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Abstract
AIM: To describe the diagnostic criteria for acute 
liver failure due to Wilson disease (WD), which is an 
uncommon cause of acute liver failure (ALF).

METHODS: We compared f ind ings o f pat ients 
presenting with ALF due to WD to those with ALF of 
other etiologies.

RESULTS: Previously described criteria, such as low 
alkaline phosphatase activity, ratio of low alkaline 
phosphatase to total bilirubin or ratio of high aspartate 
aminotransferase (AST) to alanine aminotransferase 
(ALT), failed to identify patients with ALF due to WD. 
There were significant differences in low ALT and AST 
activities (53 ± 43 vs  1982 ± 938, P  < 0.0001 and 87 ± 
44 vs  2756 ± 2941, P  = 0.037, respectively), low choline 
esterase activity (1.79 ± 1.2 vs  4.30 ± 1.2, P  = 0.009), 
high urine copper concentrations (93.4 ± 144.0 vs  3.5 
± 1.8, P  = 0.001) and low hemoglobin (7.0 ± 2.2 vs  
12.6 ± 1.8, P  < 0.0001) in patients with ALF caused by 
WD as compared with other etiologies. Interestingly, 4 
of 7 patients with ALF due to WD survived without liver 
transplantation.

CONCLUSION: In ALF, these cr i ter ia can he lp 
establish a diagnosis of WD. Where applicable, slit-
lamp examination for presence of Kayser-Fleischer rings 
and liver biopsy for determination of hepatic copper 
concentration still remain important for the diagnosis of 
ALF due to WD. The need for liver transplantation should 
be evaluated carefully as the prognosis is not necessarily 
fatal.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Wilson disease (WD) is an autosomal recessively inherited 
disorder of  copper metabolism with a prevalence 
of  approximately 1:30 000. Mutations of  the copper 
transporting ATPase ATP7B can lead to decreased 
biliary copper excretion and accumulation of  copper 
predominantly in the liver and in extrahepatic organs such 
as the brain and the cornea[1]. The disease typically begins 
with an asymptomatic period with subclinical hepatitis 
and progresses to liver cirrhosis and neuropsychiatric 
symptoms[2,3]. A small proportion of  patients, however, 
present with fulminant Wilson disease (FWD) without 
clinical signs of  pre-existing liver disease fulfilling the 
criteria of  acute liver failure (ALF).

Typically, diagnosis of  WD is based on the finding of  a 
low serum-ceruloplasmin level (< 20 mg/dL), presence of  
Kayser-Fleischer rings, increased hepatic copper content 
(> 250 μg/g dry weight) and increased urinary copper 
excretion [> 100 μg/24 h (= 1.6 μmol/24 h)][4]. However, 
there are limitations to all these criteria, especially in 
patients with acute liver failure. A ratio of  alkaline 
phosphatase (AP) to bilirubin < 2 has been suggested to 
be diagnostic for FWD[5].

Clinically FWD patients appear as cases of  acute liver 
failure. In this patient group, WD is a possible etiology 
for ALF amongst others like toxic liver damage, acute 
hepatitis or ischemic liver damage[6]. The mortality of  
patients is high, and orthotopic liver transplantation (OLT) 
often remains the only therapeutic option, which has 
been shown to be an effective treatment for patients with 
FWD[7].

The purpose of  this study is to outline differences in 
clinical and biochemical findings between FWD and ALF 
of  other etiologies that might identify cases of  FWD.

MATERIALS AND METHODS
Acute l iver fai lure was defined as new onset l iver 
disease characterized by coagulopathy [international 
normalized ratio (INR) ≥ 1.5] and any grade of  hepatic 
encephalopathy (HE) in absence of  any pre-diagnosed 



liver disease[6,8]. For patients with FWD the prognostic 
score developed by Nazer et al[9] was calculated.

Seven patients with FWD were analyzed. Diagnosis of  
WD was confirmed by the presence of  Kayser-Fleischer 
rings, hepatic copper content (> 250 μg/g dry weight) 
and/or genomic mutation analysis.

A control group of  8 patients with ALF due to other 
reasons rather than WD was analyzed. Initial diagnostic 
procedures in all patients included serological analysis for 
hepatitis A-E, cytomegalovirus (CMV), herpes simplex 
virus (HSV), varizella zoster virus (VZV), Ebstein-Barr 
virus (EBV), leptospirosis, screening for autoantibodies 
and ferritin[6]. Hepatic blood flow was analyzed by Doppler 
ultrasound and/or computed tomography. Liver biopsy 
was performed percutaneously. Hepatic copper content 
was measured in liver biopsies or explanted livers.

