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Abstract

The optimal cut-off value of 24-hour (h) urinary copper (Cu)
levels to identify Wilson’s disease (WD) has not been widely
studied in children. In sixty-six children with confirmed WD and
88 children without WD, 24-h urinary excretion of Cu at the time
of diagnosis was studied. The receiver operating characteristic
(ROC) curves revealed that the optimal cut-off value of urinary Cu
to identify WD was 70 mcg [area under the curve (AUC) = 0.894]
with a sensitivity and specificity of 81.8% and 89.8%, respectively.
When the serum ceruloplasmin level was <20 mg/dl and the 24-h
urinary excretion of Cu was >70 mcg, the sensitivity was 75.8%,
and the specificity was 97.7%. After the exclusion of cholestatic
patients, the ROC curves revealed that the optimal cut-off value
for 24-h urinary Cu excretion was 55 mcg (AUC = 0.910) with a
sensitivity and specificity of 83.3% and 90.3%, respectively. When
the ceruloplasmin level was <20 mg/dl and the 24-h urinary Cu
excretion was >55 mcg, the sensitivity and specificity were 77.3%
and 98.4%, respectively.

A 24-h urinary Cu level of >70 mcg plus a ceruloplasmin level
of <20 mg/dl in the patients, and a 24-h urinary Cu level of >55
mceg plus a ceruloplasmin level of <20 mg/dl in non-cholestatic
patients exhibited the highest specificity and the highest positive
and negative predictive values to identify WD in children. (Acta
gastroenterol. belg., 2018, 81, 410-414).

Keywords : 24-hour urinary copper, ceruloplasmin, screening
practices, receiver operating characteristic curves.

Introduction

Wilson’s disease (WD) is an autosomal recessive
disease characterized by reduced biliary copper excretion
and deposition of copper (Cu) in the tissues, particularly
in the liver and neurological system. Its prevalence is
1 in 30,000 in the general population (1). Diagnosis
and treatment of WD at an early stage can avoid severe
hepatic and neurological complications. The symptoms
and clinical findings caused by Cu deposition develop
gradually; therefore, WD is difficult to diagnose at an
early stage, particularly in pediatric patients. Hepatic and/
or neurological signs and symptoms, Kayser-Fleischer
(KF) rings, low serum ceruloplasmin concentrations, and
increased urinary Cu excretion are the major diagnostic
features of WD (2).

There is not a single diagnostic test apart from genetic
testing that can exclude or confirm WD. The diagnosis
by genetic testing is, however, expensive and not
universally available. Because various mutations and
polymorphisms of ATP7B have been associated with
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WD, it is difficult to assess all mutations. A combination
of clinical features and laboratory parameters is used
to establish the diagnosis; however, none of them is
pathognomonic of WD. KF rings are often absent in
WD and can be seen in other chronic liver diseases
(2,3). Serum ceruloplasmin concentrations may be
normal in WD, and low concentrations can also be
seen in protein malnutrition, protein-losing disorders,
or severely impaired hepatic function (2,3). Among all
diagnostic tests, the most simple and sensitive test is the
24-hour (h) urinary Cu level, which reflects the amount
of nonceruloplasmin-bound Cu in the circulation (4,5).

Although 24-h urinary Cu excretion <40 mcg is
considered normal, and excretion of >100 mcg is
considered a diagnostic criterion for WD in adults (6),
the diagnostic levels of urinary Cu for WD have not
been widely studied in children (7,8). Here, we studied
24-h urinary Cu excretion in combination with serum
ceruloplasmin in children with WD at the time of
diagnosis.

Methods

The study was conducted at the Pediatric
Gastroenterology and Hepatology division of Gazi
University Medical Faculty Hospital, a tertiary-care
hospital, between January 2004 and December 2013.
One hundred and fifty-four children (2-18 years) were
enrolled in the study. We retrospectively reviewed the
24-h urinary Cu excretion of children at the time of
diagnosis with WD, children with other chronic liver
disease, and healthy children who were screened for
WD due to an affected sibling or family member or a
preliminary diagnosis.

