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Abstract
Background and Aims: Wilson disease (WD) is an inherited
disorder of copper metabolism, and an international group
for the study of WD (IGSW) has proposed three phenotypes
for its initial presentation: acute hepatic, chronic hepatic,
and neurologic phenotypes. Characterization of the acute
hepatic phenotype may improve our understanding of the
disease. Methods: Clinical features of 10 WD patients with
the acute hepatic phenotype and characteristics of chronic
lesions remaining in survivors were assessed by the European Association for the Study of the Liver (EASL) guidelines. Results: All six patients younger than 30 years had
survived an acute episode of hemolytic anemia with residual
liver disease of cirrhosis or chronic hepatitis. The acute episode was self-limiting in two of the four patients over the age
of 30 years and progressed to acute liver failure in the other
two patients. One of the two survivors had residual liver disease of chronic hepatitis, while the other had chronic hepatitis and neurologic disease. Neurologic disease remained in
a patient who successfully received a liver transplantation.
During acute episodes, serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
changed rapidly along with anemia. Liver-specific ALT levels
were age-dependently correlated with hemoglobin (Hb) concentrations. Enzyme reduction was milder for AST than ALT,
which resulted in a high AST/ALT ratio in the anemic stage.
The anemic stage in two patients transformed to acute liver
failure. Conclusions: All survivors of an acute episode of the
acute hepatic phenotype had residual liver disease or both
liver and neurologic diseases. The rapid changes in liver enzymes during the acute episode and the liver and neurologic
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Introduction
The cloning of ATP7B, the gene responsible for Wilson disease
(WD), confirmed that the primary defect is in the intrahepatic transport of copper, which is associated with a complete block of the physiological biliary secretion of copper.1–5
The liver pathology of an individual with disease-causing
ATP7B mutations is always progressive, from almost normal
to cirrhosis.6 With the progression of copper toxicosis, extrahepatic organ damage is inevitable in patients when not
treated. Complications include copper-induced Coombsnegative hemolysis and neurological diseases associated
with copper accumulation.4,5 An acute episode of hemolysis
is self-limiting in most patients but may be transformed to
acute liver failure (ALF) in some patients. These complex
clinical features may delay a definitive diagnosis of primary
liver disease of WD. Therefore, an international group for the
study of WD (IGSW) proposed three phenotypes as the first
presentation of WD: acute hepatic, chronic hepatic, and neurologic phenotypes.7
The standard liver function tests of serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
are widely applied in the diagnosis of acute and chronic
liver disease. In WD, those levels are controlled by multiple
factors: histological stage-dependent changes,8 marked
reduction by relieved oxidative stress,9 selective increase of
AST from erythrocytes in hemolysis,10 etc. Therefore, the
state of these liver enzymes has yet to be determined in
the diagnosis of WD. The IGSW did not include AST and ALT
levels in the scoring system for the diagnosis of WD.7 On the
other hand, the AST/ALT ratios were found to be greater than
4.0 in six cases of WD ALF.11 The low levels of AST and ALT
and the discrepancy between the two liver enzymes were
also reported in two patients with WD ALF.12 These observations were confirmed in 16 patients.13 The European Association for the Study of the Liver (EASL) clinical practice
guidelines recommend an AST/ALT ratio of more than 2.2 as
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a reliable index for the differential diagnosis of WD ALF from
nonWD ALF.14
Characterizing the profiles of the standard liver function
tests of AST and ALT and clarifying their relationship with other
biochemical parameters in the acute hepatic phenotype are
essential for a better understanding of WD by hepatologists
who are responsible for its diagnosis and treatment.
Methods
This study was approved by the review boards evaluating
research involving human subjects at the Aichi Gakuin
University School of Pharmacy and participating hospitals.

disease states of survivors were assessed using the EASL
guidelines.14
Liver histology and alternative liver imaging
Liver biopsy, when permitted, was performed in the recovery
stage. A removed liver was available for histological study in a
patient who received orthotropic liver transplantation. Standard histology of the liver included hematoxylin & eosin (HE)
stain, Azan stain, and rhodanine stain for copper. For two
patients in whom liver specimens were not available, the liver
histology was alternatively replaced with a liver image using
either computed tomography (CT) or magnetic resonance
imaging (MRI) on admission.