Mutational analysis
DNA analysis for presence of  ATP7B mutations was 
performed by Ferenci et al [10] as part of  an ongoing 
protocol to study genotype-phenotype correlations in 
patients with established diagnosis of  WD. Mutation 
analysis was done by a stepwise procedure. First, a rapid, 
semi-nested PCR technique was used to detect the 
H1069Q mutation as described previously[11]. Patients not 
being homozygous for this mutation were further analysed 
exon by exon by denaturating HPLC (WAVE mutation 
detection system model 4000, Transgenomics, Crewe, UK). 
So far, the analysis has been completed for exons 3 to 20. 
Exons were amplified with published primers[12]. Samples 
with potential mutations identified by this approach were 
sequenced by the ABI Prism 310 Genetic Analyser (Perkin 
Elmer; Norwalk, CT, USA).

Statistical analysis
Statistical analyses were performed with SPSS for 
Windows, release 10.05 (SPSS, Chicago, IL). Comparisons 
of  quantitative variables were performed by the unpaired 

t test. For urinary copper excretion, log values were used. 
Data are expresssed as means ± SD. A P value < 0.05 was 
considered statistically significant. 

RESULTS
Patients’ characteristics
We have analysed the clinical and biochemical findings of  
15 patients meeting diagnostic criteria for ALF. Of  these 
15 patients, seven had presented with ALF due to WD and 
eight with ALF of  other etiologies.

Patients with FWD were diagnosed on the basis of  a 
liver copper content of  > 250 μg/g dry weight, presence 
of  Kayser-Fleischer rings at split-lamp examination and/
or presence of  ATP7B-mutations (Table 1). Potential 
competing causes of  ALF were excluded. Three patients 
received high-urgent OLT, and 4 patients survived on 
supportive care and initiation of  medical therapy with 
D-penicillamine (n = 3) or trientine (n = 1). As controls, 
8 patients with ALF of  other causes were analyzed. One 
patient died from acetaminophen intoxication, all other 
patients survived on supportive care or on lamivudine 
therapy[13] in the cases of  fulminant hepatitis B (Table 1).

Patients with ALF due to other causes rather than WD 
were significantly older than patients with FWD (44.8 ± 
20.9 vs 20.1 ± 11.7 years of  age, P < 0.05) (Tables 1 and 
2). On admission, all patients had some degree of  hepatic 
encephalopathy, with no significant difference between 
patients with FWD and patients with ALF duo to other 
causes (Tables 1 and 2). 

Parameters of copper metabolism
Compared with patients who had ALF due to other causes 
rather than WD, patients with FWD had a higher urinary 
copper (93.4 ± 144.0 μmol/24 h vs 3.5 ± 1.8 μmol/24 
h, P < 0.01). Differences in serum ceruloplasmin and 
serum copper were not statistically significant between 
the two groups, although a trend towards lower serum 

Table 1  Baseline characteristics at initial presentation 

Sex Age
(yr)

ALT
(U/L)

AP
(U/L)

Bilirubin
(mg/dL)

INR Creatinine
(mg/dL)

U-Copper
(μmol/24 h)

Grade of
   HE

Bx-Copper 
(μg/g)

KFR Mutation NS Outcome

FWD   F 46     19 118   8.5 2.7 2.20 411.00      2 ND Yes ND 4 OLT, alive
  F 16     45 122 10.6 2.0 0.60 104.00      1 1276 No ND 5 Alive
  F 18     31   56 48.0 2.4 4.30   38.00      2 1500 ND H1069Q/H1069Q 8 OLT, alive
  F 17   143 n.d. 15.0 1.6 1.00   60.00      2 ND No H1069Q/IVS4-1:g > a 7 Alive
  F 16     44 262 11.0 1.7 1.70     3.89      1   400 Yes H1069Q/2299Ins 4 Alive
  F 18     64 193 52.0 2.6 0.77   25.00      1 1581 ND T977M/T977M 7 OLT, alive
  F 10     22   19 13.0 1.9 0.60   11.93      1 ND Yes ND 5 Alive

  ALF etiology
ALF   F 52 3188 181 15.5 1.5 0.95     3.12      2 Fulminant hepatitis B Alive

