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Abstract 
Background

Wilson’s disease is a rare autosomal recessive disease. Patients undergoing liver transplantation for WD is limited, especially those with neurological Wilsons’s disease.  

Aim 

The objective of the study was to find short and long term outcome after liver transplantation. The other objective was to find the effect of liver transplantation on neurological manifestations of WD following liver transplantation. 

Methods 

A retrospective study was done with data of 16 WD patients who had liver transplantation from 1991 to 2007.

Results 

Nine patients were males (56%) and 7 were females. End stage liver disease was the indication for transplantation in all sixteen patients, but four of them had neurological symptoms in addition to their liver disease. Living related liver transplantation was done in three cases. One patient died on sixth postoperative day due to primary graft non-function. 1-year post liver transplant survival was 93.75%. Neurological manifestations of all 4 patients disappeared during their follow up. Four patients developed acute cellular rejection, but all of them responded to treatment. One patient developed chronic ductopenic rejection after 15 years of transplantation and graft failed; the patient is waiting for re-transplantation. Fourteen patients are still surviving. The long-term average survival was 10.5 years with a median survival of 8 years. Long-term patient survival was 87.5% and long term graft survival was 81.25%.
Conclusion 

Short and long-term survival in our series was excellent; 93.75% of our patients survived at 1 year with a median long-term survival of 8 years.  Neurological and psychological manifestation of WD in our series disappeared during long-term follow up. 
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Introduction 

Wilson's disease (WD) is a rare autosomal recessive inborn error of copper metabolism that results from mutations of the ATP7b gene on chromosome 13.1 The ATP7b gene product, a P-type ATPase transporter, is responsible for copper excretion into bile. In Wilson's disease, impaired biliary copper excretion leads to accumulation of this metal in the liver. When the capacity for hepatic storage is exceeded, cell death ensues, with copper release into the plasma resulting in hemolysis and deposition of copper in extra-hepatic tissues.2
The recommended initial treatment of symptomatic patients or those with active disease is with chelating agents. Symptomatic liver disease will show signs of recovery within 2-6 months of treatment, but further recovery can occur during the first year of treatment. Maintenance medical therapy is required for indefinite period. Failure to comply with therapy may lead to significant progression of liver disease and liver failure in 1-12 months following discontinuation of treatment, resulting in death or necessitating liver transplantation.
 ADDIN EN.CITE 
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Liver transplantation is an effective option for patients with acute liver failure and for patients presenting with advance decompensated liver disease unresponsive to medical therapy or after interrupted medical therapy. However, the role of this procedure in the management of patients with neurological Wilson's disease in the absence of hepatic insufficiency is still uncertain.4

 

The worldwide prevalence rate of WD ranges from 10 to 30 cases per million.
 HYPERLINK \l "_ENREF_15" \o "Medici, 2006 #573" 
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 The literature describing experience of liver transplantation for WD is scanty; the number of cases in each series ranges from six to 55.
 ADDIN EN.CITE 
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 None of the studies published from Saudi Arabia discuss the results of liver transplantation in WD.
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 A large cohorts of WD patients are being treated at our center; we identified 16 of them who had undergone liver transplantation. The objectives of the study were to find outcome of WD patients after liver transplantation and to study the role of liver transplantation in WD patients with neurological and psychiatric manifestations.  
Methods 

