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Background: Wilson’s disease (WD) manifesting as acute liver failure (ALF) is a life-threatening condition, and spontaneous
recovery is rare. Diagnostic scores like the alkaline phosphatase elevation/total bilirubin elevation ratio and as-
partate aminotransferase/alanine aminotransferase ratio can distinguish WD from other ALF etiologies. Liver
transplantation plays a major role in treating these patients, and the revised Wilson Index is useful in patient
selection for this procedure. The aim of this study was to evaluate diagnostic scores, treatments, and outcomes
of a large cohort of patients with WD-ALF.

Material/Methods: Twenty adult patients of a historical cohort admitted from January 2001 to December 2017 were prospective-
ly observed. Demographic, clinical, laboratory, and radiology data, and treatment, time on the waiting list for
liver transplantation, and outcomes were recorded.

Results: No diagnostic laboratory scores were 100% positive in patients with WD-ALF. Cut-off values for the alkaline
phosphatase/total bilirubin ratio and aspartate aminotransferase/alanine aminotransferase ratio were met by
65.0% and 80.0% of patients, respectively. All patients met at least 1 criterion for high risk of death (Nazer or
revised Wilson Index) and qualified for liver transplantation. In 9 patients, albumin dialysis was used before
surgery. Survival after liver transplantation was 85.0% and 74.4% after 1 month and 1 year, respectively.

Conclusions: Further research on a novel diagnostic score in WD-ALF is warranted. Adult patients suspected to have WD as
the cause of ALF should be treated in the referral liver transplantation unit. Liver transplantation makes long-
term survival possible for patients with this critical illness.
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Background

Wilson’s disease (WD) is an autosomal recessive disorder which
leads to the accumulation of copper, particularly in the liver
and brain, due to the mutation of the ATP7B gene on chromo-
some 13 [1,2]. Clinical manifestations are usually neurological
and hepatic, but can also range from ophthalmic to psychiatric.
With the increasing knowledge of WD among physicians and
increasing availability of genetic tests, the number of patients
diagnosed with WD appears to be rising. However, new genet-
ic methods, including entire ATP7B gene sequencing, are ex-
pensive and not readily available in every country [3]. WD ac-
counts for 3% to 12% of patients with acute liver failure (ALF)
who are referred for emergency liver transplantation in Europe
and in the United States [4,5]. In the setting of ALF, diagnosing
the etiology of WD is difficult. Copper metabolism parameters
have become less sensitive and specific, while Kayser-Fleischer
(K-F) rings are rarely identified, and the time for genetic as-
sessment is limited. Under these conditions, the combination
of an alkaline phosphatase elevation (ALP)/total bilirubin (TB)
elevation ratio <4 and an aspartate aminotransferase (AST)/al-
anine aminotransferase (ALT) ratio 2.2 yields high diagnos-
tic sensitivity and specificity of ALF due to WD (WD-ALF) [6].
Early diagnosis of WD-ALF is crucial, since the rate of mortali-
ty without liver transplantation is high and incidents of spon-
taneous recovery are rare. A prognostic score for WD-ALF orig-
inally developed by Nazer et al [7] was modified by Dhawan et
al, and is now known as the revised Wilson Index [8]. The in-
dex has been proven to be both sensitive and specific at pre-
dicting mortality without transplantation.

Previous studies on patients with WD-ALF comprise small co-
horts of pediatric and adult patients with decompensated
chronic liver failure and ALF. The objective of this study was
to report our experience in the diagnosis and treatment of ALF
due to WD in adults.

Material and Methods

Twenty adult patients of a historical cohort with WD-ALF who
were admitted from January 2001 to December 2017 were pro-
spectively observed. All patients met criteria of ALF diagnosis:
international normalized ratio (INR) >1.5 and encephalopathy.
No history of liver disease was present up to 26 weeks prior
to first admission [9]. WD as a cause of ALF was diagnosed af-
ter the admittance to our center in most of the patients. The
diagnosis of WD was based on the following criteria: low se-
rum ceruloplasmin level, elevated 24-h urinary copper excre-
tion, increased serum “free” copper, presence of K-F rings by
slit lamp examination, and, from 2008 onward, an ALP/TB ra-
tio <4 and AST/ALT ratio »2.2 [5]. For study purposes, patients
treated before 2008 had an ALP/TB ratio and AST/ALT ratio
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calculated retrospectively. Genetic evaluation was not routine-
ly available during the whole study period. Other causes of ALF
such as toxins, drugs or mushroom poisoning, viral infection,
and autoimmune hepatitis were excluded.

