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	 Background:	 Wilson disease (WD) is a rare genetic disorder with vast clinical presentations and a higher incidence in areas 
where consanguinity is common. Most patients can be treated with oral chelation, but some require advanced 
surgical intervention, like liver transplantation (LT). This study aims to review outcomes of WD patients pre-
senting to a tertiary care center over a period of 10 years.

	 Material/Methods:	 This retrospective analysis was conducted at Shifa International Hospital, Islamabad, Pakistan. Patients <18 
years who were diagnosed with WD per ESPAGHAN guidelines from 2010 to 2020 were included. Presentation, 
diagnosis, treatment, and LT and its complications were recorded. Follow-ups were recorded, and patients were 
contacted by phone in cases of interrupted follow-up. Frequencies and percentages of variables were calculated.

	 Results:	 A total of 48 patients with WD were identified. Symptomatic disease was seen in 45 patients, with 3 diagnosed 
on screening. The hepatic form was common (62.2%). Mean age at diagnosis was 9.74 (range 5-17) years, 28 
(58.3%) were male, while 17 (35.4%) were female. Urinary copper was increased in all patients (645.82±528.40). 
Oral treatment with penicillamine was given to 34 (75.5%) patients; 4 (8.9%) died while on oral treatment. 
Living donor LT was performed in 11 (22.9%) patients, who had a mean King’s Wilson index of 11 (range, 6-14). 
Currently, all LT patients are alive, with maximum graft survival of 7 years.

	 Conclusions:	 LT offers a promising treatment with good outcomes in pediatric WD. However, timely diagnosis and manage-
ment with oral chelation therapy can prolong survival without LT.
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Background

Wilson disease (WD) is an autosomal recessive disease of cop-
per metabolism, which was described by Wilson in 1912 [1]. 
The global prevalence of WD is 1 in 10 000 to 1 in 30 000 [1,2].

In Pakistan and neighboring countries like India and Bangladesh, 
there are no community-based prevalence studies of WD to 
date. The incidence of WD may be higher in Asia than in oth-
er world regions. Among pediatric liver diseases, WD accounts 
for 7.6% to 19.7% of cases in tertiary hepatobiliary centers, 
and there are 15 to 20 new cases of WD registered annually 
in the referral neurology centers of India [1].

The clinical manifestations of WD are diverse. In the first de-
cade of life, WD presents with hepatic manifestations. After 
the age of 20 years, 75% of patients present with neurologi-
cal manifestations and 25% with both hepatic and neuropsy-
chiatric manifestations [1,2].

Owing to the relative rarity of WD and lack of awareness 
among physicians, the disease is not diagnosed early in most 
cases. Therefore, many patients present late with either ad-
vanced liver disease or incapacitating neurologic disease [3].

The European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition guidelines advocate use of the 
Leipzig Scoring system for the diagnosis of WD. This includes 
the combination of clinical, biochemical, and genetic testing. 
Individual components include the presence or absence of 
Kayser-Fleischer (KF) rings, neurological symptoms, level of 
serum ceruloplasmin, presence of Coombs-negative hemolyt-
ic anemia, liver copper quantification, urinary copper excretion 
over 24 h, and mutation analysis for ATP7B mutations [4,5].

Medical management includes D-penicillamine, trientine, and 
zinc salts [6]. The aim of treatment is normalization of liver 
functions. The target urine copper excretion with a copper che-
lator is 200 to 500 mg/24 h. While on zinc monotherapy, the 
dosage should be 30 to 75 µg/day [3,5,6]. The normalization 
of non-ceruloplasmin-bound copper can be a useful param-
eter to monitor treatment response [7]. Dietary restriction of 
copper-rich foods is advised until remission of symptoms and 
normalization of liver enzymes in children treated with cop-
per-chelating agents [6].

Research on new treatment modalities and gene/cell ther-
apy in WD is ongoing. However, tetrathiomolybdate (bis-
choline salt) is the only treatment in phase III development. 
Methanobactin and curcumin look promising as new and po-
tentially safe treatment options; however, they have not yet 
been clinically tested [8,9].

Regarding medical management, disease prognosis is very good, 
with 85% survival over 5 decades, as reported by Schilsky et 
al [10]. However, in patients with liver failure and in selected 
patients with neurologic WD that is resistant to anti-copper 
therapies, liver transplantation (LT) is a lifesaving procedure [3].

The King’s Wilson index should be monitored for the prog-
nostic assessment and timely decision-making for LT [4,6,7]. 
Chelating agents or zinc treatment are no longer required af-
ter transplantation.

Although LT for WD is a potentially lifesaving treatment, it 
is not free from complications. Shifa International Hospital, 
Islamabad is among the first institutes in Pakistan offering pe-
diatric LT and gastroenterology services for various liver dis-
orders. This study aims to evaluate the outcomes of pediatric 
WD, including the study of living donor LT for WD.

