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What Is Wilson Disease

• Inherited disorder in which defective biliary excretion of copper leads to accumulation especially in 

liver and brain 

• Mutation of ATP7B gene on chromosome 13

• Autosomal Recessive

ATP7B 

• Transports copper from intracellular chaperone proteins 

into the secretory pathway → excretion into bile and for 

incorporation into apo-ceruloplasmin

Clinical Liver Disease. Volume: 17, Issue: 2, Pages: 61-66. 



1. Current Guidelines



Updated Guidelines:



2. Clinical Presentation



Clinical Presentation 

• Liver disease + neuropsychiatric 

disturbances, Kayser–Fleischer rings 

• Acute hemolysis +/-ALF

• Liver disease: asymptomatic to cirrhosis 

or ALF with Coombs-negative hemolytic 

anemia and ARF

• Universally fatal if untreated 



AASLD Guideline Recommendations: Clinical Spectrum

1. WD should be considered in any individual with liver abnormalities of uncertain 

cause. Age alone should not be the basis for eliminating a diagnosis of WD.

2. WD must be excluded in any patient with unexplained liver disease associated 

with neurological or psychiatric disorder. 

3. WD should be suspected in any patient presenting with ALF with nonimmune 

hemolytic anemia including acute intravascular hemolysis. These patients require 

urgent evaluation for liver transplantation.

4. Evaluation for WD is critical in patients exhibiting recurrent self‐limited 

nonimmune hemolysis.

5. At clinical presentation, WD may involve organ systems besides the liver and 

nervous system (such as renal, musculoskeletal, cardiac, or endocrine).

Hepatology. December 7, 2022.



3. Diagnosis



Diagnosis

• Kayser–Fleischer rings and a low serum 

ceruloplasmin (<0.1 g/L)

• Hepatic presentation: no KF rings, 

ceruloplasmin not reliable 

• Algorithms provide a structured approach to diagnosis. 

• Different clinical presentations demand different 

algorithms. 

• Alternatively, an arithmetic “scoring system,” such as 

the Leipzig score uses weighted scores for 

parameters valuable for disease diagnosis. 

• The two may be complementary



Leipzig Score (for Diagnosis of WD)



Ceruloplasmin

• Synthesized in hepatocytes w/ 6 Cu atoms → 

circulation (holoceruloplasmin)

• Acute phase reactant 

• Inc w/ estrogen 

• Serum ceruloplasmin within the normal range 

does not exclude the diagnosis of WD

Serum ceruloplasmin concentrations <14 

mg/dl -PPV of 100% and NPV of 97.1%



Algorithmic Approach to Diagnosis of Wilson Disease (WD) 

in a Patient With Unexplained Liver Disease

Hepatology. December 07, 2022. doi: 10.1002/hep.32801.



Algorithmic Approach to Diagnosis of Wilson Disease (WD) 

in a Patient With Unexplained Liver Disease

Hepatology. December 07, 2022. doi: 10.1002/hep.32801.



Algorithmic Approach to Diagnosis of Wilson Disease (WD) 

in a Patient With a Neurological Disorder

Hepatology. December 07, 2022. doi: 10.1002/hep.32801.



Algorithmic Approach to Diagnosis of Wilson Disease (WD) 

in a Patient With a Neurological Disorder

Hepatology. December 07, 2022. doi: 10.1002/hep.32801.



Magnetic Resonance Imaging (MRI) Brain

FIGURE 1: Magnetic resonance images of a 32‐year‐old woman with Wilson disease. (A) Flair image of the midbrain 

showing the “face of the giant panda sign” (arrow). (B) T2 image showing thalamic lesions (arrow).

• Helpful esp with unexplained neurological 

and psychiatric symptoms

• MRI findings:  signal changes in the basal 

ganglia, thalami, pons, and white matter, as 

well as atrophy

• “face of the giant panda sign”: increased T2 

signal in the midbrain has been considered 

pathognomonic 



Loss of Function (LOF) Variant

• LOF variants: Earlier onset of disease, lower caeruloplasmin and copper, and a 

higher prevalence of FHF 





WD: ALF Typical Acute Presentation

• Severe Coombs-negative hemolytic anemia (acute intravascular hemolysis)

• Coagulopathy unresponsive to parenteral vitamin K

• Modest rises in serum aminotransferases (< 2000 IU/L)

• Normal or subnormal serum alkaline phosphatase (< 40 IU/L)

• ALP:Tbili < 2

• Rapid progression to renal failure

• Female: male ratio of 2:1. 

