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Abstract

BACKGROUND
Acute liver failure (ALF) may be the first and most dramatic presentation of
Wilson's disease (WD). ALF due to WD (WD-ALF) is difficult to distinguish from
other causes of liver disease and is a clear indication for liver transplantation.
There is no firm recommendation on specific and supportive medical treatment
for this condition.

AIM
To critically evaluate the diagnostic and therapeutic management of WD-ALF
patients in order to improve their survival with native liver.

METHODS

A retrospective analysis of patients with WD-ALF was conducted in two pediatric
liver units from 2018 to 2023.

RESULTS

During the study period, 16 children (9 males) received a diagnosis of WD and 2
of them presented with ALF. The first was successfully treated with an unconven-
tional combination of low doses of D-penicillamine and zinc plus steroids, and
survived without liver transplant. The second, exclusively treated with supportive
therapy, needed a hepatotransplant to overcome ALF.

CONCLUSION
Successful treatment of 1 WD-ALF patient with low-dose D-penicillamine and
zinc plus steroids may provide new perspectives for management of this
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condition, which is currently only treated with liver transplantation.

Key Words: Fulminant liver failure; Copper; Chelator; Zinc; Steroids; Liver transplantation; Autoimmune hepatitis; Prognostic
score; 24 hour-urinary copper excretion; Native liver
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Core Tip: There is no firm recommendation on the management of acute liver failure due to Wilson's disease, for which liver
transplantation is the only reliable treatment option. The retrospective study highlights the successful treatment of a patient
with an unconventional low-dose therapy of D-penicillamine and zinc plus steroids with the aim of opening new
perspectives in the management of the condition, stimulating a critical evaluation on the topic and thus promoting the use of
all possible therapeutic opportunities to increase survival with the native liver.
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INTRODUCTION

Wilson’s disease (WD) is an autosomal recessive disorder of copper metabolism, caused by mutations in the ATP7B gene
[1]. The estimated global prevalence of WD is 1:30000 to 1:50000 cases in the United States, Europe, and Asia[2], with a
carrier frequency of a single mutation of 1 in 90 individuals[3]. In some areas, such as Croatia, Costa Rica, and the Italian
island of Sardinia, a higher frequency of WD has been reported, probably related to inbreeding or higher mutation
frequencies[2].

Clinical presentation can vary widely, but the key features are liver disease and neurological and psychiatric disorders.
Hepatic manifestations may range from asymptomatic conditions with increased liver enzymes or hepatomegaly[4], to
acute or chronic liver disease. In some cases, acute liver failure (ALF) is the initial and most dramatic presentation of WD
[5-7]. Fulminant WD can be associated with Coombs-negative hemolytic anemia and quickly progresses to hepatic and
renal failure leading to 95% mortality if untreated[8]. An urgent liver transplant is often the only chance for survival.

ALF due to WD (WD-ALF) is a diagnostic challenge due to the lack of sensitive and specific diagnostic criteria[9]. The
overall therapeutic goal of WD is to block or reverse organ damage related to copper accumulation, which can be
achieved through medical therapy, or in the case of non-response, through liver transplantation. The treatment for WD
patients includes copper chelators (D-penicillamine or trientine) or zinc salts according to available guidelines[10-12]. It
has been reported that the early diagnosis and treatment of WD prevents the onset of neurologic damage, even at the
subclinical level[13]. For WD patients, lifelong medical therapy is required. The choice of drug depends on the clinical
phenotype, and treatment should be individualized based on the severity of symptoms. Unfortunately, no consensus is
available on the pharmacological strategies to use for WD-ALF. Therefore, given the scarcity of literature to date, the
management of WD-ALF patients remains one of the greatest challenges for pediatric and adult hepatologists.

The purpose of this article is to focus on the diagnostic and therapeutic management of WD-ALF and stimulate critical
evaluation of the possible treatments that can be used to promote survival with native liver.

MATERIALS AND METHODS

A retrospective analysis was conducted on patients with WD diagnosed at the Pediatric Liver Unit of the University of
Naples Federico II (Naples, Italy) and the Pediatric Gastroenterology Unit at Regina Margherita Pediatric Hospital (Turin,
Italy), from 2018 to 2023. Among these patients, those with WD-ALF were selected. The diagnosis of WD-ALF was
performed according to current guidelines[10-12]. The clinical and laboratory characteristics, as well as the therapeutic
strategies used, were recorded and compared with the literature. New Wilson Index[14] and Nazer score[15] were
applied for prognostic evaluation of the disease. The study was conducted in accordance with the Declaration of Helsinki
for Human Research.

