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Dr.	  Samuel	  Alexander	  Kinnier	  Wilson,	  1878-‐1937	  

2012	  –	  Centenary	  of	  the	  first	  
publicaRon	  on	  Wilson‘s	  disease	  

Pathophysiology	


Normal	  dietary	  consumpRon	  and	  absorpRon	  of	  copper	  exceed	  the	  metabolic	  
need,	  homeostasis	  of	  copper	  is	  maintained	  exclusively	  by	  biliary	  excreRon	  

Silbernagl/Lang,	  Color	  Atlas	  of	  Pathophysiology,	  Thieme	  2000	  

Wilson	  Disease	  -‐	  Pathophysiology	  
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Wilson	  Disease	  -‐	  Pathophysiology	  

•  Wilson	  disease	  is	  due	  to	  mutaRons	  of	  the	  ATP7B	  gene	  on	  
chromosome	  13,	  which	  encodes	  a	  copper-‐transporRng	  ATPase	  
(ATP7B)	  	  

•  The	  ATP7B	  gene	  was	  idenRfied	  by	  three	  groups	  in	  1993	  

Wilson	  Disease	  -‐	  Pathophysiology	  

•  Wilson	  disease	  is	  due	  to	  mutaRons	  of	  the	  ATP7B	  gene	  on	  
chromosome	  13,	  which	  encodes	  a	  copper-‐transporRng	  ATPase	  
(ATP7B)	  	  

•  ATP7B	  is	  responsible	  for	  transporRng	  copper	  from	  intracellular	  
into	  the	  secretory	  pathway,	  both	  for	  excre3on	  into	  bile	  and	  for	  
incorporaRon	  into	  apo-‐ceruloplasmin	  for	  the	  synthesis	  of	  
func3onal	  ceruloplasmin	  

•  The	  development	  of	  Wilson	  disease	  is	  due	  to	  the	  accumulaRon	  of	  
copper	  in	  affected	  Rssues	  

Wilson	  Disease	  -‐	  Pathophysiology	  

•  WD	  is	  an	  autosomal-‐recessive	  geneRc	  disorder	  found	  worldwide	  

•  Gene	  frequency	  of	  1	  in	  90–150	  

•  Incidence	  as	  high	  as	  1	  in	  30,000	  

•  More	  than	  500	  dis3nct	  muta3ons	  have	  been	  described	  in	  the	  
Wilson	  gene,	  from	  which	  380	  have	  a	  confirmed	  role	  in	  the	  
pathogenesis	  of	  the	  disease	  

•  Most	  paRents	  are	  compound	  heterozygotes,	  which	  makes	  
phenotype/genotype	  correlaRon	  problemaRc	  

Wilson	  Disease	  -‐	  Incidence	  

EuroWilson	  Clinical	  Database	  

Incidence	  is	  underesRmated	  !	  	  
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Clinical Presentation	


Wilson	  Disease	  –	  Clinical	  PresentaRon	  

•  Clinical	  presentaRon	  can	  vary	  widely,	  but	  the	  key	  features	  of	  
Wilson	  disease	  are:	  

	   	  Corneal	  Kayser-‐Fleischer	  rings	  

	   	  Liver	  disease	  &	  cirrhosis	  

	   	  Neuropsychiatric	  disturbances	  (i.e.	  tremor,	  ataxia,	  dystonia)	  

	   	  Acute	  episodes	  of	  hemolysis	  

•  The	  most	  common	  presentaRons	  are	  with	  liver	  disease	  or	  neuro-‐	  
psychiatric	  disturbances	  

•  WD	  not	  just	  a	  disease	  of	  children	  and	  young	  adults,	  but	  may	  
present	  at	  any	  age	  (majority	  ages	  5-‐35;	  only	  3%	  >40	  years)	  

Kayser-‐Fleischer	  Rings	  

•  The	  clinical	  hallmark	  of	  WD	  is	  the	  Kayser–Fleischer	  ring	  

•  Caused	  by	  deposiRon	  of	  copper	  in	  Desçemet’s	  membrane	  of	  cornea	  

•  Present	  in	  95%	  of	  pa3ents	  with	  neurologic	  symptoms	  	  

•  In	  >50%	  of	  those	  without	  neurologic	  symptoms	  

•  In	  children	  presenRng	  with	  liver	  disease,	  Kayser–Fleischer	  rings	  are	  
usually	  absent	  	  

•  A	  slit-‐lamp	  examina3on	  is	  required	  to	  idenRfy	  KF	  rings	  

•  Not	  en3rely	  specific	  for	  WD	  (i.e.	  in	  chronic	  cholestaRc	  diseases	  such	  
as	  PBC	  or	  in	  children	  with	  neonatal	  cholestasis)	  

•  Other	  ophthalmologic	  changes	  are	  rare	  (i.e.	  sunflower	  cataracts)	  

Dr.	  Bernhard	  Kayser,	  1869-‐1964	  (1902)	  
Dr.	  Bruno	  Ojo	  Fleischer,	  1874-‐1965	  (1903)	  

First	  descripRon	  of	  the	  corneal	  ring	  
	  
Klin.	  Monatsbla0	  f.	  Augenheilkunde	  
Vol.41	  (1903),	  p.	  489-‐491.	  