Material and Methods

This retrospective analysis was conducted at Shifa International 
Hospital from 2010 to 2020. After Investigational Review Board 
approval from Shifa International Hospital and Shifa Tameer-
e-Millat University (no. 187-1007-2020), all patients under 18 
years of age who were diagnosed with WD were included in 
the study. Diagnosis of WD was made according to the scor-
ing system of Ferenci et al [11]. The diagnostic inclusion cri-
teria of WD were increased (>40 µg) 24-h urinary copper, low 
serum ceruloplasmin (<20 mg/dL), KF rings, and evidence of 
Coombs-negative hemolytic anemia. A score of ³4 was con-
sidered diagnostic.

Patient information was recorded on a self-designed proforma, 
including sex, age at presentation, anthropometry, and predom-
inant system involved (hepatic or neurological). Hepatic symp-
toms included acute or chronic liver disease. Neurological WD 
included dystonia dysarthria, seizures, deterioration of school 
performance, and various personality and behavior changes. 
Various laboratory values were collected: hemoglobin, white 
cell count, serum ceruloplasmin level, total bilirubin, alanine 
aminotransferase, aspartate transaminase, prothrombin time/
international normalized ratio values, serum albumin, creati-
nine, and 24-h urinary copper level. Information regarding oral 
treatment, diet, and water sources was recorded. Data on the 
preferred chelating agent used and adverse effects were col-
lected. The King’s Wilson index was calculated.

The post-transplantation profile was reviewed for the indica-
tion of LT (acute, chronic, or acute-on-chronic disease), donor 
relation, length of Intensive Care Unit (ICU) stay, rejection (yes/
no), duration of graft survival, drugs for immunosuppression, 
complications, and patient survival, death, or loss to follow-up.
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The data were analyzed using SPSS version 23.0. Frequencies 
and percentages were calculated for the variables. Survival 
time was calculated by subtracting the date of death or last 
follow-up from the date of LT.

Results

A total of 48 patients who had been diagnosed with Wilson 
disease were included in this study, of which 45 patients were 
symptomatic and 3 were diagnosed on screening. Patients 
were divided into 3 groups for ease of description: group 1 
included patients on long-term chelation (n=34); group 2 in-
cluded LT recipients (n=11); and group 3 included asymp-
tomatic patients (n=3). The mean age at diagnosis of the 45 
symptomatic patients was 9.74 (range 5-17) years; 28 (58.3%) 
were male, while 17 (35.4%) were female. KF rings were pos-
itive in 28 (62.2%) patients overall. A total of 14 (50%) pa-
tients with hepatic presentation had positive KF rings, while 

8 (80%) patients with neurological disease had KF rings on 
slit lamp examination.

Figure 1 shows the percentages of various presentations of 
WD. Table 1 shows various presenting features of symptom-
atic patients in group 1. Coombs-negative hemolytic anemia 
was seen in 69.2% (27) patients. Low serum ceruloplasmin was 
found in 69.8% (30) of patients. Urinary copper levels were in-
creased in all patients, with a mean value of 645.82±528.40 
mg/dL. The relevant demographic, clinical, and laboratory data 
of all 3 groups are shown in Table 2.

Group 1 patients were treated with oral chelation therapy, such 
as penicillamine 20 mg/kg every 8 h, with zinc. None of the pa-
tients were on zinc monotherapy. The patients who received oral 
chelation were doing well at regular follow-up. Two of them de-
veloped bone marrow suppression of penicillamine, for which 
trientine was started at a dose of 20 mg/kg, and were general-
ly doing well. Comorbidities and complications that were noted 

Predominant symptoms at presentation

Hepatic symptoms 

Neurological
symptoms 

Hepatoneurological

62.2%
22.2%

15.5%

Figure 1. Percentages of the presentations of Wilson disease.

Hepatic symptoms Neurological symptoms

Jaundice 11
Deteriorating school 
performance

9

Ascites 9 Headache and lethargy 10

Vomiting 3 Tremors 3

Diarrhea 2 Dysarthria 5

Hematemesis 1 Seizures 2

Hepatosplenomegaly 10 Ataxia 3

Dystonia 5

Personality/behaviour 
changes

9

Table 1. Summary of symptoms of patients with Wilson disease.

Group 1
Oral chelation

n=34

Group 2
Liver transplant

n=11

Group 3
Asymptomatic

n=3

Age in years 9.83 [5-17] 9.45 [5-14] 5

Male: Female 21: 13 7: 4 0: 3

Hepatic involvement(number) 17 11 None

KF rings number (number) 19 8 Absent in all

Coombs negative hemolytic anemia (number) 18 7 Absent in all

Low Serum ceruloplasmin 20 10 3

Urine copper µ mole/24hours 482.26 (104-2124) 721.6 (145-2172) 499 (216-856)

Table 2. Demographic, clinical, and laboratory data of patients with Wilson disease.
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were cholecystectomy due to gallstones in 1 patient, and celiac 
disease, hepatitis C, and G6PD deficiency in 1 patient each, re-
spectively. Family history of WD was noted in 12 patients, and 
in most patients the relatives were siblings with WD.