RESULTS

During the study period, 16 patients (9 males) were diagnosed with WD at a median age of 9 years (range: 5-18 years).
Among these were 7 patients with hepatic presentation characterized by hepatomegaly and/or increased liver enzymes, 4
patients identified following molecular screening in absence of clinical manifestations, 2 patients with ALF onset, 1
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patient with neurologic symptoms (tremors, dysarthria, gait disturbance), 1 patient with mixed hepatic and neuropsy-
chiatric manifestations, and 1 patient with tubular nephropathy and concomitant signs of chronic liver disease. The 2
cases with WD-ALF underwent two different therapeutic strategies with a different outcome, as reported below.

Case 1

An 11-year-old Caucasian male was admitted to a local hospital in Eastern Europe due to sudden onset of jaundice and
melena. There were no previous problems in his medical history. Physical examination revealed severe jaundice, hepato-
megaly, and mild ascites. His vital signs were normal. Laboratory examination showed the following: Hyperbiliru-
binemia [total bilirubin (TB) 14.5 mg/dL, normal range: < 1.20 mg/dL, 70% unconjugated]; increased levels of alanine
aminotransferase (ALT) (264 IU/L, normal range: < 40 IU/L), aspartate aminotransferase (AST) (120 IU/L, normal range:
<401U/L), and gamma-glutamy]l transferase (GGT) (170 IU/L, normal range: < 70 IU/L); and low alkaline phosphatase
(ALP) serum levels (69 IU/L, normal range: 142-335 IU/L). Coagulation parameters were impaired, with a strikingly
abnormal international normalized ratio (INR) (4.48, normal range: 0.8-1.2) that was unresponsive to vitamin K infusion.
Renal function was normal.

The diagnosis of ALF was performed according to the criteria of the Pediatric ALF Study Group[16]. There were no
signs of hepatic encephalopathy. Neuropsychiatric symptoms were absent. Higher mental function, central nervous
system examination, and electroencephalography were normal. The blood count showed low hemoglobin (9.1 g/dL,
normal range: 11.0-16.0 g/dL) and platelets (22.000/pL, normal range: 150.000-450.000/ uL). Unfortunately, the Coombs
test and reticulocyte count were not tested. The patient denied taking alcohol, drugs, or any medication. Ultrasound
investigation showed hepatosplenomegaly and a moderate amount of ascitic fluid. Abdominal computed tomography
was suggestive of liver cirrhosis with ascites.

Further investigations showed positive antinuclear antibody (ANA) (titer 1:100) as well as an increase in gamma
globulin serum levels. To rule out WD, ceruloplasmin and 24-hour urinary copper excretion (UCE) were tested and
yielded the following results: 11 mg/dL (normal range: 20-60 mg/dL) and 280 png/24 hour (normal range: < 40 pg/24
hour), respectively.

ALF associated with the presence of hemolysis (anemia and unconjugated hyperbilirubinemia), low levels of cerulo-
plasmin, increased 24-hour UCE, and low serum ALP levels raised the suspicion of WD. Slit-lamp examination revealed
no evidence of Kayser-Fleischer rings in the cornea. Liver biopsy was not performed due to the high risk of bleeding.

To define the diagnosis of WD, molecular analysis of the ATP7B gene was performed and the H1069Q mutation hetero-
zygosity was detected. Applying the Ferenci score, the patient obtained a score of 3, suggestive of “probable” diagnosis of
WD[17]. The diagnostic tools for rapid diagnosis of WD in presence of ALF-the ALP/TB ratio and AST/ALT ratio-
yielded findings of 4.75 and 0.45, respectively. These results, according to the criteria of Korman et al[5], were not
suggestive of WD-ALF. Given the ALF setting, the New Wilson Index and Nazer score were 13 and 8, respectively, both
indicative of poor survival without liver transplantation (Table 1)[14,15].

Due to the undefined WD diagnosis and given the presence of elements suggestive of autoimmune hepatitis (AIH)
such as hypergammaglobulinemia, positive ANA, absence of infectious diseases, and no exposure to alcohol or drugs, the
simplified criteria for the diagnosis of AIH were applied, yielding a score of 6 indicative of “probable” AIH diagnosis[18].