Dr.	  Bruno	  Ojo	  Fleischer	  
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•  Any	  type	  of	  liver	  disease	  my	  be	  encountered	  in	  WD:	  

	   	  AsymptomaRc	  increase	  in	  liver	  tests	  /	  chronic	  Hepa33s	  	  

	   	  Liver	  cirrhosis	  (compensated/decompensated)	  

	   	  Acute	  liver	  failure	  	  

•  Wilson’s	  disease	  accounts	  for	  6–12%	  of	  all	  pa3ents	  with	  acute	  liver	  
failure	  who	  are	  referred	  for	  emergency	  transplantaRon	  

•  Although	  cirrhosis	  is	  already	  present	  in	  most	  cases,	  the	  clinical	  
presentaRon	  is	  acute	  and	  progresses	  rapidly	  to	  hepaRc	  and	  renal	  
failure	  and,	  when	  untreated,	  carries	  an	  almost	  95%	  mortality	  

•  An	  acute	  presentaRon	  with	  rapid	  deterioraRon	  may	  also	  occur	  in	  
paRents	  who	  stopped	  their	  medicaRons	  

Clinical	  PresentaRon	  -‐	  Liver	   Clinical	  symptoms	  in	  WD	  paRents	  presenRng	  with	  liver	  disease	  

EASL	  Clinical	  PracRce	  Guidelines,	  2012	  

*	  only	  cases	  with	  chronic	  acRve	  hepaRRs	  
§	  elevated	  ALT	  at	  rouRne	  tesRng	  or	  accidental	  finding	  of	  cirrhosis	  or	  of	  Kayser-‐Fleischer	  rings	  

•  Coombs-‐nega3ve	  haemoly3c	  anemia	  may	  be	  the	  only	  iniRal	  
symptom	  

•  Low-‐grade	  hemolysis	  may	  be	  associated	  with	  WD	  even	  when	  liver	  
disease	  is	  not	  clinically	  evident	  

•  Marked	  hemolysis	  is	  commonly	  associated	  with	  severe	  liver	  disease	  

•  Decay	  of	  liver	  cells	  may	  result	  in	  the	  release	  of	  large	  amounts	  of	  
stored	  copper,	  which	  further	  aggravates	  hemolysis	  

Clinical	  PresentaRon	  -‐	  Blood	  

•  WD	  can	  manifest	  with	  a	  spectrum	  of	  neurological,	  behavioral	  or	  
psychiatric	  disorders,	  which	  may	  be	  its	  first	  clinical	  manifestaRon,	  
appearing	  simultaneously	  with	  hepaRc	  signs,	  or	  years	  later	  

•  Neurological	  presentaRon	  can	  be	  extremely	  subtle,	  and	  inter-‐	  
mijed	  for	  many	  years,	  but	  may	  also	  develop	  very	  rapidly,	  leading	  
within	  a	  few	  months	  to	  complete	  disability	  

•  The	  neurological	  abnormaliRes	  can	  be	  classified	  as:	  

	   	  Akine3c-‐rigid	  syndrome	  similar	  to	  Parkinson’s	  disease	  

	   	  Pseudosclerosis	  dominated	  by	  tremor	  

	   	  Ataxia	  

	   	  Dystonic	  syndrome	  

Clinical	  PresentaRon	  -‐	  Neurology	  
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•  Behavioral	  and	  psychiatric	  symptoms	  are	  common	  and	  some	  of	  
them	  may	  precede	  neurologic	  or	  hepaRc	  signs	  and	  symptoms	  

•  	  30%	  of	  paRents	  iniRally	  present	  with	  psychiatric	  abnormaliRes	  

•  In	  children	  declining	  school	  performance,	  personality	  changes,	  
impulsiveness,	  labile	  mood	  and	  inappropriate	  behavior	  are	  
observed	  

•  The	  iniRal	  symptoms	  are	  frequently	  misdiagnosed	  as	  behavioral	  
problems	  associated	  with	  puberty	  

•  In	  older	  persons,	  psychoRc	  features	  resembling	  paranoia,	  
schizophrenia	  or	  depression	  can	  be	  observed	  

•  Severe	  cogni3ve	  deteriora3on	  is	  observed	  in	  paRents	  with	  
advanced	  neurological	  disease,	  but	  in	  general,	  cogniRve	  funcRon	  is	  
not	  markedly	  impaired	  

Clinical	  PresentaRon	  –	  Psychiatry	  

Diagnostic Testing	


No	  single	  test	  is	  specific	  per	  se.	  	  

