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Abstract
The aim of this paper is to review the current status 
of liver transplantation (LT) for Wilson disease (WD), 
focusing on indications and controversies, especially in 
patients with neuropsychiatric disease, and on identifi-
cation of acute liver failure (ALF) cases related to WD. 
LT remains the treatment of choice for patients with 
ALF, as initial presentation of WD or when anti-copper 
agents are stopped, and for patients with chronic liver 
disease progressed to cirrhosis, unresponsive to che-
lating medications or not timely treated with copper 
chelating agents. The indication for LT in WD remains 
highly debated in patients with progressive neurologi-
cal deterioration and failure to improve with appro-
priate medical treatment. In case of Wilsonian ALF, 
early identification is key as mortality is 100% without 
emergency LT. As many of the copper metabolism pa-
rameters are believed to be less reliable in ALF, simple 
biochemical tests have been proposed for diagnosis of 
acute WD with good sensitivity and specificity. LT cor-
rects copper metabolism and complications resulting 
from WD with excellent 1 and 5 year survival. Living 
related liver transplantation represents an alternative 
to deceased donor LT with excellent long-term sur-
vival, without disease recurrence. Future options may 

include hepatocyte transplantation and gene therapy. 
Although both of these have shown promising results 
in animal models of WD, prospective human studies 
are much needed to demonstrate their long-term ben-
eficial effects and their potential to replace the need 
for medical therapy and LT in patients with WD.
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INTRODUCTION
Over recent years, a burgeoning literature has attempted 
to describe indications and outcome of  liver transplanta-
tion (LT) for Wilson disease (WD), a rare autosomal re-
cessive disorder of  copper metabolism with a prevalence 
of  1 in 30 000 in the general population. WD is an indi-
cation for LT in cases of  acute liver failure or end stage 
liver disease when medical treatment options fail. LT will 
correct the underlying hepatic metabolic defect of  WD, 
represented by impaired biliary copper excretion.

More than 300 mutations in the ATP7B gene, a gene 
that encodes a metal-transporting P-type adenosine tri-
phosphatase, have been described in literature. These 
mutations can impair the protein function, leading to de-
creased hepatocellular excretion of  copper into bile with 
its consequent accumulation in the liver and through the 
systemic circulation in the brain, cornea, heart, bones 
and kidney. The clinical manifestations are therefore het-
erogeneous, the most common being hepatic or neuro-
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psychiatric signs and symptoms, for which the utility of  
LT is both poorly characterized and controversial. This 
review addresses the indications for and the controver-
sies associated with LT for WD with a particular focus 
on the short and long term outcomes in terms of  sur-
vival and clinical presentation. The authors also provide 
a future perspective on hepatocyte transplantation.

EPIDEMIOLOGY
Since the first successful LT in 1971[1], more than 500 
transplants have been performed in the United States to 
date for WD, which is the primary indication for LT in 
0.5% and 1.5 % of  adults and children respectively[2]. 

These percentages are significantly lower than those 
initially reported by Gitlin[3] in 2003, who estimated that 
WD accounts for 5%-8% of  all indications for LT. WD 
is a rare disease that can be medically managed, some 
cases are misdiagnosed as acute liver failure (ALF) or 
chronic liver disease (CLD) of  unknown etiology and 
some of  the WD patients die before being listed or while 
waiting for LT. All these factors could explain the rela-
tively small number of  LTs performed recently for WD. 
Due to lack of  consensus regarding the indication for LT 
in patients with severe neurological deficits, a selection is 
usually done in most transplant centers according to the 
severity of  the neurological manifestations[2]. The num-
ber of  LTs for WD with neurological disease remains 
unknown, as there is no information in the United Net-
work of  Organ Sharing (UNOS) database regarding the 
neurological status of  the recipients, other than encepha-
lopathy. There are currently more than 16 000 patients 
waiting for LT in United States according to UNOS and 
1.4% of  the current listed adult patients are listed for 
“metabolic disease”. The percentage of  patients with 
WD waiting for LT remains unpublished. In children, 
metabolic liver diseases are the second indication for LT 
after biliary atresia. Fifteen percent of  children enrolled 
in the studies in the pediatric liver transplantation (SPLIT) 
registry underwent LT for metabolic diseases[4] and 7.6% 
for WD. However, it should be noted that the enroll-
ment in SPLIT was voluntary and therefore potentially 
biased.

Most patients with WD become symptomatic be-
tween the first and the fourth decade of  life[5], although 
the age at presentation can vary from two[6] to seventy 
years old[7]. The average age at transplant is 15 years old 
(range 4-18 years) in children with WD and 30 years old 
(range 19-68 years) in adults[2,8].

