LIVER FAILURE/CIRRHOSIS/PORTAL HYPERTENSION

Screening for Wilson Disease in Acute Liver Failure:
A Comparison of Currently Available Diagnostic Tests
Jessica D. Korman,1 Irene Volenberg,2 Jody Balko,3 Joe Webster,3 Frank V. Schiodt,3 Robert H. Squires, Jr,4
Robert J. Fontana,5 William M. Lee,3 Michael L. Schilsky2 and the Pediatric and Adult Acute Liver Failure Study Groups
Acute liver failure (ALF) due to Wilson disease (WD) is invariably fatal without emergency
liver transplantation. Therefore, rapid diagnosis of WD should aid prompt transplant listing. To identify the best method for diagnosis of ALF due to WD (ALF-WD), data and serum
were collected from 140 ALF patients (16 with WD), 29 with other chronic liver diseases and
17 with treated chronic WD. Ceruloplasmin (Cp) was measured by both oxidase activity and
nephelometry and serum copper levels by atomic absorption spectroscopy. In patients with
ALF, a serum Cp <20 mg/dL by the oxidase method provided a diagnostic sensitivity of 21%
and speciﬁcity of 84% while, by nephelometry, a sensitivity of 56% and speciﬁcity of 63%.
Serum copper levels exceeded 200 g/dL in all ALF-WD patients measured (13/16), but
were also elevated in non-WD ALF. An alkaline phosphatase (AP) to total bilirubin (TB)
ratio <4 yielded a sensitivity of 94%, speciﬁcity of 96%, and a likelihood ratio of 23 for
diagnosing fulminant WD. In addition, an AST:ALT ratio >2.2 yielded a sensitivity of 94%,
a speciﬁcity of 86%, and a likelihood ratio of 7 for diagnosing fulminant WD. Combining
the tests provided a diagnostic sensitivity and speciﬁcity of 100%. Conclusion: Conventional
WD testing utilizing serum ceruloplasmin and/or serum copper levels are less sensitive and
speciﬁc in identifying patients with ALF-WD than other available tests. More readily available laboratory tests including alkaline phosphatase, bilirubin and serum aminotransferases
by contrast provides the most rapid and accurate method for diagnosis of ALF due to WD.
(HEPATOLOGY 2008;48:1167-1174.)
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W

ilson disease (WD) is an infrequent cause of
chronic liver disease with an estimated incidence of 1 per 30,000 in the general U.S.
population. Furthermore, WD is the identiﬁed etiology
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in ⬇5% of acute liver failure (ALF) patients worldwide.1
Prior series demonstrate that virtually all patients with
WD presenting with ALF will die rapidly without urgent
2
transplantation. Therefore, establishing the diagnosis
quickly and unequivocally is critical for patient management
and for family screening as well. Classically, reduced serum
ceruloplasmin (Cp) levels have been associated with WD but
are believed to be less reliable in the fulminant setting.3 Additional speciﬁc laboratory ﬁndings associated with fulminant WD include Coombs’ negative hemolytic anemia, low
serum uric acid levels, low serum alkaline phosphatase activity and increased aspartate aminotransferase:alanine aminotransferase (AST:ALT) ratios.4-9 Prior studies have yielded
conﬂicting results with respect to the ability of any of these
serum biochemical markers to accurately differentiate WD
from other causes of ALF.10-13 The predictive value of any of
the currently available serum markers for the diagnosis of
Wilson disease (i.e., a reduced Cp level, a reduced hemoglobin, elevated serum copper (Cu), ratios of alkaline phosphatase to bilirubin and AST to ALT) in the setting of ALF
remains uncertain and is further hampered by the small
numbers of well-characterized ALF cases available for study.
In addition, serum Cp levels can be measured by two analytical methods (oxidase and immunonephelometry). How1167

1168

KORMAN ET AL.