The study was conducted in a tertiary care hospital in Riyadh. We included WD patients who had undergone liver transplantation either in our institute or other centers but with follow up in our center. From 1993 to 2007 sixteen WD patients from a cohort 71 WD patients who were treated in our center underwent liver transplantation. The research promotion group of the Department of medicine and the Research and ethics committee of our Institute approved the research protocol. A retrospective study was conducted and the data was analyzed using SPSS version 16 (IBM, Amonk, NY). 
WD was diagnosed if they had the first criteria along with one or more other criteria. The  following were the criteria: 1) Evidence of liver disease and/or neuropsychiatric illness, 2) Presence of Kayser-Fleischer (KF) rings by slit lamp examination, 3) Low serum ceruloplasmin level <200 mg/L, and 4) Elevated pre-treatment 24 hour urinary copper excretion > 0.6 µmol/day. The 24-hour urine excretion after challenge by D-penicillamine was preformed when required.2
WD patient were classified to have hepatic WD if they were asymptomatic hepatomegaly, isolated splenomegaly, persistently elevated serum aminotransferase activity (AST, ALT), fatty liver, acute hepatitis, resembling autoimmune hepatitis, cirrhosis: compensated or decompensated and acute liver failure. 2
WD patients were said to have neurological Wilsons’s disease if they had one or more symptoms such as movement disorders (tremor, involuntary movements), drooling, dysarthria, rigid dystonia, pseudobulbar palsy, dysautonomia, migraine headaches, Insomnia or Seizures.2
The presentation of the liver disease was classified as:  chronic, with slow deterioration of liver function in a patient with known Wilson’s disease and disease-related cirrhosis;  fulminant hepatic failure – occurrence of hepatic decompensation within six months in patients without known Wilson’s disease;  acute on chronic presentation – acute decompensation of known Wilson’s disease.11
Statistics
Categorical variables were represented as numbers and percentages, continuous variables were given as mean and medians. The data was initially collected in a data collection form and then transferred to excel 2007 and SPSS version 16. The data was analyzed by Microsoft office excel 2007 and SPSS version 16 (IBM, Amonk, NY). 

Results  

Sixteen patients underwent liver transplantation for WD. Nine of them were males (56%). The mean age at the time of liver transplantation was 19.25±9.6 years (range 8 years to 40 years). The time interval from the diagnosis of WD to liver transplantation varied from 1 month to 204 months with a mean of 67.6±68 months.  
Ten patients underwent liver transplantation at our center in Riyadh, five in USA and one in UK. Three patient’s donors were living related and rest of the patient’s transplant was done with cadaveric liver. The indication for transplantation was Chronic liver disease not responding to chelating agents (chronic). Four of them had neurological symptoms in addition to their liver disease. Prior to transplantation, eight patient’s CHILD score was B, five patient’s CHILD score was C and three had CHILD Score A. The median MELD score was 14, and with mean MELD score of 17.43±7.7. Table 1 gives baseline characteristics of all 16 patients who had liver TX. 
One patient died on sixth postoperative day following liver transplantation. The patient developed portal vein (PV) thrombosis and decreased flow in the right hepatic artery on post operative day 1. The same day patient underwent PV thrombectomy, but developed primary non function of graft, acute liver failure, and severe brain edema and status epilepticus and died. 
Three patients underwent living related liver Tx. All the donors had uneventful postoperative course. The case number 10, who died on 6th post operative day following liver TX had received liver from his brother. All the 3 cases of living related TX was done in Riyadh. The other two patients who received living donors were case number 14 and 16; the recipients are healthy after liver TX (>4 years). 
Only one patient lost follow up from our series after 6 years of transplantation. The patient had developed complications such as Castleman’s disease, cardiomyopathy and Kaposi’s sarcoma and was not traceable for verification of survival.  
Four patients developed acute cellular rejection, but all of them responded to treatment. One patient developed chronic ductopenic graft rejection after 15 years post transplantation.  The patient also has developed chronic kidney disease and had recovered from Rapamycin induced pancytopenea.  The patient is being listed for re-transplantation of liver. Thirteen patients are still being followed in our center; one patient’s care was transferred to another center after 8 years transplantation. The table 2 describes 16 patient’s post-transplantation details. 
Two of our patients were found to have small hepato-cellular carcinoma in the explanted liver; both of them are healthy and surviving after TX. Both cases were within Milan criteria; one had surgery in USA and other one in UK.  
1-year post liver transplant graft survival and patient survival was 93.75%.  The long term graft survival was 13/16 (81.25%) and patient survival 14/16 (87.5%). The long-term average survival was 10.5 years with a median survival of 8 years. 