The patients’ medical records were analyzed for demographic
data (including age and sex), clinical data (grade of enceph-
alopathy, time between the start of jaundice and the devel-
opment of encephalopathy to classify it as hyperacute, acute,
or subacute [10]), laboratory data, radiology data (abdominal
Doppler ultrasound and/or computed tomography), treatment,
time on the waiting list for liver transplantation, and outcomes.

Selection for liver transplantation was based on the King’s
College criteria for non-paracetamol causes. The Nazer index
and the revised Wilson Index, from 2005 onward, were sup-
portive in the decision-making process. The King’s College cri-
teria are defined as an INR over 6.5 or at least 3 of the fol-
lowing criteria: drug toxicity; age below 10 years old or over
40 years old; an interval between jaundice and encephalop-
athy over 7 days; and INR level over 3.5 and serum bilirubin
over 17.5 mg/dL [11]. The Nazer index (0-4 points) grades pro-
longation in prothrombin time, AST activity, and serum bili-
rubin. A score of 7 or higher predicts a fatal outcome [7]. The
revised Wilson Index (0-4 points) grades serum bilirubin, AST,
INR, white blood cell count, and serum albumin [8]. A score
>11 is associated with a high probability of death without liv-
er transplantation. For study purposes, patients treated before
2005 had a revised Wilson Index calculated retrospectively.

At the same time as they were listed for liver transplantation,
patients were qualified for albumin dialysis: fractionated plas-
ma separation and absorption with high-flux dialysis (FPSA,
Prometheus®). Selection for additional treatment required at
least 3 of the following: encephalopathy grade 3/4; serum bil-
irubin »>15 mg/dL; increase of transaminases over 50% in con-
secutive tests; serum ammonia level over standard range; and
serum creatinine or urea levels over standard range. FPSA was
performed once daily for a maximum of 3 procedures, or few-
er if a liver donor was available. In patients with no availabil-
ity of liver transplantation, the FPSA was not continued after
3 procedures, according to treatment protocol [12].

Explants of native livers after liver transplantation were rou-
tinely examined with hematoxylin and eosin staining. In ad-
dition, rhodamine and orcein stains were performed to iden-
tify copper granules and copper-binding protein, respectively.

Institutional review board permission was obtained for review-
ing the patient clinical charts for research purposes.

Laboratory data are presented as the mean and standard de-
viation (SD). The survival time after liver transplantation was
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Table 1. Clinical and laboratory data of the study cohort.

Variables
Age (mean, range) 249  (18-45)
Csex G s
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ e
Cmsctes 18 oW

Grade of encephalopathy

/11 5 (25.0%)

AV 15 (75.0%)
| Hypogyeema 20009
""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MeanssD ~ Range
CMEL 3605184 251
| Totalbiliubin (g 353181425 64534
Cwecaoenny 145741042 2114463
CasTun 2404210 g3
CaTomy 1344300  1iass
CAP(mgd) 1001105 12479
R s12e226 204100
| Prothiombinindex @ s14ss1057 05
 Prothrombintime)  asazms 251120
© Abumin (mgrdy) 2.7340.58 2243
CUrea(mgd) 0 58044146 - 13
| Serumicreatinine fmgfdl) a0 027375
© Serumammonia(ugdy 1515580320 a3381
CwemB 4015705 0202453
CastAT 03337 0751645

ALP — alkaline phosphatase elevation; ALT — alanine aminotransferase; AST — aspartate aminotransferase; INR — international
normalized ratio; MELD — model for end-stage liver disease; SD — standard deviation; TB — total bilirubin; WBC — white blood cell.

estimated with the Kaplan-Meier method, and the log-rank
test was used to compare survival curves.