Given the probable diagnosis of both AIH and WD, the patient was treated at the local hospital with methylpred-
nisolone at a dosage of 1 mg/kg/d and low doses of D-penicillamine (1.4 mg/kg/day) and zinc sulfate (124 mg/day).
Vitamin K and ursodeoxycholic acid were also prescribed and an intravenous plasma infusion was administered. Because
of progressive improvement in clinical conditions and laboratory tests, liver transplantation was not performed. After 4
months from onset, the patient was referred to the Federico II Pediatric Liver Unit for a better diagnostic definition. At the
first clinical evaluation, he was anicteric, in good clinical condition, and had a normal INR. He no longer had anemia,
hypergammaglobulinemia, or ANA positivity, and the platelets had increased to 88.000/uL. His 24-hour UCE was 60 pg
while on combined therapy with D-penicillamine and zinc, and ceruloplasmin serum levels were confirmed to be 11 mg/
dL. Abdominal ultrasound showed hepatomegaly with mild hepatic steatosis. Esophagogastroduodenoscopy did not
detect esophageal varices.

Given the clinical suspicion of WD, the finding of ANA in the serum only once, the early normalization of serum
immunoglobulins, and the absence of relapse during steroid decalage (the patient was taking 5 mg/day methylpred-
nisolone), it was hypothesized that the patient’'s ALF was due to WD rather than AIH. Therefore, the molecular analysis
was re-evaluated with a more sensitive method and a liver biopsy was proposed but not performed due to parental
refusal. The finding of two mutations-H1069Q/c.3556 + 281_4001del- in the ATP7B gene allowed us to make a definitive
diagnosis of WD.

Consequentially, methylprednisolone treatment was interrupted. Considering that the patient now had mild liver
disease, we decided to suspend D-penicillamine and continue zinc acetate at the appropriate dosage for age (25 mg
elemental zinc three times a day)[11]. In Figure 1, we summarize the diagnostic process, therapeutic interventions, and
outcome of this case.

After steroid discontinuation, the patient remained in good clinical condition without biochemical relapse and without
new ANA positivity. During follow-up, the patient did not develop any clinical neurological signs. Brain magnetic
resonance imaging did not show significant abnormal findings, and Kayser-Fleischer’s ring was not detected. After 5
years, he was still being treated for WD with zinc acetate and maintained a complete response with normal liver function
and normalization of platelet levels (Table 2 and Figure 2).

Case 2

A 15-year-old Chinese girl was admitted to an Italian hospital following a 2-week history of jaundice. On physical
examination, she presented with hepatomegaly, jaundice, and mild ascites. No clinical problems were reported in her
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Table 1 Prognostic scores for acute liver failure due to Wilson’s disease applied to Case 1

Parameter Value New Wilson Index Nazer score
Total bilirubin in mg/dL 14.7 3 3

INR 448 4 4
ASTinIU/L 139 1 1

WBC as x 10°/L 14.9 3 NA

Alb in g/dL 2.77 2 NA

Total score NA 13 8

Alb: Albumin; AST: Aspartate aminotransferase; INR: International normalized ratio; NA: Not applicable; WBC: White blood cell.

Table 2 Laboratory characteristics over time for a boy with acute liver failure due to Wilson’s disease (Case 1)

Parameter Atonset 4 months 5 months 9 months 1 year 2 years 3 years 4 years 5 years
AST in IU/L 264 69 60 43 30 4 23 20 23
ALT in IU/L 300 102 59 30 21 29 19 19 25
Total bilirubin in 14.5 1.21 0.59 0.99 1.37 0.82 0.46 0.90 1.10
mg/dL

Direct bilirubin in 45 ND 0.22 0.38 0.49 031 0.22 0.37 0.55
mg/dL

GGTinIU/L ND 38 31 29 16 16 17 19 16
ALP in IU/L ND 344 717 750 413 413 429 430 190
CHE in TU/L ND 3424 3955 5362 7890 7890 8357 7912 6054
Gamma globulin, % 34 17.9 13.2 14 126 155 14.9 12 132
INR 448 1.26 1.29 13 1.22 1.21 1.18 1.24 1.17
Platelets as x 10°/pL. 37 88 118 154 151 186 270 266 273
Ceruloplasmin in 11 11 ND ND ND 9 5 6 0
mg/dL

24-hour UCE in pg 200 60 69 61 404 404 38.7 239 62.4

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; 24 hour-UCE: 24-hour
urinary copper excretion; CHE: Cholinesterase; INR: International normalized ratio; ND: Not done.

