5.

[12] Zhang S, Yang W, Li X, et al. Clinical and genetic characterization of a large
cohort of patients with Wilson’s disease in China. Transl Neuro-
degener 2022;11(1):13.

[13] Mukherjee S, Dutta S, Majumdar S, et al. Genetic defects in Indian Wilson
disease patients and genotype-phenotype correlation. Parkinsonism Relat
Disord 2014;20(1):75-81.

[14] Wilson DC, Phillips MJ, Cox DW, et al. Severe hepatic Wilson’s disease in
preschool-aged children. J Pediatr 2000;137(5):719-722.

[15] Wiernicka A, Dadalski M, Janczyk W, et al. Early onset of wilson disease:
diagnostic challenges. J Pediatr Gastroenterol Nutr 2017;65(5):555-560.

[16] Ala A, Borjigin J, Rochwarger A, et al. Wilson disease in septuagenarian
siblings: raising the bar for diagnosis. Hepatology 2005;41(3):668-670.

[17] Czlonkowska A, Rodo M, Gromadzka G. Late onset Wilson’s disease:
therapeutic implications. Mov Disord 2008;23(6):896-898.

[18] Gow PJ, Smallwood RA, Angus PW, et al. Diagnosis of Wilson’s disease: an
experience over three decades. Gut 2000;46(3):415-419.

[19] Steindl P, Ferenci P, Dienes HP, et al. Wilson’s disease in patients pre-
senting with liver disease: a diagnostic challenge. Gastroenterology
1997;113(1):212-218.

[20] Sanchez-Albisua I, Garde T, Hierro L, et al. A high index of suspicion: the
key to an early diagnosis of Wilson’s disease in childhood. J Pediatr
Gastroenterol Nutr 1999;28(2):186-190.

[21] Chevalier K, Mauget-Faysse M, Vasseur V, et al. Eye involvement in wil-
son’s disease: a review of the literature. J Clin Med 2022;11(9).

[22] Cairns JE, Williams HP, Walshe JM. "Sunflower cataract" in Wilson’s dis-
ease. Br Med J 1969;3(5662):95-96.

[23] Merle U, Schaefer M, Ferenci P, et al. Clinical presentation, diagnosis and
long-term outcome of Wilson’s disease: a cohort study. Gut
2007;56(1):115-120.

[24] Walshe JM, Dixon AK. Dangers of non-compliance in Wilson’s disease.
Lancet 1986;1(8485):845-847.

[25] Walshe JM. The liver in Wilson’s disease. In: Schiff L, Schiff ER, editors.
Diseases of the liver. 6th ed. Philadelphia: Lippincott; 1987. p. 1037-
1050. 1987.

[26] Saito T. Presenting symptoms and natural history of Wilson disease. Eur J
Pediatr 1987;146(3):261-265.

[27] Czlonkowska A, Gromadzka G, Buttner J, et al. Clinical features of hemo-
lysis, elevated liver enzymes, and low platelet count syndrome in undiag-
nosed Wilson disease: report of two cases. Arch Gynecol Obstet
2010;281(1):129-134.

[28] Czlonkowska A. A study of haemolysis in Wilson’s disease. J Neurol Sci
1972;16(3):303-314.

[29] Pfeiffer RF. Wilson’s disease. Semin Neurol 2007;27(2):123-132.

[30] Czlonkowska A, Litwin T, Chabik G. Wilson disease: neurologic features.
Handb Clin Neurol 2017;142:101-119.

[31] Czlonkowska A, Litwin T, Dziezyc K, et al. Characteristics of a newly
diagnosed Polish cohort of patients with neurological manifestations of
Wilson disease evaluated with the Unified Wilson’s Disease Rating Scale.
BMC Neurol 2018;18(1):34.

[32] Lorincz MT. Neurologic Wilson’s disease.
2010;1184:173-187.

[33] Bandmann O, Weiss KH, Kaler SG. Wilson’s disease and other neurological
copper disorders. Lancet Neurol 2015;14(1):103-113.

[34] Dusek P, Litwin T, Czlonkowska A. Wilson disease and other neuro-
degenerations with metal accumulations. Neurol Clin 2015;33(1):175-204.

[35] Ingster-Moati I, Bui Quoc E, Pless M, et al. Ocular motility and Wilson’s
disease: a study on 34 patients. J Neurol Neurosurg Psychiatry
2007;78(11):1199-1201.

[36] Litwin T, Dziezyc K, Poniatowska R, et al. Effect of liver transplantation on
brain magnetic resonance imaging pathology in Wilson disease: a case
report. Neurol Neurochir Pol 2013;47(4):393-397.

[37] Machado A, Chien HF, Deguti MM, et al. Neurological manifestations in
Wilson’s disease: report of 119 cases. Mov Disord 2006;21(12):2192-2196.

[38] Tribl GG, Trindade MC, Bittencourt T, et al. Wilson’s disease with and
without rapid eye movement sleep behavior disorder compared to healthy
matched controls. Sleep Med 2016;17:179-185.

[39] Trindade MC, Bittencourt T, Lorenzi-Filho G, et al. Restless legs syndrome
in Wilson’s disease: frequency, characteristics, and mimics. Acta Neurol
Scand 2017;135(2):211-218.

[40] Brewer GJ. Neurologically presenting Wilson’s disease: epidemiology,
pathophysiology and treatment. CNS Drugs 2005;19(3):185-192.

[41] LeWitt PA, Czlonkowska A. Wilson’s disease. In: Lisak RP, Truong DD,
Carroll WM, Bhidayasiri R, editors. International neurology, A clinical
approach. Wiley-Blackwell; 2009.

Ann N Y Acad Sci

720 Journal of Hepatology, April 2025. vol. 82 | 690-728


https://doi.org/10.1016/j.jhep.2024.11.007
https://doi.org/10.1016/j.jhep.2024.11.007
http://www.wilsondisease.med.ualberta.ca/database.asp
http://www.wilsondisease.med.ualberta.ca/database.asp
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref2
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref2
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref3
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref3
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref4
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref4
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref4
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref5
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref5
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref6
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref6
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref7
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref7
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref7
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref8
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref8
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref8
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref9
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref9
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref9
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref10
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref10
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref10
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref11
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref11
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref12
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref12
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref12
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref13
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref13
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref13
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref14
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref14
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref15
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref15
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref16
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref16
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref17
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref17
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref18
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref18
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref19
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref19
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref19
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref20
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref20
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref20
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref21
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref21
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref22
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref22
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref23
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref23
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref23
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref24
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref24
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref25
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref25
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref25
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref26
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref26
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref27
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref27
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref27
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref27
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref28
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref28
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref29
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref30
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref30
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref31
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref31
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref31
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref31
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref32
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref32
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref33
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref33
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref34
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref34
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref35
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref35
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref35
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref36
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref36
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref36
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref37
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref37
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref38
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref38
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref38
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref39
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref39
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref39
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref40
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref40
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref41
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref41
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref41

[42] Abdel Ghaffar TY, Elsayed SM, Elnaghy S, et al. Phenotypic and genetic
characterization of a cohort of pediatric Wilson disease patients. BMC
Pediatr 2011;11:56.

[43] Kalra V, Khurana D, Mittal R. Wilson’s disease—early onset and lessons from
a pediatric cohort in India. Indian Pediatr 2000;37(6):595-601.

[44] lorio R, D’Ambrosi M, Marcellini M, et al. Serum transaminases in children
with Wilson’s disease. J Pediatr Gastroenterol Nutr 2004;39(4):331-336.

[45] Rukunuzzaman M. Wilson’s disease in Bangladeshi children: analysis of
100 cases. Pediatr Gastroenterol Hepatol Nutr 2015;18(2):121-127.

[46] European Association for Study of Liver. EASL clinical practice guidelines:
wilson’s disease. J Hepatol 2012;56(3):671-685.

[47] Langwinska-Wosko E, Litwin T, Dziezyc K, et al. Optical coherence to-
mography as a marker of neurodegeneration in patients with Wilson’s
disease. Acta Neurol Belg 2017;117(4):867-871.

[48] Mura G, Zimbrean PC, Demelia L, et al. Psychiatric comorbidity in Wilson’s
disease. Int Rev Psychiatry 2017;29(5):445-462.

[49] Zimbrean P, Seniow J. Cognitive and psychiatric symptoms in Wilson
disease. Handb Clin Neurol 2017;142:121-140.

[50] Seniow J, Mroziak B, Czlonkowska A, et al. Self-rated emotional func-
tioning of patients with neurological or asymptomatic form of Wilson’s
disease. Clin Neuropsychol 2003;17(3):367-373.

[51] Svetel M, Potrebic A, Pekmezovic T, et al. Neuropsychiatric aspects of
treated Wilson’s disease. Parkinsonism Relat Disord 2009;15(10):772-775.

[62] Seniow J, Bak T, Gajda J, et al. Cognitive functioning in neurologically
symptomatic and asymptomatic forms of Wilson’s disease. Mov Disord
2002;17(5):1077-1083.

[563] Ferenci P, Steindl-Munda P, Vogel W, et al. Diagnostic value of quantitative
hepatic copper determination in patients with Wilson’s Disease. Clin Gas-
troenterol Hepatol 2005;3(8):811-818.

[54] Azizi E, Eshel G, Aladjem M. Hypercalciuria and nephrolithiasis as a pre-
senting sign in Wilson disease. Eur J Pediatr 1989;148(6):548-549.

[65] Nakada SY, Brown MR, Rabinowitz R. Wilson’s disease presenting as
symptomatic urolithiasis: a case report and review of the literature. J Urol
1994;152(3):978-979.

[56] Chevalier K, Benyounes N, Obadia MA, et al. Cardiac involvement in Wilson
disease: review of the literature and description of three cases of sudden
death. J Inherit Metab Dis 2021;44(5):1099-1112.

[57] Factor SM, Cho S, Sternlieb |, et al. The cardiomyopathy of Wilson’s dis-
ease. Myocardial alterations in nine cases. Virchows Arch A Pathol Anat
Histol 1982;397(3):301-311.

[58] Chu CC, Huang CC, Chu NS. Recurrent hypokalemic muscle weakness as
an initial manifestation of Wilson’s disease. Nephron 1996;73(3):477-479.

[69] Golding DN, Walshe JM. Arthropathy of Wilson’s disease. Study of clinical
and radiological features in 32 patients. Ann Rheum Dis 1977;36(2):99-111.

[60] Chenbhanich J, Thongprayoon C, Atsawarungruangkit A, et al. Osteopo-
rosis and bone mineral density in patients with Wilson’s disease: a sys-
tematic review and meta-analysis. Osteoporos Int 2018;29(2):315-322.

[61] Weiss KH, Van de Moortele M, Gotthardt DN, et al. Bone demineralisation
in a large cohort of Wilson disease patients. J Inherit Metab Dis
2015;38(5):949-956.

[62] Quemeneur AS, Trocello JM, Ea HK, et al. Bone status and fractures in 85
adults with Wilson’s disease. Osteoporos Int 2014;25(11):2573-2580.

[63] Carpenter TO, Carnes Jr DL, Anast CS. Hypoparathyroidism in Wilson’s
disease. N Engl J Med 1983;309(15):873-877.

[64] Weizman Z, Picard E, Barki Y, et al. Wilson's disease associated with
pancreatitis. J Pediatr Gastroenterol Nutr 1988;7(6):931-933.

[65] Klee JG. Undiagnosed Wilson’s disease as cause of unexplained miscar-
riage. Lancet 1979;2(8139):423.

[66] Tarnacka B, Rodo M, Cichy S, et al. Procreation ability in Wilson’s disease.
Acta Neurol Scand 2000;101(6):395-398.

[67] Walshe JM. Wilson’s disease presenting with features of hepatic
dysfunction: a clinical analysis of eighty-seven patients. Q J Med
1989;70(263):253-263.

[68] Svetel M, Pekmezovic T, Petrovic |, et al. Long-term outcome in Serbian
patients with Wilson disease. Eur J Neurol 2009;16(7):852-857.

[69] Taly AB, Meenakshi-Sundaram S, Sinha S, et al. Wilson disease: descrip-
tion of 282 patients evaluated over 3 decades. Medicine (Baltimore)
2007;86(2):112-121.

[70] Scott J, Gollan JL, Samourian S, et al. Wilson’s disease, presenting as
chronic active hepatitis. Gastroenterology 1978;74(4):645-651.

[71] Stremmel W, Meyerrose KW, Niederau C, et al. Wilson disease: clinical
presentation, treatment, and survival. Ann Intern Med 1991;115(9):720-726.

[72] lorio R, Sepe A, Giannattasio A, et al. Hypertransaminasemia in childhood
as a marker of genetic liver disorders. J Gastroenterol 2005;40(8):820-826.

Clinical Practice Guidelines

[73] Martinelli D, Travaglini L, Drouin CA, et al. MEDNIK syndrome: a novel
defect of copper metabolism treatable by zinc acetate therapy. Brain
2013;136(Pt 3):872-881.

[74] Cannata Serio M, Graham LA, Ashikov A, et al. Mutations in the V-ATPase
assembly factor VMA21 cause a congenital disorder of glycosylation with
autophagic liver disease. Hepatology 2020;72(6):1968-1986.