The diagnosis of WD in the patients was based on the
presence of liver disease and at least two of the following
criteria according to the scoring system developed at the
8™ International Meeting on WD, Leipzig 2001 (9).
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1. positive family history,

2. low serum ceruloplasmin (<20 mg/dL),

3. elevated liver Cu (>250 mcg/g dry weight),

4. elevated baseline 24-h urinary Cu excretion (>100
mcg/24 h),

5. elevated 24-h urinary Cu excretion following
administration of two, 500-mg doses of penicillamine
(>1575 mcg/24 h),

6. presence of KF rings and

7. Coombs’ negative hemolytic anemia.

Additionally, brain MRI was performed in suspected
neurological WD patients.

We studied serum ceruloplasmin, and 24-h urinary Cu
levels, and an eye examination was performed to identify
a KF ring. If the patient had liver disease accompanied
by a low ceruloplasmin level and/or a high urinary
copper level and/or a KF ring in addition to a family
member diagnosed with WD, the diagnosis of WD was
made. In these patients, no other diagnostic tests such
as a penicillamine challenge test or a liver biopsy were
performed. If there was no WD patient in the family,
a penicillamine challenge test and liver biopsy with
measurement of the Cu content in the specimen was
performed. We diagnosed WD according to the scoring
system. We were not able to perform mutation analysis
in our patients because ATP7B mutation is not analyzed
in our hospital laboratories (10).

Urine samples were collected in a plastic container,
and the patients were instructed not to rinse the container
with tap water, which might have high Cu content. All
patients’ serum creatinine levels and creatinine clearance
by Schwartz estimate were normal, at the time of the urine
sample collection. Urinary Cu levels were determined
by atomic absorption spectrophotometry, and serum
ceruloplasmin was measured by immunoturbidimetry.

Statistical analysis

Descriptive analysis was performed for demographic
and clinical characteristics of the patients. Mann-Whitney
U test was used for comparison of continuous variables
between two groups, chi-square test was used for
comparison of ratios between the groups, and Spearman
test was used for correlation analysis. The diagnostic
accuracy of the 24-h urinary Cu level was assessed
by receiver operating characteristic (ROC) curves.
Sensitivity, specificity, positive and negative likelihood
ratio, and positive and negative predictive value were
calculated for all cut-off levels with 95% confidence
intervals (CI). All the cut-off values were designated as
the probability of a true positive (sensitivity) and a true
negative (specificity). Statistical analysis was performed
with SPSS software version 17.0 (SPSS Inc., Chicago,
IL, USA). All the statistical tests used were two-tailed,
and statistical significance was set at a p-value <0.05.
The study was approved by the local research ethics
committee (protocol no: 2015-11/187).
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Results

A total of 154 children, including 66 children, aged
2-18 years (30 male) with confirmed WD and 88
children, aged 3-18 years (47 male) without WD, were
evaluated retrospectively. The non-WD group included
healthy children, children screened for WD due to an
affected sibling or family member (n = 19) and children
having chronic liver diseases [autoimmune hepatitis (n
= 22) ; elevated liver enzymes and/or hepatomegaly
with unknown etiology, cryptogenic cirrhosis (n = 17) ;
familial intrahepatic cholestasis (n = 7) ; other chronic
liver diseases, ¢.g., metabolic, immunologic, anatomic,
etc. (n=23)]. Demographic features, laboratory findings,
serum ceruloplasmin levels, and 24-h urinary Cu levels
are shown in Table 1. We found no significant differences
between the WD patients and patients without WD
in terms of age, sex, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma glutamyl
transferase (GGT), total and direct bilirubin, albumin
levels, and prothrombin time/international normalized
ratio (PT/INR). The 24-h urinary Cu levels were
significantly higher and ceruloplasmin levels were
significantly lower in the WD group compared with the
non-WD liver disease and healthy control groups (Table
2). Urinary copper levels were significantly correlated
with GGT and total bilirubin levels (r=0.26, p=0.001; r
=0.21, p=0.013, respectively) but not with age, gender,
and other liver function tests (p > 0.05).