•  Serum	  ceruloplasmin	  (<0.1g/L)	  

•  Serum	  „free“	  (non	  ceruloplasmin	  bound)	  copper	  (>200μg/L)	  

•  24-‐hour	  urinary	  copper	  excreRon	  (>1.6μmol/24h,	  >100μg/24h)	  

•  Presence	  of	  Kayser-‐Fleischer	  rings	  by	  slit	  lamp	  examinaRon	  

•  Liver	  biopsy	  (Histology,	  Rhodanine	  stain,	  Orcein	  stain,	  TEM)	  

•  HepaRc	  parenchymal	  copper	  concentraRon	  (>4μmol/g	  dry	  weight)	  

•  GeneRc	  tesRng	  for	  ATP7B	  mutaRons	  

•  MRI	  of	  the	  brain	  with	  hyperintense	  basal	  ganglia	  in	  T2	  

	  

DiagnosRc	  Methods	  in	  Wilson	  Disease	  

	  modified	  aGer	  EASL	  Clinical	  PracNce	  Guidelines,	  2012	  

RouRne	  tests	  for	  diagnosis	  of	  Wilson‘s	  Disease	  

EASL	  Clinical	  PracRce	  Guidelines,	  2012	  
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•  Ceruloplasmin	  is	  the	  major	  carrier	  of	  copper	  in	  the	  blood	  and	  
contains	  six	  copper	  atoms	  per	  molecule	  (holoceruloplasmin)	  but	  
may	  be	  present	  just	  as	  the	  protein	  without	  the	  copper	  
(apoceruloplasmin)	  

•  Ceruloplasmin	  is	  an	  acute	  phase	  reactant	  	  

•  The	  normal	  concentraRon	  of	  ceruloplasmin	  measured	  by	  enzymaRc	  
assays	  varies	  among	  laboratories	  (with	  a	  lower	  limit	  between	  0.15	  
and	  0.2	  g/L)	  

•  In	  WD	  ceruloplasmin	  is	  usually	  <0.1	  g/L	  

•  Serum	  ceruloplasmin	  concentraRons	  are	  elevated	  by	  acute	  
inflamma3on,	  in	  states	  associated	  with	  hyperestrogenemia	  such	  as	  
pregnancy	  and	  estrogen	  supplementa3on	  

DiagnosRc	  Methods	  in	  WD	  –	  Ceruloplasmin	  (1)	  

•  Ceruloplasmin	  is	  typically	  decreased	  in	  paRents	  with	  neurologic	  
Wilson	  disease,	  but	  may	  be	  in	  the	  low	  normal	  range	  in	  50%	  of	  
paRents	  with	  ac3ve	  Wilson’s	  liver	  disease	  

•  Ceruloplasmin	  may	  be	  low	  in	  other	  condiRons	  with	  marked	  renal	  or	  
enteric	  protein	  loss,	  malabsorp3on	  syndromes	  or	  with	  severe	  end-‐
stage	  liver	  disease	  of	  any	  eRology	  

•  20%	  of	  heterozygotes	  have	  decreased	  levels	  of	  ceruloplasmin	  

•  Posi3ve	  predic3ve	  value	  of	  subnormal	  ceruloplasmin	  in	  paRents	  
with	  liver	  disease	  only	  6%	  (Sanchez-‐Albisua	  I	  et	  al.	  1999)	  

Therefore,	  serum	  ceruloplasmin	  alone	  is	  not	  sufficient	  to	  diagnose	  or	  to	  
exclude	  Wilson	  disease	  !	  

DiagnosRc	  Methods	  in	  WD	  –	  Ceruloplasmin	  (2)	  

Red-‐brown	  cytoplasmic	  granules	  corresond	  to	  copper	  
deposits	  in	  the	  liver	  of	  paRents	  with	  Wilson’s	  diasease	  

DiagnosRc	  Methods	  in	  WD:	  Rhodanine	  (Orcein)	  staining	  

urmc.rochester.edu	  

•  Focal	  copper	  stores	  on	  immunohistochemistry	  detectable	  in	  only	  <10%	  of	  cases	  

•  Therefore,	  measurement	  of	  hepa3c	  parenchymal	  copper	  concentra3on	  is	  the	  method	  of	  
choice	  for	  diagnosis	  of	  WD	  

•  Hepa3c	  copper	  content	  of	  >250ug/g	  	  (4umol/g)	  dry	  weight	  is	  confirmaRve	  of	  WD	  
(sensi3vity	  83.3%,	  specificity	  98.6%)	  