Results

Clinical Features

The median age of the group was 21 (range, 18-45) years, and
only 3 patients were men. The mean time interval between the
first manifestation and admission was 30 (range, 1-84) days.
On admission, jaundice and encephalopathy were present in
all patients, and ascites was present in 18 (90.0%) patients.

This work is licensed under Creative Common Attribution-
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Renal insufficiency, defined as serum creatinine level over base-
line (>1.2 mg/dL) with decrease in urine output <50 mL/h, was
present in 11 (55.0%) patients. One patient had K-F rings, 9
(45.0%) had decreased ceruloplasmin concentration, 5 (25.0%)
had abnormal values of serum copper, and 9 (45.0%) had ele-
vated urinary copper excretion. Thirteen (65.0%) patients met
the cut-off for the ALP/TB ratio and 16 (80.0%) met the cut-
off for the AST/ALT ratio. Two patients did not fulfill any of the
laboratory criteria for WD-ALF, but 1 had K-F rings, and in both
cases the diagnosis was confirmed in histopathology of the ex-
planted livers. The clinical and laboratory data are shown in
Table 1. Ten patients (50.0%) had radiological (ultrasound or
computer tomography) signs of cirrhosis or portal hypertension.
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Treatment

All patients proceeded to liver transplantation after a medi-
an of 6 (range 1-28) days from admission. Thirteen (65.0%)
patients met the King’s College criteria for non-paracetamol
causes. The mean model for end-stage liver disease was 36.05
(range 22-51). Eighteen (90.0%) patients reached or exceeded
the cut-off value of the Nazer index for a high risk of death (2
patients had 6 points on the Nazer index). The cut-off value
of the revised Wilson Index was met by 18 (90.0%) patients
(1 patient had 10 points and 1 patient had 9 points). All pa-
tients met at least 1 criterion for a high risk of death without
liver transplantation.

Nine (47.4%) patients were treated with FPSA (1 patient was
treated before Prometheus® was available). Five patients had
3 procedures, 1 patient had 2 procedures, and 3 patients had
1 procedure of the albumin dialysis.

Outcomes

Survival after liver transplantation was 85.0% and 74.4% after
1 month and 1 year, respectively. Three patients died in the ear-
ly posttransplant period (median, 3 [range 3-29] days); 2 cases
were due to multiorgan failure and 1 case was due to primary
nonfunction. There was 1 liver retransplantation 12 days af-
ter the primary operation, owing to hepatic artery thrombosis.

Copper deposits were identified in 9 (45.0%) explanted livers,
confirming the diagnosis of WD-ALF.

Additionally, survival of the WD-ALF cohort was compared with

non-WD-ALF patients (n=95) treated with liver transplantation
during the same period (Figure 1).

Discussion

The diagnosis of WD-ALF is vitally important because of the
high mortality without liver transplantation and implications
for family members. It has been established that the diagno-
sis of acute presentation is more challenging than that in the
chronic setting. For example, K-F rings are detectable in only up
to 50% of patients with WD, and obtaining a slit lamp exam-
ination in patients in critical condition can be difficult. Serum
copper is neither specific nor sensitive for the diagnosis of WD-
ALF. Reduction of urine output due to impaired renal function
in up to 40% of patients with ALF and delay in obtaining re-
sults from reference laboratories limits the potential utility of
urinary copper excretion [6,13,14]. Our findings support these
observations. Only 1 patient in our study had K-F rings, serum
copper was elevated in 25.0% of patients, and urinary copper
was elevated in 45.0% of patients.
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Figure 1. Kaplan-Meier survival analysis according to etiology
of acute liver failure (Wilson’s disease vs non-Wilson’s
disease).

Late-onset presentation of WD as a cause of ALF is rare. There
are few cases of first presentation of WD after the age of 40
years [15]. In the presented cohort, 1 woman was diagnosed
at the age of 45 with K-F rings and was treated with a suc-
cessful liver transplantation.

