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Abstract

Background: Wilson disease (WD) is an inherited disorder of copper metabolism commonly involving the liver,
cornea, and brain. Its incidence is increasing day by day worldwide. Early diagnosis and prompt treatment are the key
for best outcome.

Material and methods: A cross-sectional descriptive study was done from January 2014 to December 2019. Sixty
children of both genders between 3 and 18 years were diagnosed by clinical and laboratory profile meeting selected
criteria.

Results: Mean age was 842 £ 2.6 years and male female ratio was 1.5:1. Consanguinity of marriage was found in
38.3% cases. Seventy percent of cases were hepatic, 16.7% were neuropsychiatric, 5.0% were hepatic with neuropsy-
chiatric, and 8.3% cases were manifested asymptomatically. Asymptomatic and hepatic WD were reported between
3and 10 years and most of the neuropsychiatric and hepatic with neuropsychiatric manifested after 10 years of age.
More than 50% cases improved, a little more than 20% children died, 18.4% were unchanged and 6.6% were hepatic
added neuropsychiatric manifestations. Most of the asymptomatic (100%) and hepatic (61.9%) cases improved. High
mortality was found with 76.9% cases of acute liver failure (ALF), 7.7% case of chronic liver disease (CLD) and 25%
cases of CLD with portal hypertension (CLD and PH). Most of the neuropsychiatric cases (90.0%), and approximately
two-third (66.6%) of hepatic with neuropsychiatric cases remained unchanged. Neuropsychiatric manifestations were
added in 15.4% cases of CLD and 25% cases of CLD with PH patient. The treatment was well tolerated in 66% children
without any side effects. Low WBC (6.3%) and platelet count (4.3%), vomiting (6.3%), anorexia (4.3%), loss of taste
(4.3%), rash (4.3%), and proteinuria (2.1%) were found in few cases.

Conclusion: Majority of the children were presented with hepatic manifestations. More than half of patients with
WD treated by D-penicillamine (DP) were improved. Significant mortality was found in acute liver failure whereas
neuropsychiatric presentations had persistent abnormalities. No major side effects of DP was observed in most of the
cases. Early diagnosis and prompt treatment were crucial for better outcome.
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Introduction organs, including liver, brain and cornea [1-8]. Accord-

Wilson’s disease (WD) is a rare autosomal recessive dis-
order of copper metabolism that reduces the secretion
of copper through bile and lessens the absorption into
ceruloplasmin resulting in excessive copper accretion in
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ing to the World Health Organization (WHO), the esti-
mated global prevalence of WD ranges from 1/10,000 to
1/30,000 [9-12]. In India, WD accounts for 7.6—19.7% of
pediatric liver diseases in tertiary hepatobiliary centers [9,
13]. A recent study in Bangladesh reported 43.7% cases
of WD among 71 pediatric liver disease cases [14]. The
clinical manifestation of WD varies greatly depending
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on several factors. Before the age of 10 years, majority of
WD patients have hepatic symptoms and a few have neu-
ropsychiatric symptoms; between the ages of 10 and 18
years, patients mostly have hepatic and neuropsychiatric
symptoms whereas, after the age of 18 years, most of the
patients have neuropsychiatric symptoms and the others
suffer from liver diseases [8, 9, 15]. A positive family his-
tory or a history of sibling death in a patient with symp-
toms indicative of WD increases the likelihood of a WD
diagnosis. The most common test for WD is a combina-
tion of serum ceruloplasmin, KF rings, and 24-h urine
copper. Although the analysis of ATP7B mutations is rec-
ommended, it is not available in Bangladesh.

The drugs used to treat WD include DP, trientine,
ammonium tetrathiomolybdate (TTM), and zinc. Clini-
cal and biochemical improvements usually occur within
a year of starting the treatment, while normalization of
hepatic synthetic functions might take up to 10 years
[16]. Currently, Zn is used to maintain asymptomatic
patients with prolonged use of DP or trientine [7, 9, 17].
Trientine (triethylenetetramine-2-hydrochloride) is a
chelator that works similarly to DP but has fewer side
effects. In Bangladesh, neither Trientine nor Ammonium
TTM is available.