  F 85   386   99   3.8 2.6 1.18     5.56      3 Toxic (tuberculostatics) Alive
  F 35 1442 111 23.2 1.5 0.50     2.23      2 Toxic (venlafaxin) Alive
  F 34 1782 266   1.5 1.7 0.55     1.72      1 Unknown Alive
  F 59 2301   59   4.0 1.8 1.25     0.80      4 Toxic (acetaminophen) Death
  F 43 1285 142   9.4 1.8 0.58     4.22      2 Toxic (opipramol) Alive
  M 18 2953 179 24.5 2.4 0.64     4.39      2 Fulminant hepatitis B Alive
  M 32 2522   79 38.0 3.2 0.89     5.80      1 Unknown OLT, alive

FWD: acute liver failure secondary to WD; ALF: acute liver failure; F: female; M: male; ALT: alanine aminotransferase, normal range below 34 and 50 for female 
and male, respectively; AP: alkaline phosphatase, normal range below 126 and 130 for female and male, respectively; HE: hepatic encephalopathy; Bx-Copper: 
hepatic copper content; KFR: Kayser-Fleischer ring; NS: Nazer-Score; OLT: orthotopic liver transplantation; ND: Not determined.
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ceruloplasmin levels was observed in FWD (Table 2).

Standard laboratory tests
Higher serum alanine aminotransferase (ALT) (53 ± 
43 vs 1982 ± 938, P < 0.0001) and serum aspartate 
aminotransferase (AST) (87 ± 44 vs 2756 ± 2941, P < 
0.05) were found in the control group than in the FWD 
group (Table 2). However, bilirubin, alkaline phosphatase 
(AP), albumin, INR, the AP to bilirubin ratio, and the AST 
to ALT ratio did not differ significantly between the two 
groups (Table 2). 

Notably, serum cholinesterase (CHE) activity was 
significantly lower in patients with FWD than in patients 
with ALF due to other etiologies (1.8 ± 1.2 vs 4.3 ± 1.2, P 
< 0.01) (Table 2).

A low hemoglobin value, as the correlate of  hemolysis, 
was present in all the patients with FWD, but only in 4 
of  the seven patients with ALF due to other causes. The 
mean hemoglobin value was significantly lower in the 
FWD group than in the Non-WD-ALF group (7.0 ± 2.2 vs 
12.6 ± 1.8, P < 0.0001). However, the serum LDH showed 
no significant difference between the two groups.

Outcome
Four of  seven patients with FWD were treated with 
chelating agents and survived without liver transplantation. 
Three patients with FWD underwent successful liver 
transplantation. Two of  the three FWD patients with liver 
transplantation had a prognostic index ≥ 7 based on the 
score developed by Nazer et al[9]. All but one FWD patient 
surviving without liver transplantation had a score ≤ 7 
(Table 1).

DISCUSSION
The lack of  sensitive and specific criteria for the rapid 
diagnosis of  FWD has made this disease quite difficult 
to identify. This complicates the potential decisions 

concerning liver transplantation and the initiation of  
medical therapy with chelating agents for WD.

In our study, we addressed clinical and biochemical 
differences between patients with FWD and those with 
ALF of  other etiologies rather than WD to characterize 
variables for a rapid diagnosis.

Biochemical diagnosis of  FWD usually is suggested by 
the association of  a mild increase of  serum transaminase 
concentrations compared with the degree of  hepatic 
insufficiency by high serum bilirubin concentration, high 
serum and urinary copper concentration, and the presence 
of  Coombs-negative hemolytic anemia[14].

Although hemolytic anemia associated with ALF is 
strongly suggestive of  FWD, it is not pathognomonic. 
In our series, a low hemoglobin value, as the correlate of  
hemolysis, was present in all the patients with FWD and in 
four of  the seven patients with ALF due to other causes. 
This is in concordance with Hillenbrand et al[15], who 
reported that anemia is present in 50% of  adult patients 
with ALF.

Multiple indices have been used for FWD diagnosis. 
Berman et al[5] identified a ratio of  AP to total bilirubin 
< 2.0 and an AST to ALT ratio > 4.0 for diagnosis of  
FWD. In our series, these two ratios showed no significant 
differences between the two groups. This is in concordance 
with other reports that doubt the validity of  the two scores 
for diagnosis of  FWD[16,17].