[75] Tegtmeyer LC, Rust S, van Scherpenzeel M, et al. Multiple phenotypes in
phosphoglucomutase 1 deficiency. N Engl J Med 2014;370(6):533-542.

[76] Gitlin JD. Wilson disease. Gastroenterology 2003;125(6):1868-1877.

[77] Martins da Costa C, Baldwin D, Portmann B, et al. Value of urinary copper
excretion after penicillamine challenge in the diagnosis of Wilson’s disease.
Hepatology 1992;15(4):609-615.

[78] McCullough AJ, Fleming CR, Thistle JL, et al. Diagnosis of Wilson’s disease
presenting as fulminant hepatic failure. Gastroenterology 1983;84(1):
161-167.

[79] Ryan A, Nevitt SJ, Tuohy O, et al. Biomarkers for diagnosis of Wilson’s
disease. Cochrane Database Syst Rev 2019;2019(11).

[80] Mak CM, Lam CW, Tam S. Diagnostic accuracy of serum ceruloplasmin in
Wilson disease: determination of sensitivity and specificity by ROC curve
analysis among ATP7B-genotyped subjects. Clin Chem
2008;54(8):1356-1362.

[81] Nicastro E, Ranucci G, Vajro P, et al. Re-evaluation of the diagnostic criteria
for Wilson disease in children with mild liver disease. Hepatology
2010;52(6):1948-1956.

[82] Gromadzka G, Schmidt HH, Genschel J, et al. Frameshift and nonsense
mutations in the gene for ATPase7B are associated with severe impairment
of copper metabolism and with an early clinical manifestation of Wilson’s
disease. Clin Genet 2005;68(6):524-532.

[83] Merle U, Eisenbach C, Weiss KH, et al. Serum ceruloplasmin oxidase ac-
tivity is a sensitive and highly specific diagnostic marker for Wilson’s dis-
ease. J Hepatol 2009;51(5):925-930.

[84] Schilsky ML, Roberts EA, Bronstein JM, et al. A multidisciplinary approach
to the diagnosis and management of wilson disease: executive summary of
the 2022 practice guidance on wilson disease from the American associ-
ation for the study of liver diseases. Hepatology 2023;77(4):1428-1455.

[85] Ferenci P, Caca K, Loudianos G, et al. Diagnosis and phenotypic classifi-
cation of Wilson disease. Liver Int 2003;23(3):139-142.

[86] Ram J, Gupta A. Kayser-Fleischer ring and sunflower cataract in Wilson
disease. JAMA Ophthalmol 2014;132(7):873.

[87] Koppikar S, Dhawan A. Evaluation of the scoring system for the diagnosis
of Wilson’s disease in children. Liver Int 2005;25(3):680-681.

[88] Poujois A, Woimant F. Wilson’s disease: a 2017 update. Clin Res Hepatol
Gastroenterol 2018;42(6):512-520.

[89] Woimant F, Djebrani-Oussedik N, Poujois A. New tools for Wilson’s disease
diagnosis: exchangeable copper fraction. Ann Transl Med 2019;7
(Suppl 2):S70.

[90] El Balkhi S, Poupon J, Trocello JM, et al. Determination of ultrafiltrable and
exchangeable copper in plasma: stability and reference values in healthy
subjects. Anal Bioanal Chem 2009;394(5):1477-1484.

[91] El Balkhi S, Trocello JM, Poupon J, et al. Relative exchangeable copper: a
new highly sensitive and highly specific biomarker for Wilson’s disease
diagnosis. Clin Chim Acta 2011;412(23-24):2254-2260.

[92] Guillaud O, Brunet AS, Mallet |, et al. Relative exchangeable copper: a valuable
tool for the diagnosis of Wilson disease. Liver Int 2018;38(2):350-357.

[93] Trocello JM, El Balkhi S, Woimant F, et al. Relative exchangeable copper: a
promising tool for family screening in Wilson disease. Mov Disord
2014;29(4):558-562.

[94] Pouijois A, Trocello JM, Djebrani-Oussedik N, et al. Exchangeable copper: a
reflection of the neurological severity in Wilson’s disease. Eur J Neurol
2017;24(1):154-160.

[95] Marino Z, Molera-Busoms C, Badenas C, et al. Benefits of using
exchangeable copper and the ratio of exchangeable copper in a real-world
cohort of patients with Wilson disease. J Inherit Metab Dis
2023;46(5):982-991.

[96] Shribman S, Bocchetta M, Sudre CH, et al. Neuroimaging correlates of
brain injury in Wilson’s disease: a multimodal, whole-brain MRI study. Brain
2022;145(1):263-275.

[97] Dusek P, Smolinski L, Redzia-Ogrodnik B, et al. Semiquantitative scale for
assessing brain MRI abnormalities in wilson disease: a validation study.
Mov Disord 2020;35(6):994-1001.

[98] Shribman S, Warner TT, Dooley JS. Clinical presentations of Wilson dis-
ease. Ann Transl Med 2019;7(Suppl 2):S60.

[99] Shivakumar R, Thomas SV. Teaching Neurolmages: face of the giant panda
and her cub: MRI correlates of Wilson disease. Neurology 2009;72(11):e50.

Journal of Hepatology, April 2025. vol. 82 | 690-728 721


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref42
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref42
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref42
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref43
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref43
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref44
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref44
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref45
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref45
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref46
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref46
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref47
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref47
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref47
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref48
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref48
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref49
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref49
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref50
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref50
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref50
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref51
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref51
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref52
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref52
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref52
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref53
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref53
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref53
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref54
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref54
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref55
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref55
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref55
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref56
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref56
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref56
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref57
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref57
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref57
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref58
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref58
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref59
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref59
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref60
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref60
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref60
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref61
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref61
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref61
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref62
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref62
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref63
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref63
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref64
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref64
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref65
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref65
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref66
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref66
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref67
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref67
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref67
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref68
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref68
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref69
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref69
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref69
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref70
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref70
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref71
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref71
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref72
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref72
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref73
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref73
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref73
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref74
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref74
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref74
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref75
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref75
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref76
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref77
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref77
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref77
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref78
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref78
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref78
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref79
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref79
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref80
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref80
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref80
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref80
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref81
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref81
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref81
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref82
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref82
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref82
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref82
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref83
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref83
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref83
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref84
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref84
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref84
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref84
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref85
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref85
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref86
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref86
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref87
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref87
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref88
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref88
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref89
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref89
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref89
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref90
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref90
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref90
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref91
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref91
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref91
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref92
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref92
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref93
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref93
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref93
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref94
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref94
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref94
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref95
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref95
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref95
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref95
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref96
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref96
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref96
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref97
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref97
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref97
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref98
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref98
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref99
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref99

[100] Leinweber B, Moller JC, Scherag A, et al. Evaluation of the unified wilson’s
disease rating scale (UWDRS) in German patients with treated wilson’s
disease. Mov Disord 2008;23(1):54-62.

[101] Socha P, Janczyk W, Dhawan A, et al. Wilson’s disease in children: a po-
sition paper by the hepatology committee of the European society for
paediatric gastroenterology, hepatology and nutrition. J Pediatr Gastro-
enterol Nutr 2018;66(2):334-344.

[102] ESPGHAN 55th Annual Meeting Abstracts. J Pediatr Gastroenterol Nutr
2023;76(S1 Suppl 1):1-1407.

[103] Couchonnal E, Lion-Francois L, Guillaud O, et al. Pediatric wilson’s dis-
ease: phenotypic, genetic characterization and outcome of 182 children in
France. J Pediatr Gastroenterol Nutr 2021;73(4):e80-e86.

[104] Dhawan A, Taylor RM, Cheeseman P, et al. Wilson’s disease in children:
37-year experience and revised King’s score for liver transplantation. Liver
Transpl 2005;11(4):441-448.

[105] Giacchino R, Marazzi MG, Barabino A, et al. Syndromic variability of Wil-
son’s disease in children. Clinical study of 44 cases. Ital J Gastroenterol
Hepatol 1997;29(2):155-161.

[106] Valentino PL, Roberts EA, Beer S, et al. Management of wilson disease
diagnosed in infancy: an appraisal of available experience to generate
discussion. J Pediatr Gastroenterol Nutr 2020;70(5):547-554.

[107] Janczyk W, Bierla JB, Trojanowska I, et al. Prevalence and significance of
autoantibody seropositivity in children with wilson’s disease. Diagnostics
(Basel) 2023;13(4).

[108] Loudianos G, Zappu A, Lepori MB, et al. Acute liver failure because of
wilson disease with overlapping autoimmune hepatitis features: the coex-
istence of two diseases? J Pediatr Gastroenterol Nutr 2016;63(2):e23-e24.

[109] Milkiewicz P, Saksena S, Hubscher SG, et al. Wilson’s disease with
superimposed autoimmune features: report of two cases and review. J
Gastroenterol Hepatol 2000;15(5):570-574.

[110] Narkewicz MR, Horslen S, Belle SH, et al. Prevalence and significance of
autoantibodies in children with acute liver failure. J Pediatr Gastroenterol
Nutr 2017;64(2):210-217.

[111] Yener S, Akarsu M, Karacanci C, et al. Wilson’s disease with coexisting
autoimmune hepatitis. J Gastroenterol Hepatol 2004;19(1):114-116.

[112] European Society for Paediatric Gastroenterology H. European Association
for the Study of the Liver oboc-aEajpmbau, European Society for Paediatric
Gastroenterology H, European Association for the Study of the Liver oboc-
a. Diagnosis of fatty liver in children should occur in parallel to investigation
for other causes of liver disease. Lancet Gastroenterol Hepatol
2023;8(7):598-600.

[113] Abdel Ghaffar TY, El Naghi S, Abdel Gawad M, et al. Safety and efficacy of
combined sofosbuvir/daclatasvir treatment of children and adolescents
with chronic hepatitis C Genotype 4. J Viral Hepat 2019;26(2):263-270.

[114] Fernando M, van Mourik I, Wassmer E, et al. Wilson disease in children and
adolescents. Arch Dis Child 2020;105(5):499-505.

[115] Litwin T, Dusek P, Szafranski T, et al. Psychiatric manifestations in Wilson’s
disease: possibilities and difficulties for treatment. Ther Adv Psycho-
pharmacol 2018;8(7):199-211.

[116] Day J, Samyn M, Proctor SE, et al. Mental health, cognitive, and neuro-
psychiatric needs in children and young people with wilson disease. JPGN
Rep 2021;2(3):e094.

[117] Kim TJ, Kim 10, Kim WS, et al. MR imaging of the brain in Wilson disease of
childhood: findings before and after treatment with clinical correlation.
AJNR Am J Neuroradiol 2006;27(6):1373-1378.

[118] Alkhalik Basha MA, Refaat R, Ahmed AF, et al. Brain magnetic resonance
spectroscopy (MRS) as a diagnostic tool for detecting early neurological
changes in children with Wilson’s disease. Eur J Radiol 2019;111:41-46.

[119] Nicastro E, Loudianos G, Zancan L, et al. Genotype-phenotype correlation
in ltalian children with Wilson’s disease. J Hepatol 2009;50(3):555-561.

[120] De Feyter S, Beyens A, Callewaert B. ATP7A-related copper transport
disorders: a systematic review and definition of the clinical subtypes. J
Inherit Metab Dis 2023;46(2):163-173.

[121] Kirk FT, Munk DE, Ek J, et al. Case report: Huppke-Brendel syndrome in an
adult, mistaken for and treated as Wilson disease for 25 years. Front Neurol
2022;13:957794.

[122] Mandato C, Brive L, Miura Y, et al. Cryptogenic liver disease in four chil-
dren: a novel congenital disorder of glycosylation. Pediatr Res
2006;59(2):293-298.

[123] Martinelli D, Dionisi-Vici C. AP1S1 defect causing MEDNIK syndrome: a
new adaptinopathy associated with defective copper metabolism. Ann N 'Y
Acad Sci 2014;1314:55-63.

722

[124] Di Giorgio A, Bartolini E, Calvo PL, et al. Diagnostic approach to acute liver
failure in children: a position paper by the sigenp liver disease working
group. Dig Liver Dis 2021;53(5):545-557.

[125] Korman JD, Volenberg |, Balko J, et al. Screening for Wilson disease in
acute liver failure: a comparison of currently available diagnostic tests.
Hepatology 2008;48(4):1167-1174.

[126] Vandriel SM, Ayoub MD, Ricciuto A, et al. Pediatric wilson disease pre-
senting as acute liver failure: an individual patient data meta-analysis. J
Pediatr Gastroenterol Nutr 2020;71(3):e90-e96.

[127] Eisenbach C, Sieg O, Stremmel W, et al. Diagnostic criteria for acute liver
failure due to  Wilson disease. World J  Gastroenterol
2007;13(11):1711-1714.

[128] Feng CX, Chen XQ, He XL, et al. Screening for Wilson’s disease in acute
liver failure: a new scoring system in children. Front Pediatr
2022;10:1003887.

[129] Gungor S, Selimoglu MA, Bag HGG, et al. Is it possible to diagnose
fulminant Wilson’s disease with simple laboratory tests? Liver Int
2020;40(1):155-162.

