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Screening for Wilson’s disease in
acute liver failure: A new scoring
system in children
Cai-Xia Feng, Xiu-Qi Chen, Xiao-Li He, Lian-Cheng Lan,
Qing Tang, Li Huang and Qing-Wen Shan*

Department of Pediatrics, The First Affiliated Hospital of Guangxi Medical University, Nanning, China

Background: Wilson’s disease (WD) is a rare cause of acute liver failure (ALF)

and has a high fatality rate. Rapid and accurate diagnosis is important for ALF

because of WD (ALF-WD). Our objective was to establish a simple, rapid, and

accurate diagnostic test to distinguish ALF-WD from non-WD ALF (NWDALF)

in children.

Materials and methods: The data from all cases with pediatric ALF were

retrospectively collected and analyzed. We performed receiver operator

characteristics curve (ROC) analysis and confirmed the optimum cut-

off points.

Results: Fifty-eight patients with pediatric ALF (12 with WD, 46 with other

etiologies) were included. Older age was observed in ALF-WD compared

to NWDALF (11.16 ± 2.51 years vs. 3.34 ± 3.81 years, p < 0.001). An

analysis based on routine biochemical testings revealed that total bilirubin

(TBil), direct bilirubin, indirect bilirubin, alanine aminotransferase (ALT),

aspartate aminotransferase (AST), AST:ALT ratio, alkaline phosphatase (ALP),

ALP:TBil ratio, serum albumin, gamma-glutamyl transferase, cholinesterase,

hemoglobin, and platelet were statistically significant between the ALF-WD

and NWDALF groups. The optimum cut-off points were obtained through

ROC analysis. A scoring system was formed by assigning a score of 1 or 0

to patients who met the 13 cut-off points. Using ROC analysis, we determined

a cut-off point of ≥ 6.5 for ALF-WD with 91.7% sensitivity and 97.8% specificity

(p < 0.0001). In addition, a best cut-off point of ≥ 1.5 based on only five

variables (ALT, AST, AST:ALT ratio, ALP, and ALP:TBil ratio), had 100% sensitivity

and 91.3% specificity for ALF-WD (p < 0.0001). Based on this, when age was

calculated as the sixth indicator, the best cut-off value of ≥ 2.5 had 100%

sensitivity and 97.8% specificity (p < 00.0001).

Conclusion: Our study developed a new scoring system that consists of

simple laboratory tests with good sensitivity and specificity and can be used

by clinicians to quickly distinguish ALF-WD from NWDALF in children.
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Introduction

Wilson’s disease (WD) is an inherited autosomal
recessive disorder of copper metabolism that is caused
by a pathogenic variant in the ATP7B gene. The clinical
manifestations of WD are complex and unpredictable.
Acute liver failure (ALF) is a rare but extremely serious
clinical type of WD, with a prevalence of 4–36.5%
(1–3).

Wilson’s disease is a rare cause of ALF and accounts for
about 3% of all ALF (4, 5). In general, without emergency
liver transplantation, it comes with high mortality rates (6, 7).
Currently, there is a lack of a single rapid diagnostic index for
the diagnosis of ALF because of WD (ALF-WD), which makes
early diagnosis a challenge. In the ALF setting, the classical
Leipzig scoring system (8) has some limitations in the diagnosis
of WD. For example, the absence of KF ring in some children
with ALF-WD, and the levels of serum ceruloplasmin and
24-h urinary copper may overlap between ALF-WD and non-
WD ALF (NWDALF). Furthermore, significant coagulopathy
may limit the undertaking of liver biopsy, and ATP7B gene
examination takes too long.

Berman et al. (9) first found that an aspartate
aminotransferase (AST): alanine aminotransferase (ALT)
ratio > 4 and alkaline phosphatase (ALP): total bilirubin (TBil)
ratio < 2 had high sensitivity and specificity for the diagnosis
of ALF-WD (96–100%). Later, Korman et al. (10) showed
that the sensitivity of an AST:ALT ratio > 2.2 and ALP:TBil
ratio < 4 to ALF-WD was 94–100% and that the specificity
was 86–100%. This suggests that a decrease in the ALP:TBil
ratio and increase in the AST:ALT ratio are the laboratory
characteristics of ALF-WD and can be used for early and rapid
diagnosis. However, the above-mentioned ratio of Korman et al.
(10) did not obtain satisfactory results in several subsequent
studies of children with ALF-WD, and the specificity was only
19.5–71% (11, 12).

