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ABSTRACT
Acute liver failure (ALF) can be one of the manifestations of Wilson disease (WD), and due to its severity, prompt diagnosis 
is essential. A ratio > 15% of the exchangeable copper to total serum copper, known as relative exchangeable copper (REC), 
has been shown to have a 100% sensitivity and specificity for the diagnosis of WD but this has not yet been studied in an ALF 
setting. Patients diagnosed with ALF from 1 November 2011 to 31 December 2023, with available REC determination during 
the acute event, were included. Thirty-three patients were included (11 with WD and 22 without WD). The median age [IQR] 
at ALF was 12.9 [8.9–20.2] years, range: 0.6–71.0 years. Serum ceruloplasmin (Cp) < 0.20 g/L and 24 h urinary copper excretion 
> 1.6 μmol/L had both a sensitivity (Se) and specificity (Sp) for the diagnosis of WD of 100% and 72.7%, respectively. A ROC 
analysis of REC determined that the best cut-off point was 14.4% (AUC 1, p < 0.01). All the WD patients had REC values > 14.4%, 
yielding a sensitivity and specificity of 100. Relative exchangeable copper has 100% sensitivity and specificity for diagnosing 
Wilson disease in acute liver failure. Relative exchangeable copper has excellent performance in diagnosing Wilson disease in 
acute liver failure.

1   |   Introduction

Wilson disease (WD) [1] is an autosomal recessive genetic dis-
order caused by biallelic mutations in the ATP7B gene. It is 
characterised by copper accumulation, mainly in the liver and 
the brain, caused by impaired biliary copper elimination. The 

diagnosis is based on a pattern of clinical signs, laboratory re-
sults, and genetic analysis [2, 3].

The clinical presentation of this disease can be heterogeneous 
but mainly includes acute or chronic liver disease and neuropsy-
chiatric manifestations. Acute liver failure (ALF) can be the first 
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manifestation of WD in 10% to 36.5% of cases, according to the 
series [4], and represents about 3%–6% of paediatric and adult 
cases of ALF [5, 6]. This presentation is often fatal without liver 
transplantation, but timely diagnosis of WD and treatment could 
prevent this outcome. The prognosis of WD-ALF cases can be 
assessed using validated scores [7, 8] that have been developed to 
identify patients who will probably not respond to treatment and 
require liver transplantation, but even in these cases, a timely 
and appropriate treatment might avoid liver transplantation 
[9, 10]. Diagnosis of WD is also essential for family screening.

There are a few laboratory findings that are suggestive of WD 
in an ALF setting, such as Coombs-negative intravascular 
haemolysis, comparatively low serum levels of alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) and 
significantly low serum alkaline phosphatase (ALP), but these 
are not systematically present, particularly in children [5]. The 
utilisation of the Leipzig score [11] that is standardly recom-
mended to confirm a WD diagnosis is limited in this particu-
lar setting given that some parameters necessary to calculate it 
can be either difficult to obtain (e.g., hepatic copper quantifica-
tion) or are only available with a significant delay (e.g., genetic 
studies).

Therefore, several scores have been developed to improve the 
diagnosis of WD in an ALF context, but their performance is 
variable according to the studies and less valid for paediatric 
cases of WD-ALF [4, 5, 12].

The calculated non-ceruloplasmin-bound copper (NCC) has 
been historically used to monitor the evolution of WD, but it 
has never been validated for diagnosis. Several limitations have 
been raised against the utilisation of this method [13], particu-
larly its dependence on the method employed for the ceruloplas-
min determination, which can sometimes lead to negative and 
hard-to-interpret values.

A different assay to directly determine the NCC is known as the 
exchangeable copper (CuEXC) and represents the labile por-
tion of copper bound to albumin and other peptides but not to 
ceruloplasmin.

The ratio of the CuEXC to total serum copper is known as 
Relative exchangeable copper (REC). The REC has demon-
strated its utility in the diagnosis of WD [14]. In a previous study, 
we reported that both the sensitivity and specificity of the REC 
for the diagnosis of WD were 100%, comparing cohorts of adults 
and children with WD with other hepatic diseases in a chronic 
and stable setting, thus not including any case of ALF [1]. The 
present study aims to evaluate the performance of the REC in 
diagnosing WD in ALF.