The early onset (before 10 years old) is associated 
with more hepatic (83%) than neuro-psychiatric dis-
orders (17%), compared with late age of  onset when 
neuro-psychiatric symptoms are present in about 74% 
of  cases compared with 24% cases with only liver mani-
festations[9,10]. The type of  mutation may explain these 
findings, with missense mutation being associated with 
predominantly neurological and later presentation, while 
a deletion of  the gene is associated with predominantly 

hepatic and earlier presentation[9,10]. A female predomi-
nance in the WD induced ALF has been described in the 
literature[2,11] with 78% and 64% of  cases being females 
in children and adults, respectively[2]. The explanation for 
this remarkable finding remains unknown; however, data 
from an animal model of  WD suggest that hormonal 
factors influence the development of  early liver failure. 
The ovariectomy of  female LEC rats delays the onset of  
liver failure[12].

INDICATIONS FOR LIVER TRANSPLANT
There are two main indications for LT in WD. The first 
is ALF that may be the initial presentation of  WD or 
can occur when anti-copper agents are stopped. The 
second is CLD progressed to cirrhosis and portal hyper-
tension and unresponsive to chelating medications, or 
is not timely treated with copper chelating agents. The 
indication for LT in WD is widely debated in patients 
with progressive neurological deterioration and failure to 
improve with correct medical treatment.

DIAGNOSIS OF WD IN CASES OF ACUTE 
LIVER FAILURE
Five percent of  all WD patients present with ALF and 
they account for 4%-6% of  all LTs performed in United 
States for ALF[13]. In these cases, early identification is 
key as mortality is 100% without emergency LT. The 
diagnosis of  WD is based on a broad combination of  
laboratory tests and clinical features including: 24 h urine 
copper, hepatic copper concentration, ceruloplasmin, 
presence of  ATP7B gene mutation, Kayser- Fleisher 
ring, neurological symptoms or brain magnetic resnane 
iamge findings and presence of  hemolytic anemia. The 
diagnosis of  WD in ALF is more difficult as many of  
the copper metabolism parameters, including serum 
and urinary copper and reduced serum ceruloplasmin, 
are believed to be less reliable and specific[14,15], whereas 
Kayser-Fleisher rings are only detectable in 50% of  the 
cases[16] and many tests for copper metabolism param-
eters are not always available. Ceruloplasmin levels were 
reported to not be helpful with five cases of  idiopathic 
liver failure[14]. Due to the difficulty in reaching the diag-
nosis of  WD in the setting of  ALF, there has been con-
siderable interest in identifying simple biochemical tests 
for diagnosis. In 1991, Berman was the first to describe, 
in six patients, that the ratio of  alkaline phosphatase to 
total serum bilirubin lower than 2 and aspartate ami-
notransferase (AST) to alanine aminotransferase (ALT) 
greater than 4 provided high sensitivity and specificity 
for fulminant WD[17]. A recent study done by Korman 
et al[18] in a cohort of  16 patients with ALF due to WD 
showed that a combined ratio of  alkaline phosphatase 
to total serum bilirubin lower than 2 and AST to ALT 
greater than 2.2 had a sensitivity and specificity of  100% 
for fulminant WD. It is important to note that all the pa-
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tients in this cohort had a very high model for end-stage 
liver disease (MELD) score and it is still unclear whether 
these screening tests apply in the early stages of  clinical 
course of  ALF secondary to WD. A prior study done by 
Eisenbach et al[19] found the ratio of  alkaline phosphatase 
to serum bilirubin or AST to ALT to be unhelpful in a 
series of  seven adults with a mean MELD score of  28. 
Furthermore, this ratio is not always helpful in children, 
likely because of  the effect of  bone-derived alkaline 
phosphatase. Small studies failed to confirm these corre-
lations in the pediatric population[20-23]. Koppikar et al[24] 
showed that the Wilson Index, a score composed of  bili-
rubin, international normalized ratio, AST, white blood 
cell and albumin, is helpful in identifying children with 
Wilsonian ALF in whom LT is indicated. All children 
with a score higher than 11 died without transplantation, 
whereas all those with a score less than 11 survived, the 
method having a 93% sensitivity and 98% specificity.