HEPATOLOGY, October 2008

ever, direct comparison of the two methods in ALF patients
has not been previously reported. The aim of the present
study was to determine the sensitivity and speciﬁcity of each
of the proposed serum markers for the diagnosis of WD in a
group of well-characterized patients with ALF including 16
with ALF-WD derived from the United States Acute Liver
Failure Study Group (ALFSG). In addition, we set out to
compare the diagnostic utility of these tests in patients with
fulminant WD compared to patients with other chronic
liver diseases and in treated patients with stable chronic WD.

Patients and Methods
Overall Patient Group. The Acute Liver Failure
Study Group registry is comprised of more than 1,050
ALF patients that have been enrolled at 23 sites since
1998. Inclusion criteria were any degree of altered mentation plus evidence of moderately severe coagulopathy
(international normalized ratio [INR] ⱖ1.5) and a presumed hepatic illness of less than 26 weeks.1 Detailed
clinical, laboratory, histological and outcome data were
prospectively collected from all ALF patients. A consecutive series of 124 ALF patients was used in the present
study, each of which had a Day 1 serum sample available
for analysis (⬎80% of patients have daily sera collected
through 7 days). Because of the requirement of encephalopathy to enter the ALFSG registry, written informed
consent was obtained from all patients’ surrogates before
enrollment according to the regulations of local institutional review boards.

Wilson Disease Patient Cohort. Sixteen patients
from the registry with a diagnosis of fulminant WD from
1998 to 2004 were included. All of these subjects had
newly-diagnosed WD except for two who had been diagnosed more than 6 months prior to presentation but had
developed typical ALF either due to non-adherence to
treatment or treatment failure. Day 1 sera were available
on all 16 in the ALF-WD study cohort (Table 1). While
serum and liver Cu values were available in all 16, urine
Cu measurements were available in 12/16 patients, slit
lamp ophthalmologic exams in 5 patients, and Cu staining of biopsies in 7 patients.
Each case was reviewed in detail and met current standard diagnostic criteria including some, but not necessarily all, of the following features: biopsy Cu (⬎250 g/g
dry weight) elevated in 15/16; 24 hour urinary Cu (⬎100
g/day) elevated in 12/12; serum Cu (⬎200 g/dL) elevated in 13/16, Kayser Fleischer (KF) rings present in 3/5;
and positive rhodanine histochemistry on liver biopsy
present in 6/7.2 In this group of 16 patients, 5 patients
met 2 criteria, 5 met 3 criteria, 5 met 4 criteria, and 1 met
all 5 criteria for the diagnosis of WD. The 3 patients with
low serum Cu levels each met 3 other criteria.
Other Disease Groups. For comparison and as controls, sera from 29 patients with other identiﬁable chronic
liver diseases (9 with chronic hepatitis C, 5 with autoimmune hepatitis, 1 with chronic hepatitis B, 1 with sarcoidosis, 2 with alcoholic liver disease, 1 with hereditary
hemochromatosis, 2 with nonalcoholic fatty liver disease,
and 8 with cryptogenic liver disease) and from 17 with

Table 1. Characteristics of Patients with Wilson Disease and Acute Liver Failure

Case

Age

Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

53
26
17
14
14
52
19
26
26
15
30
27
24
26
19
21

F
F
F
M
F
M
F
F
M
F
F
F
F
F
F
F

Cp by
Oxidase

Cp by
Neph

Serum
Cu

Hepatic
Cu (dry
weight)

Hepatic
Cu
(stain)