Therefore, further studies are needed to confirm the
diagnostic value of these ratios in children. New and
accurate diagnostic testing is urgently needed for ALF-WD.
In the current study, we present the differences in clinical
and biochemical findings between ALF-WD and NWDALF,
establishing an accurate and rapid diagnostic test to distinguish
ALF-WD from NWDALF.

Materials and methods

Patients

The medical records of 58 patients with pediatric acute
liver failure (PALF) who were diagnosed in the First Affiliated
Hospital of Guangxi Medical University between December
2012 and January 2022 were retrospectively reviewed (Figure 1).

Inclusion criteria: (1) meet the diagnosis of PALF, (2)
children under 18 years old.

Exclusion criteria: (1) patients older than 18 years old, (2)
children with serious lack of clinical data.

The diagnostic criteria for PALF (13–16) were as follows:
(1) no known history of chronic liver disease, (2) biochemical
evidence of acute liver injury, (3) liver-derived coagulopathy and
cannot be corrected by vitamin K [defined as prothrombin time
(PT) ≥ 15 s or international normalized ratio (INR) ≥ 1.5 in the
presence of hepatic encephalopathy or PT ≥ 20 s or INR ≥ 2.0
in the absence of hepatic encephalopathy].

The diagnosis of WD was confirmed according to clinical
manifestations, laboratory examination, and was combined with
the Leipzig scoring system (8). The Nazer scoring system (17)
was calculated for patients with WD.

Methods

This study set up the case group and the control group.
The ALF-WD was classified as the case group, and the
NWDALF was classified as the control group. The sex, age,
clinical manifestations, outcome and biochemical testings were
observed and compared between the two groups.

Statistical analysis

SPSS version 26.0 was used for the statistical analyses.
Continuous variables were defined as the mean ± standard
deviation, and categorical variables were defined as frequency
or percentages. An unpaired Student’s t-test or Wilcoxon rank
sum test for continuous variables was used. Pearson Chi-square
testing or Fisher’s exact values for categorical variables were
used. After identifying the significant differences between the
two groups, a receiver operator characteristics curve (ROC)
analysis was performed for the variables with p < 0.05. The
sensitivity, specificity, and likelihood ratio were calculated for
each variable, and the optimum cut-off points were determined.
A scoring system was formed by assigning a score of 1 or 0
to patients who met the these cut-off points. Finally, we chose
all the areas under the ROC curve higher than 0.80 for further
examination, and a new scoring system was identified based on
these variables.

Results

Clinical features of the patient groups

Wilson’s Disease patient cohort: Among the 12 patients
with ALF-WD, 10 patients had ceruloplasmin < 200 mg/L and
Coombs-negative hemolytic anemia. Seven patients had 24-h
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FIGURE 1

Flow diagram depicting the formation of the new scoring system.

urinary copper levels > 100 µg. K-F rings were present in
nine patients. Five patients presented with one or more ATP7B
variants (Table 1).

Other disease groups: The 46 patients with NWDALF
included unknown etiology (n = 26; 56.5%), hereditary
metabolic diseases (n = 7; 15.2%), infectious causes
(n = 3; 6.5%), autoimmune hepatitis (n = 3; 6.5%),
hemophagocytic syndrome (n = 2; 4.3%), liver ischemia-
induced (n = 2; 4.3%), langerhans cell histiocytosis (n = 1;
2.2%), liver failure because of neoplasm and drug-induced
(n = 1; 2.2%).

Among the 12 patients with ALF-WD, the mean age
was 11.16 ± 2.51 years (range: 8.2–14.7), and eight were
female. Among the 46 patients with NWDALF, the mean
age was 3.34 ± 3.81 years (range: 0.04–12.7), including 17
female. Older age (p < 0.001) and higher incidence of
splenomegaly, ascites, and liver cirrhosis (p = 0.02, p = 0.042,
and p = 0.001) were observed in patients with ALF-WD
(Table 2).