BRIDGE TO LIVER TRANSPLANT
Supportive measures for ALF due to WD which may 
help bridge patients to transplantation have been pro-
posed over the years: exchange transfusion, plasmapher-
esis, the molecular adsorbent recycling system (MARS), 
fractionated plasma separation and absorption (FPSA), 
albumin dialysis and early institution of  renal replace-
ment therapy[25,26]. All these treatments are thought to 
lower circulating copper levels, to reduce hemolysis and 
secondary organ damage due to copper complexes ac-
cumulation. As reported by Jhang et al[27] and Asfaha et 
al[28], plasmapheresis is an effective method to reduce 
circulating copper and improve hemolysis and renal in-
jury. MARS has been associated with improved renal and 
liver function, improved encephalopathy and short term 
survival[29,30] and used successfully in patients with ALF, 
allowing the removal of  copper in the urine through 
chelation with penicillamine[31]. Sen et al[25] reported two 
patients successfully treated and bridged to transplant 
with MARS.

Although it has been shown that bio-artificial liver 
devices may improve encephalopathy and have consid-
erable effects on acute or chronic liver failure, such as 
reduction of  bilirubin, albumin-bound toxins or cardio-
vascular stabilization[32,33], a large randomized multicenter 
trial failed to show increased survival in these patients[34]. 
Unfortunately, the lack of  information in UNOS da-
tabase regarding the use of  these modalities before LT 
prevents larger clinical trials. It is still believed that the 
use of  aggressive plasmapheresis, FPSA or MARS to 
support patients with ALF related to WD waiting for 
transplant may improve future outcomes.

INDICATION FOR LIVER TRANSPLANT IN 
NEUROLOGICAL WD
Most of  the data on LT for neurological WD come from 

case reports or case series describing patients who re-
ceived LT because of  liver function deterioration. The 
decision to perform LT was based on deteriorating 
neurological status, despite stable liver function only in 
a few cases[35,36]. Whether transplantation is indicated 
for progressive neurological disease due to WD without 
liver failure is highly debatable. LT reverses neurological 
deterioration in many WD patients; approximately 78% 
of  patients improve or stabilize[37], as observed by Strac-
ciari in a study that included 41 neurologically affected 
patients, while the remaining did not present any change 
in their neurological status[38]. Eghtesad et al[22] described 
total or partial neurological improvement in 10 of  17 
patients (58.8%), advocating the benefit and importance 
of  performing transplantation before neurological im-
pairment becomes irreversible. Wang et al[39] showed neu-
rological improvements in 8 of  9 patients (88.9%) who 
received living-related liver transplant (LRLT) for neu-
rological complications. Marin et al[40] reported four pa-
tients with compensated cirrhosis and progressive neu-
rological deterioration who underwent LT for WD. One 
of  four died due to post LT infections while the other 
three experienced neurological improvement. To further 
the debate, Bax et al[36] reported the case of  a 15 year old 
without significant liver disease, bedridden with severe 
incapacitating dysarthria despite maximal medical ther-
apy, who returned almost to normal after LT. Geissler 
et al[41] reported that two of  the six WD patients with 
mixed hepatic and neurological symptoms fully recov-
ered after LT. He suggested that in such cases, an early 
decision for LT is justified because neurological deficits 
may become irreversible. However, the hypothesis that 
better results could be obtained in patients undergo-
ing LT early after the onset of  neurological symptoms 
has not been confirmed[37]. According to Cheng, the 
outcome was favorable in two patients in whom LRLT 
was performed because of  severely disabling neurologi-
cal symptoms. This finding substantiated the opinion 
of  Mason et al[35] who suggested that, even though their 
patient died, LT should be considered for patients with 
severe, progressive neurological impairments. However, 
few data are available on the outcome of  cognitive per-
formance, long-term survival or predictors of  outcome. 
These findings are in contrast with experience reported 
by Medici et al[20]. According to their retrospective multi-
center Italian study in 2005 in 37 patients with WD who 
underwent LT, the combination of  neuropsychiatric 
and hepatic symptoms was the only factor influenc-
ing survival after LT[20], with neuropsychiatric patients 
showing a significantly lower survival rate than the other 
WD patients. Patients with liver disease alone and those 
with both hepatic and neuropsychiatric conditions had a 
mean survival of  135 mo (range 118-152 mo) and 79 mo 
(range 46-113 mo), respectively (P = 0.04). The presence 
of  neuropsychiatric symptoms was a negative prognostic 
factor, even with improvement or complete resolution 
of  the neurological symptoms. According to Wang et al[42] 
who analyzed post transplant data (LRLT) in 15 patients 
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with mixed hepatic and mild or moderate neurological 
involvement, the survival of  these patients was slightly 
lower than that of  those without neurological involve-
ment, but this decrease was not statistically significant. 
Among patients with severe neurological involvement, 
the survival decreased markedly compared with that of  
patients without neurological symptoms. These results 
are consistent with the prior reports from Medici et al[20], 
Ala et al[11] and Roberts et al[43], which advocated that pa-
tients with long standing neurological impairment from 
WD are unlikely to recover after LT transplantation, 
contraindicating transplant in such cases. Combined he-
patic and neurological disease must be carefully assessed 
to determine the severity of  neuropsychiatric disease. 
Some experts consider isolated neuropsychiatric symp-
toms a contraindication for LT because these patients 
may improve with medical therapy whereas many may 
worsen from post transplant care and they argue that the 
patients should not be exposed to the risk of  LT when 
this may not improve symptoms.