Four of our patients’ had neurological symptoms prior to transplantation in addition to the liver disease. The neurological symptoms prior to transplantation in these patients included movement disorders, dysarthria and psychiatric abnormalities. The indication for transplantation for all these four patients were decompensated end stage liver disease. These patient’s MRI brain findings, status of KF ring and improvement of neuorlogiacal and psychological symptoms after liver TX is given in table 3.
The case number 1 underwent liver TX in 1991 from USA. The patient had neurological symptoms such as dysarthria, dysphonia, bilateral dystonia, micrographia and positive KF rings; all of them disappeared during follow up after transplantation. The patient is 20 years post TX now and doing fine. 
The case number 11 had transplantation in our center. This patient had neurological symptoms like tremor, dysarthria and movement disorder related to WD prior to transplant. The patient’s post operative period was stormy and developed many complications including MRSA pneumonia, ARDS, central pontine myelinolysis and major depression during immediate postoperative period following transplantation requiring prolonged hospital stay. Finally, the patient went home and is currently doing fine. During post transplant follow up, her neurological symptoms and depression disappeared. 
Case number 12 was our third patient in series with neurological symptoms. This patient was suffering from movement disorder, nystagmus and psychiatric manifestations with depression and restlessness. The MRI brain showed bilateral symmetrical abnormal hyper intensity in the basal ganglia.  The neurological symptoms and psychiatric features disappeared during follow up. MRI brain after 3 years post TX was impressive; all the findings which were there before transplantation had disappeared. 
Case number 15 was our fourth patient with neurological symptoms. This patient also had significant psychiatric features suggestive of bipolar depression. MRI brain also showed features consistent with WD. The patient is 5 years post transplant now; and not on any medication for bipolar depression. The KF ring which was there before TX also disappeared. 
Discussion 
The current study explored the results of liver TX in WD and the effect on neurological manifestation of WD.  Our study proves an excellent short and long-term survival and total recovery from the neurological manifestations of WD following liver TX.  
In our series, 16 patients’ data were analyzed. Almost equal number of males and females underwent Liver TX. Many of them had surgery in the second or third decade of life. The TX was done after mean years 5.5 years from the diagnosis of WD. Many of our patients underwent transplantations for slow progressing end stage liver disease and few of their indication for TX was acute on chronic liver failure.  Five of the transplanted patient’s has one or more affected siblings in the family. Ten patients were treated with chelating agents such as D Penicillamine before the TX. Eleven patients underwent TX in our center and 14 of them were Saudi nationals. 
The outcome of liver TX in our series was excellent; only one patient died and another one lost follow up. One patient lost graft after 15 years transplantation and then developed decompensated liver disease. 
In 1971, DuBois et al demonstrated that liver transplantation is an effective treatment modality to reverse metabolic effects of WD.12 Then in 1984, Sternlieb et al described the indications for liver TX in WD as cirrhosis with severe hepatic decompensation not responding to medical therapy, fulminant hepatic failure, and hepatic decompensation after discontinuation of previously effective treatment.13 The role of liver TX in neurological WD is questioned by some experts in this field.14
The various centers that do liver transplantation have done liver TX for small number of WD patients. The long term survival after TX varies in different centers, from 74% to 100%. Our center’s long term patient survival following TX is 14/16 (87%) (Included one patient who lost follow-up). The long term graft survival was 81% and median survival was 8 years. Our short term and long-term survival results are comparable to other center’s results. 
The improvement of neurological symptoms after TX was remarkable in our series. Four of our patients who had neurological symptoms related to WD are still surviving and has no residual neurological symptoms or signs. One of them had bipolar mood disorder, which also disappeared with TX and all psychiatric medications were able to discontinued. 
The experiences of few other transplant centers also agree with our findings. A series from Turkey which described 24 patients who had liver TX for WD, nine had neurological symptoms; seven of them improved symptomatically after TX.  A study by Eghtesad et al from United States had 14 patients with neurological symptoms in addition to liver disease in 45 patient series of WD who had liver TX. Ten out of fourteen improved from neurological manifestations of WD after the liver TX.15 From our experience and from other center’s experience, we believe the TX should not be denied to WD for having neurological or psychiatric manifestations. But, current study didn’t include any patients with severe neuro/psychiatric WD. And hence we are not sure about the role of liver TX in disabling neuro/psychiatric WD.  
Twelve patient’s pathology of explanted liver showed features of micro or macro nodular cirrhosis and some of them had varying cholestasis. Two patient’s explanted liver had features of HCC. The HCC is generally considered rare in WD.16 One patient in the Turkey series who had TX for WD, reported HCC in the hepetectomy specimen. The above information suggests that probably HCC in WD is missed rather than rare. 
The current study describes the biggest number of patients with WD who had liver transplantation from Middle East. The limitation of the current study is that inherent to any retrospective study. We didn’t face major hurdles in retrieving crucial information due to availability of excellent medical records, which we had since many years.  Moreover, to study a rare genetic disease and procedure such as liver TX, we believe the retrospective study is still the best.
Liver transplantation for Wilson’s disease with end stage liver disease is an effective treatment. Short and long-term survival in our series was excellent; 93.75% of our patients survived at 1 year with a median long-term survival of 8 years.  Neurological and psychological manifestation of WD in our series disappeared during long-term follow up. 
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	No
	AGE
	Gender
	Nationality
	ASCITES
	JAUNDICE
	Ence
	Neuro
	24 Hr Cu
	CER
	PENICILLAMINE 
	KF ring
	CTP
	MELD