In group 3 (asymptomatic patients), 2 patients were on pen-
icillamine every 8 h with zinc therapy and had normal liver 
function test results, while the third patient was not compli-
ant with treatment and was stable until the last follow-up.

Four patients died on chelation therapy. The mean age at death 
was 11.5±3.78 years. Two (50%) patients were male, and 3 
were having hepatic involvement and were not compliant 
with treatment. One of them was also offered LT, which could 
not be done owing to a delay in the arrangement of financ-
es. One patient with neurological symptoms was brought into 
the Emergency Department in respiratory distress and died.

Outcomes of LT

A total of 12 patients were advised to have LT, but 11 patients 
(22.9%) underwent the surgery. All cases were of living donor 

LT. All patients had hepatic symptoms. Seven (63.63%) pa-
tients had acute liver failure at presentation, while 4 (36.36%) 
presented with decompensated chronic liver disease. Six pa-
tients had a King’s Wilson index of more than 11 (range, 6-14). 
Patients with an index of <11 had presented with acute liver 
failure and end-stage liver disease. Table 3 shows the King’s 
Wilson indices of all patients.

Other laboratory values are shown in Table 4. Seven patients 
had an ICU stay of 1 week or less, while 3 were in the ICU for 
longer than 1 week.

Tacrolimus, used in 6 (54.5%) patients, was the most common 
drug used for immunosuppression, while cyclosporine was used 
in 3 (27.3%) patients. Tacrolimus was also used in combina-
tion with mycophenolate mofetil in 2 patients. To date, none 
of the patients have had recurrence of hepatic symptoms or 
graft rejection. No patients were administered penicillamine 
or any other chelation therapy after transplantation.

Immediate complications after transplantation were chest in-
fection in 2 patients, biliary strictures in 3 patients, which re-
quired dilatation, and thrombosis in 1 patient. One patient 
developed ataxia, which resolved on medication. One of the 
patients developed a Candida infection. On long-term follow-
up, 1 patient developed tuberculosis 1 year after transplanta-
tion, which was treated for 1 year with antitubercular treat-
ment. The same patient developed biliary stricture 4 years 
after transplantation, for which percutaneous transhepatic 
biliary drainage was done. To date, all transplant patients are 
alive and doing well, with a maximum graft survival of 7 years.

Number of patients Kings Wilsons Index

1 14

3 13

2 11

4 10

1 6

Table 3. �Laboratory indices of patients with Wilson disease 
(mean values).

Group 1
Oral chelation

n=34

Group 2
Liver transplant

n=11

Group 3
Asymptomatic

n=3

Bilirubin (µmol/L) 	 5.30	 (0.20-51.13) 	 11.8	 (1.1-30.9) 	 0.473	 (0.36-0.58)

INR 	 1.58	 (1-4.8) 	 3.5	 (1.1-8.02) 	 1.33	 (1.05-1.09)

Albumin (g/L) 	 3.1	 (1.5-4.8) 	 2.62	 (1.6-3.7) 	 2.8	 (2.2-3.2)

ALT (IU/L) 	 101.6	 (10-674) 	 121.36	 (47-327) 	 31	 (27-34)

AST (IU/L) 	 103.80	 (18-434) 	 134.45	 (38-280) 	 39.3	 (30.9-46)

ALP (IU/L) 	 328.46	 (13-1198) 	 233.3	 (92-849) 	 616	 (194-1451)

Hb (g/L) 	 11.4	 (6-14.6) 	 11.04	 (8.30-13.9) 	 11.2	 (10.4-12.4)

Leucocyte count (109/L) 	 7215.75	 (1750-20700) 	 8624.54	 (1200-15600) 	 7400	 (6200-9000)

Kings Wilsons Index 	 5.34	 (1-14) 	 11	 (6-14) 	 4	 (2-6)

Table 4. King’s Wilson indices of individual patients with Wilson disease.
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Discussion

This study describes the outcomes of pediatric patients with 
WD receiving oral chelation or LT over a period of 10 years in 
a low-resource setting. As the first pediatric liver transplant 
center in Pakistan, we receive referrals from all over the coun-
try. The mean age of our patients was 9.7 years. Hepatic pre-
sentation (62.2%) of WD was more common than neurologi-
cal WD (22.2%). Studies also support the fact that up to half 
of patients with WD present with hepatic disease [12].