In addition to the limited resources for diagnosis and
treatment of WD in Bangladesh, there is a lack of com-
prehensive and reliable statistics on the prevalence
and outcome of WD, particularly among the pediatric
population of Bangladesh. With these considerations
in mind, this study was conducted on Bangladeshi chil-
dren to assess the response to DP treatment, including
side effects, and to determine the outcome by identify-
ing improvement, worsening, mortality, and unchanged
behavior using a variety of clinical and biochemical
parameters.

Materials and methods

Study design

This study used medical records, from January 2014 to
December 2019, of the department of Pediatric Gas-
troenterology, Hepatology & Nutrition, Bangladesh
Shishu Hospital & Institute, Dhaka, Bangladesh. A total
of 60 admitted cases of WD aged 3 to 18 years and of
either gender were included. The Ethical Review Com-
mittee of Bangladesh Shishu Hospital & Institute (No.
Admin/1039/DSH/2021) evaluated and approved the
study protocol. Figure 1 details the flow chart of the
study:

Clinical presentation

Individual or family histories were collected in detail,
especially on a history of consanguinity, sibling death, or
the same type of illness. Symptoms (yellow skin, sclera,

Page 2 of 12

and urine, anorexia, nausea, right upper quadrant pain,
progressive abdominal distension, hematemesis, malena,
muscle weakness, weight loss, exhaustion and malaise,
declined school performance, saliva drooling, and ina-
bility to walk, stand or sit, loss of memory, slurring of
speech, behavioral problems, etc.) were documented. A
thorough physical examination was done for Jaundice,
Kayser Fleischer (KF) ring, sunflower cataract, hepato-
megaly, splenomegaly, ascites, edema, wasting of thenar
and hypothenar muscle, palmar erythema, clubbing, leu-
conychia, gynaecomastia, testicular atrophy, engorged
superficial abdominal veins, encephalopathy, dysarthria,
dystonia, rigidity, tremor, chorea, and abnormal gait.

Laboratory tests

Complete blood count (CBC), serum bilirubin, ALT (ala-
nine transaminase), AST (aspartate aminotransferase),
ALP (alkaline phosphatase), prothrombin time (> 3 s of
control was considered prolonged), INR (international
normalization ratio), serum albumin, slit lamp exami-
nation of eyes, serum ceruloplasmin, and 24-h urinary
copper concentration with or without penicillamine chal-
lenge test were all performed. Hepatic copper measure-
ment (by liver biopsy) and mutation analysis were not
performed because testing was not available in Bangla-
desh. Wilsonian patients’ siblings were also studied in the
same way. The presence of Kayser-Fleischer (KF) rings,
a low blood ceruloplasmin concentration (20 mg/dl), an
elevated urine copper content (> 100 gm/day) before or
after penicillamine challenge, and/or a low blood ceru-
loplasmin concentration (20 mg/dl) were all utilized to
diagnose WD. Penicillamine challenge tests (PCT) were
used in cases when 24-h urine copper levels of 40—-100
gm/day or more than 1200 gm/day were regarded to be
WD. In doubtful cases, Modified Leipzig Scoring System
was applied [9].

The eyes were examined by slit lamp examination from
the NIO (National Institute of Opthalmology). Serum
ceruloplasmin from BSMMU (Bangabandhu Sheikh
Mujib Medical University) and 24 h urinary copper
were tested by Bangladesh Atomic Energy Commission
(BAEC). For 24 h of urinary copper estimation after the
DP challenge, oral Penicillamine 500 mg (2 tablets of 250
mg) was given twice, the first dose at the beginning of
urine collection and the second 12 h after the first dose.
Then, urine was collected for 24 h and the sample was
sent to BAEC for the test. It was done by “atomic absorp-
tion spectrophotometer” (normal range < 40 pgm/day).

Case descriptions

Since asymptomatic WD was clinically silent, it was
confirmed biochemically. During family screen-
ing or routine check-ups, symptom-free patients with
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Fig. 1 Study flow chart of Wilson's disease (n = 60)

hypertransaminasemia and/or hepatomegaly were identi-
fied. Acute hepatitis was identified without any previous
evidence of liver disease (clinically and biochemically).
CLD was identified based on a long history of jaundice,
the appearance of CLD stigmata, and biochemically, as
well as, a low serum albumin level.