In our series, INR, grade of  HE, and MELD score 

Table 2  Comparison of clinical findings between the groups

   FWD     ALF  P

Age (yr) 20.1 ± 11.7  44.8 ± 20.6 0.016
MELD score 27.6 ± 9.5  20.3 ± 7.0 0.108
HE (grade 1-4)   1.4 ± 0.5  2.13 ± 1.0 0.122
Serum ALT (U/L)    53 ± 43 1982 ± 938 < 0.0001
Serum AST (U/L)    87 ± 44 2756 ± 2941 0.037
AST-ALT ratio   2.3 ± 1.5    1.5 ± 1.2 0.266
Serum AP (U/L)  128 ± 89   142 ± 66 0.749
Serum LDH (U/L)  535 ± 638 1567 ± 2707 0.382
Serum bilirubin (mg/dL)    23 ± 19     15 ± 13 0.372
AP-bilirubin ratio   9.3 ± 8.9  32.5 ± 59.0 0.363
INR   2.1 ± 0.4    2.1 ± 0.6 0.816
Albumin (g/L) 29.8 ± 4.7  32.0 ± 3.8 0.379
CHE (kU/L)   1.8 ± 1.2    4.3 ± 1.2 0.005
Hemoglobin (g/L)   7.0 ± 2.2  12.6 ± 1.8 < 0.0001
Serum copper (μmol/L) 28.1 ± 29.4  17.8 ± 2.5 0.376
Serum ceruloplasmin (g/L) 0.12 ± 0.08  0.19 ± 0.03 0.07
Urinary copper (μmol/24 h) 93.4 ± 144.0    3.5 ± 1.8 0.001

FWD: acute liver failure secondary to WD; ALF: acute liver failure; HE: 
hepatic encephalopathy; ALT: alanine aminotransferase; AP: alkaline 
phosphatase; INR: international normalized ratio; CHE: choline esterase.  
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Figure 1  Comparison of copper metabolism parameters and hemoglobin. The 
linear scales in A, B, D and the logarithmic scale in C: Ceruloplasmin (g/L), serum-
copper (μmol/L), urine-copper (μmol/24 h), hemoglobin (g/dL). FWD: acute liver 
failure secondary to Wilson disease; ALF: acute liver failure. aP ≤ 0.001).
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failed to discriminate FWD from ALF due to other 
causes. And, the previously reported low serum alkaline 
phosphatase activity in FWD[18] could not be observed in 
our FWD patients. However, FWD was characterized by 
statistically significant lower hemoglobin values, serum 
transaminases, and serum CHE. Low transaminases and 
CHE can be explained by the presence of  an underlying 
chronic subclinical liver disease in FWD patients who may 
already have evidence of  cirrhosis and impaired organ 
function. Typically, the presence of  WD is not recognized 
before rapid deterioration and onset of  FWD. Therefore, 
FWD is considered one of  the special circumstances 
where ALF can still be diagnosed in patients with pre-
existing liver disease[6,19].

An elevation in urinary copper excretion has been 
reported in other forms of  ALF and is explained by the 
release of  copper from necrotic hepatocytes. The urinary 
copper excretion was significantly elevated in patients with 
FWD. Other parameters of  copper metabolism, serum 
copper and serum ceruloplasmin, showed no significant 
difference between the two groups. However, as shown in 
Figure 1, the overlap in serum ceruloplasmin concentration 
between FWD group and control group only concerned 
two patients. The absence of  statistically significant 
difference between the two groups might be related to 
the small size of  the samples. Based on the results in this 
series, it seems that by using a threshold value of  about 1.5 
g/L, serum ceruloplasmin may remain a relatively good 
marker. None of  the patients in the control group had 
serum ceruloplasmin lower than 1.5 g/L as compared with 
5 of  7 in the FWD group. 

Although copper metabolism parameters remain the 
most accurate means for WD diagnosis, it may be of  limited 
value in the acute setting of  FWD. Early FWD diagnosis 
could be achieved by identification of  Kayser-Fleischer 
rings, a strikingly high urinary copper excretion, only 
mildly elevated transaminases and a low hemoglobin value.

Although it has been previously stated that FWD has 
a uniformly fatal outcome if  liver transplantation is not 
performed timely[20,21], four out of  our seven patients 
with FWD survived without liver transplantation. Nazer 
et al[9] have proposed a prognostic score for identification 
of  patients with FWD who will not survive without liver 
transplantation (score ≥ 7). In our series only one FWD 
patient surviving without liver transplantation had a Nazer-
score of  7, the other patients had lower scores.

In conclusion, the prognosis of  FWD is not necessarily 
fatal. Patients with a Nazer-score of  six or less can survive 
FWD without liver transplantation. Early consideration of  
the diagnosis of  WD in patients with ALF is of  paramount 
importance. Prompt initiation of  appropriate treatment 
(chelation therapy vs liver transplantation) may be able to 
lower the high mortality from FWD.
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