The ROC curves revealed that the optimal cut-off
value of 24-h urinary Cu level to diagnose WD was 70
mcg [area under the curve (AUC) = 0.894, (p < 0.0001)
(95% CI: 0.841-0.947)] with a sensitivity of 81.8%,
specificity of 89.8%, positive predictive value of 85.7,
and negative predictive value of 86.8 (Fig. 1). When
the diagnostic value was >100 mcg, the sensitivity and
specificity were 69.7% and 92.1%, respectively, and
positive and negative predictive values were 86.8 and

Table 1. — WD and non-WD group’s demographic features
and the serum ceruloplasmin levels and 24-h urine Cu levels

WD Patients Non-WD P-value
(n=66) Patients
(n=88)
Age, years 10 (7-13) 9.5(7-13) 0.891
Sex (male) n (%) 30 (45.5) 47 (53.4) 0.329
AST, U/L 99 (48-199) | 72 (42-257) 0.667
ALT, U/L 110 (37-247) | 93 (29-214) 0.765
GGT, U/L 60 (28-129) | 40 (18-116) 0.070
Total bilirubin, mg/dl 0.9 (0.5-2) 0.6 (0.4-3.1) 0.425
Direct bilirubin, mg/dl 0.3 (0.1-1) 0.3 (0.1-2.1) 0.980
Albumin, g/dl 4.3 (3.5-4.6) | 43(3.8-4.5) 0.780
PT, sec. 14 (12-19) 14 (12-16) 0.602
INR 1.1 (1-1.6) 1.2(1-1.4) 0.645
Ceruloplasmin, mg/dl 8 (7-10) 27 (24-35) | <0.0001
24-h urine Cu level, meg | 174 (90-482) 17 (9-39) <0.0001

Continuous variables are presented as median (25th-75th percentile).

Wilson’s disease, WD ; aspartate aminotransferase, AST ; alanine amino-
transferase, ALT ; gamma-glutamyl transferase, GGT ; prothrombin time, PT ;
international normalization ratio, INR.

Acta Gastro-Enterologica Belgica, Vol. LXXXI, July-September 2018

21/09/18 09:57 ‘ ‘



‘ ‘ Aksu.indd 412

412

A.U. Aksu et al.

Table 2. — WD, healthy control and non-WD liver disease group’s the serum ceruloplasmin levels
and 24-h urine Cu levels

WD (n=66) Healthy control (n=17) Non-WD liver disease (n=71)
. Median (IQR) 8 (7-10)*# 26 (24-29)* 28 (24-36)#
Ceruloplasmin, mg/dl -
Min-Max 2-28 19-46 3-70
Median (IQR) 174 (90-482)*# 21 (9-36)* 16 (8-41)#
24-h urine Cu level, mcg -
Min-Max 8-1924 2-135 1-602

Continues variables are presented as median (25th-75th percentile). *p value is <0.0001 between WD and healthy control group. #p value is <0.0001

between WD and non-WD liver disease.
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Fig. 1. — ROC curve for 24-h urine Cu level, area under the

curve=0.894 (p <0.0001) (95% CI: 0.841-0.947). Receiver operating
characteristic, ROC.
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Fig. 2. — ROC curve for 24-h urine Cu level, area under the

curve=0.910 (p <0.0001) (95% CI: 0.858-0.962) after exclusion of

cholestatic patients. Receiver operating characteristic, ROC

80.2, respectively. For serum ceruloplasmin levels <20
mg/dl and 24-h urinary Cu levels >70 mcg, the sensitivity
and specificity were 75.8% and 97.7%, respectively, and
positive and negative predictive values were 96.2 and
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84.3, respectively. Finally, for serum ceruloplasmin
levels <20 mg/dl and 24-h urinary Cu levels >100 mcg,
the sensitivity and specificity were 65.2% and 97.7%,
respectively, and positive and negative predictive values
were 95.6 and 78.9, respectively, for WD (Table 3).
After exclusion of the cholestatic patients, the ROC
curves revealed that the optimal cut-off value of 24-h
urinary Cu level to diagnose WD was 55 mcg [AUC
= 0.910, (p < 0.0001) (95% CI: 0.858-0.962)] with
a sensitivity and specificity of 83.3% and 90.3%,
respectively, and positive and negative predictive values
of 90.2 and 83.6, respectively (Fig. 2). With a 24-h
urinary Cu cut-off level of >100 mcg, the sensitivity
and specificity were 69.7% and 92.1%, respectively, and
positive and negative predictive values were 92.0 and
74.4, respectively. The combination of a ceruloplasmin
level of <20 mg/dl and 24-h urinary Cu level of >55
mcg was associated with a sensitivity and specificity
of 77.3% and 98.4%, respectively, and positive and
negative predictive values of 98.1 and 80.3, respectively.
The combination of a ceruloplasmin level of <20 mg/dl
and a 24-h urine Cu level of >100 mcg was associated
with a sensitivity and specificity of 65.2%and 98.4%,
respectively, and the positive and negative predictive
values were 97.7 and 72.6, respectively (Table 4).