POST LIVER TRANSPLANT SURVIVAL
Several reports show excellent post LT survival both at 
one year and long-term in most WD patients, with some 
differences depending on clinical presentation, ALF or 
CLD, age at transplant, the ‘‘era’’ at transplant and the 
center’s experience.

Medical urgency reflected by the UNOS status (pre 
transplant intensive care unit-bound) and the severity of  
the underlying liver disease reflected by a MELD score 
above 20 are predictors of  pre- transplantation mortal-
ity[44] and also independent factors predictive of  patient 
post-transplantation survival[45]. In 2002, Schilsky re-
ported 85% 1 year survival of  all WD patients undergo-
ing LT[46]. In a larger study, Arnon et al[2] reported higher 
1 and 5 year survival rates for children and adults with 
WD for both graft and patient, regardless of  the clinical 
presentation. There was a slightly higher survival for pa-
tient and graft in CLD compared with ALF presentation 
but the difference was not statistically significant. The 
overall 1 and 5 year patient and graft survival rates after 
transplantation for CLD in children were 100%, higher 
compared with transplantation for ALF which showed 
a 90% 1 year patient survival and 87.5% 5 year patient 
survival, compared with 87% 1 year graft survival and 
82.5% 5 year graft survival. Similarly, the overall 1 and 5 
year patient survival rates after transplantation for CLD 
in adults were 94.7% and 90.1%. One year graft survival 
was 89.5% compared with 85.5% at 5 years. The overall 
1 and 5 year patient survival rates after transplantation for 
ALF were 90.3% compared with 89.7%. The graft sur-
vival rates were 87.1% at 1 year and 86.2% at 5 years[2]. 
The good outcome of  these patients can be attributed 
to the relatively young age at transplant, low rate of  co-
morbidities, lack of  disease recurrence and low rate of  
hepatocellular carcinoma.

Data from the SPLIT registry between December 
1995 and June 2008 shows the same results with excel-

lent 1 and 5 year patient survival of  96% and 91.4%, 
respectively and 96% and 91.4% for graft survival. 
Children who underwent LT for metabolic disease had 
similarly excellent patient survival as, and better graft 
survival than, those who received a liver allograft for 
other indications[4].

However none of  these studies looked at the sub-
group of  patients with mixed hepatic and neuropsychi-
atric disease. In the study published by Medici at al[20] in 
2005, the overall patient survival rates at 3, 6 and 12 mo 
and at 3, 5 and 10 years after transplantation were similar 
to other publications.

LRLT AND AUXILIARY PARTIAL 
ORTHOTOPIC LIVER TRANSPLANT
As the scarcity of  organs is a worldwide problem, LRLT 
represents an alternative to deceased donor LT. This is 
important especially in pediatric patients and in some 
countries where cadaveric transplantation is not allowed. 
Heterozygosity for the WD gene mutation is associated 
with abnormal serum copper and ceruloplasmin levels 
in 28%-35% of  subjects[47]. Despite some unresolved 
problems with respect to screening for heterozygotes 
status and the risk of  abnormal copper metabolism after 
transplantation, the use of  a living related donor hetero-
zygote for WD has been proven safe and there are mul-
tiple reports in literature showing improvement in copper 
metabolism without evidence of  recurrence of  WD after 
long-term follow-up[39,48]. Cheng showed an excellent 
patient survival at 1 and 5 years after LRLT: 91.7% and 
75%, as well as graft survival 86.1% and 75%, respec-
tively[45]. Similarly Yoshitoshi showed 1, 5, 10 year cu-
mulative patient survival rates of  90.6%, 83.7%, 80%[49]. 
These results are compatible with the outcomes reported 
for deceased donor LT.

Auxiliary partial liver transplant has been performed 
with success, showing normalization of  serum cerulo-
plasmin and liver tests, as well as improvement in neuro-
logical status[50]. However, according to Kasahara experi-
ence with auxiliary partial orthotopic liver transplant, pa-
tients had worse survival than those with classical LDLT, 
mainly due to post-transplant surgical complications, the 
most common being biliary strictures and graft failure 
due to stealing syndrome[51]. Another drawback of  this 
technique as an indication for LT for CLD is the poten-
tial risk of  carcinogenesis of  the remnant native liver[50].