Patients

Statistical analysis

Ten patients with the acute hepatic phenotype of WD were
enrolled in this study. The diagnosis and phenotype classification of WD were based on the ISGW proposals with
modification.7 The entry criterion of this study was not only
a previously apparently healthy subject, as defined in the
original classification, but also an asymptomatic patient with
a past history of WD. All patients received the ATP7B test.
A long-range polymerase chain reaction was applied to the
21 exons and their boundaries of the ATP7B gene.15 The clinical features of patients Y-1, Y-6, and O-2 were separately
reported elsewhere.15–17

The Student’s t-test was used to determine statistical differences in the biochemical parameters. Statistically, p<0.01 or
p<0.05 was considered significant. The correlation between
Hb concentration and serum level of ALT was determined in
the two subgroups. All statistical analyses were performed
using Microsoft Excel 2010.

Close observation of patients

Clinical features of the six younger and four older patients on
admission are summarized in Table 1. The ages of the
younger patients ranged between 6 and 24 years, while the
ages of the older patients ranged between 32 and 53 years.
Clinical information before the acute episode (Stage 1) was
available in three patients. A 6-year-old female patient revisited the hospital for jaundice after a 2 month observation
period for chronic active hepatitis of unknown etiology.16
A 24-year-old male patient revisited the hospital for the
resumption of penicillamine treatment for WD after a 5 year
interruption. One month later, he developed severe hemolytic
jaundice.17 A 36-year-old female patient with WD favorably
treated with a zinc regimen had received steroid therapy
for sterilization, followed by an acute episode of hemolytic
jaundice.15,17 The anemic stage (Stage 2) on admission was
noted in three younger patients and two older patients, and
the recovery stage from anemia (Stage 3) was noted in one
younger and one older patient. Serum levels of CP on admission were low in all except one patient, and serum levels of
albumin were all low. There were no differences in CP or
albumin between the two subgroups. All patients had KayserFleischer (K-F) rings.
All patients, except one, were homozygous or compound
heterozygous for ATP7B mutations responsible for WD copper
toxicosis. A 32-year-old female was heterozygous for the
ATP7B mutation. She received a diagnostic score of 7 points
on the standard tests for WD: serum CP, 10 mg/dL (1); serum
Cu, 88 µg/dL (0); urinary Cu, 1,770 µg/day (2); Coombs test
<10 (1); positive K-F rings (2); positive histochemical rhodanine test (1).7 All six younger patients survived the acute
episode after conservative treatment, including short-term
penicillamine. In contrast, two of the four older patients survived after the conservative treatment, and two other older
patients developed ALF. A patient affected by ALF, which is
otherwise fatal, successfully received an orthotropic liver

Close observation of patients revealed that acute symptoms
naturally resolved in the majority of patients and transformed
to a fatal condition of ALF in a minority of patients over the
6 week observation period. Therefore, this study focused on
characterizing the clinical features of survivors from the acute
episode of the acute hepatic phenotype, and some data from
patients who progressed to ALF were excluded from the
analysis. The clinical features of patients studied included
the hemoglobin (Hb) concentration and serum levels of
ceruloplasmin (CP), albumin, total bilirubin, AST, and ALT.
Staging of acute hepatic phenotype, subgroups of
patients, and chronic diseases
Short-term changes in biochemical parameters of the acute
hepatic phenotype were evaluated in the pre-anemic [stage 1],
anemic [stage 2], and anemia recovery [stage 3] stages of
survivors with nontransplantation treatment. Stages 1 and 2
were available in patients with ALF.
Because the biochemical parameters and chronic diseases
remaining in survivors and their final diagnoses were agedependent, comparative studies were performed between
two subgroups: six patients younger than the age of 30 years
and four patients older than 30.
The clinical features and biochemical parameters of three
patients in the pre-anemic stage were pathological, indicating
that these patients were affected by chronic diseases of WD.
Based on a hypothesis that chronic diseases of WD present
before the onset of the acute episode reappeared at the
recovery stage of survivors with nontransplantation treatment, the AST and ALT levels in the recovery stage were
alternative parameters of chronic liver disease. On combining
biochemical parameters with histological information, the
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Results
Clinical features of patients with the acute hepatic
phenotype
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Table 1. Clinical features of patients with the acute hepatic phenotype of Wilson disease on admission and short-term treatment during the acute episode