2   |   Methods

For this retrospective study, the medical records of adult and 
paediatric patients admitted to either the Lyon or Besançon uni-
versity hospitals (France) with the diagnosis of ALF between 
November 2011 and December 2023 were reviewed; patients 
with available determination of REC within a week of ALF di-
agnosis were included.

ALF diagnosis was established in the study centres in line with 
current guidelines according to age. For patients < 18 years of 
age, the Pediatric Acute Liver Failure Study Group criteria were 
used: acute onset of symptoms, biochemical evidence of acute 
liver injury, liver-derived coagulopathy defined as prothrombin 
time (PT) ≥ 15 s or international normalised ratio (INR) ≥ 1.5 
uncorrectable by parenteral administration of vitamin K in the 
presence of hepatic encephalopathy; or PT ≥ 20 s or INR ≥ 2.0 
regardless of the presence or absence of clinical encephalopa-
thy. For patients ≥ 18 years of age, ALF was defined as new onset 
liver disease characterised by elevated INR > 1.5 and hepatic en-
cephalopathy in absence of any known liver disease [15].

Demographic, clinical, and laboratory data were collected from 
medical records. The Leipzig score was applied retrospectively 
once all biochemical and molecular parameters were available 
to correctly classify the patients in the WD group (score ≥ 4 and 
genetic confirmation) or the non-WD group (score < 4). All WD 
patients had a genetic confirmation of the diagnosis. Patients 
with an indeterminate ALF aetiology also underwent a genetic 
panel test, including the most common variants of WD.

CuEXC was measured according to the method described by El 
Balkhi et  al. [14]. Briefly, blood samples were collected in BD 
Vacutainer Serum tubes (Becton Dickinson, Ref 368 815) and 
centrifuged. Serum was then mixed with a solution of EDTA 
(8.9 mM, 1:1), vortexed, incubated for an hour, and then ultra-
filtered using Amicon Ultra-4R centrifugal filters with a 30-kD 
cut-off to retain ceruloplasmin. CuEXC was then determined 
using inductively coupled plasma mass spectrometry (ICP-MS 
NexION 350; PerkinElmer, Waltham, MA, USA). Total serum 
copper was measured using ICP-MS, and the REC (%) was calcu-
lated as the ratio of CuEXC to serum total copper. Quantitative 
determination of serum ceruloplasmin concentration was per-
formed using an immunoturbidimetric assay (Architect c8000; 
Abbott, Abbott Park, IL, USA).

2.1   |   Statistical Analysis

Qualitative variables are presented as relative frequency (per-
centage), as well as mean and standard deviation (SD) for 
normally distributed quantitative variables and median (inter-
quartile range, IQR) for non-normally distributed variables.

Comparisons were made using the Mann–Whitney non-
parametric test using SPSS software version 23.0 (IBM Corp. 
Armonk, NY, USA). The sensitivity, specificity and positive and 
negative predictive values were calculated for all the relevant 
variables. The receiver operating characteristic (ROC) analysis 
was performed when necessary to determine the best cut-off. 
p < 0.05 was considered significant.

2.2   |   Ethics

The local research ethics committee approved this study, ap-
proval number 23-5295.

Written informed consent was obtained from all participants or 
their legal guardians.
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3   |   Results

A total of 33 patients were included in the study; 11 patients had 
a confirmed diagnosis of WD and 22 had other hepatic diseases. 
Among the total population, 45.5% were female; among the WD 
group, 63.6% were female. In the total population, the median 
[IQR] age at ALF was 12.9 [8.9–20.2] years, range 0.6–71.0, and 
there was no significant difference according to whether the 
aetiology was WD or not (Table 1). There were 6/11 (54.5%) pa-
tients < 18 years old at ALF in the WD group and 18/22 (81.8%) 
in the non-WD group.

Aetiologies of ALF in the non-WD group were autoimmune 
hepatitis (n = 8), viral hepatitis (n = 2), acetaminophen hepa-
totoxicity (n = 2), Budd-Chiari syndrome (n = 1), sickle cell 
disease (n = 1), homocystinuria (n = 1), metastatic hepatoblas-
toma (n = 1), and indeterminate aetiology in the remaining six 
patients.