48.4
7.7
28.8
17.1
21.5
21.6
23.6
20.3
21.8
17.7
39.1
23.6
28.8
27.3
ND
ND

35.8
8.4
18.5
11.1
13.4
21.3
78.7
12.8
31.4
11.7
32.9
25.9
18.9
17
13
20

428
222
350
105
200
1063
379
230
306
312
285
397
222
133
259
126

1,328
520
359
228
712
584
1,583
1,290
2,189
1,815
867
472
1,241
508
690
833

ND
Neg
ND
ND
ND
ND
Pos
Pos
Pos
ND
Pos
ND
Pos
Pos
ND
ND

Urine
Cu

ND
19,543
ND
592
154
630,672
18,459
7,843
23,451
ND
3,644
ND
2,547
564
16,654
11,825

K-F Rings

Hgb

ALT

AST

AP:TB Ratio

OLT

ND
Neg
ND
ND
ND
ND
Neg
Pos
ND
ND
ND
ND
ND
ND
Pos
Pos

9.1
5.4
7.6
9.6
6.6
6
7
10.8
6.8
4.7
8.5
9.5
7.9
7
7.1
6.3

23
11
23
64
10
1463
22
28
26
18
13
64
7
32
26
230

146
163
251
142
124
4481
181
189
234
194
236
290
128
69
177
670

0.32
1.18
0.64
3.72
0.32
3.71
0.17
0.19
0.84
0.37
0.49
0.93
0.31
7.76
0.06
0.51

No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Abbreviations: Cp, ceruloplasmin (mg/dL); Neph, nephelometry; Cu, copper; K-F, Kayser-Fleischer rings; Hgb, hemoglobin (g/dL); AP:TB, alkaline phosphatase to total
bilirubin ratio; OLT, orthotopic liver transplant; ND, not done; NA, not applicable; Neg, negative; Pos, positive.
Hepatic copper was measured as stainable copper with rhodanine or by dry weight in g/g, serum copper was measured in g/dL, and urine copper was measured
over 24 hours in mg.
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treated stable WD seen in outpatient clinics were also
studied.
Chemical and Statistical Analyses. Serum Cu was
measured using graphite furnace atomic absorption spectroscopy (normal range: 70-130 g/dL). Concentration
of serum Cp (normal range: 20-40 mg/dL) was determined by immunonephelometry and by oxidase activity.
Nephelometric measurement was performed using the
Behring BN II nephelometer with standard reagents (Behring, Teaneck NJ). By oxidase, serum samples were
thawed a single time after storage at ⫺80°C and used for
determination of Cp oxidase activity as described previously.14 Immunonephelometry measures Cu-containing
Cp as well as apoceruloplasmin which does not contain
Cu. The oxidase assay measures Cu-containing Cp only.
Specimens of liver were either dried or extracted from
parafﬁn blocks and then dried and digested in nitric acid
for determination of Cu content using a Hitachi Z8270
atomic absorption spectrophotometer (Pleasanton,
CA) with background subtraction as described previously.15 Biochemical data and blood counts were obtained from the ALF Study Group database and from
patient records. Results were analyzed using SPSS software version 12. Analysis was performed using the twosample Student t test, Wilcoxon rank-sum test or
Mann-Whitney U-test as appropriate for continuous
variables and the Pearson chi-squared test for categorical variables. Spearman rank– order correlation coefﬁcient was used to assess correlations.

Results
Clinical Features of the Patient Groups. The 124
ALF patients without WD included 92 women (74%)
whose median age was 39 years (range: 14-78) and 36
men (26%) whose median age was 28 years (range: 1476). Among the 16 patients with ALF WD, the median
age was 25 years (range: 14-53), and 13 were women
(81%). Etiologies of ALF in the 124 non-WD ALF patients included acetaminophen hepatotoxicity (n ⫽ 52;
37%), indeterminate etiology (n ⫽ 21; 15%), idiosyncratic drug toxicity (n ⫽ 18; 13%), viral hepatitis B (n ⫽
9; 6%), autoimmune hepatitis (n ⫽ 7; 5%), viral hepatitis
A (n ⫽ 6; 4%), shock (n ⫽ 6; 4%), Budd-Chiari or the
HELLP (Hemolysis, Elevated Liver enzymes, Low Platelets) syndrome (2 each) and liver failure due to neoplasm
(one patient). Median MELD scores were calculated for
the WD patients and for all others: the median MELD
score for WD patients was 40 while the median value for
the non-WD patients was 34 (P ⬍ 0.01, Student t test).16
Thirteen WD patients underwent transplantation and
three died.
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Table 2. Serum Tests in Acute Liver Failure: Wilson Disease
versus All Other Etiologies