Portal hypertension was defined as hematemesis,
melena, splenomegaly, and esophageal varices on upper
GI endoscopy (PH). Children with ALF were described as
having no indication of CLD and having biochemical evi-
dence of acute liver injury with hepatic-based coagulopa-
thy, according to the Pediatric Acute Liver Failure (PALF)
Study Group. Parenteral vitamin K1 did not improve PT
15 s/INR to be 1.5 with characteristics of encephalopa-
thy or PT 20 s/INR to be 2 with or without features of
encephalopathy. The ALP to total serum bilirubin ratio
was less than 4, and the AST to ALT ratio was larger than
2.2 3, 8].

Neurological WD was diagnosed by regression of
acquired milestones like progressive deterioration of
school performances, difficulty in speech and basal gan-
glia lesions like athetosis, chorea, and dystonia. The
neuropsychiatric presentation includes asymmetrical
tremors, behavioral problems, difficulty in speaking,

excessive salivation, clumsiness with the hands, and per-
sonality changes. A presence of both hepatic and neuro-
logical manifestations was considered a mixed type.

Treatments

After a final diagnosis, a child was treated with DP (Cap
Artamine 250 mg, Chandra Bhagat Pharma, Mumbai)
at a dose of 5 mg/kg/day followed by titration with an
increment of 5 mg/kg every fortnightly to a maximum of
20 mg/kg/day. Drugs were given before meal in divided
doses (after crushing granules of the capsule) along with
supplementation of low copper diet, Zn, and pyridoxine.
Zn was given in a dose of 25 mg per 12 h, 2 h after meal,
for < 6 years, 25 mg per 8 h for 6-16 years and 50 mg per
8 h for > 16 years.

Follow-up

The clinical and biochemical parameters of the
patients at the time of admission and at subsequent
follow-ups were examined and compared to deter-
mine the outcome of the treatments. The side effects
of DP were observed minutely throughout the year at
each follow-up visit which includes clinical (pallor,
fever, bleeding spots, bed side urine albumin) and lab
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investigations (CBC, urine R/M/E, ALT, serum cre-
atinine). The dose and duration of drug therapy were
also recorded. After completion of a 1-year follow-up
study, patients were advised to continue the drug and
to come for follow-up.

Statistical analysis

SPSS 24.0 was used to perform the statistical analysis.
After all subjects (60 patients) had been evaluated, the
study population was separated into two major groups
and analyzed independently again. The hepatic cat-
egory includes all varieties of isolated hepatitis, as well
as mixed and silent instances (biochemically anict-
eric hepatitis). Neuropsychiatric and mixed (hepatic
with neuropsychiatric) disorders were included in the
neurological group. Statistical measures of the data
including mean, median, range, standard deviation,
and percentages of different variables were reported.

Table 1 Age distribution of the studied children (n = 60)
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Results

Basic features of the reported cases

The total number of patients included in the study was
60 with mean age of 8.42 + 2.6 years. Hepatological
presentation was found in most cases (70%) and neu-
ropsychiatric presentation was seen in 16.7% cases. A
mixed (hepatic with neuropsychiatric) presentation was
observed in only 5% cases and an asymptomatic presen-
tation was observed in 8.3% cases (Table 1).

Clinical presentations

Among hepatic presentation, 11 (22%) cases were acute
hepatitis, 13 (26%) were each in ALF and CLD, 8 (16%)
were CLD with PH and 5 (10%) were manifested as
asymptomatically (Fig. 2).

Among neurological group, 10 (76.9.5%) cases were
neuropsychiatric, 03 (23.1%) were mixed (hepatic with
neuropsychiatric) (Fig. 3).

KF ring were found in 87.5% neuropsychiaytic cases.
More specifically KF ring were found in 100% of the
mixed cases, whereas only 42.8% cases were found with

Age in years Hepatic Neuropsychiatric Hepatic with Asympto- Total
n (%) n (%) Neuropsychiatric matic (n =60)
n (%) (n=5)% (%)
3-6 3(42.8) 4(57.2) 7(11.7)
7-10 39(92.9) 2(20.0) 1(23) 42
(70.0)
11-14 0 5(50.0) 2(286) 0 7
(11.7)
15-18 0 3(30.0) 1(25.0) 0 4
(6.6)
Total 42 (70.0) 10(16.7) 3(5.0) 5(8.3%) 60 (100)
30 13 13
’s 11 26.0% 26.0%)
22.0%
20
" (16.0%)
S 15 05
7}
a (10.0%)
10
5
0
Acute Acute Liver Chronic Liver Chronic Liver Asymptomatic
Hepatitis Failure Disease Disease with
Portal
Hypertension
Fig. 2 Different types of hepatic presentation in the studied children (n = 50)
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Fig. 3 Different types of neuropsychiatric presentation in the studied children (n = 13)

hepatological presentation. KF ring was absent in asymp-
tomatic cases (Fig. 4).