Regarding laboratory parameters, between patients included in 
the WD and non-WD, there were significant differences in the 
median levels of AST 130 [100–149] U/L versus 1892 [662–3335] 

U/L, p < 0.01; ALT 72 [50–108] U/L versus 1257 [482–4038] U/L, 
p < 0.01; GGT 169 [78–218] U/L versus 60 [37–100] U/L, p < 0.05; 
and ALP 121 [90–296] U/L versus 323 [175–427] U/L, p < 0.05; 
Table 1.

Five (45.5%) patients included in the WD group had haemolytic 
anaemia, as did 1 (4.5%) patient in the non-WD group.

There were significant differences in all the parameters of cop-
per metabolism: serum copper, ceruloplasmin levels, 24 h uri-
nary copper excretion (24 h UCE), exchangeable copper, and 
REC (Table 1).

The performance for the diagnosis of WD of all the test parame-
ters and scores is shown in Table 2.

Concerning the ceruloplasmin (Cp) levels, no WD patient had 
a value > 0.20 g/L, and three (27.3%) had values between 0.10 
and 0.20 g/L; all the rest (72.7%) have values < 0.10 g/L. In the 
non-WD group, 6/22 (27.3%) patients had Cp values < 0.20 g/L, 
5 (22.7%) between 0.10 and 0.20 g/L, and one (4.5%) < 0.10 g/L. 
Serum Cp < 0.20 g/L had a sensitivity (Se) and specificity 

TABLE 1    |    Demographic, clinical and laboratory characteristics.

Total, n = 33 WD, n = 11 Non-WD, n = 22

Sex, Female 15 [45.4%] 7 [63.6%] 8 [36.4%]

Age at ALF (years) 12.9 [8.9–20.2] 15.8 [9.7–32.6] 11.3 [8.5–16.9]

Hb (g/dL) 11.9 [8.4–13.2] 11.0 [7.7–12.4] 12.3 [8.8–13.3]

Leucocytes (giga/L) 7.4 [4.4–10.5] 5.5 [3.7–10.9] 7.4 [4.8–11.2]

Platelets (giga/L) 136 [99–207.5] 126 [91–216] 149.5 [99.5–204.7]

INR 2.7 [2.2–3.5] 2.4 [1.9–3.1] 2.9 [2.3–3.5]

Ferritin (μg/L) 167 [33–989.5] 153 [19–1088] 177 [33–1328]

Creatinine (μmol/L) 48 [40–61.5] 48 [43–78] 44 [37–61.2]

Albumin (g/L) 31 [24–35] 27 [23–3] 32.5 [26.4–34.2]

Blood ammonia (μmol/L) 77.5 [52–100.7] 55 [32.7–92.5] 85 [67–103.3]

AST (U/L) 700 [141–2531] 130 [100–149] 1892 [662–3335] ***

ALT (U/L) 489 [84–1869] 72 [50–108] 1257 [482–4038] ***

GGT (U/L) 78 [46–196] 169 [78–218] 60 [37–100]

ALP (U/L) 261 [119–385] 121 [90–296] 323 [175–427] **

Total bilirubin (μmol/L) 89 [34–247] 45 [19–235] 117 [55–260]

Serum copper (μmol/L) 9.8 [5.7–16.5] 5.4 [3.3–9.3] 13.0 [8.5–17.3] **

Ceruloplasmin (g/L) 0.19 [0.08–0.29] 0.06 [0.03–0.14] 0.23 [0.16–0.30] ***

24 h UCE (μmol/24 h)a 5.2 [1.1–17.4] 16.9 [6.6–34.8] 1.5 [0.6–3.7] ***

CuEXC (μmol/L) 0.6 [0.4–1.4] 2.0 [1.4–3.8] 0.5 [0.4–0.7] ***

REC (%) 5.4 [3.7–26.7] 36 [26.1–61.5] 4.2 [3.3–5.6] ***

Note: Values expressed in median [IQR].
Abbreviations: 24 h UCE: 24 h urinary copper excretion; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CuEXC: 
exchangeable copper; GGT: gamma-glutamyl transferase; INR: international normalised ratio; REC: relative exchangeable copper.
aAvailable for 23 patients (11 WD/12 non-WD).
**p < 0.05. 
***p < 0.01.
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(Sp) for the diagnosis of WD of 100% and 72.7%, respectively 
(Table 2).