Age/sex

Stage1

CP (mg/dL)
(20>)2

Alb (g/dL)
(3.5>)2

K-F rings

ATP7B-1

Y-1*3

6/F

1

8.0

3.4

Yes

2333G>T, homozygote

Y-2

9/F

3

1.0

2.9

Yes

2785A>G

Y-3

11/M

2

2.5

2.3

Yes

3787delG, homozygote

Low-D of Pc for 2 weeks

Y-4

17/M

2

9.0

3.2

Yes

2871delC

3643G>T

Non

Y-5

18/F

2

5.0

3.3

Yes

2621C>T

2650del3

Low-D of Pc for 2 weeks

Y-6*4

24/M

1

21.9

3.2

Yes

1708-5T>G, homozygote

Full-D of Pc for 4 weeks

Mean

7.9

3.1

SD

7.5

0.4

32/F

3

11.8

3.1

Yes

2871delC

None

Low-D of Pc for 4 weeks

O-2

36/F

1

12.6

3.4

Yes

3800A>C

Exon5-9,
3837bpdel

Under maintenance
therapy with Zn

O-3

40/M

2

6.9

2.1

Yes

2659delG

4007T>C

Low-D of Pc for 2 weeks

O-4

53/F

2

7.9

1.6

Yes

1708-5T>G

2755C>G

Non

Mean

9.8

2.6

SD

2.8

0.8

Patients

O-1
*4

ATP7B-2

3104G>T

Anti-Cu regimen3
Low-D of Pc for a week
Low-D of Pc for 2 weeks

Alb, albumin; CP, ceruloplasmin; F, female; K-F, Kayser Fleischer; low-D, low-dose; M, male; O, older patient; Pc, penicillamine; Y, younger patient.
*1
*2

Stage 1: pre-anemic, 2: anemic, and 3: anemia recovery, on patient’s first consultation, followed by blood sampling.
Normal ranges are expressed in parenthesis.

*3

As previously reported by Kajita M, et al.,16 the patient had chronic active hepatitis of unknown etiology before the onset of the acute hepatic phenotype.

*4

The patients were previously reported by Tatsumi Y, et al.15,17

Serum levels of ceruloplasmin (Cp) were low except for one patient. Albumin concentrations were low, and Kayser-Fleischer rings were detected in all patients. One patient
was heterozygous for ATP7B mutation. The acute episode of the acute hepatic phenotype transformed to acute liver failure in 2 patients (O-2 and 4). One of them died, and
the other was saved by liver transplantation.

transplantation. Another patient showed a fatal course, with
no opportunity for transplantation.
Rapid changes of biochemical parameters in the
three stages
Figures 1 and 2 illustrate the rapid changes in biochemical
parameters over 1 month acute episodes in two survivors
representative of the two subgroups of younger and older
patients, respectively. These figures show marked changes
in the biochemical parameters of Hb, bilirubin, and ALT in
the pre-anemic, anemic, and anemia recovery stages. The
ALT profile of the younger patient was characterized by
rapid changes of high pre-anemic, low anemic, and high
recovery stage levels (Fig. 1). These of the older patient
remained almost normal during the acute episode (Fig. 2).
The pre-anemic ALT levels of the three patients were all
pathologically high. Regarding two patients for whom complete data on the three stages were available, there were no
changes between their levels in pre-anemic and recovery
stages, being 185 vs. 160 and 179 vs. 151 IU/L, respectively.
Comparisons of the biochemical parameters between
the anemic and chronic stages
The biochemical parameters in the anemic and chronic stages
of the younger and older patients are summarized in Table 2.
Hb was lower in the anemic stage than in the chronic stage in
both the younger and older patients. Total bilirubin did not