Overall outcome

More than 50% cases improved, however, a little more
than 20% children died, 18.4% were unchanged and 6.6%
hepatic cases developed neuropsychiatric manifestations
(Fig. 5).

Improvement was observed mainly among the hepatic
and the asymptomatic cases. Among the 42 hepatic
cases, more than 60% improved, a little less than 30%
died and around 10% ended up with neurological mani-
festation. Number of neuropsychiatric and hepatic with
neuropsychiatric patients were 10 and 3 respectively and
the majority of them remained unchanged (Table 2).

Causes of death in the deceased patients were acute
liver failure (10), chronic liver disease (1), chronic liver
disease with portal HTN (1), and hepatic with neuropsy-
chiatric (1). On the other hand, all 5 of the asymptomatic
cases improved.

Outcome with hepatic presentations

Out of all hepatic cases (n = 50, including 3 hepatic with
neurological and 5 asymptomatic cases), all the asymp-
tomatic and acute hepatitis cases improved. Substantial
improvements were observed among cases of CLD and
CLD with PH. A very high mortality was found among
cases of ALF. A few of CLD and CLD with portal hyper-
tension cases ended up with added neurological manifes-
tations (Fig. 6).

Substantial improvement was observed among hepato-
logical WD evidenced by decreasing jaundice, anorexia,
nausea, hepatomegaly and ascites (Fig. 7).

The DP therapy in hepatic WD of the present series
caused gradual decrease in serum bilirubin from median
initial value of 3.9 (2.1-5.3) mg/dl to a value of 1.2 (0.5—
4.2) mg/dl at final follow-up. Similarly AST decreased
from median admission value of 163.6 (70-225.6) IU/L
to final up value of 24.5 (16—84), ALT decreased from
median admission value of 141.7 (84.6-221) IU/L to final
follow-up value of 17.5 (11-69) IU/L and INR decreased

120 100
100 87.5
80
60 42.8
40
0
Hepatic Neuropsychiatric Hepatic with ~ Asymptomatic
neuropsychiatric
Fig. 4 KF ring in the studied children (n = 60)
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Fig.5 Outcome of WD in the studied children (n = 60)
Table 2 Outcome of WD in different clinical presentation (n = 60)
Outcome Improved Unchanged Hepatic with neuropsychiatric  Died
n (%) n (%) n (%) n (%)
Hepatic 26 0 4 12
(n=42) 61.9) 0.0) 9.6) (28.5)
Hepatic with neuropsychiatric 0 2 0 1
(n=3) (0.0) (66.6) (0.0) (33.3)
Asymptomatic 5 00 0 0
(n=5) (100.0) 0.0) 0.0) 0.0)
Neuropsychiatric 1 9 0 0
(n=10) (10) (90.0) (0.0) (0.0)
Total 32 1" 4 13
(n = 60) (53.3) (184) (6.6) (21.7)
120
100 100
100
° 76.9 76.9
50 80
8
g 60 50
5
A 40 23.1 25 25
B mll- Bzw HEm N .
0 =
Acute Acute Liver Chronic Liver  CLD with  Asymptomatic

Hepatitis Failure Disease Portal HTN

EImproved = Mortality m®Hepatic added Neurological
Fig. 6 Outcome of WD with different hepatic presentation (n = 50)
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Fig. 7 Clinical improvement in hepatic WD (survived, n = 37)
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from median admission value of 1.6 (1.5—1.8) to final fol-
low-up value of 1.1 (0.9-1.3) (Fig. 8).

Outcome with neuropsychiatric presentations
Out of all (n = 13) neuropsychiatric cases, mostly (n =
11) remained unchanged without any improvement
or mortality. Only one improvement was observed in 1
patient of neuropsychiatric manifestations and one case
of hepatic with neuropsychiatric presentation was died
(Fig. 9).