[130] Tissieres P, Chevret L, Debray D, et al. Fulminant Wilson’s disease in
children: appraisal of a critical diagnosis. Pediatr Crit Care Med
2003;4(3):338-343.

[131] Berman DH, Leventhal RI, Gavaler JS, et al. Clinical differentiation of
fulminant Wilsonian hepatitis from other causes of hepatic failure. Gastro-
enterology 1991;100(4):1129-1134.

[132] Smallwood RA, Williams HA, Rosenoer VM, et al. Liver-copper levels in liver
disease: studies using neutron activation analysis. Lancet
1968;2(7582):1310-1313.

[133] Sezer OB, Perk P, Hosnut FO, et al. Is it necessary to re-evaluate diagnostic
criteria  for Wilson disease in children? Turk J Gastroenterol
2014;25(6):690-695.

[134] Yang X, Tang XP, Zhang YH, et al. Prospective evaluation of the diagnostic
accuracy of hepatic copper content, as determined using the entire core of
a liver biopsy sample. Hepatology 2015;62(6):1731-1741.

[135] Gromadzka G, Bendykowska M, Przybylkowski A. Wilson’s disease-ge-
netic puzzles with diagnostic implications. Diagnostics (Basel) 2023;13(7).

[136] Liggi M, Mais C, Demurtas M, et al. Uneven distribution of hepatic copper
concentration and diagnostic value of double-sample biopsy in Wilson’s
disease. Scand J Gastroenterol 2013;48(12):1452-1458.

[137] Chi H, Hansen BE, Tang WY, et al. Multiple biopsy passes and the risk of
complications of percutaneous liver biopsy. Eur J Gastroenterol Hepatol
2017;29(1):36-41.

[138] Schroeder SM, Matsukuma KE, Medici V. Wilson disease and the differ-
ential diagnosis of its hepatic manifestations: a narrative review of clinical,
laboratory, and liver histological features. Ann Transl Med 2021;9(17):1394.

[139] Fanni D, Guido M, Gerosa C, et al. Liver changes in Wilson’s disease: the
full spectrum. A report of 127 biopsies from 43 patients. Eur Rev Med
Pharmacol Sci 2021;25(12):4336-4344.

[140] Karadag N, Tolan K, Samdanci E, et al. Effect of copper staining in wilson
disease: a liver explant study. Exp Clin Transpl 2017;15(5):542-546.

[141] Stattermayer AF, Traussnigg S, Dienes HP, et al. Hepatic steatosis in
Wilson disease-Role of copper and PNPLA3 mutations. J Hepatol
2015;63(1):156-163.

[142] Vieira Barbosa J, Fraga M, Saldarriaga J, et al. Hepatic manifestations of
Wilson’s disease: 12-year experience in a Swiss tertiary referral centre.
Swiss Med Wkly 2018;148:w14699.

[143] Algahtani SA, Chami R, Abuquteish D, et al. Hepatic ultrastructural features
distinguish paediatric Wilson disease from NAFLD and autoimmune hep-
atitis. Liver Int 2022;42(11):2482-2491.

[144] Pilloni L, Lecca S, Van Eyken P, et al. Value of histochemical stains for
copper in the diagnosis of Wilson’s disease. Histopathology
1998;33(1):28-33.

[145] Wiethoff H, Mohr I, Fichtner A, et al. Metallothionein: a game changer in
histopathological ~diagnosis of Wilson disease. Histopathology
2023;83(6):936-948.

[146] Mounajjed T, Oxentenko AS, Qureshi H, et al. Revisiting the topic of his-
tochemically detectable copper in various liver diseases with special focus
on venous outflow impairment. Am J Clin Pathol 2013;139(1):79-86.

[147] Evans GW, Bubois RS, Hambidge KM. Wilson’s disease: identification of an
abnormal copper-binding protein. Science 1973;181(4105):1175-1176.

[148] Nartey NO, Frei JV, Cherian MG. Hepatic copper and metallothionein dis-
tribution in Wilson’s disease (hepatolenticular degeneration). Lab Invest
1987;57(4):397-401.

Journal of Hepatology, April 2025. vol. 82 | 690-728


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref100
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref100
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref100
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref101
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref101
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref101
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref101
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref102
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref102
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref103
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref103
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref103
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref104
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref104
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref104
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref105
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref105
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref105
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref106
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref106
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref106
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref107
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref107
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref107
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref108
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref108
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref108
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref109
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref109
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref109
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref110
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref110
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref110
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref111
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref111
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref112
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref113
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref113
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref113
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref114
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref114
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref115
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref115
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref115
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref116
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref116
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref116
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref117
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref117
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref117
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref118
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref118
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref118
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref119
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref119
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref120
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref120
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref120
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref121
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref121
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref121
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref122
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref122
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref122
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref123
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref123
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref123
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref124
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref124
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref124
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref125
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref125
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref125
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref126
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref126
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref126
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref127
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref127
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref127
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref128
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref128
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref128
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref129
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref129
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref129
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref130
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref130
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref130
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref131
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref131
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref131
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref132
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref132
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref132
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref133
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref133
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref133
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref134
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref134
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref134
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref135
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref135
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref136
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref136
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref136
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref137
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref137
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref137
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref138
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref138
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref138
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref139
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref139
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref139
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref140
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref140
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref141
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref141
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref141
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref142
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref142
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref142
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref143
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref143
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref143
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref144
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref144
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref144
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref145
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref145
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref145
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref146
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref146
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref146
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref147
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref147
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref148
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref148
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref148

[149] Rowan DJ, Mangalaparthi KK, Singh S, et al. Metallothionein immunohis-
tochemistry has high sensitivity and specificity for detection of Wilson
disease. Mod Pathol 2022;35(7):946-955.

[150] Espinos C, Ferenci P. Are the new genetic tools for diagnosis of Wilson
disease helpful in clinical practice? JHEP Rep 2020;2(4):100114.

[151] Park KJ, Lee W, Chun S, et al. The frequency of discordant variant clas-
sification in the human gene mutation database: a comparison of the
American College of medical genetics and genomics guidelines and Clin-
Var. Lab Med 2021;52(3):250-259.

[152] Richards S, Aziz N, Bale S, et al. Standards and guidelines for the inter-
pretation of sequence variants: a joint consensus recommendation of the
American College of medical genetics and genomics and the association
for molecular pathology. Genet Med 2015;17(5):405-424.

[153] Vilarinho S, Mistry PK. Exome sequencing in clinical hepatology. Hepatol-
ogy 2019;70(6):2185-2192.

[154] Zheng M, Allington G, Vilarinho S. Genomic medicine for liver disease.
Hepatology 2022;76(3):860-868.

[155] O’Daniel JM, McLaughlin HM, Amendola LM, et al. A survey of current
practices for genomic sequencing test interpretation and reporting pro-
cesses in US laboratories. Genet Med 2017;19(5):575-582.

[156] Panzer M, Viveiros A, Schaefer B, et al. Synonymous mutation in adenosine
triphosphatase copper-transporting beta causes enhanced exon skipping
in Wilson disease. Hepatol Commun 2022;6(7):1611-1619.

[157] Jardel A, Bonnet C, Frismand-Kryloff S, et al. Next-generation sequencing:
a decisive diagnostic aid for atypical Wilson’s disease. J Neurol
2022;269(12):6664-6666.

[158] Xu WQ, Wang RM, Dong Y, et al. Pathogenicity of intronic and synonymous
variants of ATP7B in wilson disease. J Mol Diagn 2023;25(1):57-67.

[159] Woimant F, Poujois A, Bloch A, et al. A novel deep intronic variant in ATP7B
in five unrelated families affected by Wilson disease. Mol Genet Genomic
Med 2020;8(10):e1428.

[160] Todorov T, Balakrishnan P, Savov A, et al. Intragenic deletions in ATP7B as
an unusual molecular genetics mechanism of wilson’s disease pathogen-
esis. PLoS One 2016;11(12):e0168372.

[161] Li H, Tao R, Liu L, et al. Population screening and diagnostic strategies in
screening family members of Wilson’s disease patients. Ann Transl Med
2019;7(Suppl 2):S59.

[162] Firneisz G, Szonyi L, Ferenci P, et al. Wilson disease in two consecutive gen-
erations: an exceptional family. Am J Gastroenterol 2001;96(7):2269-2271.

[163] Maier-Dobersberger T, Mannhalter C, Rack S, et al. Diagnosis of Wilson’s
disease in an asymptomatic sibling by DNA linkage analysis. Gastroen-
terology 1995;109(6):2015-2018.

[164] Stattermayer AF, Entenmann A, Gschwantler M, et al. The dilemma to di-
agnose Wilson disease by genetic testing alone. Eur J Clin Invest
2019;49(8):e13147.

[165] Brunet AS, Marotte S, Guillaud O, et al. Familial screening in Wilson’s
disease: think at the previous generation. J Hepatol 2012;57(6):1394-1395.

[166] Ferenci P. Review article: diagnosis and current therapy of Wilson’s dis-
ease. Aliment Pharmacol Ther 2004;19(2):157-165.

[167] Dziezyc K, Litwin T, Chabik G, et al. Families with Wilson’s disease in
subsequent generations: clinical and genetic analysis. Mov Disord
2014;29(14):1828-1832.

[168] Hall K. Max wilson and the principles and practice of screening for disease.
Int J Neonatal Screen 2020;6(1):15.

[169] Hahn SH. Population screening for Wilson’s disease. Ann N Y Acad Sci
2014;1315:64-69.

[170] Collins CJ, YiF, Dayuha R, et al. Direct measurement of ATP7B peptides is
highly effective in the diagnosis of wilson disease. Gastroenterology
2021;160(7):2367-23682 ef.

[171] Qiao L, Ge J, Li C, et al. Pathogenic gene variation spectrum and carrier
screening for Wilson’s disease in Qingdao area. Mol Genet Genomic Med
2021;9(8):e1741.

[172] Czlonkowska A, Tarnacka B, Litwin T, et al. Wilson’s disease-cause of
mortality in 164 patients during 1992-2003 observation period. J Neurol
2005;252(6):698-703.

[173] Roberts EA, Schilsky ML. American association for study of liver D. Diag-
nosis and treatment of wilson disease: an update. Hepatology 2008;47(6):
2089-2111.

[174] Czlonkowska A, Tarnacka B, Moller JC, et al. Unified Wilson’s Disease
Rating Scale - a proposal for the neurological scoring of Wilson’s disease
patients. Neurol Neurochir Pol 2007;41(1):1-12.

[175] Noureen N, Rana MT. Neurological Wilson disease in children: a three years
experience from Multan. J Pak Med Assoc 2011;61(8):743-748.

Journal of Hepatology, April 2025. vol. 82 | 690-728

Clinical Practice Guidelines

[176] Roberts EA, Socha P. Wilson disease in children. Handb Clin Neurol
2017;142:141-156.

[177] Rukunuzzaman M, Karim AB, Nurullah M, et al. Childhood wilson disease:
Bangladesh perspective. Mymensingh Med J 2017;26(2):406-413.

[178] Volpert HM, Pfeiffenberger J, Groner JB, et al. Comparative assessment of
clinical rating scales in Wilson’s disease. BMC Neurol 2017;17(1):140.

[179] Redzia-Ogrodnik B, Czlonkowska A, Antos A, et al. Pathognomonic
neuroradiological signs in Wilson’s disease - truth or myth? Parkinsonism
Relat Disord 2023;107:105247.

[180] Poujois A, Mikol J, Woimant F. Wilson disease: brain pathology. Handb Clin
Neurol 2017;142:77-89.

[181] Aggarwal A, Aggarwal N, Nagral A, et al. A novel global assessment scale
for wilson’s disease (GAS for WD). Mov Disord 2009;24(4):509-518.

[182] Li X, Feng Z, Tang W, et al. Sex differences in clinical characteristics and
brain MRI change in patients with wilson’s disease in a Chinese population.
Front Physiol 2018;9:1429.

[183] Zhong W, Huang Z, Tang X. A study of brain MRI characteristics and clinical
features in 76 cases of Wilson’s disease. J Clin Neurosci 2019;59:167-174.

[184] van Wassenaer-van Hall HN, van den Heuvel AG, Jansen GH, et al. Cranial
MR in Wilson disease: abnormal white matter in extrapyramidal and pyra-
midal tracts. AUONR Am J Neuroradiol 1995;16(10):2021-2027.

[185] Sinha S, Taly AB, Ravishankar S, et al. Wilson’s disease: cranial MRI ob-
servations and clinical correlation. Neuroradiology 2006;48(9):613-621.

[186] Smolinski L, Litwin T, Redzia-Ogrodnik B, et al. Brain volume is related to
neurological impairment and to copper overload in Wilson’s disease. Neurol
Sci 2019.

[187] Das M, Misra UK, Kalita J. A study of clinical, MRl and multimodality
evoked potentials in neurologic Wilson disease. Eur J Neurol
2007;14(5):498-504.

[188] Skowronska M, Litwin T, Kurkowska-Jastrzebska |, et al. Transcranial so-
nography changes in patients with Wilson’s Disease during de-coppering
therapy. Neurol Neurochir Pol 2020;54(2):185-192.

[189] Svetel M, Mijajlovic M, Tomic A, et al. Transcranial sonography in Wilson’s
disease. Parkinsonism Relat Disord 2012;18(3):234-238.