medical history. Laboratory findings showed TB at 14.5 mg/dL (normal range: < 1.2 mg/dL), conjugated bilirubin at 11.6
mg/dL (normal range: < 0.3 mg/dL), AST at 50 IU/L (normal range: <40 IU/L), ALT at 30 IU/L (normal range: <40 IU/
L), GGT within reference limits (normal range: <70 IU/L), and low ALP (24 IU/L, normal range: 142-335 IU/L). Cell
blood count showed normal leucocytes and platelets, but a slight decrease in hemoglobin value (11.6 g/dL, normal range:
11.0-16.0 g/ dL) with a high reticulocyte count of 586 x 10°/L (25-90 x 10°/L). Coombs test was negative as well as the
inflammation indices. Renal function was normal. Further investigations revealed ANA positivity (titer 1:160; normal
range: < 1:40) and an increase in gamma globulin serum levels (42%; normal range: < 18%). Abdominal ultrasound
showed hepatomegaly, spleen of normal size, and mild ascites. Infectious diseases were excluded. The patient reported
not taking alcohol, drugs, or any medication. Coagulation parameters were abnormal with prolonged prothrombin time
(INR 3.8, normal range: 0.8-1.2) unresponsive to vitamin K infusion.

The diagnosis of ALF was made according to Pediatric ALF Study Group criteria, and the patient was transferred to
the Pediatric Liver Transplant Reference Centre in Turin[16]. A second autoantibody evaluation showed negative ANA
and positive anti-liver cytosol type 1 and anti-mitochondrial antibody. A reduced ceruloplasmin level (7 mg/dL, normal
range: 20-60 mg/dL) was found with an extremely high 24-hour UCE (> 1000 pg/24 hour; normal range: < 40 nug/24
hour). The ALP/TB ratio was 1.65; lower than 4 meets the screening criteria for WD in patients with ALF[5]. The AST/
ALT ratio did not meet this criterion because it was not higher than 2.2 (AST/ALT = 1.6). Slit-lamp examination revealed
evidence of the Kayser-Fleischer ring in the cornea. Neurologic and psychiatric symptoms were absent. WD was strongly
suspected based on the presence of Coombs-negative hemolytic anemia, Kayser-Fleischer ring on slit-lamp examination,
low serum levels of ceruloplasmin and ALP, and elevated 24-hour UCE. The New Wilson Index and Nazer score were 13
and 7, respectively, indicative of poor survival without liver transplantation (Table 3)[14,15].
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Table 3 Prognostic scores for acute liver failure due to Wilson’s disease applied to Case 2

Parameter Value New Wilson Index Nazer score
Total bilirubin in mg/dL 14.5 3 3

INR 3.8 4 4

AST in UI/L 50 0 0

WBC as x 10°/L 147 3 NA

Alb in g/dL 24 3 NA

Total score NA 13 7

Alb: Albumin; AST: Aspartate aminotransferase; INR: International normalized ratio; NA: Not applicable; WBC: White blood cell.

Hyperbilirubinemia, hypertransaminasemia,
hyposphatasemia, anemia, coagulopathy, —— Acute liver failure

thrombocytopenia 1
/ [ Investigations for causes of liver disease ] \
Hypergammaglobulinemia l
ANA: 1:100 « ALP/TB > 4
l Absence of other causes of liver énglfQIBTarsanth% :2121 mg/dL
disease - 24 hour-UCE > 280 pg/24 hour
Suspected l
AIH
\ Suspected
Liver biopsy not performed for coagulopathy Lol
Simplified AIH score: «probable» diagnosis /
Pharmacological therapy Slipt-lamp examination: Absence of KF rings
Methylprednisolone + <——  Molecular analysis: Heterozygotes for A7P78 mutation
Low doses of D-penicillamine plus zinc sulfate Ferenci WD score: «probable» diagnosis
l WD definetively confirmed by detection of a second pathogenic mutation of A7P7B
Recovery

During follow-up: Discontinuation of methylprenisolone and continuation of WD therapy

Figure 1 Diagnostic process, therapeutic interventions, and outcome in a patient with acute liver failure due to Wilson’s disease (Case 1).
ALP: Alkaline phosphatase; TB: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 24 hour-UCE: 24-hour urinary copper excretion;
WD: Wilson’s disease; ANA: Anti-nuclear antibody; KF: Kayser-Fleischer; AIH: Autoimmune hepatitis.