On the other side, dysarthria, dystonia, tremor, rigid-
ity and drooling were persistent in neurological WD
(Fig. 10).

Outcome by 24-h urinary copper

At the time of diagnosis, the average 24 h urinary cop-
per was much lower in asymptomatic (174.9 ugm/day),
pure hepatic (203.1 pgm/day) cases as compared to the
mixed type (700.2 pgm/day) and neuropsychiatric (329.0
pugm/day) cases. In subsequent follow-ups, all types of
WD gradually reduced the amount of copper in urine
(Table 3).

Among the survived children (n = 47), median 24 h
urinary copper was initially increasing up to 3 months
with DP treatment. Then maintained the near equal level
for the next 3 months (end of 6 months) and ultimately,
gradually decreasing in subsequent follow-up (Fig. 11).

= 180 163.6
< 160 141.7
= 140
]
_g 120
< . 100

=
=% 80
= E
(=
: 60
< 40 24.5 17.5
5] 20 - : 3.9

. 1.2 1.6 1.1
% 0 —
AST ALT Serum INR
bilirubin
u Before treatment = After treatment
Fig. 8 Median LFT in hepatic presentation before and after treatment (survived, n = 37)
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Side effects following DP therapy

No side effects were observed in two-third of the children
following DP therapy. Vomiting 3(6.3%), low WBC count
3(6.3%), low platelet count 2(4.3%), anorexia 2(4.3%), loss
of taste 2(4.3%), rash 2(4.3%), diarrhea 1(2.1%), and pro-
teinuria 1(2.1%) were observed in few cases (Fig. 12)

Discussion

In Bangladesh, liver illness is a prevalent medical con-
cern. More and more cases of WD are being diag-
nosed these days, as a result of diagnostic facilities. For

a favorable impact, early diagnosis and treatment are
essential [18].

As mentioned earlier, DP, trientine, ammonium TTM,
and zinc are some of the medications used to treat WD.
Because of easy availability, low cost, and efficacy, DP was
chosen. DP and Zn were utilized as first-line therapies in
our study. A copper-restricted diet was recommended for
all of the patients [19].

A little more than half of the cases (53.3%) improved
after a year of treatment while 21.7% deteriorated within
1 month of treatment and died, primarily due to hepatic
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Table 3 Mean 24 h urinary copper excretion at admission and subsequent follow-up (survived, n = 47)

Tests Hepatic Neuropsychiatric Hepatic with neuropsychiatric Asymptomatic
(n=30) (n=10) (n=02) (n=05)
median (range) median (range) median (range) median (range)
pgm/day ugm/day pgm/day ugm/day

At diagnosis 203.1 329.0 700.2 174.9
(64.0-443.0) (244.3-454.8) (433.2-889.6) (143.9-201.2)

1st 2341.6 2801.2 2884.0 1282

follow-up (1245-3565) (2393-3042) (2433-3187) (1176-1432)

(at 3 months)

2nd 2153.1 2658.7 2770.3 1131.6

follow-up (1096-3431) (2248.5-2850) (2231-3099) (987-1321)

(at 6 months)

3rd 1421.8 1735.5 1832.0 788.0

follow-up (544-2343) (1338-1919.5) (1488-2021) (654-976)

(at 9 months)

4th 981.1 1275.4 14123 478.8

follow-up (387-1675) (986.5-1853) (999-1671) (343-564)

(at 12 months)

Median 24 hour urinary
copper excretion

2178.4

1444.3

1039.9

ADMISSION
Fig. 11 Median 24 h urinary copper by line chart (survived, n = 47)

1ST FOLLOW UP 2ND FOLLOW UP 3RD FOLLOW UP 4TH FOLLOW UP

decompensation. An earlier study on Bangladesh on 16
cases also reported a similar result on improvement of
43.7%, and death of 18.7% of WD cases [20]. On the other
hand, several studies evidenced the improvement in the
majority of the cases treated with [21-24].

Four hepatic cases of our study ended with added neu-
rological manifestations. Some patients developed severe
neurological symptoms although their hepatic condition
improved. However, there is no marked correlation of
the course of neurological and hepatic symptoms while
under treatment [25]. We speculate that the pathophysio-
logical disturbances leading to organ damage in Wilson’s
disease are not completely the same for the liver and the
brain. Here, differential expression or polymorphisms of
other genes related to copper and oxidative stress may
influence organ susceptibility [1].