[190] Tarnacka B, Szeszkowski W, Golebiowski M, et al. Metabolic changes in 37
newly diagnosed Wilson’s disease patients assessed by magnetic reso-
nance spectroscopy. Parkinsonism Relat Disord 2009;15(8):582-586.

[191] Tarnacka B, Szeszkowski W, Golebiowski M, et al. Brain proton magnetic
spectroscopy in long-term treatment of Wilson’s disease patients. Metab
Brain Dis 2010;25(3):325-329.

[192] Walter U, Krolikowski K, Tarnacka B, et al. Sonographic detection of basal
ganglia lesions in asymptomatic and symptomatic Wilson disease.
Neurology 2005;64(10):1726-1732.

[193] Bembenek JP, Kurczych K, Czlonkowska A. TMS-induced motor evoked
potentials in Wilson’s disease: a systematic literature review. Bio-
electromagnetics 2015;36(4):255-266.

[194] Ecevit C, Ozgenc F, Gokcay F, et al. The diagnostic value of multimodal
evoked potentials in the determination of subclinical neurological involve-
ment of Wilson’s disease. Eur J Gastroenterol Hepatol 2012;24(6):627-632.

[195] Mihaylova VM, Kosseva OR, Kotzev IA, et al. Evoked potentials in patients
with wilson disease. J Clin Neurophysiol 2022;39(6):510-512.

[196] Albrecht P, Muller AK, Ringelstein M, et al. Retinal neurodegeneration in
Wilson’s disease revealed by spectral domain optical coherence tomog-
raphy. PLoS One 2012;7(11):e49825.

[197] Shribman S, Heller C, Burrows M, et al. Plasma neurofilament light as a
biomarker of neurological involvement in wilson’s disease. Mov Disord
2021;36(2):503-508.

[198] Ziemssen T, Akgun K, Czlonkowska A, et al. Serum neurofilament light
chain as a biomarker of brain injury in wilson’s disease: clinical and
neuroradiological correlations. Mov Disord 2022;37(5):1074-1079.

[199] Santos Silva EE, Sarles J, Buts JP, et al. Successful medical treatment of
severely decompensated Wilson disease. J Pediatr 1996;128(2):285-287.

[200] Weisner B, Hartard C, Dieu C. CSF copper concentration: a new parameter
for diagnosis and monitoring therapy of Wilson’s disease with cerebral
manifestation. J Neurol Sci 1987;79(1-2):229-237.

[201] Fitzmaurice M, Ratliff NB. Immunoglobulin deposition in atherosclerotic
aortocoronary saphenous vein grafts. Arch Pathol Lab Med
1990;114(4):388-393.

[202] lacobelli S, Natoli V, Scambia G. Estrogen-induced proteins in estrogen-
sensitive cells. Prog Clin Biol Res 1984;142:53-62.

[203] Gibbs K, Walshe JM. Liver copper concentration in Wilson’s disease: effect
of treatment with ’anti-copper’ agents. J Gastroenterol Hepatol
1990;5(4):420-424.

723


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref149
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref149
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref149
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref150
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref150
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref151
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref151
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref151
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref151
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref152
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref152
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref152
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref152
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref153
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref153
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref154
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref154
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref155
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref155
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref155
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref156
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref156
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref156
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref157
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref157
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref157
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref158
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref158
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref159
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref159
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref159
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref160
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref160
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref160
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref161
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref161
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref161
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref162
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref162
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref163
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref163
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref163
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref164
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref164
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref164
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref165
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref165
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref166
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref166
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref167
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref167
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref167
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref168
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref168
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref169
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref169
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref170
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref170
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref170
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref171
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref171
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref171
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref172
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref172
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref172
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref173
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref173
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref173
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref174
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref174
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref174
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref175
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref175
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref176
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref176
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref177
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref177
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref178
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref178
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref179
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref179
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref179
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref180
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref180
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref181
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref181
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref182
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref182
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref182
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref183
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref183
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref184
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref184
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref184
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref185
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref185
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref186
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref186
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref186
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref187
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref187
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref187
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref188
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref188
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref188
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref189
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref189
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref190
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref190
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref190
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref191
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref191
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref191
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref192
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref192
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref192
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref193
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref193
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref193
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref194
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref194
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref194
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref195
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref195
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref196
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref196
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref196
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref197
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref197
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref197
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref198
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref198
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref198
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref199
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref199
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref200
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref200
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref200
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref201
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref201
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref201
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref202
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref202
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref203
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref203
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref203

[204] Brewer GJ, Dick RD, Johnson VD, et al. Treatment of Wilson’s disease with
zinc: XV long-term follow-up studies. J Lab Clin Med 1998;132(4):264-278.

[205] Dziezyc K, Litwin T, Chabik G, et al. Measurement of urinary copper
excretion after 48-h d-penicillamine cessation as a compliance assessment
in Wilson’s disease. Funct Neurol 2015;30(4):264-268.

[206] Pfeiffenberger J, Lohse CM, Gotthardt D, et al. Long-term evaluation of
urinary copper excretion and non-caeruloplasmin associated copper in
Wilson disease patients under medical treatment. J Inherit Metab Dis
2019;42(2):371-380.

[207] Weiss KH, Gotthardt DN, Klemm D, et al. Zinc monotherapy is not as
effective as chelating agents in treatment of Wilson disease. Gastroenter-
ology 2011;140(4):1189-11898 ef.

[208] Manolaki N, Nikolopoulou G, Daikos GL, et al. Wilson disease in children:
analysis of 57 cases. J Pediatr Gastroenterol Nutr 2009;48(1):72-77.

[209] Czlonkowska A, Litwin T, Karlinski M, et al. D-penicillamine versus zinc
sulfate as first-line therapy for Wilson’s disease. Eur J Neurol 2014;21(4):
599-606.

[210] Wiggelinkhuizen M, Tilanus ME, Bollen CW, et al. Systematic review: clin-
ical efficacy of chelator agents and zinc in the initial treatment of Wilson
disease. Aliment Pharmacol Ther 2009;29(9):947-958.

[211] Kalita J, Kumar V, Chandra S, et al. Worsening of Wilson disease following
penicillamine therapy. Eur Neurol 2014;71(3-4):126-131.

[212] Antos A, Czlonkowska A, Smolinski L, et al. Early neurological deterioration
in Wilson’s disease: a systematic literature review and meta-analysis.
Neurol Sci 2023;44(10):3443-3455.

[213] Litwin T, Dziezyc K, Karlinski M, et al. Early neurological worsening in pa-
tients with Wilson’s disease. J Neurol Sci 2015;355(1-2):162-167.

[214] Mohr |, Pfeiffenberger J, Eker E, et al. Neurological worsening in Wilson disease
- clinical classification and outcome. J Hepatol 2023;79(2):321-328.

[215] Ranucci G, Di Dato F, Leone F, et al. Penicillamine-induced elastosis per-
forans serpiginosa in wilson disease: is useful switching to zinc? J Pediatr
Gastroenterol Nutr 2017;64(3):e72-e73.

[216] Walshe JM. Treatment of Wilson’s disease with trientine (triethylene tetra-
mine) dihydrochloride. Lancet 1982;1(8273):643-647.

[217] Taylor RM, Chen Y, Dhawan A, et al. Triethylene tetramine dihydrochloride
(trientine) in children with Wilson disease: experience at King’s College
Hospital and review of the literature. Eur J Pediatr 2009;168(9):1061-1068.

[218] Weiss KH, Thurik F, Gotthardt DN, et al. Efficacy and safety of oral che-
lators in treatment of patients with Wilson disease. Clin Gastroenterol
Hepatol 2013;11(8):1028-1035. e1-2.

[219] Schilsky ML, Czlonkowska A, Zuin M, et al. Trientine tetrahydrochloride
versus penicillamine for maintenance therapy in Wilson disease (CHELATE):
a randomised, open-label, non-inferiority, phase 3 trial. Lancet Gastro-
enterol Hepatol 2022;7(12):1092-1102.

[220] Voituriez L, Ulrich J, Gaboriau F, et al. Identification of the two cis-syn [2 +
2] cycloadducts resulting from the photoreaction of 3-carbethoxypsoralen
with 2’-deoxycytidine and 2’-deoxyuridine. Int J Radiat Biol 1990;57(5):
903-918.

[221] Marcellini M, Di Ciommo V, Callea F, et al. Treatment of Wilson’s disease
with zinc from the time of diagnosis in pediatric patients: a single-hospital,
10-year follow-up study. J Lab Clin Med 2005;145(3):139-143.

[222] Tang S, Bai L, Hou W, et al. Comparison of the effectiveness and safety of
d-penicillamine and zinc salt treatment for symptomatic wilson disease: a
systematic review and meta-analysis. Front Pharmacol 2022;13:847436.

[223] Santiago R, Gottrand F, Debray D, et al. Zinc therapy for wilson disease in
children in French pediatric centers. J Pediatr Gastroenterol Nutr
2015;61(6):613-618.

[224] Wiernicka A, Janczyk W, Dadalski M, et al. Gastrointestinal side effects in
children with Wilson’s disease treated with zinc sulphate. World J Gas-
troenterol 2013;19(27):4356-4362.

[225] Camarata MA, Ala A, Schilsky ML. Zinc maintenance therapy for wilson
disease: a comparison between zinc acetate and alternative zinc prepara-
tions. Hepatol Commun 2019;3(8):1151-1158.

[226] Mizuochi T, Kimura A, Shimizu N, et al. Zinc monotherapy from time of
diagnosis for young pediatric patients with presymptomatic Wilson dis-
ease. J Pediatr Gastroenterol Nutr 2011;53(4):365-367.

[227] Burton BK. Reply to a letter to the editor regarding the original article,
clinical features of lysosomal acid lipase deficiency. J Pediatr Gastroenterol
Nutr 2015;61(6):619-625. J Pediatr Gastroenterol Nutr. 2016;63(3):e39-40.

[228] ClinicalTrials.gov. Study of ALXN1840 versus standard of care in pediatric
participants with Wilson disease [ClinicalTrials.gov ID NCT05047523].

[229] Maselbas W, Czlonkowska A, Litwin T, et al. Persistence with treatment for
Wilson disease: a retrospective study. BMC Neurol 2019;19(1):278.

724

[230] Maselbas W, Litwin T, Czlonkowska A. Social and demographic charac-
teristics of a Polish cohort with Wilson disease and the impact of treatment
persistence. Orphanet J Rare Dis 2019;14(1):167.

[231] Litwin T, Dziezyc K, Czlonkowska A. Wilson disease-treatment perspec-
tives. Ann Transl Med 2019;7(Suppl 2):S68.

[232] Vetrik M, Mattova J, Mackova H, et al. Biopolymer strategy for the treat-
ment of Wilson’s disease. J Control Release 2018;273:131-138.

[233] Russell K, Gillanders LK, Orr DW, et al. Dietary copper restriction in Wil-
son’s disease. Eur J Clin Nutr 2018;72(3):326-331.

[234] Teufel-Schafer U, Forster C, Schaefer N. Low copper diet-A therapeutic
option for wilson disease? Children (Basel) 2022;9(8).

[235] Brewer GJ, Yuzbasiyan-Gurkan V, Dick R, et al. Does a vegetarian diet
control Wilson’s disease? J Am Coll Nutr 1993;12(5):527-530.

[236] Schilsky ML, Scheinberg IH, Sternlieb I. Prognosis of Wilsonian chronic
active hepatitis. Gastroenterology 1991;100(3):762-767.

[237] Brewer GJ. Treatment of Wilson’s disease with zinc. J Lab Clin Med
1999;134(3):322-324.

[238] Arnon R, Annunziato R, Schilsky M, et al. Liver transplantation for children
with Wilson disease: comparison of outcomes between children and adults.
Clin Transpl 2011;25(1):E52-E60.

[239] Beinhardt S, Leiss W, Stattermayer AF, et al. Long-term outcomes of pa-
tients with Wilson disease in a large Austrian cohort. Clin Gastroenterol
Hepatol 2014;12(4):683-689.

[240] Czlonkowska A, Niewada M, Litwin T, et al. Seven decades of clinical
experience with Wilson’s disease: report from the national reference centre
in Poland. Eur J Neurol 2022.

[241] Schilsky ML. Long-term outcome for Wilson disease: 85% good. Clin
Gastroenterol Hepatol 2014;12(4):690-691.

[242] Hefter H, Kruschel TS, Novak M, et al. Differences in the time course of
recovery from brain and liver dysfunction in conventional long-term treat-
ment of wilson disease. J Clin Med 2023;12(14).

[243] Socha P, Czlonkowska A, Janczyk W, et al. Wilson’s disease- management
and long term outcomes. Best Pract Res Clin Gastroenterol 2022;56—
57:101768.

[244] Jacquelet E, Poujois A, Pheulpin MC, et al. Adherence to treatment, a
challenge even in treatable metabolic rare diseases: a cross sectional study
of Wilson’s disease. J Inherit Metab Dis 2021;44(6):1481-1488.

[245] Zhou ZH, Wu YF, Yan Y, et al. Persistence with medical treatment for
Wilson disease in China based on a single center’s survey research. Brain
Behav 2021;11(6):e02168.