Discussion

Our aim was to identify WD patients from a group
of children who were screened for WD based on 24-h
urinary Cu excretion. We evaluated all children with
either acute or chronic symptomatic liver disease or liver
failure with WD. In our study, the most distinctive cut-
off value of 24-h urinary Cu for the diagnosis of WD in
children was 70 mcg, and the diagnostic accuracy of the
24-h urinary Cu level increased when combined with
an assessment of the serum ceruloplasmin level. After
exclusion of the cholestatic patients, the most distinctive
cut-off value of 24-h urinary Cu for the diagnosis of WD
in children was 55 mcg. In addition, we demonstrated
that the urinary Cu levels were significantly correlated
with GGT and total bilirubin levels. A similar positive
correlation was shown in a previous publication (11).

The 24-h urinary Cu excretion has been demonstrated
to be one of the most sensitive tests for the diagnosis
of WD (4,5). A 24-h urinary Cu level of >100 mcg is
acceptable as a diagnostic criterion for WD in adults.
However, in 16%-23% of WD patients, 24-h urinary Cu
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Table 3. — Sensitivity, specificity, positive and negative likelihood ratio,
and positive and negative predictive values for the 24-h urine Cu with/without serum ceruloplasmin levels

24-h urine Cu level Ceruloplasmin <20mg/dl + 24-h urine Cu level
>40mcg >70meg >100meg >40mcg >70mcg >100mcg
Sensitivity, % (95% CI) 86.4 81.8 69.7 80.3 75.8 65.2
(75.7- 93.6) (70.4-90.2) (57.2-80.4) (68.7-89.1) (63.6-85.5) (52.4-76.5)
Specificity, % (95% CI) 76.1 89.8 92.1 94.3 97.7 97.7
(65.9-84.6) (81.5-95.2) (84.3-96.7) (87.2-98.1) (92.0-99.7) (92.0-99.7)
+ LR, (95% CI) 3.6 8 8.8 14.1 333 28.7
(2.5-5.3) (4-15) (4.2-18.2) (6.0-33.4) (8.4-132.1) (7.2-114.1)
- LR, (95% CI) 0.2 0.2 0.3 0.2 0.3 0.4
(0.1-0.3) (0.1-0.3) (0.2-0.5) (0.1-0.3) (0.2-0.4) (0.3-0.5)
PPV, % (95% CI) 73.1 85.7 86.8 91.4 96.2 95.6
(61.8-82.5) (74.6-93.3) (74.7-94.5) (81.0-97.1) (86.8-99.5) (84.9-99.5)
NPV, % (95% CI) 88.2 86.8 80.2 86.5 84.3 78.9
(78.7-94.4) (78.1-93.0) (71.1-87.5) (78.0-92.6) (75.8-90.8) (70.0-86.1)

Positive likelihood ratio, + LR ; negative likelihood ratio, - LR ; positive predictive value, PPV ; negative predictive value, NPV.