Serum Test

ALT (IU/L)
AST (IU/L)
Total Bilirubin (mg/dL)
Alkaline Phosphatase
(IU/L)
Hemoglobin (g/dL)
Ceruloplasmin-oxidase
(mg/dL)
Ceruloplasminnephelometry
(mg/dL)
Copper (g/dL)
Alk Phos:TB ratio
AST:ALT ratio

Wilson Disease
Median (range)
N ⴝ 16

All Other Etiologies
Median (range)
N ⴝ 124

24.5 (7.0–1463.0)
185.0 (69.0–4481.0)
42.1 (7.6–72.4)

1830.0 (57.0–17670.0)
1337.0 (76.0–28870.0)
7.3 (0.7–49.8)

20.5 (4.0–129.0)
7.0 (4.7–10.8)

146.5 (56.0–524.0)
11.6 (4.3–21.0)

22.7 (7.7–48.4)

30.9 (9.3–108.8)†

18.7 (8.4–78.7)
272.0 (105.2–1063.0)
0.5 (0.1–7.8)
7.5 (2.1–18.3)

22.9 (1.8–103.0)‡
91.5 (32.2–317.8)
20.1 (2.8–194.3)
1.0 (0.1–5.7)

All comparisons have a P ⬍ 0.001, except for ceruloplasmin by oxidase P ⫽
0.02 and ceruloplasmin by nephelometry P ⫽ 0.2.

Copper Metabolism Parameters. Serum Cp varied
widely in patients with ALF, from below normal to
marked elevation, regardless of etiology (Tables 1 and 2).
In patients with ALF-WD, the median was 22.7 mg/dL
determined by oxidase method. Four had values ⱕ20
mg/dL, and 2 were not measured. The range was 7.7-48.4
mg/dL. In the ALF patients with other etiologies, the
median serum Cp value was 30.9 mg/dL (n ⫽ 113, range:
9.9-108.8 mg/dL, P ⫽ 0.02) with 26 of 127 having a
serum Cp ⱕ20 mg/dL. By immunonephelometry, the
serum Cp in patients with ALF-WD had a median value
of 18.7 mg/dL and 10 demonstrating values ⱕ20 mg/dL
(range: 8.4-78.7 mg/dL). However this reduction in Cp
was not signiﬁcantly different from the remainder of the
ALF patients without WD whose median value was 22.9
mg/dL (n ⫽ 116, range: 1.8-103.0 mg/dL, P ⫽ 0.2). A
serum Cp ⱕ20 mg/dL in the setting of ALF (including
those with WD) as measured by oxidase method provided
a diagnostic sensitivity of 21%, speciﬁcity of 84%, and a
likelihood ratio of a positive test of 1 for the diagnosis of
Wilson disease (Table 3). Similarly, serum Cp ⱕ20
mg/dL as measured by nephelometry was found in 59 of
132 patients (including those with WD) yielding only a
slightly better sensitivity of 56%, a speciﬁcity of 63%, and
a likelihood ratio of 2 for the diagnosis of WD. Serum Cp
was ⱕ20 mg/dL in the patients with chronic WD and
other chronic liver diseases using the oxidase method in
13 of 46, yielding a sensitivity of 71%, a speciﬁcity of
97%, and a likelihood ratio of 20.5; whereas by nephelometry Cp was ⱕ20 in 18 of 46, yielding a sensitivity of
71%, a speciﬁcity of 79%, and a likelihood ratio of 3.4.
Serum Cu was ⬎200 g/dL in only 4 patients in the
ALF group without WD. Using this as a cutoff yielded a
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Table 3. Comparison Screening Tests for Wilson Disease in
Acute Liver Failure
Group