[246] Dziezyc K, Karlinski M, Litwin T, et al. Compliant treatment with anti-copper
agents prevents clinically overt Wilson’s disease in pre-symptomatic pa-
tients. Eur J Neurol 2014;21(2):332-337.

[247] Ala A, Aliu E, Schilsky ML. Prospective pilot study of a single daily dosage
of trientine for the treatment of Wilson disease. Dig Dis Sci 2015;60(5):
1433-1439.

[248] Fox AN, Schilsky M. Once daily trientine for maintenance therapy of Wilson
disease. Am J Gastroenterol 2008;103(2):494-495.

[249] Guillaud O, Woimant F, Couchonnal E, et al. Maintenance therapy simpli-
fication using a single daily dose: a preliminary real-life feasibility study in
patients with Wilson disease. Clin Res Hepatol Gastroenterol 2022;46(9):
101978.

[250] Padovani D, Galardon E. Molecular basis for the interaction of catalase with
d-penicillamine: rationalization of some of its deleterious effects. Chem Res
Toxicol 2022;35(3):412-421.

[251] Appenzeller-Herzog C, Mathes T, Heeres MLS, et al. Comparative effec-
tiveness of common therapies for Wilson disease: a systematic review and
meta-analysis of controlled studies. Liver Int 2019;39(11):2136-2152.

[252] Kumar M, Murugan TP, Lionel AP, et al. Management of children and ad-
olescents with wilson disease and neurological worsening following D-
penicillamine therapy: a single centre experience. Ann Indian Acad Neurol
2022;25(4):698-702.

[253] Scheinberg IH, Jaffe ME, Sternlieb I. The use of trientine in preventing the
effects of interrupting penicillamine therapy in Wilson’s disease. N Engl J
Med 1987;317(4):209-213.

[254] Avan A, Czlonkowska A, Gaskin S, et al. The role of zinc in the treatment of
wilson’s disease. Int J Mol Sci 2022;23(16).

[255] Hoogenraad TU. Paradigm shift in treatment of Wilson’s disease: zinc
therapy now treatment of choice. Brain Dev 2006;28(3):141-146.

[256] Roberts EA. Zinc toxicity: from "no, never" to "hardly ever". Gastroenter-
ology 2011;140(4):1132-1135.

[257] Ott P, Ala A, Askari FK, et al. Designing clinical trials in wilson’s disease.
Hepatology 2021;74(6):3460-3471.

Journal of Hepatology, April 2025. vol. 82 | 690-728


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref204
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref204
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref205
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref205
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref205
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref206
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref206
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref206
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref206
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref207
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref207
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref207
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref208
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref208
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref209
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref209
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref209
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref210
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref210
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref210
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref211
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref211
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref212
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref212
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref212
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref213
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref213
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref214
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref214
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref215
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref215
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref215
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref216
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref216
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref217
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref217
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref217
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref218
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref218
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref218
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref219
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref219
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref219
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref219
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref220
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref220
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref220
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref220
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref221
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref221
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref221
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref222
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref222
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref222
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref223
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref223
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref223
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref224
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref224
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref224
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref225
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref225
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref225
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref226
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref226
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref226
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref227
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref227
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref227
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref229
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref229
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref230
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref230
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref230
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref231
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref231
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref266
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref266
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref232
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref232
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref233
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref233
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref234
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref234
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref235
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref235
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref236
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref236
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref237
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref237
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref237
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref238
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref238
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref238
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref239
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref239
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref239
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref240
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref240
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref241
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref241
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref241
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref242
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref242
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref242
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref243
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref243
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref243
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref244
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref244
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref244
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref245
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref245
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref245
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref246
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref246
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref246
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref247
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref247
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref248
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref248
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref248
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref248
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref249
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref249
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref249
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref250
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref250
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref250
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref251
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref251
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref251
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref251
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref252
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref252
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref252
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref253
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref253
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref254
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref254
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref255
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref255
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref256
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref256

[258] Mohr |, Bourhis H, Woimant F, et al. Experience on switching trientine
formulations in Wilson disease: efficacy and safety after initiation of TETA
4HCI as substitute for TETA 2HCI. J Gastroenterol Hepatol 2023;38(2):
219-224.

[259] Mohr I, Weiss KH. Current anti-copper therapies in management of Wilson
disease. Ann Transl Med 2019;7(Suppl 2):S69.

[260] Weiss KH, Kruse C, Manolaki N, et al. Multicentre, retrospective study to
assess long-term outcomes of chelator based treatment with trientine in
Wilson disease patients withdrawn from therapy with d -penicillamine. Eur J
Gastroenterol Hepatol 2022;34(9):940-947.

[261] Weiss KH, Stremmel W. Clinical considerations for an effective medical
therapy in Wilson’s disease. Ann N 'Y Acad Sci 2014;1315:81-85.

[262] Haftu H, Mustefa M, Gebrehiwot T. Zinc monotherapy as an alternative
treatment option for decompensated liver disease due to wilson disease?
Case Rep Hepatol 2020;2020:1275940.

[263] Hou H, Chen D, Liu J, et al. Clinical and genetic analysis in neurological
wilson’s disease patients with neurological worsening following chelator
therapy. Front Genet 2022;13:875694.

[264] Sinha S, Taly AB. Withdrawal of penicillamine from zinc sulphate-penicil-
lamine maintenance therapy in Wilson’s disease: promising, safe and
cheap. J Neurol Sci 2008;264(1-2):129-132.

[265] Litwin T, Bembenek J, Antos A, et al. Liver transplantation as a treatment
for Wilson’s disease with neurological presentation: a systematic literature
review. Acta Neurol Belg 2022;122(2):505-518.

[266] Chang H, Xu A, Chen Z, et al. Long-term effects of a combination of D-
penicillamine and zinc salts in the treatment of Wilson’s disease in children.
Exp Ther Med 2013;5(4):1129-1132.

[267] Greig JA, Nordin JML, Smith MK, et al. A gene therapy approach to improve
copper metabolism and prevent liver damage in a mouse model of wilson
disease. Hum Gene Ther Clin Dev 2019;30(1):29-39.

[268] Pohler M, Guttmann S, Nadzemova O, et al. CRISPR/Cas9-mediated
correction of mutated copper transporter ATP7B. PLoS One 2020;15(9):

0239411,
[269] Ranucci G, Polishchuck R, lorio R. Wilson’s disease: prospective de-
velopments towards new therapies. World J  Gastroenterol

2017;23(30):5451-5456.

[270] Nayagam JS, Jeyaraj R, Foskett P, et al. ATP7B genotype and chronic liver
disease treatment outcomes in wilson disease: worse survival with loss-of-
function variants. Clin Gastroenterol Hepatol 2023;21(5):1323-1329 e4.

[271] Roberts EA, Schilsky ML. Current and emerging issues in wilson’s disease.
N Engl J Med 2023;389(10):922-938.

[272] Burra P, Giannini EG, Caraceni P, et al. Specific issues concerning the
management of patients on the waiting list and after liver transplantation.
Liver Int 2018;38(8):1338-1362.

[273] European Association for the Study of the Liver. EASL clinical practice
guidelines: liver transplantation. J Hepatol 2016;64(2):433-485.

[274] Petrasek J, Jirsa M, Sperl J, et al. Revised King’s College score for liver
transplantation in adult patients with Wilson’s disease. Liver Transpl
2007;13(1):55-61.

[275] Pham HP, Schwartz J, Cooling L, et al. Report of the ASFA apheresis
registry study on Wilson’s disease. J Clin Apher 2016;31(1):11-15.

[276] Rustom N, Bost M, Cour-Andlauer F, et al. Effect of molecular adsorbents
recirculating system treatment in children with acute liver failure caused by
Wilson disease. J Pediatr Gastroenterol Nutr 2014;58(2):160-164.

[277] Litwin T, Bembenek J, Antos A, et al. The maternal and fetal outcomes of
pregnancy in wilson’s disease: a systematic literature review and meta-
analysis. Biomedicines 2022;10(9).

[278] Pfeiffenberger J, Beinhardt S, Gotthardt DN, et al. Pregnancy in Wilson’s
disease: management and outcome. Hepatology 2018;67(4):1261-1269.

[279] Rath HC, Enger IM, Ruschoff J, et al. [Acute hemolytic crisis as the initial
manifestation of Wilson disease]. Z Gastroenterol 1997;35(3):199-203.

[280] White WL. Erratum to: why | hate the index finger. Hand (N
Y). 2011;6(2):233.

[281] Nunns D, Hawthorne B, Goulding P, et al. Wilson’s disease in pregnancy.
Eur J Obstet Gynecol Reprod Biol 1995;62(1):141-143.

[282] Keen CL, Lonnerdal B, Hurley LS. Drug-induced copper deficiency: a model
for copper deficiency teratogenicity. Teratology 1983;28(1):155-156.

[283] Mjolnerod OK, Dommerud SA, Rasmussen K, et al. Congenital connective-
tissue defect probably due to D-penicillamine treatment in pregnancy.
Lancet 1971;1(7701):673-675.

[284] Pinter R, Hogge WA, McPherson E. Infant with severe penicillamine
embryopathy born to a woman with Wilson disease. Am J Med Genet A
2004;128A(3):294-298.

Journal of Hepatology, April 2025. vol. 82 | 690-728

Clinical Practice Guidelines

[285] Solomon L, Abrams G, Dinner M, et al. Neonatal abnormalities associated
with  D-penicillamine treatment during pregnancy. N Engl J Med
1977;296(1):54-55.

[286] Keen CL, Mark-Savage P, Lonnerdal B, et al. Teratogenic effects of D-
penicillamine in rats: relation to copper deficiency. Drug Nutr Interact
1983;2(1):17-34.

[287] Dathe K, Beck E, Schaefer C. Pregnancy outcome after chelation therapy in
Wilson disease. Evaluation of the German Embryotox Database. Reprod
Toxicol 2016;65:39-45.

[288] Brewer GJ, Johnson VD, Dick RD, et al. Treatment of Wilson’s disease with
zinc. XVII: treatment during pregnancy. Hepatology 2000;31(2):364-370.

[289] Mussi MCL, Nardelli MJ, Santos BC, et al. Pregnancy outcomes in wilson’s
disease women: single-center case series. Fetal Pediatr Pathol
2022;41(5):741-748.

[290] Anon Penicillamine. Drugs and lactation database (LactMed®). Bethesda
(MD: National Institute of Child Health and Human Development; 2006.

[291] Kodama H, Anan Y, Izumi Y, et al. Copper and zinc concentrations in the
breast milk of mothers undergoing treatment for Wilson’s disease: a pro-
spective study. BMJ Paediatr Open 2021;5(1):e000948.

[292] Litwin T, Dusek P, Antos A, et al. Tackling the neurological manifestations in
Wilson’s disease - currently available treatment options. Expert Rev Neu-
rother 2023;23(12):1249-1259.

[293] Litwin T, Dusek P, Czlonkowska A. Symptomatic treatment of neurologic
symptoms in Wilson disease. Handb Clin Neurol 2017;142:211-223.

[294] Lorincz MT. Recognition and treatment of neurologic Wilson’s disease.
Semin Neurol 2012;32(5):538-543.

[295] Yuan XZ, Yang RM, Wang XP. Management perspective of wilson’s dis-
ease: early diagnosis and individualized therapy. Curr Neuropharmacol
2021;19(4):465-485.

[296] Brewer GJ, Fink JK, Hedera P. Diagnosis and treatment of Wilson’s dis-
ease. Semin Neurol 1999;19(3):261-270.

[297] Holscher S, Leinweber B, Hefter H, et al. Evaluation of the symptomatic
treatment of residual neurological symptoms in Wilson disease. Eur Neurol
2010;64(2):83-87.

[298] Maciel R, Portela DC, Xavier-Souza G, et al. Improvement of "Wing-
Beating" tremor in wilson’s disease with high dose of zolpidem: a case
report. Mov Disord Clin Pract 2019;6(7):608-609.

[299] Stone A, Powell ME, Hamers K, et al. Optimizing Botox regimens in patients
with adductor spasmodic dysphonia and essential tremor of voice: a 31-
year experience. Laryngoscope Investig Otolaryngol 2022;7(5):1499-1505.

[300] Dhar D, Holla VV, Kamble N, et al. Surgical outcomes in rare movement
disorders: a report of seventeen patients from India and review of literature.
Tremor Other Hyperkinet Mov (N Y) 2022;12:22.

[301] Dwarakanath S, Zafar A, Yadav R, et al. Does lesioning surgery have a role
in the management of multietiological tremor in the era of Deep Brain
Stimulation? Clin Neurol Neurosurg 2014;125:131-136.

[302] Hedera P. Treatment of Wilson’s disease motor complications with deep
brain stimulation. Ann N 'Y Acad Sci 2014;1315:16-23.

[303] Low HL, Alexander SK, Misbahuddin A, et al. Posterior subthalamic area
deep brain stimulation for treatment of tremor and dystonia in Wilson’s
disease. Brain Stimul 2019;12(5):1304-1306.

[3804] Pal PK, Sinha S, Pillai S, et al. Successful treatment of tremor in Wilson’s
disease by thalamotomy: a case report. Mov Disord 2007;22(15):2287-2290.