•  Lower	  treshhold	  of	  75ug/g	  (1.2umol/g):	  96.5%	  sensi3vity,	  acceptable	  specificity	  95.4%	  

•  Dry	  weight	  <40-‐50ug/g	  (0.63-‐0.8umol/g)	  in	  untreated	  paRents	  virtually	  excludes	  WD	  

•  MRI	  is	  the	  most	  important	  diagnos3c	  tool	  in	  paRents	  with	  neurological	  presentaRon	  

•  Almost	  all	  paRents	  show	  an	  MRI	  abnormality:	  non-‐specific	  changes	  in	  the	  brain	  such	  as	  
diffuse	  brain	  atrophy	  and	  focal	  abnormaliRes	  

•  These	  are	  shown	  as	  increased	  signal	  ac3vity	  on	  T2-‐weight	  images	  in	  len3cular,	  thalamic	  
and	  caudate	  nuclei	  as	  well	  as	  in	  the	  brain	  stem,	  cerebellum	  and	  white	  macer.	  	  

DiagnosRc	  Methods	  in	  WD:	  Neuroimaging	  

MRI	  of	  the	  brain	  with	  hyperintense	  basal	  ganglia	  in	  T2	  
	  
Shyamal	  et	  al.	  Nature	  Clinical	  PracRce	  Neurology,	  2006	  	  
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•  Serum	  ceruloplasmin: 	   	   	   	  <0.1g/L	  =	  2	   	   	  0.1-‐0.2g/L	  =	  1 	   	  >0.2g/L	  =	  0	  

•  24-‐hour	  urinary	  copper	  excre3on:	   	  >2x	  ULN	  =	  2 	   	  1-‐2x	  ULN	  =	  1 	   	  Normal	  =	  0	  	  

•  Presence	  of	  Kayser-‐Fleischer	  rings: 	  Present	  =	  2 	   	  Absent	  =	  0	  

•  Neurologic	  Symtoms*:	   	   	   	  Severe	  =	  2	   	   	  Mild	  =	  1 	   	   	  Absent	  =	  0	  

•  Liver	  copper**(no	  cholestasis	  present):	  >4μmol/g	  =	  2 	   	  0.8-‐4μmol/g	  =	  1	   	  <0.8μmol/g	  =	  -‐1	  

•  Gene3c	  tes3ng	  for	  ATP7B	  muta3ons:	   	  2	  chromosomes	  =	  4 	  1	  chromosome	  =	  1	  

•  Coombs-‐nega3ve	  hemoly3c	  anemia: 	  Present	  =	  1 	   	  Absent	  =	  0	  

	  

	  modified	  aGer	  EASL	  Clinical	  PracNce	  Guidelines,	  2012	  

Wilson	  Disease	  Scoring	  System	  (Leipzig	  Score)	  

*or	  typical	  abnormaliRes	  at	  brain	  MRI	  
**	  Rhodanine-‐posiRve	  granules	  if	  no	  quanRtaRve	  liver	  copper	  available	  

Score	  InterpretaRon: 	  ≥	  4	  points: 	  diagnosis	  established	  
	   	   	   	   	  3	  points: 	   	  diagnosis	  possible	  but	  more	  tests	  needed	  
	   	   	   	   	  ≤	  2	  points: 	  diagnosis	  very	  unlikely	  

DiagnosRc	  algorithms	  for	  WD	  (Leipzig	  Score)	  

EASL	  Clinical	  PracRce	  Guidelines,	  2012	  

*	  In	  children	  the	  cut	  off	  can	  be	  lowered	  to	  0.64	  μmol/d	  

Treatment	

Untreated	  Wilson‘s	  Disease	  is	  fatal.	  

WD	  Treatment	  (1)	  	  

Rosencrantz	  R	  et	  al,	  Semin	  Liver	  Dis	  2011	  
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•  Copper	  chela3on	  is	  the	  most	  effecRve	  treatment	  

•  Available	  drugs	  include:	  D-‐penicillamine,	  trien3ne,	  zinc,	  
tetrathiomolybdate,	  and	  dimercaprol	  

•  D-‐Penicillamine	  is	  the	  treatment	  of	  choice	  (starRng	  dose	  250mg/d	  
increasing	  to	  1500mg/d)	  

•  Once	  the	  diagnosis	  is	  established,	  treatment	  needs	  to	  be	  life-‐long	  

•  There	  is	  a	  lack	  of	  high-‐quality	  evidence	  to	  esRmate	  the	  relaRve	  
treatment	  effects	  of	  the	  available	  drugs	  in	  Wilson’s	  disease	  

•  	  To	  date,	  there	  is	  not	  a	  single	  randomized	  controlled	  trial	  
conducted	  in	  Wilson’s	  disease	  which	  has	  an	  opRmal	  design	  