POST LIVER TRANSPLANT COPPER 
METABOLISM
Copper metabolism normalizes quickly after transplant. 
Copper overload slowly resolves in extrahepatic organs 
but it is still unclear whether de-coppering after LRLT 
from heterozygote donors is slower than de-coppering 
after cadaveric transplantation from non-related donors. 
Normalization of  serum ceruloplasmin is usually seen 
in the first month post LT. Most patients have marked 
reduction in urinary copper excretion with normalization 
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between 6 to 9 mo after transplant and complete resolu-
tion of  K-F rings is seen in more than 60% of  cases with 
partial resolution in all of  the post transplant patients[45,52].

FUTURE: LIVER CELL TRANSPLANTATION 
AND GENE THERAPY
Both approaches are potential exciting future treatments 
for WD and could offer cures for this disorder since 
current medical therapy is a lifelong commitment and 
patients often suffer from noncompliance-related com-
plications. At present, only data from preclinical studies 
on animal models of  WD are available. In the light of  
donor organ shortage, cell transplantation is emerging 
as an exciting alternative for whole liver transplantation 
with many advantages: it is less invasive, requires fewer 
organs and can be repeated several times if  needed. But 
this leads to the question of  the type and source of  cells 
to be used. If  human primary hepatocytes are not a re-
alistic option due to the shortage of  organ donors and 
inability to survive, expand and proliferate in vitro for 
prolonged periods of  time, xenogenic hepatocytes can-
not completely replace the synthesis of  human plasma 
proteins and they are problematic from an immunologi-
cal point of  view. Hepatoma cell lines provide an endless 
support but often lack important metabolic and synthet-
ic properties due to genetic alterations. Fetal hepatocytes 
and stem cells remain interesting candidates to establish 
hepatocyte-related cell lines[53,54]. Gene therapy for WD 
would be based on transfection of  hepatocyte cells with 
normal ATP7B gene. Researchers in this field are cur-
rently seeking vectors that can transduce non-replicating 
cells, with long-term expression and proper cellular lo-
calization of  ATP7B. The difficulties they are currently 
facing are transient expression of  the transgene and low 
transfection efficiency, with need of  repeat transfection 
due to inadequate cell numbers[55]. In most animal stud-
ies, cell proliferation was enhanced by preconditioning 
the host liver and nearly total repopulation with trans-
planted cells was achieved[56], but the methods used for 
preconditioning can hardly be translated to humans. 
Since the first use of  LCT in human patients in 1992[52], 
less than 100 patients have been transplanted, mainly for 
inborn error or metabolism such as urea cycle disorder, 
Crigler-Naijar Syndrome or glycogen storage disease. 
LCT effect was transient in all studies with the longest 
duration of  beneficial effects of  36 mo, reported in a 47 
year old woman with glycogen storage disease[57], while 
the mean duration of  positive effects in other cases was 
less than 10 mo. In most of  the reported cases, LCT was 
used as a bridging method to LT. The small number of  
human studies with LCT is due to the technical difficul-
ties that need to be overcome, including identifying the 
ideal cell line that can survive, expand and proliferate 
in vitro, develop safe techniques for expansion of  cells 
in vitro and finding the ideal route of  administration as 
portal vein administration is not realistic in patients with 
cirrhosis due to reversal of  flow. Furthermore, LCT may 
require cells from multiple donors, lifelong immunosup-

pression and may need to be repeated if  adequate cell 
survival or repopulation is not achieved. Prospective hu-
man studies are much needed to demonstrate the benefit 
of  both these techniques, with the goal of  achieving 
metabolic correction and replacing the need for medical 
therapy and LT in patients with WD. 

REFERENCES
1	 DuBois RS, Rodgerson DO, Martineau G, Shroter G, Giles 

G, Lilly J, Halgrimson CG, Starzl TE, Sternlieb I, Scheinberg 
IH. Orthotopic liver transplantation for Wilson’s disease. 
Lancet 1971; 1: 505-508

2	 Arnon R, Annunziato R, Schilsky M, Miloh T, Willis A, 
Sturdevant M, Sakworawich A, Suchy F, Kerkar N. Liver trans-
plantation for children with Wilson disease: comparison of 
outcomes between children and adults. Clin Transplant 2011; 
25: E52-60

3	 Gitlin JD. Wilson disease. Gastroenterology 2003; 125: 1868-1877 
4	 Arnon R, Kerkar N, Davis MK, Anand R, Yin W, Gonzalez‐