Treatment included antibiotic therapy, albumin infusion combined with furosemide to reduce the ascites, and
intravenous plasma infusion. Specific therapy for WD was not started. As liver function worsened (INR 6), the New
Wilson Index became 14. The patient had an urgent liver transplantation at 6 d after admission to the Pediatric Liver
Transplant Center. MELD score at the time of transplant was 35. The histopathology of the explanted liver showed
necrosis, cirrhosis, macro-nodularity, steatosis, ballooning of hepatocytes, and Mallory hyaline bodies. These findings
were consistent with WD-ALF. DNA sequence analysis of the ATP7B gene detected a mutation in homozygosity ¢.2975C
> T (p.Pro992 Leu) at exon 13, which allowed for a definitive diagnosis of WD. In Figure 3, we summarize the diagnostic
process, therapeutic interventions, and outcome of this case.

DISCUSSION

WD presenting as ALF is a significant challenge, because differential diagnosis with other etiologies is difficult due to the
lack of sensitive and specific diagnostic tests for WD. Even from a management point of view, this condition is
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Figure 2 Time course of laboratory data and response to treatment in a patient with acute liver failure due to Wilson’s disease (Case 1).
This figure shows the temporal trend of laboratory data and treatment from the onset to the last observation. A: Temporal trend of liver enzymes (expressed as UI/L);
B: Temporal trend of bilirubin levels (expressed as mg/dL); C: Temporal trend of platelets (expressed as x 10° /uL); D: Temporal trend of international normalized
ratio. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio.

demanding because, once the diagnostic suspicion has been established, it is necessary to choose the most appropriate
pharmacological and supportive therapy and quickly decide whether or not to perform liver transplant as a life-saving
procedure. In the described cases, the diagnosis of WD was made difficult by the presence of hypergammaglobulinemia
and positive autoantibodies, both indicative of AIH which, like WD, can have an acute onset with ALF. Furthermore,
WD-ALF diagnosis is complicated because markers of copper metabolism (ceruloplasmin serum levels and 24-hour UCE)
are of limited diagnostic value. In fact, they can give both false-positive and false-negative results. Serum concentration of
ceruloplasmin may be falsely normal under the influence of inflammation, while 24-hour UCE may be above the normal
range; this may also occur in non-WD ALF due to the massive necrosis of hepatocytes[9]. An example is the cerulo-
plasmin value at onset in Case 1 which, although lower than the cutoff for the diagnostic suspicion of WD, was clearly
higher than that observed during follow-up. On the other hand, patients with ALF due to causes other than WD may
show low levels of ceruloplasmin due to reduced protein synthetic capacity of the liver[9]. In the 2 cases described,
ceruloplasmin and 24-hour UCE were indicative of WD, although in the first case, the levels of ceruloplasmin and 24-
hour UCE were not as severely altered as would be expected.

The diagnostic difficulties are then amplified by the fact that liver biopsy and molecular analysis are not feasible in the
context of ALF. Indeed, liver biopsy usually cannot be performed due to the ALF-associated coagulopathy, and molecular
analysis takes no less than 1 month to generate results[19]. Regarding the meaning of autoantibodies in WD patients, a
low titer of autoantibodies has been reported in patients with WD without AIH[20]. Overall, there are few cases in the
literature of coexistence of WD and AIH in the same patient[21,22]. It is likely that the abnormal immune response seen in
WD with severe liver disease may depend by the impaired degradation of circulating antigens which in turn causes an
increase in the humoral immune response. Furthermore, a direct influence of free copper on lymphocytes and the
metabolic activity of leukocytes cannot be excluded[23].

Regarding the diagnostic role of other biochemical parameters, an ALP/TB ratio < 4 and AST/ALT ratio > 2.2
reportedly have acceptable sensitivity and specificity for the early diagnosis of WD-ALF[19]. However, the accuracy of
ALP/TB is limited in children who usually have higher ALP levels due to the bone growth. The limited reliability of these
parameters is confirmed by the fact that only in the second case described, one of these ratios was positive.

Once the diagnosis of WD-ALF is established, it is critical to stage the severity of the liver disease through prognostic
scores, in order to evaluate the need for liver transplantation[14,15].