Copper metabolism parameters

Compared with patients with NWDALF, patients with
ALF-WD had a lower serum ceruloplasmin and a higher 24-
h urinary copper (p = 0.002 and p = 0.037, respectively).
There was no significant difference in the serum copper
between ALF-WD and NWDALF (p = 0.412) (Table 3).
A ROC analysis of ceruloplasmin found that the best cut-
off point < 199.6 mg/L for ALF-WD had an area under the

curve (AUC) of 0.8241 (p = 0.003), a sensitivity of 88.3%,
a specificity of 77.8%, a 3.75 positive likelihood ratio, and a
0.21 negative likelihood ratio. A ROC analysis of 24-h urinary
copper showed that a best cut-off point > 166.1 µg for
ALF-WD had an AUC of 0.7938 (p = 0.0368), a sensitivity
of 70%, a specificity of 100%, and a 0.3 negative likelihood
ratio.

Laboratory tests

An analysis based on routine biochemical testing revealed
that the serum levels of TBil, direct bilirubin (DBil), indirect
bilirubin (IBil), AST:ALT ratio, and gammaglutamyl transferase
(GGT) were significantly higher in ALF-WD than in NWDALF
(p = 0.018, p = 0.021, p = 0.044, p < 0.001, and p = 0.032,
respectively). ALT, AST, serum albumin (ALB), ALP, ALP:TBil
ratio, cholinesterase (CHE), hemoglobin (Hb), and platelet
(PLT) levels were significantly lower in the ALF-WD group
compared with NWDALF group (p < 0.001, p < 0.001,
p = 0.013, p < 0.001, p < 0.001, p = 0.014, p = 0.026, and
p = 0.015, respectively) (Table 4).

Screening for Wilson disease in acute
liver failure

The optimum cut-off points for the above 13 routine
biochemical testing in ALF-WD were obtained with a ROC
analysis (Table 5). A scoring system was formed by assigning a
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score of 1 or 0 to patients who met these cut-off points. Using
ROC analysis, we obtained a best cut-off point of ≥ 6.5 for
ALF-WD. The AUC was 0.9728, with 91.7% sensitivity, 97.8%
specificity, 42.17 positive likelihood ratio, and 0.09 negative
likelihood ratio (p < 0.0001).

A combination of five variables with the largest AUC,
including ALT, AST, ALP, AST:ALT ratio, and ALP:TBil ratio,
had the best cut-off point of ≥ 1.5 for ALF-WD, which had 100%
sensitivity, 91.3% specificity, 11.5 positive likelihood ratio, 0.00
negative likelihood ratio, and an AUC of 0.9937 (p < 0.0001).
There was a significant difference in age between ALF-WD and
NWDALF, so we conducted a ROC analysis of age. Then, a
cut-off point of ≥ 7.6 was determined with 100% sensitivity,
84.8% specificity, 6.57 positive likelihood ratio, 0.00 negative
likelihood ratio, and an AUC of 0.9248 (p < 0.0001). Based
on this, when age was calculated as the sixth indicator, a best
cut-off value of ≥ 2.5 had 100% sensitivity, 97.8% specificity,
46 positive likelihood ratio, 0.00 negative likelihood ratio, and
AUC of 0.9964 (p < 0.0001). This was the combination of
the highest diagnostic values for ALF-WD. Therefore, age,
ALT, AST, AST:ALT ratio, ALP, and ALP:TBil ratio were used
as the new scoring system for the diagnosis of ALF-WD
(Table 6).

Validation of our new scoring system

A review of the Chinese literature and English literature
was performed to determine whether our new scoring system
applied to other cases with ALF-WD. Some cases reported
in the literature could not be included because the patients
were older than 18 years old and some necessary biochemical
parameters used in the scoring system were absent. Finally,
a total of 36 children with ALF-WD were enrolled in the
validation cohort, including 5 children in our center. In the
validation cohort, we can see that 100% of the patients had a
score of ≥ 2.5 (Supplementary Table 1). This was suggested
that our scoring system also has high accuracy in other
cases with ALF-WD.