WD	  Treatment	  (2)	  	   WD	  Treatment	  (3):	  Regimens	  &	  Follow-‐Up	  	  

guishable across many etiologies. There are some distinct
findings that may heighten suspicion and aid in the
diagnosis of ALF due to WD such as Coombs-negative
hemolytic anemia, elevated serum, and 24-hour urine
copper and K-F rings. In this setting, serum ceruloplas-
min is unreliable as it may be falsely elevated as an acute-
phase reactant in inflammatory conditions. However, the
results of 24-hour urine studies will not be immediately
available and !50% of patients with ALF due to WD
will not have K-F rings. Therefore, it is useful to be able
to look at parameters that can be easily obtained in a
timely fashion. Uniquely, the alkaline phosphatase is
inappropriately depressed for the level of cholestasis. In
addition, the ratio of alkaline phosphatase to total
bilirubin ratio of <4 and AST:ALT> 2.2 are excellent
diagnostic clues.64

Patients with ALF due to WD should be eval-
uated for emergent liver transplant as the mortality rate
in this subgroup approaches 100%. In this setting, there
is typically massive hemolysis and marked elevation of
circulating copper in addition to other features of WD.
Treatment of the patient to reduce the high level of
copper in the circulation may help achieve better out-
comes. Renal insufficiency is often present in these
patients, and the molecular adsorbents recirculating

system (MARS) has shown superiority over continuous
veno-venous hemodialysis (CVVHD) for clearing excess
copper from the circulation, but albumin dialysis, ex-
change transfusion, and plasmapheresis have all been
utilized with success with endpoints being reducing
hemolysis, and slowing both hepatic and renal injury.73

Very rare patients have survived ALF due to WD with
intensive medical therapy; however, there are no clear
identifiers to predict survival in the face of data that
would indicate liver failure.74–77

Pregnancy
Therapy for WD should be continued during pregnancy
with some modifications.78,79 Concerns regarding the
chelating agents’ effect on teratogenicity and postpartum
wound healing have been raised. Hence, dose reduction
using these medications has been advised. Recent treat-
ment guidelines recommend that patients reduce the
dose to below maintenance dosing (!10 mg/kg/d)
before or early on during their first trimester because
this is the highest period of risk for teratogenicity.
Patients on zinc monotherapy therapy do not need to
change the dose. Alternatively, one can consider switch-
ing to a zinc salt at the onset of pregnancy, if tolerated.

Table 2 Treatment and Follow-Up Management in Wilson Disease Patients: Common Treatment Regimens

Medical
Therapy

Treatment/Symptomatic
Dose Side Effects Monitoring Maintenance Dose

Penicillamine Adults: 750–1500 mg divided

BID – QID (!20 mg/kg/d

to maximum 2 g/d)

Fever Free Cu 5–15 mg/dL Adults and children:

15 mg/kg/d

Children: 20 mg/kg/d

divided BD-QID

Rash Urine Cu 250–500 mg/24 h

Lupus-like reactions

Bone marrow suppression

Nephrotic syndrome

Colitis (rare)

Note: requires supplemental

pyridoxine, and dose reduction

for surgery and pregnancy

Trientene Adults: 750–1500 mg

divided TID-QID

Sideroblastic anemia Same free Cu as above Adults and children:

15 mg/kg/d

Children: 20 mg/kg/d

divided TID-QID

Colitis (rare) Urine Cu 100–500 mg/24 h

Zinc salts (Dosing is in milligrams

of elemental zinc)

GI intolerance Same as above; plus,

urine zinc

>1000 mg/24 h

Adults: 75–150 mg

divided TID

Adults: 150 mg divided TID Nonpancreatitis elevation of

amylase and lipase

Children: 50–75 mg

divided TID

Children (<50 kg): 75 mg/d

divided TID

BD, daily; BID, twice daily; QID, four times daily; TID, three times daily; GI, gastrointestinal.
Adapted from Schilsky ML, Tavil AS. Wilson disease. In: Schiff’s Diseases of the Liver. Philadelphia: Lippincott Williams and Wilkins;
2006:1023–1040.
Most practitioners prefer start with trientine. Zinc salt monotherapy or lower dose chelation is preferred for maintenance therapy.
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Rosencrantz	  R	  et	  al,	  Semin	  Liver	  Dis	  2011	  

•  First	  orally	  effec3ve	  copper	  chela3on	  therapy	  developed	  for	  WD;	  has	  the	  most	  
published	  clinical	  experience:	  Promotes	  urinary	  excre3on	  of	  copper	  