Expeditious diagnosis is critically as urgent evaluation for liver transplantation needed

High mortality (80%–99%) without liver transplantation



WD: ALF Typical Acute Presentation

Diagnostics for WD differ in ALF

• KF rings are absent in 50%

• AST is higher than ALT

– Mitochondrial damage

• Ceruloplasmin decreased, but poor predictive value

• Serum copper and 24‐h urinary excretion of copper are greatly elevated

– Serum copper is usually >200 μg/dl

– BUT copper results are often not available in a timely manner

– Diagnosis relies on clinical and biochemical features



WD ALF Diagnostic Clues

• Alkaline phosphatase : total bilirubin  <4 was 94% sensitive and 96% specific, 

• AST : ALT >2.2 - 94% sensitive but only 86% specific. 

• Combination of both ratios 100% sensitive and 100% specific

– Less accurate in the pediatric age bracket

Can have a viral or DILI trigger – important to recognize esp for family screening

Korman et al. Hepatology. 2008; 48:1167-74.



Wilson’s Disease Pathology

1. Early: EM: mitochondrial changes

– LM: fat, glycogen, Cu stains –

– hepatic Cu: highest

2. Mid: EM: Mitochondrial improving

– LM: steatohepatitis, Cu-stain +

3. Late: EM: Mitochondria normal

– LM: Cirrhosis (HCC rare)

– Hepatic Cu: lowest (regenerating nodules) Copper stain (rhodamine)



4. Family Screening



Although WD is suitable for newborn screening, no testing strategy has yet been established

Screening for Wilson Disease (WD) in 
First‐Degree Relatives



Screening for Wilson disease (WD) in 
First‐Degree Relatives



5. Treatment



Customizing Wilson Disease (WD) Treatment to 
the Character of Clinical Disease



Treatment: Initial

WD without an acute failure presentation

• Initial therapy should be a chelating agent (penicillamine or trientene). 

– AASLD and ESPGHAN specify a potential role for combination therapy with zinc in the setting of 

decompensated cirrhosis.

– EASL guidelines also propose a role for zinc as initial choice in neurological patients.

– Zinc can be used in asymptomatic patients 

WD with an acute failure presentation

• Liver transplant



D‐Penicillamine

• Promote urinary copper excretion

• Absorption is decreased by approximately 50% with food

• Renally excreted 

• “Paradoxical” worsening of neurological symptoms in 10%–

50% during the initial phase of treatment

• Incremental dosing may enhance tolerability

– 250–500 mg/day and then increasing by 250‐mg increments 

every 4–7 days to approximately 1000–1500 mg/day (15–20 

mg/kg/day) in 2–4 divided doses

– Maintenance dose in adults is 10–15 mg/kg/day (approximately 

750–1000 mg/day) administered in two divided doses. 

– Pyridoxine is also routinely administered although interference 

with pyridoxine action is rarely encountered because the 

racemic mixture of D,L‐penicillamine is no longer in use



D‐Penicillamine: Treatment Target

• Clinical and biochemical improvement 

• 24‐h urinary copper excretion on treatment 

– Chronic (maintenance) treatment: UCu excretion 200–500 μg/24 h (3–8 μmol/24 h) 

– >500 μg/24 worry about absorption, adherence and diet

– <100 μg/24 over treatment

– Normalization of serum NCC 



D‐Penicillamine: Lots of Side Effects!

Early sensitivity reactions: fever, cutaneous eruptions, lymphadenopathy, neutropenia, 

thrombocytopenia, and proteinuria first 1–3 weeks → STOP 

Nephrotoxicity: proteinuria or cellular elements in the urine → STOP

Bone marrow toxicity: severe thrombocytopenia or total aplasia that may be 

irreversible 

Dermatological: progeric changes in the skin and elastosis perforans 

serpiginosa, pemphigus or pemphigoid lesions, lichen planus, and aphthous stomatitis.

Other: lupus‐like syndrome marked by hematuria, proteinuria, and positive ANA, 

Goodpasture syndrome, severe allergic response upon restarting the drug after prior 

discontinuation, myasthenia gravis, polymyositis, loss of taste, immunoglobulin A 

depression, and serous retinitis. 

Hepatotoxicity and Hepatic siderosis



Trientine

• Promotes renal copper excretion. 

• Blocks dietary copper absorption when given 

with food

– Poorly absorbed from the gastrointestinal tract

• Indicated for those intolerant of D‐penicillamine

– Severe thrombocytopenia or neutropenia that can occur 

with splenomegaly. 