Table 4. — Sensitivity, specificity, positive and negative likelihood ratio, positive and negative predictive values for
the 24-h urine Cu with /without serum ceruloplasmin levels after exclusion of cholestatic patients

24-h urine Cu level Ceruloplasmin <20mg/dl + 24-h urine Cu level
>40mcg >55mceg >100meg >40mceg >55mceg >100mcg
Sensitivity, % (95% CI) |86.4 83.3 69.7 80.3 71.3 65,2
(75.7- 93.6) (72.1-91.4) (57.2-80.4) (68.7-89.1) (65.3-86.7) (52.4-76.5)
Specificity, % (95% CI) |80.7 90.3 92.1 95.2 98.4 98.4
(68.6-89.6) (80.1-96.4) (84.3-96.7) (86.5-99) (91.3-100) (91.3-100)
+ LR, (95% CI) 4.5 8.6 10.8 16.6 47.9 40.4
(2.7-1.5) (4-18.6) (4.1-28.3) (5.5-50.4) (6.8-336.2) (5.7-284.5)
- LR, (95% CI) 0.2 0.2 0.3 0.2 0.2 0,4
(0.1-0.3) (0.1-0.3) (0.2-0.5) (0.1-0.3) (0.2-0.4) (0.3-0.5)
PPV, % (95% CI) 82.6 90.2 92 94.6 98.1 97.7
(71.6-90.7) (79.8-96.3) (80.8-97.8) (85.1-98.9) (89.7-100) (88.0-99.9)
NPV, % (95% CI) 84.8 83.6 74.4 81.9 80.3 72.6
(73.0-92.8) (72.5-91.5) (63.2-83.6) (71.1-90.0) (69.5-88.5) (61.8-81.8)

Positive likelihood ratio, + LR ; negative likelihood ratio, - LR ; positive predictive value, PPV ; negative predictive value, NPV.

levels were found to be less than 100 mcg at the time
of WD diagnosis (12). Cu accumulation generally takes
time to clinically present as WD in children, particularly
in young children (13). A correlation between the type
of mutation and the urinary Cu concentration has not
been described (7). Although some previous studies have
shown a correlation between age and basal urinary Cu
concentration at the time of diagnosis of WD (7,13,14),
we did not find such correlation in this study. Nicastro et
al. (13) demonstrated that 7 of 38 (18.4%) WD patients
had 24-h urinary Cu levels of <40 mcg at the time of
diagnosis of WD, and their ages ranged from 1.3-8
years (median = 3 years), and 31.5% of WD children
had 24-h urinary Cu levels <100 mcg at diagnosis of
WD. In the same study, 4 of 58 (6.8%) patients, who
were screened for WD due to an affected sibling or
family member and/or elevated aminotransferases, had
24-h urinary Cu levels >40 mcg, and all were <100
mcg (13). By ROC analysis, a threshold of 40 and 100
mcg of 24-h urinary Cu level was reported to provide a
diagnostic accuracy in identifying WD with 78.9% and
65.8% sensitivity, respectively (13). In contrast, a higher
sensitivity of 86.4% was observed in our study with a
threshold value of >40 mcg for the 24-h urinary Cu level.

Nicastro et al. (13) also reported that the sensitivity for
24-h urinary Cu level at the cut-off value of 63.5 mcg
was 95% and 70% in symptomatic and asymptomatic
WD children, respectively. Another study by Sezer et
al. demonstrated that decreasing the 24-h urinary Cu
level threshold from 100 mcg to 67.5 mcg increased the
sensitivity from 77% to 85% to identify WD in children;
however, the specificity decreased from 76% to 71%
(11). In the same study, 11.4% of WD patients’ basal
24-h urinary Cu levels were <67.5 mcg, and 29.3% of
non-WD patients’ basal 24-h urinary Cu levels were
>67.5 mcg (11). In another pediatric study, reducing
the 24-h urinary Cu level threshold from 100 mcg to
52 mceg increased the sensitivity from 50% to 84.6%
and the negative predictive value from 83.5% to 93.9%
to identify WD, respectively; however, the specificity
decreased from 97.1% to 91.2% (8). In our study, a 24-h
urinary Cu level of >70 mcg was associated with high
sensitivity (81.82%) for the diagnosis of WD in children.
Furthermore, a 24-h urinary Cu level of >70 mcg/dl plus
a serum ceruloplasmin level of <20 mg/dl exhibited the
highest sensitivity and the highest positive and negative
predictive values for the diagnosis of WD in children.
The specificity of this combination was similar to that
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of a 24-h urinary Cu level of >100 mcg/dl plus a serum
ceruloplasmin of <20 mg/dl.