Sensitivity
%

Screening Test

Speciﬁcity
%

Likelihood
Ratio

Acute:
Cp1 (mg/dL) ⬍20 by
oxidase
Cp (mg/dL) ⬍20 by
nephelometry
Hemoglobin (g/dL) ⬍10
AP:TB2 ratio ⬍4
AP:TB ratio ⬍4 ⫹ AST:
ALT ratio ⬎2.2
Cu4 (g/dL) ⬎200
AST:ALT ratio ⬎2.2

21

84

1

56
94
94

63
74
96

2
4
23

100
75
94

100
96
86

NA3
17
7

71

97

21

71

79

3

Alkaline Phosphatase:Total Bilirubin
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100
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30
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20
10
0
N=

51

69

16

Acetaminophen

Chronic:

Wilson Disease

Non-acetaminophen

Cp (mg/dL) ⬍20 by
oxidase
Cp (mg/dL) ⬍20 by
nephelometry

1Ceruloplasmin; 2Alkaline Phosphatase:Total Bilirubin; 3Not applicable; 4Serum
Copper. In the chronic liver disease group, zero subjects had an AP:TB ratio ⬍ 4
three subjects had Hg ⬍10, one had Cu ⬎200, and the AST:ALT ratio was an
ineffective marker of WD.

sensitivity of 75%, speciﬁcity of 96%, and a likelihood
ratio of 17. Ranges of serum Cu for the separate patient
groups with ALF (divided into those with acetaminophen
injury, those without acetaminophen, and those with
Wilson disease) are demonstrated in Fig. 1. None of the
subjects in the chronic liver disease group with or without
WD had serum Cu levels that exceeded the 200 g/dL
level (data not shown).
Standard Laboratory Tests. Routine biochemistry
testing was recorded for all study patients. The serum
alkaline phosphatase to total bilirubin ratio was signiﬁ-

Fig. 2. Alkaline Phosphatase to Total Bilirubin Ratio in ALF. Results
are shown for patients with ALF due to acetaminophen injury, nonacetaminophen injury and for patients with WD.