Fig. 1. Rapid changes of Hb, bilirubin, and ALT in a younger patient with
the acute hepatic phenotype of Wilson disease. A 17-year-old male patient
revisited our hospital 5 years after the discontinuation of penicillamine treatment
for Wilson disease (WD). At 1 month after the resumption of drug therapy at a
maintenance dose, the patient developed acute hemolytic jaundice characterized
by severe anemia and a reduction in serum alanine aminotransferase (ALT) level.
The hemoglobin (Hb) concentration changed in parallel with the serum ALT level.
A high ALT level recurred in the recovery stage. No disturbance of consciousness
was noted. These findings suggest that anemia induced the transient reduction of
ALT levels, and his underlying chronic liver disease manifested twice, before the
acute episode and in the recovery stage. We postulated that this patient with WD
was complicated by copper-induced hemolysis.
, total bilirubin (t-bilirubin):
, ALT:
.
Hb:

change between the two stages. Therefore, there were no
differences in Hb or bilirubin between the younger and
older patients, suggesting these parameters were not agedependent. Both AST and ALT were lower in the anemic
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vs. 31±19 IU/L, respectively), but these parameters in the
chronic stage were different in ALT (136±32 vs. 42±9 IU/L)
but not in AST (144±40 vs. 74±40 IU/L). Therefore, ALT
levels in the chronic stage were age-dependent, but those in
the anemic stage were not. AST/ALT ratios of younger
patients were higher in the anemic stage than in the chronic
stage. These levels in older patients were not different
between the two stages. All the patients, except for one who
died from ALF, had ratios over 2.2, an index of the differential
diagnosis of WD ALF from nonWD ALF.14 The ratios of the two
patients showing transformation to ALF were 1.7 and 2.6,
respectively.
Relationship between Hb concentration and serum
level of ALT

Fig. 2. Changes of Hb, bilirubin, and ALT in an older patient with the acute
hepatic phenotype of Wilson disease. A 40-year-old male patient was admitted for jaundice and finger tremor. Based on blood tests, the acute clinical
features of a hemolytic episode of Wilson disease (WD) with a reduced hemoglobin (Hb) level and indirect hyperbilirubinemia were observed. Brain images
were consistent with the lenticular degeneration of WD. Anemia and jaundice
spontaneously resolved within 2 weeks. Consciousness was normal throughout
the course, but finger tremor remained in the recovery stage. The serum alanine
aminotransferase (ALT) level increased from the lower to upper limits of
the normal range. Liver biopsy in the recovery stage showed histochemical
copper-positive precirrhosis. We postulate that this patient with WD was doublecomplicated by hemolysis and central nervous system (CNS) disorder. Hemolysis
was self-limited, while CNS complication remained.
, total bilirubin (t-bilirubin):
, ALT:
.
Hb:

Anemia was closely associated with reduced ALT levels regardless of patient age (7.1±2.4 g/dL in Hb vs. 24±17 IU/L in ALT),
but the response was different in the two age groups.
There was a close correlation between Hb and ALT in the
younger patients: ALT=15.63Hb-69.9, r=0.85 (Fig. 3).
There was also a close correlation in older patients when
end-stage ALF patients were excluded: ALT=5.73Hb-19.5,
r=0.88 (Fig. 4). Correlations were less marked between Hb
and AST.
Residual disease in survivors and alternative diagnosis
for their life-long treatment

stage than in the chronic stage of the younger patients (AST:
75±34 vs. 144±40 IU/L and ALT: 22±14 vs. 136±32 IU/L,
respectively), but not in the older patients (AST: 76±34 vs.
74±40 IU/L and ALT: 31±19 vs. 42±9 IU/L, respectively),
probably because these enzyme levels in the chronic stage
were high enough to change in the younger patients, but
not in the older patients. The serum levels of AST and ALT in
the anemic stage were not different between the younger and
older patients (AST: 75±34 vs. 76±34 IU/L and ALT: 22±14