The diagnostic workups for WD showed low serum ceruloplas-
min in 69.8% of patients. Serum ceruloplasmin of less than 20 
mg/dL has good accuracy in diagnosing WD [13]. According to 
previous reports, a low ceruloplasmin level has a sensitivity of 
77% to 99% and specificity of 55% to 88.2% [14]. In the pres-
ent study, 24-h urinary copper levels were elevated in all pa-
tients (100%), with a mean value of 645 mg/dL [15]. Together, 
high urinary copper and low serum ceruloplasmin have good 
diagnostic accuracy in diagnosing WD [16].

KF rings were seen in 14 (50%) patients with hepatic and 8 
(80%) patients with neurological disease. Nagral et al also 
documented that KF rings are seen in 50% to 60% of hepatic 
and 95% to 100% of neurological WD cases [1]. In the present 
study, genetic testing was not done owing to the lack of avail-
ability in Pakistan. Genetic testing can help in mutation anal-
ysis and to identify asymptomatic patients and carriers [17]. 
The Leipzig scoring system could not be strictly followed in 
the present study owing to the lack of availability of liver bi-
opsy and genetic/mutation analysis in most of our patients.

Our study confirmed the efficacy of chelation thera-
py in WD. The management protocol was uniform in all 34 

patients undergoing chelation. Penicillamine with zinc thera-
py was the treatment choice in all cases. The efficacy of pen-
icillamine varies from 50% to 66.6% [18]. In mild disease, 
its efficacy is 79% to 90% [3]. Of the 34 symptomatic children, 30 
are alive to date, with a maximum age of 26 years. Only 2 (5.88%) 
of them were started on trientine because of bone marrow sup-
pression. To date, over a mean period of 10 years, none of the 
patients in the present study who underwent chelation therapy 
have required LT. Our results are supported by studies from neigh-
boring countries like India, where chelation therapy with penicilla-
mine has shown good results, even in patients with severe hepat-
ic disease [19]. Another study from India reported the adjunctive 
role of zinc therapy in pediatric WD, with good outcomes [20].

We had 11 patients with WD who underwent LT. Fulminant he-
patic failure was seen in 7 (63.6%) patients, while 4 (36.3%) 
patients had decompensated chronic liver disease. Lankarani 
et al, from Iran, described a much larger cohort of 107 patients 
with WD who underwent LT; 21 (19.6%) patients had fulminant 
hepatic failure, while 86 (80.3%) had chronic WD [21]. The lit-
erature supports that LT remains the definite treatment mo-
dality for the complete correction of liver defects in WD [22]. 
LT also offers good short-term and long-term survival, with 
limited complications [23]. Studies have also highlighted bet-
ter survival in children than in adults receiving living donor 
LT [24], as was seen in our cohort of patients.

Post-transplant complications experienced by our patients in-
cluded infection (2 patients), biliary stricture (3 patients), and 
thrombosis (1 patient). Elisofon et al described the first 30 
days of surgical complications, including reoperation in 31.7% 
of patients, and biliary tract complications, including strictures 
in 13.6%, hepatic artery thrombosis in 6.35%, and portal vein 
thrombosis in 3.2% of patients [25].

Year of 
publication 
and country

Period of liver 
transplant

Number Population Indication Follow up
Type of liver 
transplant

Patient 
surviuval

Re transplant

Guillaud 
et al 2014, 
France [28]

1985-2009 121 75 adults
46 children

59 (FHF)
50 (CLD)

7 (Neurologic WD)

6 years 4 LDLT 87% 
(5, 10 years)

4 children
13 adults

Markiewicz-
Kijewska et al 
2008, Poland 
[29]

1999-2007 11 13 children 13 (FHF) 7.43 years 2 LDLT 81.8% at 7 
years

Sandra 
et al 2014, 
[30] Austria

1961-2013 30 11 (FHF)
1 (CLD)

18 (Neurological WD)

20 years 83.3% 2

Cohort from 
Pakistan

2010-2020 11 11 children 7 (FHF)
4 (CLD)

7 years All LDLT 100% at 7 
years

None

Table 5. Outcome of liver transplantation in patients with Wilson disease.
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We did not have any patients with neurological WD who un-
derwent LT; however, Poujois et al reported 18 patients with 
neurological WD who underwent LT, reporting a 5-year sur-
vival of 72.2%, with major improvement in symptoms [26].

In the present study, we have had 100% survival at 7 years 
after transplantation. This is encouraging, as the literature 
from developed countries report a 5-year survival rate of up 
to 85% [27]. Table 5 compares the outcomes of LT for WD.

Conclusions

Liver transplantation offers a promising treatment with very 
good outcomes in pediatric patients with acute liver failure or 

decompensated liver disease secondary to WD [26]. However, 
timely diagnosis and management with oral chelation therapy 
can prolong survival without LT. The affordability and access 
to LT remains an issue in developing countries like Pakistan.
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