cantly lower (P ⬍ 0.001) in the group with ALF-WD
than in all other groups as demonstrated in Fig. 2. In the
16 patients with ALF-WD, the median ratio was 0.5
(range: 0.1-7.8) and in all other etiologies the median
ratio was 20.1 (n ⫽ 120, range: 2.8-194.3). This low ratio
in WD reﬂects a higher median total bilirubin in WD
(n ⫽ 16, median ⫽ 42.1 mg/dL; range: 7.6-72.4 mg/dL)
versus other etiologies (n ⫽ 124, median ⫽ 7.3 mg/dL;
range: 0.7-49.8 mg/dL, P ⬍ 0.001) as well as lower alkaline phosphatase levels (WD: n ⫽ 16, median ⫽ 20.5
IU/L, range: 4.0-129.0 IU/L versus other ALF: n ⫽ 120,
median ⫽ 146.5 IU/L; range: 56.0-524.0 IU/L, P ⬍
0.001). The serum AST to ALT ratio was another measure by which to distinguish WD from non-WD ALF
patients (Fig. 3). In WD, the AST:ALT ratio median was
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Fig. 1. Serum Copper in ALF. Results are shown for patients with ALF
due to acetaminophen injury, non-acetaminophen injury and for patients
with WD.
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Fig. 3. AST:ALT Ratio in ALF. Results are shown for patients with ALF
due to acetaminophen injury, non-acetaminophen injury and for patients
with WD.
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7.5 (n ⫽ 16, range: 2.1-18.3) and in non-WD ALF, the
ratio median was 1.0 (n ⫽ 122, range: 0.6-5.7, P ⬍
0.001). The mean hemoglobin concentration in the WD
group was 7.08 g/dL (n ⫽ 15/139; range: 4.7-10.8 g/dL)
and in the non-WD group it was 11.6 g/dL (n ⫽ 124/
139; range: 4.3-21.0 g/dL, P ⬍ 0.001, Fig. 4).
Screening for Wilson Disease in Acute Liver Failure. Receiver Operating Characteristics (ROC) curves
for determining cutoff values are shown in Fig. 5A-D.
The area under the ROC curves (AUROC) for serum Cp
as measured by nephelometry and oxidase in the 16
ALF-WD patients was 0.60 and 0.70, respectively (Fig.
5A). In contrast, the AUROC for serum Cp as measured
by nephelometry and oxidase in the 17 WD patients with
chronic stable disease was 0.87 and 0.89, respectively
(Fig. 5B). In the ALF group, an alkaline phosphatase (AP)
to total bilirubin (TB) ratio less than 4 yielded a sensitivity
of 94%, speciﬁcity of 96%, a likelihood ratio of 23 and an
AUROC of 0.98 (Table 3, Fig. 5C). An AST:ALT ratio
⬎2.2 yielded a sensitivity of 94%, a speciﬁcity of 86%, a
likelihood ratio of 7 and an AUROC of 0.98 (Table 3,
Fig. 5D). By ﬁrst screening patients for WD with the
AP:TB ratio ⬍4 and then sequentially screening with an
AST:ALT ratio ⬎2.2, the sensitivity and sensitivity increased to 100%. A hemoglobin ⬍10 g/dL yielded a 94%
sensitivity and a 74% speciﬁcity with a likelihood ratio of
4 and an AUROC of 0.94 (Table 3, Fig. 5C). Serum Cu
was also quite effective with a sensitivity and speciﬁcity of
74 and 94% and an AUROC of 0.95 (Table 3, Fig. 5D).
In the non-acute group with WD, no subjects had an
AP:TB ratio ⬍4 and the AST:ALT ratio ⬎2.2 was not an
effective marker of WD.

25
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Fig. 4. Hemoglobin in ALF. Results are shown for patients with ALF
due to acetaminophen injury, non-acetaminophen injury and for patients
with WD.
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Discussion
The diagnosis of WD in the setting of ALF can be
difﬁcult to ascertain but is vitally important due to its
poor prognosis and implications for family members. The