Liver biopsy to determine hepatic copper levels is not prac-
tical owing to the high risk of bleeding in patients with ALF.
Furthermore, in the study by Korman et al, not every case of
histochemical staining confirmed copper deposits in the his-
tologic evaluation of 7 available liver samples [6]. This is in ac-
cordance with our findings, where copper deposits were found
in the explanted livers of only 45.0% of patients.

For the rapid diagnosis of WD-ALF, 2 index scores are in use.
The ALP/TB ratio is based on the observation that in the
course of acute presentation of WD, the ALP activity decreas-
es, and bilirubin concentration increases [14]. The AST/ALT ra-
tio reflects the concept of mitochondrial injury in fulminant
WD [16]. The cut-off values for both indexes were reevaluat-
ed by Korman et al in 2008. They found a sensitivity of 94%
and 94% and specificity of 96% and 86% for the ALP/TB ra-
tio <4 and AST/ALT ratio »2.2, respectively, in the diagnosis of
WD-ALF. The same authors showed that by first screening pa-
tients with the ALP/TB ratio and then sequentially screening
with the AST/ALT ratio, the sensitivity and specificity increase
to 100% [6]. In the present study, 65% of patients had a posi-
tive ALP/TB ratio and 80% of patients had a positive AST/ALT
ratio. By using the sequential method, the positive diagnos-
tic value was 90%.
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Difficulties in creating a diagnostic algorithm for WD-ALF
are reflected in recently published guidelines. The American
Association for the Study of Liver Disease (AASLD), European
Association for the Study of the Liver (EASL), and European
Society for Pediatric Gastroenterology, Hepatology, and Nutrition
(ESPGHAN) propose various diagnostic tests and cut-off val-
ues. For example, in the AASLD guidelines, the cut-off for the
ALP/TB ratio for WD-ALF diagnosis is less than 2, while the
EASL and ESPGHAN specify a ratio of ALP to TB of less than 4
and 1, respectively [17].

In 2020, Gungor et al constructed a scoring system to distin-
guish between WD-ALF and non-WD-ALF in a pediatric popula-
tion [18]. Based on AST, ALT, ALP, AST/ALT ratio, uric acid, and
hemoglobin concentrations, their scoring system had a sensi-
tivity of 87.5% and specificity of 86.7%. Its application should
be further assessed, and its utility in adults needs to be stud-
ied. Unfortunately, this could not be done in the present adult
population because of the lack of availability of uric acid in the
historic cohort. Also, new cut-off points must be established
for adults, owing to age-related changes in enzyme activity.

In 1991, Berman et al reported uniformly fatal outcomes in
patients with WD-ALF, and not until 2007 were the first cas-
es of survival without liver transplantation published [19,20].
Patients surviving ALF due to WD are mostly from the pedi-
atric population [18,20-23]. Scarce data exist of adults with
WD-ALF who survived without liver transplantation; 1 case
was published by Damsgaard et al in 2019. The 27-year-old
male patient with a high revised Wilson Index (16 points) was
treated successfully with high-volume plasma exchange and
penicillamine [24].
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Czuprynska et al reported a cohort of 14 adult patients in
a Polish population with WD-ALF. No recovery without liver
transplantation was observed, and the 1-year survival rate was
85.7%. No albumin dialysis was used in the treatment [25]. A
study from Italy reported an 88% 1-year survival rate of adult
patients after liver transplantation for WD, but the main in-
dication was chronic liver failure (n=25), and only 1 patient
had ALF [26].

Our study results were in accordance with this previous data.
No patient with WD-ALF survived without liver transplantation.
Survival after liver transplantation in the presented group of
patients was significantly better than that in the general pop-
ulation of patients with ALF: 74.4% vs 70.2% after 1 month
(P=0.54) and 85.0% vs 74.7% after 1 year (P=0.49).

Albumin dialysis (FPSA) proved to be an effective bridg-

ing treatment in this study, prolonging waiting time to liver
transplantation.

Conclusions

Because of the difficulty of diagnosis and the high risk of fatal
outcome, adult patients suspected of having WD as the cause
of ALF should be treated in a referral liver transplantation unit,
with access to albumin dialysis if possible. The excellent out-
comes after liver transplantation make long-term survival pos-
sible for patients with this critical illness.
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