Peralta RP. Liver transplantation in children with metabolic 
diseases: the studies of pediatric liver transplantation expe-
rience. Pediatr Transplant 2010; 14: 796‐805 

5	 Schoen RE, Sternlieb I. Clinical aspects of Wilson’s disease. 
Am J Gastroenterol 1990; 85: 1453-1457

6	 Beyersdorff A, Findeisen A. Morbus Wilson: Case report of 
a two-year-old child as first manifestation. Scand J Gastroen-
terol 2006; 41: 496-497

7	 Ala A, Borjigin J, Rochwarger A, Schilsky M. Wilson disease 
in septuagenarian siblings: Raising the bar for diagnosis. 
Hepatology 2005; 41: 668-670

8	 Martin AP, Bartels M, Redlich J, Hauss J, Fangmann J. A 
single-center experience with liver transplantation for Wil-
son’s disease. Clin Transplant 2008; 22: 216-221 

9	 Walshe JM. Cause of death in Wilson disease. Mov Disord 
2007; 22: 2216-2220 

10	 Scheinberg IH, Sternlieb I. Wilson disease and idiopathic 
copper toxicosis. Am J Clin Nutr 1996; 63: 842S-845S  

11	 Ala A, Walker AP, Ashkan K, Dooley JS, Schilsky ML. Wil-
son’s disease. Lancet 2007; 369: 397‐408 

12	 Kasai N, Miyoshi I, Osanai T, Yamashita T, Kamimura E, 
Yoshida MC. Effects of sex hormones on fulminant hepatitis 
in LEC rats: a model of Wilson’s disease. Lab Anim Sci 1992; 
42: 363-368 

13	 Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern 
TJ, Han SH, McCashland TM, Shakil AO, Hay JE, Hynan L, 
Crippin JS, Blei AT, Samuel G, Reisch J, Lee WM. Results of a 
prospective study of acute liver failure at 17 tertiary care cen-
ters in the United States. Ann Intern Med 2002; 137: 947-954 

14	 McCullough AJ, Fleming CR, Thistle JL, Baldus WP, Lud-
wig J, McCall JT, Dickson ER. Diagnosis of Wilson’s disease 
presenting as fulminant hepatic failure. Gastroenterology 
1983; 84: 161-167

15	 Schilsky ML, Sternlieb I. Overcoming obstacles to the diag-
nosis of Wilson’s disease. Gastroenterology 1997; 113: 350-353  

16	 Roberts EA, Schilsky ML. Diagnosis and treatment of Wil-
son disease: an update. Hepatology 2008; 47: 2089-2111  

17	 Berman DH, Leventhal RI, Gavaler JS, Cadoff EM, Van 
Thiel DH. Clinical differentiation of fulminant Wilsonian 
hepatitis from other causes of hepatic failure. Gastroenterol-
ogy 1991; 100: 1129-1134

18	 Korman JD, Volenberg I, Balko J, Webster J, Schiodt FV, 
Squires RH, Fontana RJ, Lee WM, Schilsky ML. Screening 
for Wilson disease in acute liver failure: a comparison of 
currently available diagnostic tests. Hepatology 2008; 48: 
1167-1174 

19	 Eisenbach C, Sieg O, Stremmel W, Encke J, Merle U. Diag-
nostic criteria for acute liver failure due to Wilson disease. 
World J Gastroenterol 2007; 13: 1711-1714  

20	 Medici V, Mirante VG, Fassati LR, Pompili M, Forti D, Del 

9 January 27, 2012|Volume 4|Issue 1|WJH|www.wjgnet.com

Catana AM et al . Liver transplantation for Wilson disease



Gaudio M, Trevisan CP, Cillo U, Sturniolo GC, Fagiuoli S. 
Liver transplantation for Wilson’s disease: The burden of 
neurological and psychiatric disorders. Liver Transpl 2005; 
11: 1056-1063  

21	 Sallie R, Katsiyiannakis L, Baldwin D, Davies S, O’Grady 
J, Mowat A, Mieli-Vergani G, Williams R. Failure of simple 
biochemical indexes to reliably differentiate fulminant Wil-
son’s disease from other causes of fulminant liver failure. 
Hepatology 1992; 16: 1206-1211 

22	 Eghtesad B, Nezakatgoo N, Geraci LC, Jabbour N, Irish 
WD, Marsh W, Fung JJ, Rakela J. Liver transplantation for 
Wilson’s disease: a single-center experience. Liver Transpl 
Surg 1999; 5: 467-474