Walshe reported that the basal 24-h urinary Cu
excretion in hepatic WD (age range: 5-30 years) was
more than twice that seen in presymptomatic WD (age
range: 3-27 years) and more than 1.5 times that seen
in neurological WD (age range: 7-39 years) (15). The
basal 24-h urinary Cu level in patients with acute liver
failure was found to be higher than in acute-on-chronic
liver failure in WD (16). In the study by Sezer et al. (11),
patients with cryptogenic cirrhosis and chronic hepatitis
were included in the non-WD group, and 24-h urinary
Cu levels were significantly higher in the cholestatic
subgroup of the non-WD group. However, cholestasis
had no effect on the 24-h urinary Cu levels in the WD
group (14). In our study, the diagnostic cut-off value
of 24-h urinary Cu level decreased to 55 mcg/dl after
exclusion of the cholestatic patients. For threshold
values of 100 mcg and 40 mcg for the 24-h urinary Cu
level, there was no change in sensitivity after excluding
cholestatic patients. In the literature, 24-h urinary Cu
levels after penicillamine challenge has been a valuable
test for the diagnosis of WD, notably to exclude WD
(17). However, Nicastro et al. demonstrated that 24-h
urinary Cu levels after penicillamine did not differ
significantly between WD and non-WD patients (p =
0.69) (13). Additionally, it was suggested in the above
mentioned study that Cu excretion was influenced by
the severity of the liver damage because a positive
penicillamine challenge test was observed in patients
with histologically more severe liver damage in both the
WD and non-WD groups (12).

In children, because it is difficult to collect an accurate
24-h urine and to assess the completeness of the urine
collection and the accuracy of the urinary Cu excretion,
creatinine excretion should be measured at the same time
the 24-h urinary Cu levels are measured. In patients with
celiac disease, 24-h urinary Cu levels were significantly
higher than those of the controls (18). Additionally,
urinary Cu excretion may be excessive in patients with
renal tubular acidosis and WD. The limitations of our
study were the lack of creatinine excretion measurement
concurrently with the measurement of 24-h urinary Cu
levels and the absence of screening for celiac disease and
renal tubular acidosis.

In conclusion, the cut-off values of urinary Cu excretion
for the diagnosis of WD in adults are not applicable to
children. The diagnostic value of 24-h urinary Cu levels
of >100 mcg/dl and >40 mcg/dl in children is not as
sensitive and specific as in adult patients; therefore, the
cut-off level of 24-h urinary copper in children has not
been unequivocally established. We demonstrated that
a 24-h urine Cu level >70 mcg/dl plus a ceruloplasmin
level of <20 mg/dl and, after exclusion of the cholestatic
patients, a 24-h urinary Cu level of >55 mcg/dl plus a
serum ceruloplasmin level of <20 mg/dl are indicative
of WD in children. However, while 24 h urinary Cu
excretion is not sufficient as the sole diagnostic criterion
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for WD, it remains one of several clinical criteria leading
to the diagnosis of WD. Thus, 24-h urinary Cu excretion
and serum ceruloplasmin with liver function tests should
be included in the diagnostic evaluation of suspected
WD (19).

Conflict of interest

We declare that none of the authors have a financial
interest related to this study. This study is not sponsored.
Each author listed on the manuscript has read and
approved the submission and takes full responsibility for
the manuscript.

References

1. EL-KARAKSY H, FAHMY M, EL-RAZIKY MS, EL-HAWARY M,
EL-SAYED R, EL-KOOFY N. et al. A clinical study of Wilson’s disease:
The experience of a single Egyptian Paediatric Hepatology Unit. Arab. J.
Gastroenterol., 2011, 12(3) : 125-30.

. GOW PJ, SMALLWOOD RA, ANGUS PW, SMITH AL, WALL AJ,
SEWELL RB. Diagnosis of Wilson’s disease: an experience over three
decades. Gut., 2000, 46(3) : 415-9.

. MAK CM, LAM CW. Diagnosis of Wilson’s disease :
review. Crit. Rev. Clin. Lab. Sci., 2008, 45 : 263-90.