•  Despite	  known	  toxiciRes	  and	  the	  availability	  of	  newer	  regimens,	  D-‐Penicillamine	  
is	  sRll	  the	  drug	  of	  choice	  in	  most	  of	  the	  centres	  for	  treatment	  of	  WD	  (hepaRc	  and	  
neurologic	  presentaRons)	  

•  Ini3al:	  1	  g/day	  in	  2-‐4	  divided	  doses.	  Can	  be	  increased	  to	  1.5-‐2	  g/day	  in	  an	  overtly	  
ill	  paRent	  failing	  to	  show	  clinical	  improvement	  

•  Maintenance:	  750-‐1500	  mg/day	  in	  2-‐3	  divided	  doses	  

•  Pediatric	  dose:	  20	  mg/Kg/day	  in	  2-‐4	  divided	  doses	  

•  Best	  given	  1	  hr	  prior	  or	  2-‐3	  hrs	  aher	  meals	  as	  food	  inhibits	  its	  absorpRon	  

•  Best	  to	  start	  at	  low	  dose	  with	  subsequent	  increments	  for	  bejer	  tolerability	  

WD	  Treatment:	  D-‐Penicillamin	  	  

•  Pyridoxine	  therapy:	  D-‐Penicillamine	  may	  have	  an	  anRpyridoxine	  effect,	  thus	  all	  
paRents	  are	  recommended	  25-‐50	  mg	  of	  pyridoxine	  weekly	  

•  Interac3ons/Contraindicated:	  Cidofovir,	  Streptozocin	  

•  Interac3ons/Avoid:	  Aminoglycosides,	  Chloroquine	  phosphate,	  Gold	  compounds,	  
Tenofovir,	  Probenecid,	  Clofarabine,	  Magnesium	  salts,	  Iron	  salts	  

•  Pregnancy:	  Treatment	  should	  be	  con3nued	  throughout	  the	  course	  of	  pregnancy.	  
InterrupRon	  of	  chelaRon	  therapy	  during	  pregnancy	  can	  result	  in	  acute	  liver	  failure	  
or	  decompensaRon.	  Dose	  reduc3on	  is	  advised.	  

•  Lacta3on:	  Women	  taking	  D-‐Penicillamine	  should	  not	  breast	  feed	  as	  the	  drug	  is	  
excreted	  into	  breast	  milk	  and	  could	  potenRally	  be	  harmful	  to	  the	  infant	  

•  Reduce	  dose	  for	  surgery	  to	  promote	  wound	  healing	  
	  

WD	  Treatment:	  D-‐Penicillamin	  	  
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•  Fever,	  rash,	  lupus	  like	  reac3on	  (may	  need	  disconRnuaRon	  of	  therapy)	  

•  Bone	  marrow	  toxicity	  resulRng	  in	  thrombocytopenia,	  leukopenia	  or	  aplasRc	  
anemia-‐	  close	  monitoring	  required,	  significant	  bone	  marrow	  toxicity	  necessitates	  
disconRnuaRon	  of	  treatment	  

•  Proteinuria:	  monitor	  through	  urinalysis	  every	  week	  iniRally	  and	  then	  1-‐3	  monthly	  

•  Late	  toxic	  reac3ons	  include	  nephroRc	  syndrome,	  Goodpasture’s	  syndrome,	  
agranulocytosis,	  opRc	  neuriRs,	  myasthenia	  gravis,	  drug-‐induced	  systemic	  lupus	  
erythromatosus:	  disconRnuaRon	  of	  the	  drug	  necessary	  

•  Dermatological	  toxici3es	  including	  cuRs	  laxa,	  elastosis	  perforans	  serpiginosa,	  
lichen	  planus:	  temporary	  disconRnuaRon	  or	  consider	  alternaRve	  therapy	  

•  Hepatotoxicity:	  temporary	  disconRnuaRon	  or	  consider	  alternaRve	  therapy	  

•  Worsening	  of	  neurologic	  symptoms	  during	  the	  iniRal	  phase	  of	  treatment:	  start	  
with	  incremental	  doses	  and	  build	  up	  slowly	  

WD	  Treatment:	  D-‐Penicillamin	  Side	  Effects	  

•  Induces	  intes3nal	  metallothionein,	  thus	  reducing	  copper	  absorp3on	  

•  Currently	  mainly	  used	  for	  maintenance	  therapy	  

•  EASL	  guidelines	  (2012)	  recommend	  to	  reserve	  this	  drug	  for	  paRents	  with	  
neurologic	  disease	  only	  

•  Adult	  dose:	  75-‐250	  mg/day	  on	  an	  empty	  stomach,	  to	  be	  taken	  at	  least	  2	  hrs	  from	  
chelator	  if	  on	  combinaRon	  therapy	  