Out of all hepatic (n = 50) cases in this study, all the
cases of asymptomatic and acute hepatitis improved. The

findings are supported by some earlier studies, which
also observed an improvement of aymptomatic and acute
patients after effective therapy without any worsening or
side effects [19, 20, 26].

Our study observed a high mortality of cases of ALF,
and also some mortality of cases of CLD and CLD with
PH. Saha et al. [20] also reported that 33.3% of the chil-
dren died with hepatic WD, especially with ALF. How-
ever, as there is no option for liver transplantation in our
country, for those who were non-responding to DP treat-
ment, death was the ultimate result.

In the present study, significant clinical improvement
of hepatic WD evidence was observed by decreasing
jaundice, anorexia, nausea, hepatomegaly and ascites.
In neuropsychiatric Wilson, following treatment with
DP, some symptoms and signs improved gradually but
that was not, at all, satisfactory. The unsatisfactory neu-
ropsychiatric improvement was probably related to the
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irreversible changes in basal ganglia as part of pathogen-
esis. These findings are similar as Saha et al. [20], Kini
et al. [19], Kalra et al. [22], and Ala et al. [27].

Our study finds that the DP therapy in hepatic WD of
the present series caused a gradual decrease in serum
bilirubin. Similarly, AST and INR decreased from the
median admission value to the median value of the final
follow-up. Earlier studies showed that improvement in
the synthetic function of the liver and clinical signs like
jaundice occur during the first 2 to 6 months of treat-
ment, but further recovery can occur during the first year
of treatment [19, 20, 28, 29, 37]. Early administration of
DP in patients with severe hepatic insufficiency might be
associated with survival without liver transplantation [24,
27].

Following the treatment with DP, the 24 h excretion of
copper increases gradually at the initial phase, reaches
a steady state thereafter until it begins to fall again with
the exhaustion of abnormally deposited copper [26].
An improvement in the clinical features following 2—3
months of treatment, continuing over a period of 1-2
years along with an increase in 24 h urinary copper has
also been reported in the literature [29-31]. The majority
of the patients of this study achieved adequate cupriure-
sis at 3 months following DP that was maintained till 6
months, thereafter started declining. None of the patients
in the present study achieved maintenance cupriuresis
(200-500 pgm/day) at 1-year follow-up, documenting
that more time might be required to achieve that state.

Studies suggested that, treatment should be started
with low dose DP [32] and although DP is an effective

chelator although associated with several side effects
where the major side effect of the treatment was the ini-
tial neurological symptoms [9, 16, 25, 32]. The mecha-
nism of this initial worsening may be the aggressive
mobilization of copper by DP leading to further eleva-
tion of the brain copper temporarily [17]. Fortunately, no
major side effects were observed in 31(66%) of the stud-
ied children following DP therapy in this study. However,
a few children developed some recognized side effects
[30] including neurological symptoms like dystonia, dys-
arthria and abnormal gait while on treatment, probably
due to very small initial dose of DP followed by a gradual
increase in the dose up to optimum level. Might be noted
that some other studies did not report deterioration or
side effects following DP therapy [26]. However, sample
size of all these studies are very small and hence should
be carefully generalized.

Limitations of the study

First, it was a single center study with a limited sample
size. Second, hepatic copper estimation and mutation
analysis could not be done due to unavailability of the
diagnostic procedures in the country. Third, treatment
options were limited due to unavailability of specific
drugs.

Conclusions

WD is a treatable metabolic cause of liver disease. The
majority of children were presented with hepatic mani-
festations. More than half of patients with WD treated by
DP improved. Most of the asymptomatic, acute hepatitis,
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and chronic liver disease without portal hypertension
cases improved. Significant mortality was found in acute
liver failure whereas neuropsychiatric presentations had
persistent abnormalities. All the clinical and biochemical
markers of WD improved gradually. Adequate cupriu-
resis occurred at 3 months; none achieved maintenance
cupriuresis till 1 year after administration of the drug.
No major side effects of DP were observed in most of the
cases. Early diagnosis and prompt treatment were crucial
for a better outcome.
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