. LECH T, SADLIK JK. Contribution to the data on copper concentration in
blood and urine in patients with Wilson’s disease and in normal subjects.
Biol. Trace Elem. Res., 2007, 118 : 16-20.

. YUCE A, KOCAK N, DEMIR H, GURAKAN F, OZEN H, SALTIK IN,
et al. Evaluation of diagnostic parameters of Wilson’s disease in childhood.
Indian J. Gastroenterol., 2003, 22(1) : 4-6.

. ALA A, WALKER AP, ASHKAN K, DOOLEY JS, SCHILSKY ML.
Wilson’s disease. Lancet, 2007, 369 (9559) : 397-408.

. NICASTRO E, LOUDIANOS G, ZANCAN L, D’ANTIGA L, MAGGIORE
G, MARCELLINI M, et al. Genotype-phenotype correlation in Italian
children with Wilson’s disease. J. Hepatol., 2009, 50(3) : 555-61.

. LUY, LIU XQ, WANG XH, WANG JS. The reassessment of the diagnostic
value of 24-hour urinary copper excretion in children with Wilson’s disease.
Zhonghua Gan Zang Bing Za Zhi., 2010, 18(1) : 49-53.

. FERENCI P, CACA K, LOUDIANOS G, MIELI-VERGANI G, TANNER
S, STERNLIEB 1, et al. Diagnosis and phenotypic classification of Wilson
disease. Liver. Int., 2003, 23(3) : 139-42.

10. ROBERTS EA, SCHILSKY ML, American Association for Study of Liver
Diseases (AASLD). Diagnosis and treatment of Wilson disease: an update.
Hepatology, 2008, 47(6) : 2089-111.

11. SEZER OB, PERK P, HOSNUT FO, KOSE SK, OZCAY F. Is it necessary
to re-evaluate diagnostic criteria for Wilson disease in children? Turk J.
Gastroenterol., 2014, 25(6) : 690-5.

12. ROBERTS EA, SCHILSKY ML, Division of Gastroenterology and Nutrition,
Hospital for Sick Children, Toronto, Ontario, Canada. A practice guideline on
Wilson disease. Hepatology, 2003, 37 : 1475-92. Erratum in : Hepatology,
2003, 38 : 536.

13. NICASTRO E, RANUCCI G, VAJRO P, VEGNENTE A, IORIO R.
Re-evaluation of the diagnostic criteria for Wilson disease in children with
mild liver disease. Hepatology, 2010, 52(6) : 1948-56.

14. LI XH, LU Y, LING Y, FU QC, XU J, ZANG GQ, et al. Clinical and
molecular characterization of Wilson’s disease in China: identification of 14
novel mutations. BMC Med. Genet., 2011, 11-12 : 6.

15. WALSHE JM. The pattern of urinary copper excretion and its response to
treatment in patients with Wilson’s disease. QJM, 2011, 104 : 775-8.

16. THANAPIROM K, TREEPRASERTSUK S, KOMOLMIT P, TANGKIJ-
VANICH P, KULLAVANIJAYA P. Comparison of long-term outcome of
patients with Wilson’s disease presenting with acute liver failure versus
acute-on-chronic liver failure. J. Med. Assoc. Thai., 2013, 96(2) : 150-6.

17. MAZUMDER MW, KARIM MB, RUKUNUZZAMAN M. Penicillamine
challenge test in the diagnosis of Wilson’s disease. Mymensingh Med. J.,
2014, 23 : 489-95.

18. INCE AT, KAYADIBI H, SOYLU A, OVUNC O, GULTEPE M, TOROS
AB, et al. Serum copper, ceruloplasmin and 24-h urine copper evaluations in
celiac patients. Dig. Dis. Sci., 2008, 53(6) : 1564-72.

19. SOCHA P, JANCZYK W, DHAWAN A, BAUMANN U, D’ANTIGA L,
TANNER S, et al. Wilson’s Disease in Children : A Position Paper by
the Hepatology Committee of the European Society for Paediatric Gastro-
enterology, Hepatology and Nutrition. J. Pediatr. Gastroenterol. Nutr., 2018,
66(2) : 334-344.

5]

o8}

a comprehensive

o~

w

(=2}

~

o0

el

21/09/18 09:57 ‘ ‘