In our 2 cases, although both scores showed a low probability of surviving without a liver transplant, the first patient
was able to survive with native liver following a combined treatment with low doses of D-penicillamine and zinc plus
steroids. At this point, it is interesting to ask whether the chance of surviving with a native liver is related to the type of
treatment received. Most patients who survive without transplant, despite a score above the cutoff, are treated with
chelators[11,12]. However, some patients have been successfully treated with zinc monotherapy or with the combination
of chelator and zinc or sometimes with supportive therapies alone[24-26]. The dosages of the drugs used are not always
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Figure 3 Diagnostic process, therapeutic interventions, and outcome in a patient with acute liver failure due to Wilson’s disease (Case 2).
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available in the literature, nor is it possible to make a reliable comparison of the basic clinical conditions of these patients.
It is generally believed that specific and supportive therapies have little impact in modifying the outcome of patients with
WD-ALEF[10,11]. This is probably true, and it cannot be ruled out that a favorable outcome may occur due to factors other
than treatment for WD. For example, in Case 1, it could be hypothesized that concomitant AIH contributed to ALF and
that steroids acted on the autoimmune comorbidity. Likewise, the role of intercurrent infections could be invoked in other
cases[27]. In Case 1, however, the hypothesis of AIH was not confirmed in the following years during which no relapse of
hypergammaglobulinemia or positivity of autoantibodies nor an increase in liver enzymes was ever observed despite
steroids withdrawal. The idea that in Case 1 steroid therapy could have contributed to the improvement of the ALF
picture, even in the absence of AIH, needs to be tested in further studies, but may open new perspectives in the
management of WD-ALF.

There are no clear indications in the literature on how to use specific drugs (chelators and zinc) and supportive
therapies in patients with WD-ALF. In clinical practice, when the diagnosis of WD-ALF is made, there is general
agreement that it is advisable to promptly start symptomatic supportive therapies, while no recommendation is available
about therapy with chelators or zinc or both. Case 1 seems to support the use of combined therapy. Since the patient
initially received an uncertain diagnosis between AIH and WD, he was treated with a combined strategy including D-
penicillamine, zinc salts, and methylprednisolone, with a good clinical response. Some experts believe that chelators
should be initially used at low doses due to the risk of paradoxical neurologic deterioration and/or severe cutaneous
reactions. In addition, in the setting of WD-ALF, zinc may be administered, but since it presents a slow onset of action, it
is not generally recommended[11]. When Case 1 came to our attention, he had a stabilized clinical situation with only a
mild liver disease; therefore, D-penicillamine therapy was discontinued and monotherapy with zinc acetate continued,
according to the observation that zinc monotherapy is effective in WD children with mild liver disease[10]. In the second
patient, ALF progressed so rapidly that a liver transplant was immediately performed, and no specific therapy was
started. Unlike the first case, there were no doubts about the diagnosis of WD-ALF; the positivity of autoantibodies was
considered non-specific.

On the basis of these cases and what has been reported in literature, liver transplant remains a reliable option for WD-
ALF patients, but should there be no available donor and pending liver transplant procedure, maximum efforts should be
made to optimize medical therapy. Surely, it is desirable to be very critical in evaluating the efficacy of different therapies
especially when the number of cases analyzed is small, but from an ethical point of view we must not deny each patient
every possible support. The presumed efficacy of the unusual cocktail of D-penicillamine, zinc, and steroids used in Case
1, could be an example of serendipity. Although a causal link cannot be proven, it also cannot be ruled out. As aforemen-
tioned, it is likely that even in ALF patients, therapy with D-penicillamine should be started at a low dose to avoid the
rapid mobilization of copper deposits. Less easily explained is the rationale for a low initial dosage of zinc, which acts by
inhibiting the intestinal absorption of copper but also by inducing hepatic metallothioneins which consequently bind
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copper in a non-toxic form[11,28]. Another interesting point in Case 1 was the progressive resolution of the severe
thrombocytopenia presented at onset. Considering that normalization occurred in a few months and the absence of
splenomegaly and esophageal varices, the thrombocytopenia could not be explained by portal hypertension but rather by
the systemic inflammation associated with ALF, and in this context steroids might have played a role[29].

CONCLUSION

In light of the cases presented, greater attention to the medical management of WD-ALF would be desirable through
surveys and multicenter retrospective and/or prospective studies in order to produce stronger evidence on the best
therapeutic management of patients with WD-ALF. Even sporadic cases should probably not be neglected, and maximum
efforts should be made to promote the survival of WD-ALF patients with native liver.
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