24 h UCE levels were available for 23 patients (11 WD/12 
non-WD). 24 h UCE levels were significantly higher in the WD 
group, 16.9 [6.6–34.8] μmol/24 h versus 1.5 [0.6–3.7] μmol/24 h 
(p < 0.05). All the patients in the WD group had values 
> 1.6 μmol/24 h, and 6/12 (50%) patients of the non-WD group 
had values > 1.6 μmol/24 h, range 2.9–17.5 μmol/24 h. Using a 
cut-off of 5.29 μmol/24 h, the Se was 90.9% and Sp 84.6% (AUC 
0.91 p < 0.001; Table 2).

The sensitivity and specificity of the alkaline phosphatase (ALP) 
to total bilirubin (TB) ratio < 4 for diagnosing ALF in WD were 
45.5% and 31.8%, respectively. AST: ALT ratio > 2.2 yielded a 
sensitivity of 27.3% and a specificity of 77.3%. Combining those 
two ratios yielded values of 45.5% and 31.8% for sensitivity and 
specificity, respectively (Table 2).

Using a cut-off of > 25 μg/dL for the calculated NCC, it yielded a 
sensitivity of 18.2% and a specificity of 63.4% (PPV 20.0%, NPV 
60.9%).

The CuEXC was significantly higher in the WD group: 2.0 
[1.4–3.8] U/L μmol/l versus 0.5 [0.4–0.7] μmol/l (p < 0.01). A cut-
off of 1.2 μmol/L had a sensitivity of 81.8% and a specificity of 
100% (AUC 0.91, p < 0.001; Table 2).

For REC, a ROC analysis found that the best cut-off point was 
14.4% (AUC 1, p < 0.01). All non-WD patients had REC values 
< 14.4%, ranging from 2.6% to 9.6%, and conversely, all the WD 
patients had values ≥ 14.4%, yielding both a sensitivity and spec-
ificity of 100% (Table 2 and Figure 1).

We calculated the performance of the score developed by Feng 
et  al. [16] for paediatric ALF using 5 biochemical parameters 
(ALT, AST, AST/ALT ratio, ALP, and ALP/total bilirubin ratio) 
and age. Among the patients aged < 18 years included herein 
patients this score had a sensitivity of 83.3% and specificity of 
77.8% (PPV 55.6%, NPV 93.3%). As an exploratory test, we also 
applied this score to the total population; both sensitivity and 
specificity were 72.7% (PPV 57.1%, NPV 84.2%).

A total of 4/11 (36.3%) patients from the WD group underwent liver 
transplantation (LT); 3 F/1 M. Two of the patients had a revised 
King's Score ≥ 11; the other two recovered from the acute period 
but progressively developed chronic complications of cirrhosis, ul-
timately requiring LT. One patient with a King's Score ≥ 11 listed 
for LT recovered with chelation therapy only. Three patients in the 
non-WD group underwent LT, and one patient in this group died 
of multiple organ dysfunction and uncontrolled sepsis before LT.

4   |   Discussion

Common findings that are usually associated with the diagnosis 
of WD, like the presence of the Kayser–Fleischer ring, low ceru-
loplasmin, high urinary copper excretion, or high copper liver 
content, can be absent, are not readily available, are not achiev-
able, or are less specific in an ALF setting.

TABLE 2    |    Comparison of screening tests for WD in ALF.

Sensitivity Specificity PPV NPV

Coombs neg− hemolytic anaemia 36.4% 95.5% 80.0% 75.0%

AST/ALT > 2.2 27.3% 77.3% 37.5% 68.0%

ALP/TB < 4 45.5% 31.8% 25.0% 53.8%

ALT/AST or AP/TB combined 45.5% 31.8% 25.0% 53.8%

Ceruloplasmin < 0.2 g/L 100% 72.7% 64.7% 100%

24 h UCE > 1.6 μmol/L 100% 72.7% 64.7% 100%

CuEXC > 1.2 μmol/L 81.8% 100% 100% 91.7%

REC > 15% 100% 100% 100% 100%

Abbreviations: 24 h UCE: 24 h urinary copper excretion; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CuEXC: 
exchangeable copper; REC: relative exchangeable copper; TB: total bilirubin.