ﬁndings that most clinicians consider useful when evaluating a patient with suspected WD are those associated
with the diagnosis in patients who present with chronic
liver disease or neurological manifestations including: low
serum ceruloplasmin, high 24 hour urine copper, elevated
hepatic copper or special stains for copper, high serum
copper and the presence of KF rings.2,17 However, in the
setting of ALF, KF rings are only detectable in up to 50%
of WD patients and obtaining a slit lamp examination in
critically ill patients may be difﬁcult.7,11-13,18 Furthermore, rapid testing for Cu in urine, serum or liver is rarely
achieved due to the delay in obtaining Cu results from
reference laboratories. This limits the value of these diagnostic tests in the ALF setting where rapid turnaround is
essential to management.
In the initial phases of the ALFSG, urine samples were
not routinely collected and so we could not evaluate the
utility of urine Cu testing for the diagnosis of WD. Although urinary Cu excretion is a useful diagnostic marker
in the non-acute setting, the presence of impaired renal
function in up to 40% of ALF patients and the associated
reduction in urine output would limit its potential utility.19 In addition, since urinary Cu excretion is known to
increase in diseases associated with extensive hepatocellular necrosis, there is a high likelihood of overlap between
ALF due to Wilson’s disease and other etiologies.11
Liver biopsy to determine quantitative hepatic Cu levels, a useful test for diagnosis in stable outpatients with
WD, is not usually practical in the patient with ALF due
to concerns of bleeding. Hepatic Cu quantitation was
available in all 16 WD-ALF patients but most of these
were explant or autopsy samples. In one patient of the 7
for whom histologic evaluation was available, the histochemical stain for Cu was reportedly negative. This reinforces the poor negative predictive value of this test for
WD. In all of the patients, there was histologic evidence of
bridging ﬁbrosis (1) or cirrhosis (15) as would be expected
in fulminant WD.
This study represents a relatively large cohort of wellcharacterized ALF-WD patients. It conﬁrms other previous series demonstrating that serum Cp was neither
sensitive nor speciﬁc for the diagnosis of WD in ALF
(Table 3, Fig. 5).6,7,11 This study also suggests that there is
little utility of Cp measurement in this setting and that
routine liver biochemistries may be of greater value. The
interesting differences in sensitivities and speciﬁcities and
correlations for these assays for Cp in patients with
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Fig. 5. (A) Receiver Operating Characteristics for Ceruloplasmin Measured by Nephelometry and by Oxidase Methods in 140 patients with ALF.
The area under the curve is 0.60 and 0.70, respectively. (B) Receiver Operating Characteristics for Ceruloplasmin Measured by Nephelometry and
by Oxidase in 17 chronic Wilson Disease patients. The area under the curve is 0.87 and 0.89, respectively. (C) Receiver Operating Characteristics
for Alkaline Phosphatase to Total Bilirubin Ratio and Hemoglobin (g/dL) and the diagnosis of Wilson Disease in ALF (ALF-WD). The area under the
curve is 0.98 and 0.94, respectively. (D) Receiver Operating Characteristics for AST to ALT Ratio and Serum Copper (g/dL) and the diagnosis of
Wilson Disease in ALF. The area under the curve is 0.98 and 0.95, respectively.