Comparison with the existing scoring
system

The scoring system of Güngö et al. (11) comprised
hemoglobin, platelet, albumin, cholesterol, low density
lipoprotein, uric acid, TBil, DBil, GGT, ALP, ALT, AST,
AST:ALT ratio, and ALP:TBil ratio. When the score was ≥ 4.5, it
had 100% sensitivity in our study population, but the specificity
was only 58.7%. A scoring system composed of hemoglobin,
uric acid, ALP, ALT, AST, and AST:ALT ratio was used. When
the score was ≥ 2.5, the sensitivity was 100% in our study
population, but the specificity was only 58.7%. The ROC
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TABLE 2 Comparison of clinical manifestations between ALF-WD and NWDALF.

Clinical manifestation ALF-WD (n = 12) NWDALF (n = 46) P-value

Gender [n (%)]

Male 4 (33.3%) 29 (63%) 0.064

Female 8 (66.7%) 17 (37%)

Age (year) 11.16 ± 2.51 3.34 ± 3.81 < 0.001

Hepatomegaly [n (%)] 5 (41.7%) 27 (58.7%) 0.291

Splenomegaly [n (%)] 9 (75%) 15 (32.6%) 0.020

Ascites [n (%)] 9 (75%) 17 (37%) 0.042

Liver cirrhosis [n (%)] 7 (58.3%) 5 (10.9%) 0.001

Hepatic encephalopathy [n (%)] 6 (50%) 23 (50%) 1

Gastrointestinal hemorrhage [n (%)] 4 (33.3%) 10 (21.7%) 0.648

Pulmonary hemorrhage [n (%)] 5 (41.7%) 9 (19.6%) 0.225

Multiple organ failure [n (%)] 6 (50%) 24 (52.2%) 0.893

ALF-WD, acute liver failure because of Wilson’s disease; NWDALF, non-WD acute liver failure.

TABLE 3 Comparison of copper metabolism parameters of children with ALF-WD or NWDALF.

Variable ALF-WD (n = 12) NWDALF (n = 46) P-value

Serum ceruloplasmin (mg/L) 148.92 ± 70.1 248.34 ± 78.85 0.002

24-h urinary copper (µg/24 h) 1024.76 ± 1496.64 61.71 ± 56.9 0.037

Serum copper (µmol/L) 15.95 ± 9.64 11.52 ± 4.61 0.412

ALF-WD, acute liver failure because of Wilson’s disease; NWDALF, non-WD acute liver failure.

TABLE 4 Comparison of laboratory tests of children with ALF-WD or NWDALF.

Variable ALF-WD (n = 12) NWDALF (n = 46) P-value

TBil (µmol/L) 516.57 ± 319.03 294.62 ± 206.73 0.018

Direct bilirubin (µmol/L) 297.43 ± 193.53 162.63 ± 120.14 0.021

Indirect bilirubin (µmol/L) 219.14 ± 141.02 131.98 ± 101.37 0.044

ALT (U/L) 41.75 ± 21.77 1087.54 ± 2212.26 < 0.001

AST (U/L) 171.42 ± 97.13 1413.15 ± 3094.70 < 0.001

AST:ALT ratio 4.67 ± 2.36 1.96 ± 1.88 < 0.001

Serum albumin (g/L) 28.45 ± 4.64 33.95 ± 7.04 0.013

ALP (U/L) 92.92 ± 134.26 407.11 ± 267.60 < 0.001

ALP:TBil ratio 15.33 ± 36.15 55.20 ± 81.62 < 0.001

Gammaglutamyl transferase (U/L) 144.33 ± 96.53 110.93 ± 175.28 0.032

Cholinesterase (U/L) 3259.00 ± 2185.37 5029.70 ± 2381.09 0.014

Prothrombin time(s) 31.89 ± 11.26 36.75 ± 25.19 0.992

International normalized ratio 2.69 ± 0.99 3.00 ± 2.04 0.853

Activated partial prothrombin time(s) 60.11 ± 30.70 61.44 ± 23.27 0.496

Fibrin (g/L) 1.37 ± 0.36 1.44 ± 0.67 0.985

Prothrombin activity (%) 27.00 ± 9.00 29.66 ± 15.87 0.827

White blood cells (109/L) 12.78 ± 7.43 13.7 ± 8.89 0.742

Hemoglobin (g/L) 77.14 ± 24.90 94.95 ± 23.87 0.026

Platelet (109/L) 116.09 ± 57.19 206.51 ± 132.43 0.015

Blood ammonia (µmol/L) 143.50 ± 83.67 195.83 ± 121.36 0.17

Blood lactic acid (mmol/L) 3.14 ± 1.53 5.15 ± 5.11 0.107

ALF-WD, acute liver failure because of Wilson’s disease; NWDALF, non-WD acute liver failure; TBil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP,
alkaline phosphatase.
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TABLE 5 Determination of the optimal cut-off points of laboratory tests for ALF-WD.