23	 Tissières P, Chevret L, Debray D, Devictor D. Fulminant 
Wilson’s disease in children: appraisal of a critical diagno-
sis. Pediatr Crit Care Med 2003; 4: 338-343  

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

25	 Sen S, Felldin M, Steiner C, Larsson B, Gillett GT, Olausson 
M, Williams R, Jalan R. Albumin dialysis and Molecular 
Adsorbents Recirculating System (MARS) for acute Wilson’
s disease. Liver Transpl 2002; 8: 962-967

26	 Collins KL, Roberts EA, Adeli K, Bohn D, Harvey EA. 
Single pass albumin dialysis (SPAD) in fulminant Wilso-
nian liver failure: a case report. Pediatr Nephrol 2008; 23: 
1013-1016  

27	 Jhang JS, Schilsky ML, Lefkowitch JH, Schwartz J. Thera-
peutic plasmapheresis as a bridge to liver transplantation in 
fulminant Wilson disease. J Clin Apher 2007; 22: 10-14 

28	 Asfaha S, Almansori M, Qarni U, Gutfreund KS. Plasma-
pheresis for hemolytic crisis and impending acute liver fail-
ure in Wilson disease. J Clin Apher 2007; 22: 295-298 

29	 Mitzner SR, Stange J, Klammt S, Risler T, Erley CM, Bader 
BD, Berger ED, Lauchart W, Peszynski P, Freytag J, Hick-
stein H, Loock J, Löhr JM, Liebe S, Emmrich J, Korten G, 
Schmidt R. Improvement of hepatorenal syndrome with 
extracorporeal albumin dialysis MARS: results of a prospec-
tive, randomized, controlled clinical trial. Liver Transpl 2000; 
6: 277-286 

30	 Sen S, Mookerjee RP, Davies NA, Williams R, Jalan R. Re-
view article: the molecular adsorbents recirculating system 
(MARS) in liver failure. Aliment Pharmacol Ther 2002; 16 
Suppl 5: 32-38

31	 Manz T, Ochs A, Bisse E, Strey C, Grotz W. Liver support--a 
task for nephrologists? Extracorporeal treatment of a patient 
with fulminant Wilson crisis. Blood Purif 2003; 21: 232-236  

32	 Saliba F. The Molecular Adsorbent Recirculating System 
(MARS) in the intensive care unit: a rescue therapy for pa-
tients with hepatic failure. Crit Care 2006; 10: 118 

33	 Rifai K, Manns MP. Review article: clinical experience with 
Prometheus. Ther Apher Dial 2006; 10: 132-137 

34	 Demetriou AA, Brown RS, Busuttil RW, Fair J, McGuire 
BM, Rosenthal P, Am Esch JS, Lerut J, Nyberg SL, Salizzoni 
M, Fagan EA, de Hemptinne B, Broelsch CE, Muraca M, 
Salmeron JM, Rabkin JM, Metselaar HJ, Pratt D, De La Mata 
M, McChesney LP, Everson GT, Lavin PT, Stevens AC, Pit-
kin Z, Solomon BA. Prospective, randomized, multicenter, 
controlled trial of a bioartificial liver in treating acute liver 
failure. Ann Surg 2004; 239: 660-667; discussion 667-670 

35	 Mason AL, Marsh W, Alpers DH. Intractable neurological 
Wilson’s disease treated with orthotopic liver transplanta-
tion. Dig Dis Sci 1993; 38: 1746-1750 

36	 Bax RT, Hässler A, Luck W, Hefter H, Krägeloh-Mann I, 
Neuhaus P, Emmrich P. Cerebral manifestation of Wilson’s 
disease successfully treated with liver transplantation. Neu-
rology 1998; 51: 863-865  

37	 Stracciari A, Tempestini A, Borghi A, Guarino M. Effect of 
liver transplantation on neurological manifestations in Wil-
son disease. Arch Neurol 2000; 57: 384-386 

38	 Kassam N, Witt N, Kneteman N, Bain VG. Liver transplan-
tation for neuropsychiatric Wilson disease. Can J Gastroen-

terol 1998; 12: 65-68 
39	 Wang XH, Cheng F, Zhang F, Li XC, Kong LB, Li GQ, Li J, 

Qian XF. Living-related liver transplantation for Wilson’s 
disease. Transpl Int 2005; 18: 651-656 

40	 Marin C, Robles R, Parrilla G, Ramírez P, Bueno FS, Parrilla 
P. Liver transplantation in Wilson’s disease: are its indica-
tions established? Transplant Proc 2007; 39: 2300-2301

41	 Geissler I, Heinemann K, Rohm S, Hauss J, Lamesch P. 
Liver transplantation for hepatic and neurological Wilson’s 
disease. Transplant Proc 2003; 35: 1445-1446 