• Paradoxical neurological worsening less common 

• The tetrahydrochloride form of trientine was approved in 2022 by 

the Food and Drug Administration (FDA) for previously treated 

D‐penicillamine–tolerant patients with WD. 

– Bioequivalence between trientine dihydrochloride and 

trientine tetrahydrochloride not established 

• Trientine has few side effects. 

– Trientine also chelates iron do NOT Coadminister

• Similar treatment targets as D-Penicillamine 



Zinc

• Inhibits intestinal uptake of copper by inducing 

enterocyte metallothionein, an endogenous chelator 

with a greater affinity for copper than for zinc. 

• Copper‐metallothionein is excreted in the feces as 

enterocytes are shed in normal turnover

• Zinc has very few side effects. 

– Gastric one third of patients (try a different zinc salt) 

• Effective in the majority of but not all

• Paradoxical neurological deterioration is uncommon 

• Can be used with impaired renal function 

• Adults 150 mg/day elemental zinc in 2-3 divided doses 

without food



Zinc Treatment Targets:

• Clinical and biochemical improvement (ALT normalization)

– Zinc lacks efficacy in a subset of patients with WD

• 24‐h urinary excretion of copper:  <100 μg (<1.6 μmol)/24 h

– Overtreatment: Urinary copper excretion <20 μg [<0.3 μmol]/24 h with low serum 

copper and ceruloplasmin

• Clinical monitoring needs to be stringent. 

– Increased 24‐h urinary copper excretion suggests poor adherence or increased 

dietary copper intake. 

– Urinary excretion of zinc, with target values of >1–2 mg/24 h, may be measured 

from time to time to check adherence

– Rise in serum aminotransferases early sign of poor adherence or of 

treatment failure. 



Treatment: Maintenance 

• AASLD and EASL both suggest maintenance-

dose chelator (lower dose) or zinc as acceptable 

options for maintenance therapy.

• ESPGHAN favors zinc. 

Mainstay of treatment for WD lifelong oral pharmacotherapy and 

dietary copper restriction.



Monitoring of Treatment

• 21 Liver biochemistries, INR, CBC, urinalysis, and PE should be performed at least twice per year. 

• 22 The 24‐h urinary copper excretion while on medication, or in patients on D‐penicillamine or trientine after a 

temporary period (48 h) off drug, should be measured yearly and more frequently if there are questions regarding 

adherence or if the medication dosage is adjusted. 

– Serum copper and ceruloplasmin may be followed for trends: very high or very low serum copper or serum copper 

disproportionately high for simultaneous serum ceruloplasmin. These may disclose exogenous copper intake (higher 

copper) or total‐body depletion (lower copper and ceruloplasmin).

• 23 Overtreatment of WD may be indicated by development of cytopenias or retention of tissue iron associated with 

raised serum ferritin. It is confirmed by a low serum copper and a very low 24‐h urinary copper output. 

– Oral chelators: 24‐h urinary copper excretion disproportionately low for the dose of chelator being administered (below 

therapeutic target, specifically <100 μg/24 h or <1.6 μmol/24 h) suggests overtreatment. 

– Zinc therapy: 24‐h urinary copper <20 μg/24 h (<0.3 μmol/24 h) suggests overtreatment. 

• 24 Treatment failure may occur during treatment initiation or while on chronic treatment. It can complicate any WD 

medication. Concurrent diseases and nonadherence must be excluded. Pharmacological therapy should be 

revised in patients with treatment failure; however, with more advanced liver disease or liver failure, liver 

transplantation may be required.



Low Cu diet

https://wilsondisease.org/living-with-wilson-disease/copper-conscious-eating/;

https://www.wilsonsdisease.org.uk/store/pages/42870fb9-1af7-4e23-bcec-3eb7b451d1b0_WDSG_UK_Food_Copper_Content_of_Foods_081019.pdf. 

https://wilsondisease.org/living-with-wilson-disease/copper-conscious-eating/
https://www.wilsonsdisease.org.uk/store/pages/42870fb9-1af7-4e23-bcec-3eb7b451d1b0_WDSG_UK_Food_Copper_Content_of_Foods_081019.pdf


Conclusions

• WD should be considered in all individuals with 

unexplained liver disease

• WD should be evaluated for in all patients with 

liver and neurologic disease

• The role of molecular testing is changing

• WD is universally fatal without therapy

• Chelation and zinc therapy are standard of care



Thank You.
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