FIGURE 1    |    Relative exchangeable copper values comparison be-
tween the WD-group and the non-WD group.
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For instance, the Kayser–Fleischer ring's detection rate is de-
pendent on age at presentation, with rates going from < 50% to 
> 85% [4, 5, 17], and moreover, it can also be found in other he-
patic diseases [18].

In the present study, ceruloplasmin < 0.20 g/L had a sensitivity 
of 100% and a specificity of 72.7%, but in another study, it only 
yielded a sensitivity of 56% and specificity of 63% [12]. According 
to our results, a normal or high value of ceruloplasmin could 
help rule out the diagnosis of WD, and very low values are par-
ticularly indicative of WD.

Urinary copper excretion is rarely used to discriminate WD from 
other aetiologies of ALF since it is difficult to obtain; renal fail-
ure is often associated with this feature and the fact that copper 
excretion can be increased in other aetiologies as a consequence 
of hepatocyte necrosis potentially overlapping with WD [12, 19]. 
However, when it can be obtained, we showed that it could be 
a good marker, raising the cut-off to 5.29 μmol/24 h to increase 
the diagnostic yield; however, our assessment is limited, con-
sidering that 24 h UCE data was lacking in 10/22 patients from 
the non-WD group. Other paediatric studies proposed a cut-off 
> 2.6 μmol/24 h or > 3.8 μmol/24 h to obtain a sensitivity of 70% 
and 91.7%, respectively, and a specificity of 100% for both cut-
offs [16, 19].

Being Coombs-negative haemolytic anaemia, a frequent charac-
teristic of ALF-WD, haemoglobin values have been proposed as 
an element of a scoring system for diagnosing WD using a cut-
off point of < 9.15 g/dL [19]. A paediatric study showed a 66.7% 
sensitivity and 78.3% specificity when using a cut-off point of 
< 7.7 g/dL but did not consider including it in their proposed 
scoring system since many factors influence the haemoglobin 
level, hence limiting its performance [16]. In our study, we did 
not find a significant difference in the haemoglobin values of 
both groups, but the presence of coombs-negative hemolytic 
anaemia was very specific to WD (95.5% specificity).

Many methods to differentiate WD-ALF from other etiologies 
have been proposed. Korman et  al. [12] showed that the AST: 
ALT ratio > 2.2 had a sensitivity of 94%, a specificity of 86%, and 
a sensitivity of 94% as well as a specificity of 96% for the alkaline 
phosphatase to total bilirubin ratio < 4; moreover, a sensitivity 
and specificity of 100% can be reached when combining these ra-
tios. In our study, these tests performed much less well, yielding a 
sensitivity and specificity of 45.5% and 31.8%, respectively, when 
combining the ratios. This could be explained by the important 
proportion of paediatric patients included in our study, particu-
larly in the non-WD group, where they were significantly more 
prevalent. A meta-analysis of paediatric cases of ALF showed a 
sensitivity of 49% using the combined ratios [5]. These tests have 
the value of being readily accessible and with minimum delay, 
but they have a more limited value in paediatric cases.

For these reasons, two other scores were developed for paedi-
atric cases of ALF to differentiate WD from other etiologies 
[16, 19]. Both comprise age and several biochemical parameters 
that are common: AST, ALT, AST/ALT ratio, alkaline phos-
phatase, and alkaline phosphatase to total bilirubin ratio. The 
score proposed by Gungor et al. [19] also includes haemoglobin, 

platelets, albumin, cholesterol, LDL-cholesterol, GGT, uric acid, 
and total and direct bilirubin. They seem to perform very well 
with a sensitivity of 88.9% [19] and 100% [16] and a specificity of 
87.9% [19] and 97.8% [16]. Nevertheless, further validation will 
be necessary since we could not confirm the results of the score 
published by Feng et  al. [16] in our cohort. We could not test 
the score proposed by Gungor et al. [19] using 14 biochemical 
parameters and age since some of those parameters were not in-
cluded in our collected dataset.

The calculated NCC has been historically used to monitor the 
evolution of WD's patients, but its use for diagnosis has never 
been validated. A cut-off of > 25 μg/dL has been proposed as most 
untreated WD patients have these values [2], but this can also be 
the case in many other circumstances, like liver failure of any 
aetiology, hence limiting its value for diagnostic purposes. Our 
results illustrate this problem, given the inadequate performance 
this method showed in diagnosing WD in an ALF scenario.