[305] Svetel M, Kozic D, Stefanova E, et al. Dystonia in Wilson’s disease. Mov
Disord 2001;16(4):719-723.

[306] Cao Z, Rao R, Wu T, et al. Botulinum toxin type A treatment of four cases of
Wilson disease with lower limb dystonia: a prospective study. Toxicon
2023;221:106959.

[307] Hefter H, Samadzadeh S. Effective treatment of neurological symptoms
with normal doses of botulinum neurotoxin in wilson’s disease: six cases
and literature review. Toxins (Basel). 2021;13(4).

[308] Kalita J, Ranjan A, Misra UK. Oromandibular dystonia in wilson’s disease.
Mov Disord Clin Pract 2015;2(3):253-259.

[309] Teive HA, Kluppel LE, Munhoz RP, et al. Jaw-opening oromandibular
dystonia secondary to Wilson’s disease treated with botulinum toxin type
A. Arg Neuropsiquiatr 2012;70(6):407-409.

[310] Teive HA, Munhoz RP, Souza MM, et al. Status Dystonicus: study of five
cases. Arg Neuropsiquiatr 2005;63(1):26-29.

[811] Hirabayashi S, Kanda H, Tsuno T, et al. [Effects of high-dosage trihex-
yphenidyl on symptomatic dystonia in a case of Wilson disease]. No To
Hattatsu 1985;17(6):571-576.

[312] Barbeau A, Friesen H. Treatment of Wilson’s disease with L-dopa after
failure with penicillamine. Lancet 1970;1(7657):1180-1181.

725


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref257
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref257
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref257
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref257
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref258
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref258
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref259
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref259
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref259
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref259
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref260
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref260
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref261
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref261
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref261
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref262
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref262
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref262
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref263
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref263
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref263
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref264
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref264
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref264
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref265
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref265
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref265
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref267
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref267
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref267
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref268
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref268
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref268
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref269
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref269
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref269
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref270
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref270
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref270
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref271
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref271
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref272
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref272
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref272
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref273
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref273
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref274
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref274
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref274
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref275
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref275
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref276
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref276
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref276
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref277
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref277
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref277
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref278
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref278
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref279
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref279
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref280
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref280
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref281
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref281
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref282
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref282
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref283
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref283
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref283
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref284
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref284
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref284
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref285
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref285
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref285
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref286
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref286
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref286
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref287
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref287
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref287
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref288
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref288
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref289
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref289
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref289
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref290
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref290
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref290
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref291
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref291
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref291
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref292
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref292
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref292
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref293
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref293
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref294
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref294
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref295
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref295
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref295
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref296
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref296
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref297
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref297
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref297
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref298
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref298
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref298
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref299
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref299
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref299
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref300
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref300
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref300
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref301
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref301
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref301
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref302
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref302
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref303
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref303
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref303
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref304
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref304
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref305
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref305
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref306
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref306
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref306
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref307
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref307
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref307
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref308
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref308
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref309
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref309
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref309
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref310
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref310
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref311
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref311
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref311
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref312
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref312

[313] Berio A, Vento R, Di Stefano A. [Favorable results with an association of L-
dopa and amantadine added to penicillamine in the treatment of Wilson’s
disease]. Minerva Pediatr 1973;25(18):807-813.

[314] Frankel JP, Hughes A, Lees AJ, et al. Use of apomorphine to test for
dopamine responsiveness in Wilson’s disease. Lancet. 1989;2(8666):
801-802.

[315] Gelmers HJ, Troost J, Willemse J. Wilson’s disease: modification by L-
DOPA. Neuropadiatrie 1973;4(4):453-457.

[316] Morgan JP, Preziosi TJ, Bianchine JR. Ineffectiveness of L-dopa as sup-
plement to penicillamine in a case of Wilson’s disease. Lancet 1970;2
(7674):659.

[317] Lerose M, Di Fabio R, Serrao M, et al. Gabapentin can improve dystonia in
confirmed Wilson disease. Can J Neurol Sci 2014;41(2):284-285.

[318] Micheli F, Tschopp L, Cersosimo MG. Oxcarbazepine-responsive parox-
ysmal kinesigenic dyskinesia in Wilson disease. Clin Neuropharmacol
2011;34(6):262-264.

[319] Paliwal VK, Gupta PK, Pradhan S. Gabapentin as a rescue drug in D-
penicillamine-induced status dystonicus in patients with Wilson disease.
Neurol India 2010;58(5):761-763.

[320] Uribe Roca MC, Micheli F, Viotti R. Cannabis sativa and dystonia sec-
ondary to Wilson’s disease. Mov Disord 2005;20(1):113-115.

[321] Hao W, Wei T, Yang W, et al. Effects of high-frequency repetitive trans-
cranial magnetic stimulation on upper limb dystonia in patients with wil-
son’s disease: a randomized controlled trial. Front Neurol 2021;12:783365.

[322] Lozeron P, Poujois A, Meppiel E, et al. Inhibitory rTMS applied on so-
matosensory cortex in Wilson’s disease patients with hand dystonia. J
Neural Transm (Vienna) 2017;124(10):1161-1170.

[323] Lozeron P, Poujois A, Richard A, et al. Contribution of TMS and rTMS in the
understanding of the pathophysiology and in the treatment of dystonia.
Front Neural Circuits 2016;10:90.

[324] Sidiropoulos C, Hutchison W, Mestre T, et al. Bilateral pallidal stimulation
for Wilson’s disease. Mov Disord 2013;28(9):1292-1295.

[325] Barthel H, Hermann W, Kluge R, et al. Concordant pre- and postsynaptic
deficits of dopaminergic neurotransmission in neurologic Wilson disease.
AJINR Am J Neuroradiol 2003;24(2):234-238.

[326] Chan KH, Cheung RT, Au-Yeung KM, et al. Wilson’s disease with
depression and parkinsonism. J Clin Neurosci 2005;12(3):303-305.

[3827] Litwin T, Chabik G, Czlonkowska A. Acute focal dystonia induced by a
tricyclic antidepressant in a patient with Wilson disease: a case report.
Neurol Neurochir Pol 2013;47(5):502-506.

[328] Mueller A, Reuner U, Landis B, et al. Extrapyramidal symptoms in Wilson’s
disease are associated with olfactory dysfunction. Mov Disord
2006;21(9):1311-1316.

[329] Ertan E, Gurvit HI, Hanagasi HH, et al. Intensive voice treatment (the Lee
Silverman Voice Treatment [LSVT((R))LOUD]) for individuals with Wilson’s
disease and adult cerebral palsy: two case reports. Logoped Phoniatr Vocol
2022;47(4):262-270.

[330] Poujois A, Pernon M, Trocello JM, et al. Dystonic dysarthria in wilson dis-
ease: efficacy of zolpidem. Front Neurol 2017;8:559.

[831] Hefter H, Arendt G, Stremmel W, et al. Motor impairment in Wilson’s dis-
ease, lI: slowness of speech. Acta Neurol Scand 1993;87(2):148-160.

[332] Barikroo A, Carnaby G, Crary M. Electrical stimulation therapy for
dysphagia: a follow-up survey of USA dysphagia practitioners. Int J Rehabil
Res 2017;40(4):360-365.

[333] Lee SY, Yang HE, Yang HS, et al. Neuromuscular electrical stimulation
therapy for dysphagia caused by wilson’s disease. Ann Rehabil Med
2012;36(3):409-413.

[334] Loser C, Aschl G, Hebuterne X, et al. ESPEN guidelines on artificial enteral
nutrition—percutaneous endoscopic gastrostomy (PEG). Clin Nutr
2005;24(5):848-861.

[335] Lal D, Hotaling AJ. Drooling. Curr Opin Otolaryngol Head Neck Surg
2006;14(6):381-386.

[336] Thomas-Stonell N, Greenberg J. Three treatment approaches and clinical
factors in the reduction of drooling. Dysphagia 1988;3(2):73-78.

[337] Trocello JM, Osmani K, Pernon M, et al. Hypersialorrhea in wilson’s dis-
ease. Dysphagia 2015;30(5):489-495.

[338] Friedman A, Potulska A. Quantitative assessment of parkinsonian sialor-
rhea and results of treatment with botulinum toxin. Parkinsonism Relat
Disord 2001;7(4):329-332.

[839] Cochen De Cock V, Girardot-Tinant N, Woimant F, et al. Sleep abnormal-
ities in wilson’s disease. Curr Treat Options Neurol 2018;20(11):46.

[340] Cochen De Cock V, Lacombe S, Woimant F, et al. Sleep disorders in Wil-
son’s disease. Sleep Med 2021;83:299-303.

726

[341] Cochen De Cock V, Woimant F, Poujois A. Sleep disorders in wilson’s
disease. Curr Neurol Neurosci Rep 2019;19(11):84.

[342] Carta MG, Sorbello O, Moro MF, et al. Bipolar disorders and Wilson’s
disease. BMC Psychiatry 2012;12:52.

[843] Rodrigues AC, Dalgalarrondo P. [Neuropsychiatric disturbances in Wilson’s
disease and use of electroconvulsive therapy: case report]. Arq Neuro-
psiquiatr 2003;61(3B):876-880.

[344] Rodrigues AC, Dalgalarrondo P, Banzato CE. Successful ECT in a
patient with a psychiatric presentation of Wilson’s disease. J ECT 2004;
20(1):55.

[845] Sahoo MK, Avasthi A, Sahoo M, et al. Psychiatric manifestations of Wil-
son’s disease and treatment with electroconvulsive therapy. Indian J Psy-
chiatry 2010;52(1):66-68.

[346] Zimbrean PC, Schilsky ML. The spectrum of psychiatric symptoms in
Wilson’s disease: treatment and prognostic considerations. Am J Psychi-
atry 2015;172(11):1068-1072.

[347] Cleymaet S, Nagayoshi K, Gettings E, et al. A review and update on the
diagnosis and treatment of neuropsychiatric Wilson disease. Expert Rev
Neurother 2019;19(11):1117-1126.

[348] Loganathan S, Nayak R, Sinha S, et al. Treating mania in Wilson’s disease
with lithium. J Neuropsychiatry Clin Neurosci 2008;20(4):487-489.

[349] Rybakowski JK, Litwin T, Chlopocka-Wozniak M, et al. Lithium treatment of
a bipolar patient with Wilson’s disease: a case report. Pharmacopsychiatry
2013;46(3):120-121.

[350] Woerwag-Mehta S, Hindley P, Hedderly T, et al. Complex psychiatric
presentation in adolescent onset Wilson’s disease. BMJ Case
Rep 2011:2011.

[351] Kulaksizoglu 1B, Polat A. Quetiapine for mania with Wilson’s disease.
Psychosomatics 2003;44(5):438-439.

[852] Guillaud O, Dumortier J, Sobesky R, et al. Long term results of liver
transplantation for Wilson’s disease: experience in France. J Hepatol
2014;60(3):579-589.

[853] Pfister ED, Karch A, Adam R, et al. Predictive factors for survival in children
receiving liver transplants for wilson’s disease: a cohort study using Eu-
ropean liver transplant registry data. Liver Transpl 2018;24(9):1186-1198.

[354] Sevmis S, Karakayali H, Aliosmanoglu |, et al. Liver transplantation for
Wilson’s disease. Transpl Proc 2008;40(1):228-230.

[855] Wang XH, Zhang F, Li XC, et al. Eighteen living related liver transplants for
Wilson’s disease: a single-center. Transpl Proc 2004;36(8):2243-2245.

[356] Nazer H, Ede RJ, Mowat AP, et al. Wilson’s disease: clinical presentation
and use of prognostic index. Gut 1986;27(11):1377-1381.

[357] Fischer RT, Soltys KA, Squires Jr RH, et al. Prognostic scoring indices in
Wilson disease: a case series and cautionary tale. J Pediatr Gastroenterol
Nutr 2011;52(4):466-469.

[358] Pawaria A, Sood V, Lal BB, et al. Ninety days transplant free survival with
high volume plasma exchange in Wilson disease presenting as acute liver
failure. J Clin Apher 2021;36(1):109-117.

[359] Shribman S, Webb G, Taylor R, et al. Liver transplantation for late-onset
presentations of acute liver failure in Wilson’s disease: the UK experience
over 2 decades. JHEP Rep 2020;2(3):100096.

[360] Schilsky ML. Liver transplantation for Wilson’s disease. Ann N Y Acad Sci
2014;1315:45-49.

[361] Bruha R, Marecek Z, Pospisilova L, et al. Long-term follow-up of Wilson
disease: natural history, treatment, mutations analysis and phenotypic
correlation. Liver Int 2011;31(1):83-91.

[362] Prashanth LK, Taly AB, Sinha S, et al. Prognostic factors in patients pre-
senting with severe neurological forms of Wilson’s disease. QJM
2005;98(8):557-563.

[363] Chen DB, Feng L, Lin XP, et al. Penicillamine increases free copper and
enhances oxidative stress in the brain of toxic milk mice. PLoS One
2012;7(5):e37709.

[364] Czlonkowska A, Gajda J, Rodo M. Effects of long-term treatment in Wil-
son’s disease with D-penicillamine and zinc sulphate. J Neurol
1996;243(3):269-273.