Table 3 summarizes the structure of the livers remaining in
survivors and the removed one at transplant, presentations
by EASL guidelines14, and residual disease in survivors. All
patients appeared with hemolytic jaundice or its recovery
stage. One older patient suffered from finger tremor at the
first presentation. The liver specimens obtained from seven
patients in the recovery stage all showed advanced liver

Table 2. Biochemical parameters during the acute episode of the acute hepatic phenotype

Hb (g/dL)
Patients

T-Bilirubin (mg/dL)

AST (IU/L)

ALT (IU/L)

AST/ALT Ratio

Anemic

Chronic

Anemic

Chronic

Anemic

Chronic

Anemic

Chronic

Anemic

Chronic

Younger
(n=6)

6.762.4

12.860.5

7.663.6

1.460.8

75634

144640

22614

136632

3.961.2

1.160.2

Anemic vs.
chronic

p<0.01

Older
(n=4)

7.061.4

Anemic vs.
chronic

p<0.05

Younger
vs. older

Nd

p<0.05
11.860.9

12.266.5

p<0.05
1.761.0

Nd
Nd

Nd

76634

p<0.01
74640

Nd
Nd

Nd

31619

p<0.01
4269

Nd
Nd

Nd

3.061.5*

1.760.6

Nd
p<0.01

Nd

Nd

ALF, acute liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransfease; Hb, hemoglobin; nd, no significant difference.
*

The AST/ALT ratios were 1.7 and 2.6 in the anemic stage of the 2 patients showing transformation to ALF.
Biochemical parameters rapidly changed during the acute episode so that assessments were done at the 3 stages of pre-anemic, anemic, and anemia recovery. The data
of chronic stages were defined as either pre-anemic or anemia recovery, or their mean. There were no data on anemia recovery in the 2 patients showing transformation
to ALF.
Hb concentrations and serum levels of total bilirubin showed rapid changes during the acute episode of hemolytic jaundice as if anemia and jaundice were synchronized with
the profiles of the liver enzymes of AST and ALT. Hb concentrations were different between the anemic and chronic stages in both the younger and older patient groups, while
total bilirubin levels were different between the anemic and chronic stages in the younger patient group. AST and ALT levels were different between the anemic and chronic
stages in the younger patient group. ALT levels in the chronic stage were different between younger and older patient groups. AST/ALT ratios of the younger patient group
were lower in the anemic stage than in the chronic stage, but they were not different in the older patient group.
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Fig. 3. A close correlation between Hb and ALT in the younger patients.
Liver disease activity expressed by serum alanine aminotransferase (ALT) levels
was suggested to be hemoglobin (Hb)-dependent during acute episodes of the
acute hepatic phenotype in the younger patients. Reduced levels of ALT were
always associated with severe anemia after hemolysis, probably due to transient
hypoxia.
ALT=15.63Hb-69.9, r=0.85.

disease, such as cirrhosis, precirrhosis, or precirrhosis with
chronic active hepatitis (Fig. 5). Rhodanine stain was positive
in all liver tissues for histochemical copper. There were no
traces of acute episodes of hemolytic jaundice in their
livers. Liver images of two other patients were also consistent
with chronic liver disease. The removed liver in the transplant
patient showed cirrhosis with severe cholestasis.

Fig. 5. Liver specimen of a survivor obtained in the recovery stage of the
self-limiting acute episode of the acute hepatic phenotype. Upper hematoxylin & eosin (HE) stain: The liver tissue was separated into two parts by a wide
mesenchymal band. Adjacent parenchyma was affected by mononuclear cell
infiltration. In total, there were three fibrous bands transversely located in the
cylindrical tissue obtained by needle biopsy.
Lower Azan stain: In addition to a wide fibrous band, there was another fibrotic
lesion widely distributed in the parenchyma. Some aggregated hepatocytes were
surrounded by such fibrous bands. No cholestasis remained. We postulate that
these hepatic lesions had developed since birth in this patient. Bar indicates
300 µm.