Variable AUC Cut-off value Sensitivity Specificity LR+ LR− P-value for AUC

TBil 0.7228 ≥ 420.5 µmol/L 66.7% 82.6% 3.83 0.40 0.0182

DBi 0.7174 ≥ 288.2 µmol/L 50% 93.5% 7.67 0.53 0.0213

IBi 0.6902 ≥ 267.1 µmol/L 50% 91.3% 5.75 0.55 0.0439

ALT 0.9683 ≤ 82.5 U/L 100% 91.3% 11.5 0.00 < 0.0001

AST 0.8659 ≤ 206 U/L 75% 84.8% 4.93 0.29 0.0001

AST:ALT Ratio 0.8514 ≥ 2.0 91.7% 69.6% 3.01 0.12 0.0002

ALB 0.7446 ≤ 30.75 g/L 75% 67.4% 2.30 0.37 0.0096

ALP 0.8967 ≤ 95 U/L 75% 100% NC 0.25 < 0.0001

ALP:TBil Ratio 0.8478 ≤ 1.82 66.7% 100% NC 0.33 0.0002

GGT 0.7029 ≥ 110.5 U/L 75% 73.9% 2.88 0.34 0.0316

CHE 0.7319 ≤ 3109 U/L 66.7% 80.4% 3.41 0.41 0.014

Hb 0.7183 ≤ 77 g/L 66.7% 78.3% 3.07 0.43 0.0207

PLT 0.7292 ≤ 122 × 109/L 75% 69.6% 2.46 0.36 0.0152

ALF-WD, acute liver failure because of Wilson’s disease; NWDALF, non-WD acute liver failure; TBil, total bilirubin; DBil, direct bilirubin; IBil, indirect bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALB, albumin; ALP, alkaline phosphatase; GGT, gammaglutamyl transferase; CHE, cholinesterase; Hb, hemoglobin; PLT, platelet;
LR+, positive likelihood ratio; LR−, negative likelihood ratio; NC, not calculate.

FIGURE 2

ROC curves of the scoring system of Güngö et al. and our scoring system for ALF-WD. The comparison of the area under ROC for the scoring
system is depicted in the box above.

analysis of Güngö et al. (11) and our scoring system is shown in
Figure 2.

Outcomes

Four of the 12 patients with ALF-WD were treated with
plasma exchange (PE) and chelation therapy and survived
without liver transplantation. Using the Nazer scoring system
(17), two of the four patients scoring < 7 survived. The
remaining eight patients who died without liver transplantation
had a score of ≥ 7 (Table 1).

Discussion

It is a challenge to rapidly diagnose ALF-WD because of
the lack of sensitive and specific diagnostic criteria. However,
early diagnosis of ALF-WD is vitally important because of its
high mortality and poor prognosis (18). In general, a decrease of
ceruloplasmin, increase of 24-h urine copper, elevated hepatic
copper, and presence of K-F ring are regarded as strong
indications of WD. However, a decrease of ceruloplasmin was
not found to be specific to patients with WD, and it could
also be observed in some patients with NWDALF (10, 19). In
addition, in the ALF setting, there may be a high overlap in
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TABLE 6 Scoring system for the diagnosis of ALF-WD.