[365] Kim B, Chung SJ, Shin HW. Trientine-induced neurological deterioration in
a patient with Wilson’s disease. J Clin Neurosci 2013;20(4):606-608.

[366] Medici V, Trevisan CP, D’Inca R, et al. Diagnosis and management of
Wilson’s disease: results of a single center experience. J Clin Gastroenterol
2006;40(10):936-941.

[367] Beart Jr RW, Putnam CW, Porter KA, et al. Letter: liver transplantation for
Wilson’s disease. Lancet 1975;2(7926):176-177.

[368] Groth CG, Dubois RS, Corman J, et al. Metabolic effects of hepatic
replacement in Wilson’s disease. Transpl Proc 1973;5(1):829-833.

Journal of Hepatology, April 2025. vol. 82 | 690-728


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref313
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref313
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref313
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref314
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref314
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref314
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref315
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref315
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref316
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref316
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref316
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref317
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref317
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref318
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref318
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref318
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref319
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref319
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref319
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref320
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref320
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref321
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref321
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref321
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref322
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref322
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref322
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref323
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref323
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref323
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref324
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref324
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref325
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref325
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref325
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref326
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref326
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref327
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref327
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref327
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref328
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref328
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref328
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref329
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref329
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref329
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref329
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref330
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref330
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref331
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref331
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref332
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref332
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref332
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref333
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref333
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref333
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref334
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref334
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref334
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref335
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref335
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref336
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref336
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref337
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref337
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref338
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref338
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref338
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref339
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref339
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref340
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref340
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref341
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref341
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref342
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref342
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref343
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref343
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref343
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref344
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref344
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref344
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref345
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref345
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref345
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref346
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref346
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref346
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref347
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref347
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref347
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref348
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref348
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref349
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref349
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref349
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref350
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref350
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref350
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref351
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref351
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref352
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref352
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref352
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref353
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref353
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref353
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref354
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref354
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref355
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref355
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref356
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref356
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref357
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref357
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref357
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref358
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref358
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref358
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref359
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref359
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref359
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref360
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref360
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref361
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref361
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref361
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref362
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref362
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref362
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref363
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref363
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref363
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref364
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref364
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref364
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref365
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref365
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref366
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref366
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref366
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref367
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref367
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref368
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref368

[369] Abdallah MA, Singal AK. Liver transplantation in adults with wilson’s dis-
ease for the neuropsychiatric phenotype: are we there yet? Liver Transpl
2020;26(4):485-486.

[370] Ahmad A, Torrazza-Perez E, Schilsky ML. Liver transplantation for Wilson
disease. Handb Clin Neurol 2017;142:193-204.

[871] Bandmann O, Weiss KH, Hedera P. Liver transplant for neurologic Wilson
disease: hope or fallacy? Neurology 2020;94(21):907-908.

[872] Brewer GJ, Askari F. Transplant livers in Wilson’s disease for hepatic, not
neurologic, indications. Liver Transpl 2000;6(5):662-664.

[373] Catana AM, Medici V. Liver transplantation for Wilson disease. World J
Hepatol 2012;4(1):5-10.

[374] Ferrarese A, Burra P. The need for consensus about liver transplantation for
patients with neuropsychiatric wilson’s disease. Prog Transpl 2021;31(2):
168-170.

[875] Garoufalia Z, Prodromidou A, Machairas N, et al. Liver transplantation for
wilson’s disease in non-adult patients: a systematic review. Transpl Proc
2019;51(2):443-445.

[376] Rodriguez-Castro Kl, Hevia-Urrutia FJ, Sturniolo GC. Wilson’s disease: a
review of what we have learned. World J Hepatol 2015;7(29):2859-2870.

[377] Aksoy F, Arslan IE, Ozgur T, et al. Does liver transplant improve neuro-
logical symptoms in wilson disease? Report of 24 cases. Exp Clin Transpl
2022;20(11):1009-1015.

[378] Bellary S, Hassanein T, Van Thiel DH. Liver transplantation for Wilson’s
disease. J Hepatol 1995;23(4):373-381.

[379] Chen CL, Chen YS, Lui CC, et al. Neurological improvement of Wilson’s
disease after liver transplantation. Transpl Proc 1997;29(1-2):497-498.

[380] Cheng F, Li GQ, Zhang F, et al. Outcomes of living-related liver trans-
plantation for Wilson’s disease: a single-center experience in China.
Transplantation 2009;87(5):751-757.

[381] Duarte-Rojo A, Zepeda-Gomez S, Garcia-Leiva J, et al. Liver trans-
plantation for neurologic Wilson’s disease: reflections on two cases within a
mexican cohort. Rev Gastroenterol Mex 2009;74(3):218-223.

[382] Eghtesad B, Nezakatgoo N, Geraci LC, et al. Liver transplantation for Wil-
son’s disease: a single-center experience. Liver Transpl Surg 1999;5(6):
467-474.

[383] Erol I, Alehan F, Ozcay F, et al. Neurologic complications of liver trans-
plantation in pediatric patients with the hepatic form of Wilson’s disease. J
Child Neurol 2008;23(3):293-300.

[384] Ferrarese A, Morelli MC, Carrai P, et al. Outcomes of liver transplant for
adults with wilson’s disease. Liver Transpl 2020;26(4):507-516.

[385] Geissler |, Heinemann K, Rohm S, et al. Liver transplantation for hepatic
and neurological Wilson’s disease. Transpl Proc 2003;35(4):1445-1446.

[386] Lankarani KB, Malek-Hosseini SA, Nikeghbalian S, et al. Fourteen years of
experience of liver transplantation for wilson’s disease; a report on 107
cases from shiraz, Iran. PLoS One 2016;11(12):e0167890.

[387] Laurencin C, Brunet AS, Dumortier J, et al. Liver transplantation in wilson’s
disease with neurological impairment: evaluation in 4 patients. Eur Neurol
2017;77(1-2):5-15.

[388] Marin C, Robles R, Parrilla G, et al. Liver transplantation in Wilson’s dis-
ease: are its indications established? Transpl Proc 2007;39(7):2300-2301.

[389] Markiewicz-Kijewska M, Szymczak M, Ismail H, et al. Liver transplantation
for fulminant Wilson’s disease in children. Ann Transpl 2008;13(2):28-31.

[390] Martin AP, Bartels M, Redlich J, et al. A single-center experience with liver
transplantation for Wilson’s disease. Clin Transpl 2008;22(2):216-221.

[391] Medici V, Mirante VG, Fassati LR, et al. Liver transplantation for Wilson’s
disease: the burden of neurological and psychiatric disorders. Liver Transpl
2005;11(9):1056-1063.

[392] Ni W, Dong QY, Zhang Y, et al. Zinc monotherapy and a low-copper diet are
beneficial in patients with Wilson disease after liver transplantation. CNS
Neurosci Ther 2013;19(11):905-907.

[393] Ocal R, Ayvazoglu Soy EH, Benli S, et al. Effect of liver transplant on
neurologic manifestations and brain magnetic resonance imaging findings
in wilson disease. Exp Clin Transpl 2020;18(Suppl 1):84-87.

[394] Peedikayil MC, Al Ashgar HI, Al Mousa A, et al. Liver transplantation in
Wilson’s disease: single center experience from Saudi Arabia. World J
Hepatol 2013;5(3):127-132.

[395] Pinto C, Malaquias MJ, Miranda HP, et al. Brain MRl in the decision for liver
transplantation in pediatric neurological wilson’s disease. Mov Disord Clin
Pract 2022;9(7):941-948.

[396] Poujois A, Sobesky R, Meissner WG, et al. Liver transplantation as a rescue
therapy for severe neurologic forms of Wilson disease. Neurology
2020;94(21):e2189-2202.

Journal of Hepatology, April 2025. vol. 82 | 690-728

Clinical Practice Guidelines

[397] Pratschke J, Steinmuller T, Bechstein WO, et al. Orthotopic liver trans-
plantation for hepatic associated metabolic disorders. Clin Transpl
1998;12(3):228-232.

[398] Robles R, Parrilla P, Sicilia J, et al. Indications and results of liver trans-
plants in Wilson’s disease. Transpl Proc 1999;31(6):2453-2454.

[399] Schilsky ML, Scheinberg IH, Sternlieb I. Liver transplantation for Wilson’s
disease: indications and outcome. Hepatology 1994;19(3):583-587.

[400] Schumacher G, Platz KP, Mueller AR, et al. Liver transplantation in
neurologic Wilson’s disease. Transpl Proc 2001;33(1-2):1518-1519.

[401] Schumacher G, Platz KP, Mueller AR, et al. Liver transplantation: treatment
of choice for hepatic and neurological manifestation of Wilson’s disease.
Clin Transpl 1997;11(3):217-224.

[402] Wang XH, Cheng F, Zhang F, et al. Living-related liver transplantation for
Wilson’s disease. Transpl Int 2005;18(6):651-656.

[403] Yagci MA, Tardu A, Karagul S, et al. Influence of liver transplantation on
neuropsychiatric manifestations of wilson disease. Transpl Proc
2015;47(5):1469-1473.

[404] Yoshitoshi EY, Takada Y, Oike F, et al. Long-term outcomes for 32 cases of
Wilson’s disease after living-donor liver transplantation. Transplantation
2009;87(2):261-267.

[405] Andorno E, Miggino M, Panaro F, et al. Split liver transplantation for acute
Wilson’s disease: new option for urgent recipient? Hepatogastroenterology
2007;54(77):1567-1569.

[406] Bax RT, Hassler A, Luck W, et al. Cerebral manifestation of Wilson’s disease
successfully treated with liver transplantation. Neurology 1998;51(3):863-865.

[407] Choudhary NS, Saigal S, Saraf N, et al. Outcome of living donor liver
transplantation for wilson’s disease in adults: a single center experience. J
Clin Exp Hepatol 2018;8(2):132-135.

[408] Desideri F, Marignani M, Vanovermeire O, et al. Moyamoya disease as a
possible cause of neurological impairment following liver transplantation for
Wilson’s disease. Hepatol Res 2011;41(3):282-286.

[409] Dou K, Wang D, Tao K, et al. A modified heterotopic auxiliary living donor
liver transplantation: report of a case. Ann Hepatol 2014;13(3):399-403.

[410] Guarino M, Stracciari A, D’Alessandro R, et al. No neurological improve-
ment after liver transplantation for Wilson’s disease. Acta Neurol Scand
1995;92(5):405-408.

[411] Haberal M, Akdur A, Moray G, et al. Auxiliary partial orthotopic living liver
transplant for wilson disease. Exp Clin Transpl 2017;15(Suppl 1):182-184.

[412] Hermann W, Eggers B, Wagner A. The indication for liver transplant to
improve neurological symptoms in a patient with Wilson’s disease. J Neurol
2002;249(12):1733-1734.

[413] Kassam N, Witt N, Kneteman N, et al. Liver transplantation for neuropsy-
chiatric Wilson disease. Can J Gastroenterol 1998;12(1):65-68.

[414] Kim JS, Kim SY, Choi JY, et al. Delayed appearance of wing-beating tremor
after liver transplantation in a patient with Wilson disease. J Clin Neurosci
2014;21(8):1460-1462.

[415] Litwin T, Gromadzka G, Czlonkowska A. Neurological presentation of
Wilson’s disease in a patient after liver transplantation. Mov Disord
2008;23(5):743-746.

[416] Lui CC, Chen CL, Cheng YF, et al. Recovery of neurological deficits in a
case of Wilson’s disease after liver transplantation. Transpl Proc 1998;30
(7):3324-3325.

[417] Mason AL, Marsh W, Alpers DH. Intractable neurological Wilson’s disease
treated with orthotopic liver transplantation. Dig Dis Sci 1993;38(9):
1746-1750.

[418] Mocchegiani F, Gemini S, Vincenzi P, et al. Liver transplantation in
neurological Wilson’s Disease: is there indication? A case report. Transpl
Proc 2014;46(7):2360-2364.

[419] Pabon V, Dumortier J, Gincul R, et al. Long-term results of liver trans-
plantation for Wilson’s disease. Gastroenterol Clin Biol 2008;32(4):378-381.

[420] Park YK, Kim BW, Wang HJ, et al. Auxiliary partial orthotopic living donor
liver transplantation in a patient with Wilson’s disease: a case report.
Transpl Proc 2008;40(10):3808-3809.

[421] Podgaetz E, Chan C, Liver transplant T. Liver transplantation for Wilson s
disease: our experience with review of the literature. Ann Hepatol
2003;2(3):131-134.

[422] Polson RJ, Rolles K, Calne RY, et al. Reversal of severe neurological
manifestations of Wilson’s disease following orthotopic liver trans-
plantation. Q J Med 1987;64(244):685-691.

[423] Rothfus WE, Hirsch WL, Malatack JJ, et al. Improvement of cerebral CT
abnormalities following liver transplantation in a patient with Wilson dis-
ease. J Comput Assist Tomogr 1988;12(1):138-140.