42	 Wang XH, Zhang F, Li XC, Cheng F, Li J, Li GQ, Huang J. 
Eighteen living related liver transplants for Wilson's dis-
ease: a single-center. Transplant Proc 2004; 36: 2243-2245 

43	 Roberts EA, Schilsky ML. A practice guideline on Wilson 
disease. Hepatology 2003; 37: 1475-1492 

44	 Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Ther-
neau TM, Kosberg CL, D’Amico G, Dickson ER, Kim WR. 
A model to predict survival in patients with end-stage liver 
disease. Hepatology 2001; 33: 464-470 

45	 Cheng F, Li GQ, Zhang F, Li XC, Sun BC, Kong LB, Pu LY, 
Wang K, Qian XF, You W, Wang XH. Outcomes of living-
related liver transplantation for Wilson’s disease: a single-
center experience in China. Transplantation 2009; 87: 751-757  

46	 Schilsky ML. Diagnosis and treatment of Wilson’s disease. 
Pediatr Transplant 2002; 6: 15-19 

47	 Okada T, Shiono Y, Hayashi H, Satoh H, Sawada T, Suzuki 
A, Takeda Y, Yano M, Michitaka K, Onji M, Mabuchi H. 
Mutational analysis of ATP7B and genotype-phenotype cor-
relation in Japanese with Wilson’s disease. Hum Mutat 2000; 
15: 454-462 

48	 Takeyama Y, Yokoyama K, Takata K, Tanaka T, Sakurai K, Mat-
sumoto T, Iwashita H, Ueda S, Hirano G, Hanano T, Nakane 
H, Morihara D, Nishizawa S,Yoshikane M, Anan A, Kakumitsu 
S, Kitamura Y, Sakamoto M, Irie M, Iwata K, Shakado S, Sohda 
T, Watanabe H, Hirose S, Hayashi H, Noritomi T, Yamashita Y, 
Sakisaka S. Clinical features of Wilson disease: Analysis of 
10 cases. Hepatol Res 2010; 40: 1204‐1211

49	 Yoshitoshi EY, Takada Y, Oike F, Sakamoto S, Ogawa 
K, Kanazawa H, Ogura Y, Okamoto S, Haga H, Ueda M, 
Egawa H, Kasahara M, Tanaka K, Uemoto S. Long-term 
outcomes for 32 cases of Wilson’s disease after living-donor 
liver transplantation. Transplantation 2009; 87: 261-267  

50	 Park YK, Kim BW, Wang HJ, Kim MW. Auxiliary partial 
orthotopic living donor liver transplantation in a patient 
with Wilson’s disease: a case report. Transplant Proc 2008; 
40: 3808-3809 

51	 Kasahara M, Takada Y, Egawa H, Fujimoto Y, Ogura Y, 
Ogawa K, Kozaki K, Haga H, Ueda M, Tanaka K. Auxiliary 
partial orthotopic living donor liver transplantation: Kyoto 
University experience. Am J Transplant 2005; 5: 558-565  

52	 Mito M, Kusano M, Kawaura Y. Hepatocyte transplantation 
in man. Transplant Proc 1992; 24: 3052-3053 

53	 Wege H, Le HT, Chui MS, Liu L, Wu J, Giri R, Malhi H, 
Sappal BS, Kumaran V, Gupta S, Zern MA. Telomerase re-
constitution immortalizes human fetal hepatocytes without 
disrupting their differentiation potential. Gastroenterology 
2003; 124: 432-444 

54	 Shirahashi H, Wu J, Yamamoto N, Catana A, Wege H, 
Wager B, Okita K, Zern MA. Differentiation of human and 
mouse embryonic stem cells along a hepatocyte lineage. Cell 
Transplant 2004; 13: 197-211 

55	 Schilsky ML. Wilson disease: current status and the future. 
Biochimie 2009; 91: 1278-1281 

56	 Grompe M. Therapeutic liver repopulation for the treat-
ment of metabolic liver diseases. Hum Cell 1999; 12: 171-180  

57	 Muraca M, Gerunda G, Neri D, Vilei MT, Granato A, Fel-
tracco P, Meroni M, Giron G, Burlina AB. Hepatocyte trans-
plantation as a treatment for glycogen storage disease type 
1a. Lancet 2002; 359: 317-318 

S- Editor  Wu X    L- Editor  Roemmele A    E- Editor  Li JY

10 January 27, 2012|Volume 4|Issue 1|WJH|www.wjgnet.com

Catana AM et al . Liver transplantation for Wilson disease