•  Pediatric	  dose:	  25	  mg	  of	  elemental	  zinc	  3	  3mes/day	  for	  children	  <50	  Kg,	  dosage	  
not	  well	  established	  for	  children	  under	  5	  years	  

•  No	  significant	  drug	  interacRons	  known	  

•  Side	  effects:	  Gastric	  irrita3on	  (certain	  salts	  cause	  less	  irritaRon	  e.g.	  Acetate	  and	  
gluconate	  may	  be	  bejer	  tolerated	  than	  sulphate),	  elevaRon	  of	  pancreaRc	  lipase	  
and	  amylase,	  hepa3c	  deteriora3on,	  possible	  impairment	  in	  immune	  funcRon	  

WD	  Treatment:	  Zinc	  	  

•  The	  non-‐ceruloplasmin-‐bound	  copper	  is	  a	  fracRon	  that	  is	  typically	  ~10%	  of	  the	  
total	  serum	  copper	  

•  Amount	  of	  non-‐ceruloplasmin	  copper	  is	  esRamted	  by	  simultaneously	  measuring	  
serum	  ceruloplasmin	  and	  total	  serum	  copper	  (online	  copper	  calculator)	  

•  In	  an	  untreated	  WD	  paRent,	  the	  percentage	  of	  non-‐ceruloplasmin	  copper	  rises	  to	  
over	  25	  –	  50%	  and	  may	  exceed	  25	  μg/dL	  

•  Effec3ve	  medical	  treatment	  is	  the	  lowering	  of	  the	  fracRon	  of	  non-‐ceruloplasmin-‐	  
bound	  copper	  to	  the	  normal	  range	  of	  10–15	  μg/dL	  

•  Maintenance	  therapy:	  lower	  target	  range	  of	  ~10	  μg/dL	  should	  be	  maintained	  

•  When	  non-‐ceruloplasmin	  levels	  drop	  far	  below	  10	  μg,	  paRents	  may	  experience	  
further	  reducRon	  in	  serum	  levels	  of	  ceruloplasmin	  and	  ferroxidase	  acRvity	  with	  
resultant	  anaemia	  and,	  in	  some,	  the	  development	  of	  hepaRc	  haemosiderosis	  

WD	  Treatment	  Monitoring:	  Non-‐ceruloplasmin-‐bound	  copper	  	  

•  Urinary	  copper	  excreRon	  may	  be	  used	  to	  gauge	  the	  effecRveness	  of	  treatment	  

•  Following	  ini3al	  treatment	  with	  chelaRng	  agents,	  24-‐h	  urine	  copper	  excreRon	  
typically	  rises	  above	  500	  μg/24	  h	  

•  With	  ongoing	  treatment,	  the	  urinary	  copper	  excreRon	  falls,	  typically	  ranging	  
between	  250	  and	  500	  μg/24	  h	  

•  For	  chronically	  treated	  pa3ents,	  values	  less	  than	  250	  μg/24	  h	  suggest	  either	  
depleRon	  of	  copper	  stores	  or	  non-‐adherence	  to	  therapy	  

•  The	  simultaneous	  esRmaRon	  of	  non-‐ceruloplasmin	  copper	  by	  serum	  tesRng	  may	  
help	  to	  dis3nguish	  between	  deple3on	  and	  non-‐adherence,	  the	  former	  with	  
values	  <	  10	  μg/dL	  while	  the	  lajer	  are	  typically	  elevated	  above	  25	  μg/dL.	  	  

WD	  Treatment	  Monitoring:	  Urinary	  copper	  excreRon	  	  
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WD	  Treatment:	  D-‐Penicillamin	  Monitoring	  

hjp://www.wilsonsymptom.com/wilsondisease/
labtracker-‐coppercalclulator.php	  

SupporRve	  measures:	  Avoid	  food	  with	  high	  copper	  content	  

www.ars.usda.gov	  United	  States	  Department	  of	  Agriculture	  	  NaRonal	  Nutrient	  Database	  for	  Standard	  Reference	  

i.e.	  Avoid	  liver,	  crab	  meat,	  nuts,	  broccoli,	  mushrooms,	  chocolate.	  
	  