The exchangeable copper and its ratio referred to serum copper, 
known as relative exchangeable copper (REC), have a proven 
value in multiple situations related to WD. The first studies 
showed the utility of the REC for the diagnosis of WD, where 
values > 14% or > 18% had 100% sensitivity and specificity [1, 14]. 
A more recent study from a different team evidenced that the 
cut-off of > 14% allowed for 100% specificity and a sensitivity 
of 93.8% [20]. Our findings indicate that the best REC cut-off 
is > 14.4%, which is in line with previous studies. We have pre-
viously published a study comparing the REC values of two 
WD cohorts (recently diagnosed or non-stabilised and well-
controlled patients) with two groups (adults and children) of 
other liver diseases [1]. As stated before, this study showed that 
a REC value > 14% has excellent performance for the diagno-
sis of WD, but both groups, WD and non-WD, included either 
chronic patients or patients who were not in a situation of ALF. 
Our study is the first to evaluate this performance in an ALF 
setting, and it shows that it is comparable to the results obtained 
in previous studies analyzing chronic cases of WD.

Even though the REC is a reliable parameter to diagnose WD, 
the main limitations remain its availability, since it is only per-
formed in specialised laboratories and the significant delay re-
quired to obtain it, which can vary from 3 to 7 days depending on 
the test's availability and the local logistical organisation. This 
is an extremely important matter when dealing with ALF. In 
contrast, genetic testing, such as rapid exome sequencing, is be-
coming increasingly accessible and faster, offering a potentially 
more efficient diagnostic alternative in many settings. Despite 
these advancements, CuEXC/REC determination is still of 
value, since it represents a direct measure of biochemical alter-
ations associated with copper metabolism, providing functional 
evidence that complements genetic data or serves as a diagnostic 
tool in resource-limited settings where genetic testing is not yet 
widely accessible.

Considering the REC's current limitations, we suggest that the 
simpler scores previously discussed, which use basic and more 
readily accessible biochemical parameters, should still be used 
as the first exploratory tests to start treatment promptly when 
deemed necessary. The REC could be employed as a mid-term 
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confirmatory test until it becomes more available and readily 
accessible.

Other than its use for diagnostic purposes, the CuEXC has also 
demonstrated that it is correlated with extrahepatic involvement 
[21]; it can help assess treatment compliance [22] and is a poten-
tial marker to monitor the disease [23]. However, potential under-
and overestimation of this method has been reported [24, 25].

There is a predominance of females (63.6%) in the WD group, 
consistent with previous adult and paediatric reports [5, 26]. It 
has been hypothesised that female sex hormones may contribute 
to the occurrence of ALF. However, a preliminary animal study 
points towards a more significant influence of sex hormones in 
the evolution rather than in the onset of acute hepatic injury [27].

The study's main limitations are the retrospective design, which 
restricts the correct characterisation of ALF cases, and the small 
number of WD included. However, the conclusions remain in 
line with previous publications about the relative exchangeable 
copper's performance in the diagnosis of WD.

5   |   Conclusion

A relative exchangeable copper value ≥ 14.4% has 100% sensitiv-
ity and specificity in the diagnosis of Wilson disease in an ALF 
setting.

Author Contributions

Daniela Spirea: collected data, major contribution in the reporting 
and writing of the manuscript. Claire Vanlemmens and Teresa 
Antonini: data collection and manuscript approval. Abdelouahed 
Belmalih: data collection, regulatory submissions, and manuscript ap-
proval. François Parant: performed biochemical analysis, wrote, and 
approved the manuscript. Muriel Bost: performed biochemical analy-
sis, and approved the manuscript. Alain Lachaux, Olivier Guillaud, 
Jerome Dumortier: study conception and manuscript approval. 
Eduardo Couchonnal: conceived and planned the project, performed 
statistical calculations, and made a major contribution in the reporting 
and writing of the manuscript.

Ethics Statement

The local research ethics committee approved this study, approval num-
ber 23-5295. Written informed consent was obtained from all partici-
pants or their legal guardians.