727


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref369
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref369
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref369
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref370
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref370
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref371
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref371
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref372
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref372
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref373
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref373
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref374
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref374
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref374
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref375
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref375
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref375
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref376
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref376
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref377
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref377
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref377
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref378
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref378
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref379
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref379
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref380
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref380
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref380
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref381
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref381
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref381
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref382
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref382
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref382
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref383
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref383
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref383
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref384
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref384
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref385
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref385
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref386
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref386
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref386
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref387
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref387
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref387
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref388
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref388
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref389
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref389
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref390
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref390
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref391
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref391
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref391
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref392
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref392
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref392
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref393
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref393
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref393
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref394
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref394
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref394
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref395
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref395
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref395
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref396
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref396
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref396
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref397
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref397
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref397
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref398
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref398
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref399
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref399
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref400
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref400
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref401
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref401
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref401
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref402
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref402
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref403
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref403
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref403
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref404
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref404
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref404
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref405
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref405
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref405
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref406
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref406
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref407
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref407
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref407
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref408
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref408
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref408
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref409
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref409
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref410
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref410
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref410
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref411
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref411
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref412
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref412
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref412
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref413
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref413
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref414
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref414
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref414
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref415
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref415
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref415
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref416
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref416
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref416
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref417
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref417
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref417
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref418
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref418
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref418
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref419
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref419
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref420
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref420
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref420
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref421
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref421
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref421
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref422
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref422
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref422
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref423
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref423
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref423

[424] Senzolo M, Loreno M, Fagiuoli S, et al. Different neurological outcome of
liver transplantation for Wilson’s disease in two homozygotic twins. Clin
Neurol Neurosurg 2007;109(1):71-75.

[425] Sorbello O, Riccio D, Sini M, et al. Resolved psychosis after liver trans-
plantation in a patient with wilson’s disease. Clin Pract Epidemiol Ment
Health 2011;7:182-184.

[426] Stracciari A, Tempestini A, Borghi A, et al. Effect of liver transplantation on
neurological manifestations in Wilson disease. Arch Neurol 2000;57
(3):384-386.

[427] Suess T, Bokemeyer M, Schomerus G, et al. Video documented follow-up
of liver transplantation in Wilson’s disease with predominant neurological
manifestation. Mov Disord 2007;22(7):1036-1038.

[428] Sutariya VK, Tank AH, Modi PR. Orthotropic liver transplantation for
intractable neurological manifestations of Wilson’s disease. Saudi J Kidney
Dis Transpl 2015;26(3):556-559.

[429] Sutcliffe RP, Maguire DD, Muiesan P, et al. Liver transplantation for Wil-
son’s disease: long-term results and quality-of-life assessment. Trans-
plantation 2003;75(7):1003-1006.

[430] Suzuki S, Sato Y, Ichida T, et al. Recovery of severe neurologic manifes-
tations of Wilson’s disease after living-related liver transplantation: a case
report. Transpl Proc 2003;35(1):385-386.

[431] Walker G, Hussaini T, Stowe R, et al. Liver transplant can resolve severe
neuropsychiatric manifestations of wilson disease: a case report. Exp Clin
Transpl 2018;16(5):620-624.

[432] Wu JC, Huang CC, Jeng LB, et al. Correlation of neurological manifesta-
tions and MR images in a patient with Wilson’s disease after liver trans-
plantation. Acta Neurol Scand 2000;102(2):135-139.

[433] Xu WQ, Wang RM, Dong Y, et al. Emerging neurological symptoms after
liver transplantation: a 6-year follow-up of an adolescent patient with Wil-
son’s disease. CNS Neurosci Ther 2022;28(5):788-791.

[434] Zitelli BJ, Malatack JJ, Gartner Jr JC, et al. Orthotopic liver transplantation
in children with hepatic-based metabolic disease. Transpl Proc 1983;15(1):
1284-1287.

[435] Bechstein WO. Neurotoxicity of calcineurin inhibitors: impact and clinical
management. Transpl Int 2000;13(5):313-326.

[436] Yu J, Zheng SS, Liang TB, et al. Possible causes of central pontine mye-
linolysis after liver transplantation. World J Gastroenterol 2004;10
(17):2540-2543.

[437] Tang R, Xue Z, Ye Q. Wilson’s disease and hepatic transplantation. J
Huazhong Univ Sci Technolog Med Sci 2002;22(2):142-143.

[438] Kasahara M, Sakamoto S, Horikawa R, et al. Living donor liver trans-
plantation for pediatric patients with metabolic disorders: the Japanese
multicenter registry. Pediatr Transpl 2014;18(1):6-15.

[439] Gunjan D, Shalimar Nadda N, Kedia S, et al. Hepatocellular carcinoma: an
unusual complication of longstanding wilson disease. J Clin Exp Hepatol
2017;7(2):152-154.

[440] Pfeiffenberger J, Mogler C, Gotthardt DN, et al. Hepatobiliary malignancies
in Wilson disease. Liver Int 2015;35(5):1615-1622.

[441] van Meer S, de Man RA, van den Berg AP, et al. No increased risk of he-
patocellular carcinoma in cirrhosis due to Wilson disease during long-term
follow-up. J Gastroenterol Hepatol 2015;30(3):535-539.

[442] Litwin T, Antos A, Bembenek J, et al. Copper deficiency as wilson’s disease
overtreatment: a systematic review. Diagnostics (Basel) 2023;13(14).

[443] Alkhouri N, Gonzalez-Peralta RP, Medici V. Wilson disease: a summary of
the updated AASLD Practice Guidance. Hepatol Commun 2023;7(6).

[444] Chanpong A, Dhawan A. Long-term urinary copper excretion on chelation
therapy in children with wilson disease. J Pediatr Gastroenterol Nutr
2021;72(2):210-215.

[445] Eda K, Mizuochi T, lwama |, et al. Zinc monotherapy for young children with
presymptomatic Wilson disease: a multicenter study in Japan. J Gastro-
enterol Hepatol 2018;33(1):264-269.

[446] Schilsky M, To U, Ala A, et al. Preliminary findings for accurate NON-
ceruloplasmin copper (ancc): potential monitoring biomarker in medically
treated wilson disease. Hepatology 2022;76:1111.

Received 8 November 2024; accepted 8 November 2024

728

[447] To U, Camarata M, Coskun AK, et al. Patterns of ALT and AST, 24-HOUR
urine copper in adult patients with treated wilson disease: results from an
international multi-site registry over the course of 3 years. Hepatology
2022;76:1122-1123.

[448] Seetharaman J, Sarma M, Yachha SK, et al. Is exchangeable copper,
a better prognostic tool for assessing treatment control in hepatic wilson’s
disease in children? United Eur Gastronterology J 2020;8:598-599.

[449] Wilson pnddedsmd. https://www.has-sante.fr/jcms/c_640052/fr/maladie-
de-wilson.

[450] Schilsky M, Poujois A, Zuin MG, et al. Clinical utility of non-ceruloplasmin
copper determined by copper speciation for monitoring Wilson disease
therapy: comparative data analysis with 24-hour urinary copper excretion
from the CHELATE trial. J Hepatol 2022;77:561-S62.

[451] Schilsky M, Poujois A, Zuin M, et al. Clinical utility of non-ceruloplasmin
copper determined by copper speciation for monitoring Wilson disease
therapy: comparative data analysis with 24-hour urinary copper excretion
from the CHELATE trial. J Hepatol 2022;77:61-62.

[452] Zuin M, Czlonkowska A, Cassiman D, et al. Trientine tetrahydrochloride
versus d-Penicillamine for the management of patients with Wilson Dis-
ease: results from the CHELATE trial a year after randomisation. Dig Liv
Dis 2022;54.

[453] Solovyev N, Ala A, Schilsky M, et al. Biomedical copper speciation in
relation to Wilson’s disease using strong anion exchange chromatography
coupled to triple quadrupole inductively coupled plasma mass spectrom-
etry. Anal Chim Acta 2020;1098:27-36.

[454] Liang T, Zhang H, Zhang L, et al. Development and validation of a novel
ICP-ms method to quantify different copper species in human plasma from
patients with wilson disease. Hepatology 2022;76:1116.

[455] Maares M, Haupt A, Schussler C, et al. A fluorometric assay to determine
labile copper(ll) ions in serum. Sci Rep 2023;13(1):12807.

[456] Hartard C, Weisner B, Dieu C, et al. Wilson’s disease with cerebral mani-
festation: monitoring therapy by CSF copper concentration. J Neurol
1993;241(2):101-107.

[457] Kodama H, Okabe I, Yanagisawa M, et al. Does CSF copper level in Wilson
disease reflect copper accumulation in the brain? Pediatr Neurol 1988;4
(1):35-37.

[458] Zimny S, Bourhis H, Weber S, et al. Medical care of patients with Wilson
disease in Germany: a multidisciplinary survey among university centers.
Orphanet J Rare Dis 2023;18(1):122.

[459] Favre E, Lion-Francois L, Canton M, et al. Cognitive abilities of children with
neurological and liver forms of wilson disease. J Pediatr Gastroenterol Nutr
2017;64(3):436-439.

[460] Stock AK, Reuner U, Gohil K, et al. Effects of copper toxicity on response
inhibition processes: a study in Wilson’s disease. Arch Toxicol
2016;90(7):1623-1630.

[461] Wenisch E, De Tassigny A, Trocello JM, et al. Cognitive profile in Wilson’s
disease: a case series of 31 patients. Rev Neurol (Paris) 2013;169(12):
944-949.

[462] Miloh T, Annunziato RA. Transition of care and adherence in patients with
wilson disease. In: Kerkar N, Roberst EA, editors. Clinical and translational
perspectives on Wilson disease. London, UK: Academic Press; 2019.
p. 383-389.

[463] Hadzic N, Baumann U, McKiernan P, et al. Long-term challenges and
perspectives of pre-adolescent liver disease. Lancet Gastroenterol Hepatol
2017;2(6):435-445.

[464] Vajro P, Fischler B, Burra P, et al. The health care transition of youth with
liver disease into the adult health system: position paper from ESPGHAN
and EASL. J Pediatr Gastroenterol Nutr 2018;66(6):976-990.

[465] Vittorio J, Kosmach-Park B, King LY, et al. Health care transition for ado-
lescents and young adults with pediatric-onset liver disease and trans-
plantation: a position paper by the north American society of pediatric
gastroenterology, hepatology, and nutrition. J Pediatr Gastroenterol Nutr
2023;76(1):84-101.

Journal of Hepatology, April 2025. vol. 82 | 690-728


http://refhub.elsevier.com/S0168-8278(24)02706-5/sref424
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref424
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref424
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref425
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref425
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref425
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref426
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref426
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref426
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref427
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref427
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref427
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref428
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref428
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref428
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref429
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref429
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref429
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref430
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref430
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref430
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref431
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref431
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref431
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref432
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref432
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref432
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref433
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref433
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref433
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref434
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref434
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref434
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref435
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref435
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref436
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref436
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref436
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref437
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref437
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref438
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref438
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref438
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref439
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref439
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref439
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref440
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref440
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref441
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref441
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref441
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref442
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref442
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref443
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref443
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref444
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref444
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref444
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref445
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref445
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref445
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref446
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref446
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref446
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref447
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref447
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref447
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref447
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref448
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref448
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref448
https://www.has-sante.fr/jcms/c_640052/fr/maladie-de-wilson
https://www.has-sante.fr/jcms/c_640052/fr/maladie-de-wilson
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref450
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref450
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref450
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref450
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref451
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref451
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref451
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref451
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref452
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref452
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref452
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref452
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref453
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref453
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref453
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref453
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref454
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref454
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref454
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref455
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref455
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref456
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref456
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref456
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref457
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref457
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref457
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref458
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref458
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref458
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref459
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref459
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref459
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref460
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref460
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref460
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref461
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref461
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref461
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref462
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref462
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref462
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref462
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref463
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref463
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref463
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref464
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref464
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref464
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref465
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref465
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref465
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref465
http://refhub.elsevier.com/S0168-8278(24)02706-5/sref465

	EASL-ERN Clinical Practice Guidelines on Wilson’s disease
	Introduction
	Methods
	Clinical presentation
	Age at onset of symptoms
	Physical signs
	Liver disease
	Acute liver failure due to Wilson’s disease
	Chronic hepatitis and cirrhosis
	Haemolysis

	Neurologic disease
	Psychiatric symptoms

	Other clinical manifestations

	Differential diagnosis
	Diagnosis
	Treatment
	Tremors
	Dystonia
	Parkinsonism
	Chorea and choreoathetosis
	Dysarthria
	Dysphagia
	Drooling/hypersialorrhea
	Cognitive deficit
	Sleep disturbances
	Depression
	Mania/bipolar disorder
	Psychosis/hallucinations
	Behavioural disorders

	Treatment monitoring
	Transition from paediatric to adult care
	Unmet needs and future research
	Appendix. Delphi round agreement on the recommendations of the present clinical practice guidelines.
	Abbreviations
	Conflict of interest
	Supplementary data
	References