Acute hepatic phenotypes of the IGSW proposal7 in seven
patients were divided by the two terms of liver diseasehemolysis during the acute episode and liver disease-cirrhosis
or chronic hepatitis in the anemia recovery stage based on
the EASL guidelines.14 Liver disease-hemolysis was selflimiting, and neurologic disease remained in one patient. In
two patients, liver disease-hemolysis transformed to liver
disease-ALF. One recipient of orthotropic liver transplant
had a residual symptom of dysarthria at the examination
on discharge. WD, WD with central nervous system (CNS)
complication, or liver recipient with CNS complication was
an alternative diagnosis for the life-long treatment of the
survivors.
Discussion

Fig. 4. A close correlation between Hb and ALT in the older patients. Liver
disease activity expressed by serum alanine aminotransferase (ALT) levels was
also hemoglobin (Hb)-dependent during acute episodes of the acute hepatic
phenotype in the older patients when data on the terminal state of acute hepatic
failure were excluded. ALT levels were relatively low and their changes were mild
in relation to the severity of anemia compared with the younger patients.
ALT=5.73Hb-19.5, r=0.88.

Although this study was preliminary, as the number of
patients was limited, there were three important findings
regarding the acute hepatic phenotype of WD: the acute
episode of this phenotype was not always associated with a
poor prognosis, transient reductions of Hb during the acute
episode were associated with an age-dependent reduction in
the level of the liver-specific enzyme ALT, and residual disease
remained in the liver, CNS, or both the liver and CNS of
survivors from the acute episode.
The acute episode of this phenotype may be induced by
sudden release of copper into the circulation by variable
triggers.4,5,18 Two of the three patients whose information
on pre-anemic stages was available had received a full dose
of penicillamine and steroids for sterilization therapy, respectively. Eight of the 10 patients survived the acute episode
beyond a month after developing jaundice or anemia, or a
combination of both. Two patients ultimately developed ALF.
In addition to the differential diagnosis of ALF from selflimiting disease,19 analyses of the rapid changes of serum
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Table 3. Phenotypes by IGSW, liver structures, presentations by EASL, and residual diseases in survivors

The 1st/2nd presentations by
EASL [no definition in the system]

Phenotypes by IGSW

Liver structures
[liver imaging]

Y-1

Acute hepatic

Pre-LC c CAH

LD-hemolysis/LD-CH

WD

Y-2

Acute hepatic

[Pre-LC]

LD-hemolysis/LD-CH

WD

Y-3

Acute hepatic

LC

LD-hemolysis/LD-LC

WD

Y-4

Acute hepatic

Pre-LC

LD-hemolysis/LD-CH

WD

Y-5

Acute hepatic

LC

LD-hemolysis/LD-LC

WD

Y-6

Acute hepatic

LC

LD-hemolysis/LD-LC

WD

O-1

Acute hepatic

Pre-LC c CAH

LD-hemolysis/LD-CH

WD

O-2

Acute hepatic

[LC]

LD-hemolysis/LD-ALF

O-3

Acute hepatic

Pre-LC

LD-hemolysis*/Neurologic disease

Patients

O-4

Acute hepatic

LC

*

*

LD-hemolysis/LD-ALF /[post LT ]

Residual diseases
in survivors

WD with CNS-C
Recipient with CNS-C

ALF, acute liver failure; CAH, chronic active hepatitis; CNS-C, central nervous system complication; CH, chronic hepatitis; EASL, European Association for the Study of the Liver;
IGSW, international group for the study of Wilson disease; LC, liver cirrhosis; LD, liver disease; LT, liver transplantation; O, older patient; WD, Wilson disease; Y, younger patient.
*

Neurological symptoms of finger tremor or dysarthria due to copper toxicosis were found.
When WD is defined as a chronic liver disease due to ATP7B dysfunction, the acute hepatic phenotype may be a pathological condition of WD acutely complicated by
hemolysis. Some aged patients with the acute hepatic phenotype may have an additional chronic complication of neurologic disease. Their recovery state from hemolysis
may be alternatively WD, WD with CNS complication, and CNS disorder remained in a recipient of orthotropic liver transplant.