Conflicts of Interest

Eduardo Couchonnal received consulting fees, honoraria for presen-
tations, or support to attend meetings from ORPHALAN, UNIVAR, 
ALEXION, and VIVET THERAPEUTICS. Olivier Guillaud received 
consulting fees, honoraria for presentations, or support to attend meet-
ings from ORPHALAN, ABBVIE, GILEAD, AMGEN. Daniela Spirea1, 
Claire Vanlemmens, François Parant, Teresa Antonini5, Muriel Bost, 
Alain Lachaux, Abdelouahed Belmalih, and Jerome Dumortier declare 
that they have no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. O. Guillaud, A.-S. Brunet, I. Mallet, et  al., “Relative Exchangeable 
Copper: A Valuable Tool for the Diagnosis of Wilson Disease,” Liver In-
ternational 38 (2018): 350–357.

2. M. L. Schilsky, E. A. Roberts, J. M. Bronstein, et al., “A Multidisci-
plinary Approach to the Diagnosis and Management of Wilson Disease: 
2022 Practice Guidance on Wilson Disease From the American Associ-
ation for the Study of Liver Diseases,” Hepatology 77, no. 4 (2023): 1–49, 
https://​doi.​org/​10.​1002/​hep.​32801​.

3. P. Socha, W. Janczyk, A. Dhawan, et al., “Wilson's Disease in Chil-
dren: A Position Paper by the Hepatology Committee of the European 
Society for Paediatric Gastroenterology, Hepatology and Nutrition,” 
Journal of Pediatric Gastroenterology and Nutrition 66, no. 2 (2018): 
334–344, https://​doi.​org/​10.​1097/​MPG.​00000​00000​001787.

4. W.-Y. Fang, K. Abuduxikuer, P. Shi, et al., “Pediatric Wilson Disease 
Presenting as Acute Liver Failure: Prognostic Indices,” World Journal of 
Clinical Cases 9 (2021): 3273–3286.

5. S. M. Vandriel, M. D. Ayoub, A. Ricciuto, et  al., “Pediatric Wilson 
Disease Presenting as Acute Liver Failure: An Individual Patient Data 
Meta-Analysis,” Journal of Pediatric Gastroenterology and Nutrition 71 
(2020): e90–e96.

6. G. Ostapowicz, R. J. Fontana, F. V. Schiødt, et al., “Results of a Pro-
spective Study of Acute Liver Failure at 17 Tertiary Care Centers in the 
United States,” Annals of Internal Medicine 137 (2002): 947–954.

7. A. Dhawan, R. M. Taylor, P. Cheeseman, P. De Silva, L. Katsiyian-
nakis, and G. Mieli-Vergani, “Wilson's Disease in Children: 37-Year 
Experience and Revised King's Score for Liver Transplantation,” Liver 
Transplantation 11 (2005): 441–448.

8. H. Nazer, R. J. Ede, A. P. Mowat, and R. Williams, “Wilson's Dis-
ease: Clinical Presentation and Use of Prognostic Index,” Gut 27 (1986): 
1377–1381.

9. J. Damsgaard, F. S. Larsen, and H. Ytting, “Reversal of Acute Liver 
Failure due to Wilson Disease by a Regimen of High-Volume Plasma 
Exchange and Penicillamine,” Hepatology 69 (2019): 1835–1837.

10. R. Núñez-Ramos, S. Montoro, M. Bellusci, et al., “Acute Liver Fail-
ure: Outcome and Value of Pediatric End-Stage Liver Disease Score in 
Pediatric Cases,” Pediatric Emergency Care 34, no. 6 (2018): 409–412, 
https://​doi.​org/​10.​1097/​PEC.​00000​00000​000884.

11. P. Ferenci, K. Caca, G. Loudianos, et al., “Diagnosis and Phenotypic 
Classification of Wilson Disease,” Liver International 23 (2003): 139–142.

12. J. D. Korman, I. Volenberg, J. Balko, et al., “Screening for Wilson 
Disease in Acute Liver Failure: A Comparison of Currently Available 
Diagnostic Tests,” Hepatology 48 (2008): 1167–1174.

13. P. Ott, T. Sandahl, A. Ala, et al., “Non-ceruloplasmin Copper and 
Urinary Copper in Clinically Stable Wilson Disease: Alignment With 
Recommended Targets,” JHEP Reports 6 (2024): 101115.

14. S. El Balkhi, J.-M. Trocello, J. Poupon, et al., “Relative Exchangeable 
Copper: A New Highly Sensitive and Highly Specific Biomarker for Wil-
son's Disease Diagnosis,” Clinica Chimica Acta 412 (2011): 2254–2260.