ALF-WD and those who had been diagnosed at the time
of non-acute presentations suggest that Cp is still useful in
the non-ALF setting. In both the ALF and chronic groups
the oxidase method for Cp determination seemed superior to nephelometry with respect to speciﬁcity for a diagnosis of WD, however sensitivities were poor overall
(Table 3). For unexplained reasons, sensitivity was lowest
using the oxidase method in the ALF setting (Table 3).
Thus, patients with ALF showed more individual variability in the levels of serum Cp obtained by either the
immunological or oxidase assays as compared to the correlation of the results in chronically treated patients with
WD. Whether this was due to interfering substances in
the assay in the setting of ALF is uncertain at this time.
We had intended to use determination of non-ceruloplasmin bound Cu (total Cu minus Cpx3, by the oxidase

method) as a discriminant test (as opposed to the total
Cu).17 However, as noted above, there was greater variability in the Cp value in the setting of ALF and the
non-ceruloplasmin bound Cu likewise did not correlate
well with presence of WD in this setting (data not shown).
Since Cp was more variable in ALF, the serum copper
alone proved a better predictor (see Fig. 1)
Unlike the Cp assays in ALF-WD, we conﬁrmed that
the use of an AP:TB ratio ⬍4 as an initial screening tool
was highly sensitive and speciﬁc for this diagnosis (Table
3, Figs. 2 and 5). In addition, by combining the AP:TB
ratio with determining that the AST:ALT ratio was ⬍2.2,
we found 100% sensitivity and speciﬁcity in our
ALF-WD patients. An earlier study by Berman et al.12
used a AP:TB ratio cutoff of 2.0, (compared to our value
of ⬍4), in combination with a lower cutoff for AST:ALT
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of 4.0 (rather than our value of 2.2). We have no ready
explanation for this difference. A proposed explanation
for the high AST:ALT ratio in WD patients is presumably
due to the known increase in AST levels in patients with
cirrhosis. Since nearly all subjects with ALF-WD have
evidence of advanced ﬁbrosis on biopsy, this may account
for the tendency towards a high AST:ALT ratio. Elevation in serum copper was highly sensitive for WD in our
series, but was not very speciﬁc as many other ALF patients demonstrated elevated levels (Figs. 1, 5B). Acute
increases in serum copper are well reported in patients
with any form of acute liver injury due to impaired biliary
excretion of copper.
Non-immune mediated hemolytic anemia remains a
relatively unique clinical feature amongst WD patients
presenting with ALF. However, ALF patients due to
HELLP and cancer frequently have a component of intravascular hemolysis with markedly elevated serum bilirubin and DIC parameters at presentation as well. In our
study group, there was a clear difference in hemoglobin
levels in patients presenting with WD versus those with
other causes of ALF (Table 2, Fig. 4). However given the
clear overlaps in the ranges for hemoglobin in patients
with ALF of all etiologies, other testing must be utilized to
establish a clear diagnosis of WD.
The importance of available and rapid testing to conﬁrm
the diagnosis of WD cannot be underestimated. Rapid identiﬁcation of ALF-WD patients affects treatment decisions
and provides accurate information in order to screen presymptomatic family members. Interestingly, the two patients with Wilson disease that developed acute liver failure
due to non-adherence to their medications or failure of their
medical therapy to control their disease appeared to be indistinguishable biochemically from those with ALF-WD as
their initial presentation. This suggests that all patients with
ALF-WD have an acute injury superimposed on underlying
chronic liver injury; biopsy ﬁndings in our patients and in
other studies support this idea.20,21
ALF-WD has been shown to portend 100% mortality
without emergency liver transplant and this was observed in
our patients; therefore, early identiﬁcation of WD as the
etiology of the liver failure affects the management of these
patients.22 The MELD scores calculated for the WD group
exceeded all other patients, again emphasizing the need for
quick, accurate diagnosis and early referral. Recent interventions including exchange transfusion, plasmapheresis, molecular adsorbent recirculating system, and albumin dialysis
aimed at rapid reduction of serum copper to help break the
cycle of hemolytic anemia and perpetuation of liver damage
appear promising but to date have not altered the overall
outcome of ALF-WD patients.23-25 Despite these advances,
early diagnosis and listing for transplantation seems the best
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course in this setting. To that end, our ﬁndings have important implications: conventional measures of serum ceruloplasmin and copper levels are of less value in fulminant WD
patients compared to chronic WD patients and are more
difﬁcult to obtain than standard laboratory measures. In this
study we could not assess the utility of urine testing and liver
copper for WD in patients with ALF and liver tissue was
available only in a limited number of patients. In those with
fulminant WD, urine copper and liver copper were clearly
elevated (Table 1), and similar to serum copper, would likely
be useful in suggesting WD. However their predictive value
for WD in ALF remains to be proven.
Limitations of the current study include the relatively
small number of ALF-WD patients enrolled. However, this
cohort of 16 patients represents the largest group of
ALF-WD patients ever reported. In addition, consecutive
ALF patients from multiple centers over several years were
included suggesting that our ﬁndings may be generalizable.
Unfortunately, not all of the diagnostic tests were applied to
every patient but all 16 patients had available liver tissue and
were conﬁrmed to be bona ﬁde cases using several other
criteria. Furthermore, competing identiﬁable causes of ALF
had been eliminated in all cases. A ﬁnal limitation of our
study is the lack of a validation population in which to conﬁrm our ﬁndings of the diagnostic utility of routine biochemical parameters in identifying ALF-WD patients but
prior studies have noted similar ﬁndings.11-13
In summary, screening for a diagnosis of WD in the
setting of ALF using ceruloplasmin measurements is unreliable. To accurately distinguish ALF-WD patients
from others with ALF, use of alkaline phosphatase to total
bilirubin and AST to ALT ratios as well as hemoglobin
levels at presentation provides an acceptable and rapidly
available alternative. Serum and urine copper and screening for Kayser Fleischer rings should still be performed
when the diagnosis of WD is suspected since these are
non-invasive and conﬁrmatory tests. However, our data
suggest that the diagnosis of ALF-WD can be established
with certainty even before these results are available. By
using routinely available tests, patients with fulminant
WD can be identiﬁed in a prompt manner, enabling rapid
listing of transplantation for this rare but virtually uniformly fatal disorder.
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