Variable Cut-off value for ALF-WD Score

Age (year) ≥ 7.6 1

< 7.6 0

ALT (U/L) ≤ 82.5 1

> 82.5 0

AST (U/L) ≤ 206 1

> 206 0

AST:ALT ratio ≥ 2.0 1

< 2.0 0

ALP (U/L) ≤ 95 1

> 95 0

ALP:TBil ratio ≤ 1.82 1

> 1.82 0

A combination of five variables (ALT, AST, AST:ALT ratio, ALP, and ALP:TBil ratio) had
a best cut-off point of ≥ 1.5, which had 100% sensitivity, 91.3% specificity, and an AUC
of 0.9937 (p< 0.0001). When age was calculated as the sixth indicator, a best cut-off value
of ≥ 2.5 had 100% sensitivity, 97.8% specificity, and an AUC of 0.9964 (p< 00.0001). ALT,
alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;
TBil, total bilirubin.

urinary copper between ALF-WD and NWDALF. Furthermore,
significant coagulopathy may limit the undertaking of liver
biopsy. In addition, some patients with ALF-WD are absence of
KF ring. A meta-analysis of 256 children with ALF-WD showed
that K-F rings were present in about 74% of these children
(20). In addition, some patients are unable to undergo slit lamp
examinations because of their critical condition. The above-
mentioned limitations of these classical tests make it difficult to
diagnose ALF-WD. Thus, the diagnostic utility of these classical
diagnostic tests needed to be re-evaluated.

Serum ceruloplasmin is a copper carrier protein that binds
to 90% of circulating copper in normal people. The level of
ceruloplasmin in patients with WD has been found to decrease
significantly, which was first confirmed by Scheinberg and
Gitlin (21) in 1952. In general, the level of ceruloplasmin
in most children with WD is less than 20 mg/dL (22, 23).
In children with ALF-WD, a meta-analysis that included 256
cases showed that the average level of serum ceruloplasmin
was 11 mg/dL (20). However, in both WD and other causes
of ALF, ceruloplasmin greatly fluctuates, and it can be normal
or elevated. Many studies have shown that there was no
significant difference in ceruloplasmin between ALF-WD and
NWDALF (10, 19, 24). On the contrary, Güngö et al. (11)
suggested that children with ALF-WD had lower ceruloplasmin
compared with children with NWDALF. At the same time,
a cut-off value of < 19.5 mg/dL of ceruloplasmin with
81.4% sensitivity and 100% specificity in distinguishing ALF-
WD and NWDALF was suggested. Our study showed that
children with ALF-WD have lower ceruloplasmin. A best cut-
off value of < 199.6 mg/L was used for ALF-WD, with a
sensitivity of 83.3% and specificity of 77.8%. Compared with
the study by Güngö et al. (11), a similar cut-off value of

ceruloplasmin was observed, but the specificity was lower
in our study. This indicates that the diagnostic value of
ceruloplasmin in children is still controversial and needs
further verification.

Increased urinary copper excretion is an important feature
of WD, and some studies have shown a significant increase
in 24-h urinary copper levels in children with ALF-WD (12,
20, 25). However, it is worth noting that 24-h urinary copper
also increases significantly in other related liver diseases that
are characterized by a large number of hepatocyte necrosis,
so there may be a large overlap between ALF-WD and ALF
with other etiology. A study including 24 children with ALF-
WD and 120 children with NWDALF showed that 24-h urine
copper ≥ 239.5 µg in children with ALF-WD had a sensitivity
of 91.7% and specificity of 100% (11). However, those results
have not yet been further verified and applied. Our study
revealed that children with ALF-WD had higher 24-h urine
copper levels than children with NWDALF. A best cut-off value
of ≥ 166.1 µg was used for diagnosing ALF-WD, with 70%
sensitivity and 100% specificity. We can attribute our lower 24-
h urine copper cut-off value than those reported before to the
fact that 7 of the 12 patients with WD had the complication of
acute renal failure. In acute renal failure, the decrease in urine
volume may affect the collection of urine and determination
of urinary copper.

Because of the limitations of classical diagnostic tests in the
ALF setting, routine biochemical indicators for the diagnosis of
ALF-WD have received increasing attention. Previous studies
have attempted to use simple biochemical markers to diagnose
ALF-WD and have obtained new findings. Berman et al.
(9) first found that an ALP:TBil ratio < 2 and AST:ALT
ratio > 4 were of great value in the diagnosis of ALF-WD.
The ALP:TBil ratio < 2 had 100% sensitivity and specificity
and AST:ALT ratio > 4 had 83.3% sensitivity and 100%
specificity, respectively. Korman et al. (10) showed that the
sensitivity and specificity of ALF-WD diagnosed by an ALP:TBil
ratio < 4 and AST:ALT ratio > 2.2 were 94–98% and 86–
100%, respectively. The above-mentioned ratios were calculated
for adults, which means that the diagnostic value has not been
validated in children. In our study, we noted that the sensitivity
and specificity of these two ratios in children were lower than
those in adults, and the reason for this cannot be explained
currently. Similar findings have been found in ALF-WD studies
of children, which revealed that the specificity was only 19.5–
71% (11, 12).