15. A. Shingina, N. Mukhtar, J. Wakim-Fleming, et  al., “Acute Liver 
Failure Guidelines,” American Journal of Gastroenterology 118 (2023): 
1128–1153.

16. C.-X. Feng, X.-Q. Chen, X.-L. He, et al., “Screening for Wilson's Dis-
ease in Acute Liver Failure: A New Scoring System in Children,” Fron-
tiers in Pediatrics 10 (2022): 1003887, https://​doi.​org/​10.​3389/​fped.​2022.​
1003887.

17. European Association for Study of Liver, “EASL Clinical Practice 
Guidelines: Wilson's Disease,” Journal of Hepatology 56 (2012): 671–685.

18. C. Chhikara, H. V. Pai, and C. G. Pai, “Kayser-Fleischer-Like Rings 
in Patients With Hepatic Disease,” Indian Journal of Ophthalmology 69 
(2021): 1084–1087.

https://doi.org/10.1002/hep.32801
https://doi.org/10.1097/MPG.0000000000001787
https://doi.org/10.1097/PEC.0000000000000884
https://doi.org/10.3389/fped.2022.1003887
https://doi.org/10.3389/fped.2022.1003887


7 of 7

19. Ş. Güngör, M. A. Selimoğlu, H. G. G. Bağ, and F. I. Varol, “Is It Pos-
sible to Diagnose Fulminant Wilson's Disease With Simple Laboratory 
Tests?,” Liver International 40 (2020): 155–162.

20. Z. Mariño, C. Molera-Busoms, C. Badenas, et al., “Benefits of Using 
Exchangeable Copper and the Ratio of Exchangeable Copper in a Real-
World Cohort of Patients With Wilson Disease,” Journal of Inherited 
Metabolic Disease 46 (2023): 982–991.

21. A. Poujois, J.-M. Trocello, N. Djebrani-Oussedik, et al., “Exchange-
able Copper: A Reflection of the Neurological Severity in Wilson's Dis-
ease,” European Journal of Neurology 24 (2017): 154–160.

22. E. Jacquelet, A. Poujois, M.-C. Pheulpin, et al., “Adherence to Treat-
ment, a Challenge Even in Treatable Metabolic Rare Diseases: A Cross 
Sectional Study of Wilson's Disease,” Journal of Inherited Metabolic Dis-
ease 44 (2021): 1481–1488.

23. D. H. Ngwanou, E. Couchonnal, F. Parant, et al., “Long-Term Uri-
nary Copper Excretion and Exchangeable Copper in Children With 
Wilson Disease Under Chelation Therapy,” Journal of Pediatric Gastro-
enterology and Nutrition 75 (2022): e75–e80.

24. M. E. Del Castillo Busto, S. Cuello-Nunez, C. Ward-Deitrich, T. Morley, 
and H. Goenaga-Infante, “A Fit-For-Purpose Copper Speciation Method 
for the Determination of Exchangeable Copper Relevant to Wilson's Dis-
ease,” Analytical and Bioanalytical Chemistry 414 (2022): 561–573.

25. N. Solovyev, A. Ala, M. Schilsky, C. Mills, K. Willis, and C. F. Har-
rington, “Biomedical Copper Speciation in Relation to Wilson's Dis-
ease Using Strong Anion Exchange Chromatography Coupled to Triple 
Quadrupole Inductively Coupled Plasma Mass Spectrometry,” Analyt-
ica Chimica Acta 1098 (2020): 27–36.

26. P. Ferenci, W. Stremmel, A. Członkowska, et al., “Age and Sex but 
Not ATP7B Genotype Effectively Influence the Clinical Phenotype of 
Wilson Disease,” Hepatology 69 (2019): 1464–1476.

27. N. Kasai, I. Miyoshi, T. Osanai, T. Yamashita, E. Kamimura, and 
M. C. Yoshida, “Effects of Sex Hormones on Fulminant Hepatitis in 
LEC Rats: A Model of Wilson's Disease,” Laboratory Animal Science 42 
(1992): 363–368.


	Performance of Relative Exchangeable Copper for the Diagnosis of Wilson Disease in Acute Liver Failure
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Statistical Analysis
	2.2   |   Ethics

	3   |   Results
	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