If	  the	  copper	  concentraRon	  in	  water	  is	  over	  0.1	  ppm	  (parts	  per	  million	  =	  0.1	  mg/L)	  an	  
alternaRve	  source	  is	  recommended	  

•  Transplanta3on	  is	  frequently	  necessary	  for	  paRents	  presenRng	  
with	  acute	  liver	  failure	  or	  decompensated	  cirrhosis	  	  

•  Eligible	  for	  Super	  Urgent	  Transplanta3on	  List	  in	  case	  of	  fulminant	  
presentaRon	  

•  Because	  the	  biochemical	  defect	  resides	  mainly	  in	  the	  liver,	  liver	  
transplantaRon	  corrects	  the	  gene3c	  defect	  

•  Survival	  rates	  are	  similar	  to	  other	  liver	  diseases	  	  

•  Survival	  axer	  transplantaRon	  is	  bejer	  for	  chronic	  advanced	  liver	  
disease	  presentaRon	  than	  for	  acute	  liver	  failure	  

•  Living	  related	  donor	  liver	  transplantaRon	  from	  a	  heterozygote	  
donor	  is	  feasible	  

WD	  Treatment	  (4):	  Liver	  TransplantaRon	  	  

www.easl.eu	  

www.wilsonsdisease.org	  

www.wilsonsymptom.com/wilsondisease/labtracker-‐coppercalclulator.php	  

Rosencrantz	  R	  et	  al.	  „Wilson	  disease:	  pathogenesis	  and	  clinical	  
consideraRons	  in	  diagnosis	  and	  treatment“,	  Semin	  Liver	  Dis	  2011	  
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Summary

This Clinical Practice Guideline (CPG) has been developed to
assist physicians and other healthcare providers in the diagnosis
and management of patients with Wilson’s disease. The goal is to
describe a number of generally accepted approaches for diagno-
sis, prevention, and treatment of Wilson’s disease. Recommenda-
tions are based on a systematic literature review in the Medline
(PubMed version), Embase (Dialog version), and the Cochrane
Library databases using entries from 1966 to 2011. The Grades
of Recommendation, Assessment, Development, and Evaluation
(GRADE) system used in other EASL CPGs was used and set
against the somewhat different grading system used in the
AASLD guidelines (Table 1A and B). Unfortunately, there is not
a single randomized controlled trial conducted in Wilson’s dis-
ease which has an optimal design. Thus, it is impossible to assign
a high or even a moderate quality of evidence to any of the ques-
tions dealt with in these guidelines. The evaluation is mostly
based on large case series which have been reported within the
last decades.
! 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Normal dietary consumption and absorption of copper exceed
the metabolic need, and homeostasis of this element is main-
tained exclusively by the biliary excretion of copper. Wilson’s dis-
ease is an inherited disorder in which defective biliary excretion
of copper leads to its accumulation, particularly in liver and brain
[1,2]. Wilson’s disease is due to mutations of the ATP7B gene on
chromosome 13 [3,4], which encodes a copper-transporting
P-type ATPase (ATP7B) residing in the trans-Golgi network of
hepatocytes. ATP7B is responsible for transporting copper from
intracellular chaperone proteins into the secretory pathway, both
for excretion into bile and for incorporation into apo-ceruloplas-
min for the synthesis of functional ceruloplasmin [3,4]. The
development of Wilson’s disease is due to the accumulation of
copper in affected tissues.

Clinical presentation can vary widely, but the key features of
Wilson’s disease are liver disease and cirrhosis, neuropsychiatric
disturbances, Kayser–Fleischer rings in Desçemet’s membrane of
the cornea, and acute episodes of hemolysis often in association

with acute liver failure. Wilson’s disease is not just a disease of
children and young adults, but may present at any age [5].

Wilson’s disease is a genetic disorder that is found worldwide.
Wilson’s disease is recognized to be more common than previ-
ously thought, with a gene frequency of 1 in 90–150 and an inci-
dence (based on adults presenting with neurologic symptoms
[6]) that may be as high as 1 in 30,000 [7]. More than 500 distinct
mutations have been described in the Wilson gene, from which
380 have a confirmed role in the pathogenesis of the disease [8].

Clinical presentation

The most common presentations are with liver disease or neuro-
psychiatric disturbances. Asymptomatic patients are most often
detected by family screening.

Age at onset of symptoms

Wilson’s disease may present symptomatically at any age,
although the majority presents between ages 5 and 35. The youn-
gest patient reported with cirrhosis due to Wilson’s disease was
3-years-old [9]. About 3% of patients present beyond the fourth
decade, either with hepatic or neurologic disease [5]. The oldest
patients diagnosed were in their eighth decade [10,11].

Physical signs

The clinical hallmark of Wilson’s disease is the Kayser–Fleischer
ring, which is present in 95% of patients with neurologic
symptoms and somewhat over half of those without neurologic
symptoms [12,13]. In children presenting with liver disease,
Kayser–Fleischer rings are usually absent [14]. Kayser–Fleischer
rings are caused by deposition of copper in Desçemet’s mem-
brane of the cornea. A slit-lamp examination by an experienced
observer is required to identify Kayser–Fleischer rings. They are
not entirely specific for Wilson’s disease, 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 are caused by deposits of
copper in the center of the lens. They can also be found by slit-
lamp examination [15].

Neurologic signs are variable, most often tremor, ataxia, and
dystonia. Signs of liver disease are nonspecific, but any liver
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