Coombs-negative hemolytic anemia is another feature of
ALF caused by WD, and it can be observed in children with
ALF-WD (11, 12, 20, 26). In the classic case of ALF-WD, the
sudden release of copper from the liver leads to high levels
of non-ceruloplasmin-bound copper in plasma, resulting in
excessive destruction of red blood cells, which further leads
to intravascular hemolysis. In the present study, hemolytic
anemia was observed in 10 of 12 children with ALF-WD.
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The hemoglobin levels of children with ALF-WD were lower
than NWDALF, and the difference was statistically significant.
However, hemoglobin as an index to distinguish ALF-WD
from NWDALF had low sensitivity and specificity. Our study
showed that a cut-off point of < 77 g/L for hemoglobin
confirmed the diagnosis of ALF-WD with 66.7% sensitivity
and 78.3% specificity. This is similar to the study of Güngö
et al. (11), which found that a cut-off point of < 91.5 g/L
for hemoglobin had 66.7% sensitivity and 76.7% specificity.
Because many factors affect the level of hemoglobin, there are
some limitations in the diagnosis of ALF-WD. In the future, a
comprehensive study on Coombs-negative hemolytic anemia in
ALF-WD is needed.

Individual routine biochemical markers are limited
in diagnosing ALF-WD. Güngö et al. (11) suggested that
combining the results of multiple laboratory tests can
help to quickly diagnose ALF-WD in children. When
the variable values calculated by 14 indexes (hemoglobin,
platelet, albumin, cholesterol, low density lipoprotein, uric
acid, TBil, DBil, GGT, ALT, AST, ALP, AST:ALT ratio, and
ALP:TBil ratio) were ≥ 4.5, the sensitivity was 88.9% and
specificity 87.9%. When the variable values calculated by
six indexes (hemoglobin, uric acid, ALT, AST, ALP, and
AST/ALT) were ≥ 2.5, the sensitivity was 87.5% and specificity
86.7%. However, the above method has not been further
verified. In our study, we found that this scoring system
did not obtain satisfactory results, with the specificity only
being 58.7%. Compared with the scoring system of Güngö
et al. (11), our new scoring system had higher sensitivity
and specificity.

It has been pointed out that there will be a high
mortality rate of ALF-WD if liver transplantation is not
performed (6, 7). However, some studies have found that
the treatment of non–liver transplantation, including
blood purification and chelation therapy, can also survive
children with ALF-WD (12, 27–30). In our study, 4
of 12 patients with ALF-WD survived without liver
transplantation. Nazer et al. (17) developed a scoring
system to evaluate the prognosis of patients who did not
undergo liver transplantation. When the score was used
in our study, only two patients did not meet expectations.
These two patients with a score of 7 and who were
predicted to die instead survived. Compared with liver
transplantation, blood purification and chelation therapy
are easy to obtain, which are early strategies for the
treatment of ALF-WD and which can save some children’s
lives, but more studies are needed to further verify this.
According to the current research, liver transplantation
is still the most important treatment method to save
children’s lives and improve their long-term survival rate
(31–33).

The strength of the new scoring system is that it consists
of simple laboratory tests with good sensitivity and specificity

and can be used by clinicians to quickly distinguish ALF-
WD from NWDALF. Rapid diagnosis is important for children
who can benefit from chelating treatment. One limitation of
our study is that, because of the rarity of WD presenting
as ALF, a relatively small number of children with ALF-
WD were enrolled.

In conclusion, ALF-WD in children is a rare clinical
manifestation of WD, with rapid progress and a high fatality
rate, so early diagnosis is crucial. Currently, there is no
single rapid diagnostic index for ALF-WD. The importance of
routine biochemical tests in the diagnosis of ALF-WD has been
attracting increasing attention. Our study established a new
scoring system with 100% sensitivity and 97.8% specificity in
children to make a diagnosis of ALF-WD.
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