AST and ALT levels and their relationships with the marked
reduction of Hb concentrations in the survivors may also be
important.
Rapid changes of serum ALT levels, which are more reliable
parameters of liver cell necrosis than those of AST with an
erythrocyte fraction in acute hemolysis, were age-dependent
and closely associated with the severity of anemia or reduction of the Hb concentration. Because our younger patients
were found in the early stage of the decreasing phase,8 AST
and ALT profiles showed marked changes as compared with
these of older patients. Similar observations were reported in
Germany.12 Serum ALT levels were markedly reduced in two
patients with the ALF of WD. Discrepant changes of AST and
ALT were also observed in these patients, and these observations were confirmed in the 16 patients with WD ALF,13 which
resulted in the EASL guidelines.14 The high ratios of AST/ALT
were observed in the anemic stage of all patients and not
specific to the two patients showing transformation to ALF in
this study. The second anemic stage may be sustained in
patients showing transformation to ALF without recovery
from hyperbilirubinemia and the high AST/ALT state.
The reduction of serum ALT levels is known to be a
favorable effect of anemia on chronic hepatitis C. Severe
post-gastrointestinal (GI) bleeding anemia was reported to
reduce transiently AST and ALT levels of patients with hepatitis C virus (HCV)-chronic hepatitis and cirrhosis.20 This
effect disappeared in a few weeks when anemia was ameliorated. The synchronized reduction of Hb concentration and
ALT activity may represent a relief from oxidative stress
caused by ferrous ion (I), super oxide dismutase (SOD) (II),
and the Fenton reaction (III).21,22
(I) Fe2+ + O2 / Fe3+ + O2−
(II) 2O2− + 2H+ / O2 + H2O2
(III) Fe2+ + H2O2 / Fe3+ + OH + OH−
Cuprous ions may have a similar potential to ferrous ions in
the system. Considering that the acute episode of acute
hepatic WD is associated with pathological conditions rich in
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both cuprous ions released from stored copper and ferrous
ions derived from Hb iron, the main player in oxidative stress
may be hypoxia secondary to reduced levels of Hb to carry
oxygen to the body tissues. Severe anemia occurring posthemolysis may suppress the production of reactive oxygen
species, even under a pathological condition rich in both
cuprous and ferrousions.21,22 It may be important to note
the different anemic effects of GI bleeding and hemolysis on
the levels of AST and ALT. GI bleeding induces a marked parallel reduction of both enzymes,20 while hemolytic anemia has
a similar potential to reduce ALT levels and to modify AST
levels by increasing the erythrocyte fraction.10 The erythrocyte AST may also play an important role in the differential
diagnosis of WD ALF from nonWD ALF.11–14 The roles of the
oxygen-carrier protein Hb in the acute phenotype of WD
should be clarified in the near future.
The anemic stage associated with hypoalbuminemia, hyperbilirubinemia, and liver enzyme reduction was sustained
without recovery from anemia in the two patients transformed to ALF. The transient hypoxia-induced relief of hepatocytes from oxidative stress may reduce serum AST and ALT
levels,9,20 but hypoxia per se may not improve liver function,
such as protein synthesis and bilirubin transport, which need
large amounts of energy. A poor prognosis for patients with
acute hepatic phenotype should be predicted according to
King’s score system,19 followed by prompt transfer to a liver
center for transplantation.
All survivors had residual disease in the liver or both the
liver and CNS. Our older patients were in the late stage of
the decreasing phase of the AST and ALT levels,8 and their
liver disease was almost masked by a normal range of liver
enzymes. Our survivors, even with biochemically masked
disease, were treated by anticopper regimens under an alternative diagnosis: WD, WD with CNS complication, and CNS
complication in an orthotropic liver recipient (Table 3). The
acute episode of the acute hepatic phenotype was a particular
complication affecting patients with WD or WD with CNS
complication.
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Conclusions
Elucidation of the Hb-dependent reduction of serum ALT levels
during the acute episode of acute hepatic WD and identification
of diseases remaining in the survivors from the acute episode
may improve our understanding of the primary hepatic copper
toxicosis of WD and its extrahepatic complications.
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