	1
	14
	F
	Saudi
	Yes
	Yes
	No
	Yes
	-
	100
	Yes  
	Yes
	C
	19

	2
	14
	F
	Saudi
	Yes
	Yes
	Yes
	No
	-
	155
	-
	No
	 C
	31

	3
	3
	M
	Saudi
	No
	Yes
	No
	No
	-
	325
	Yes  
	No
	 B
	12

	4
	12
	M
	Saudi
	No
	Yes
	No
	No
	14.1
	395
	Yes 
	No
	B
	11

	5
	8
	M
	Saudi
	Yes
	Yes
	No
	No
	-
	250
	-
	No
	 B
	11

	6
	4
	M
	Saudi
	Yes
	Yes
	Yes
	No
	4.5
	<71
	Yes 
	No
	 C
	18

	7
	12
	F 
	Saudi
	No
	Yes
	No
	No
	10.02
	54
	Yes 
	No
	 B
	10

	8
	38
	M
	Saudi
	Yes
	Yes
	No
	NO
	14
	71
	-
	No
	B
	19

	9
	13
	M
	Saudi
	Yes
	Yes
	No
	No
	10.2
	227
	Yes
	No
	 B
	13

	10
	6
	M
	Syrian
	Yes
	Yes
	No
	No
	-
	<72
	-
	No
	B
	13

	11
	25
	F
	Saudi
	Yes
	Yes
	Yes
	Yes
	6.84
	<71
	Yes 
	Yes
	A
	12

	12
	23
	F 
	Saudi
	Yes
	Yes
	Yes
	Yes
	0.89
	128
	-
	Yes 
	C
	34

	13
	18
	M
	Saudi
	Yes
	Yes
	No
	No
	37
	346
	Yes
	No
	C
	27

	14
	7
	F
	Saudi
	No
	Yes
	No
	No
	17.06
	360
	Yes
	No
	 A
	-

	15
	22
	F
	Saudi
	Yes
	Yes
	Yes
	Yes
	1.86
	<71
	yes
	Yes
	 A
	14

	16
	5
	M 
	Yemen
	No
	Yes
	No
	No
	0.88
	373
	-
	No
	B
	-


Table 1. Baseline Characteristics of 16 Wilson’s disease patient’s Pre-transplant 

details. 
Age=age at the time of diagnosis of WD
M= Male. F= Female. 

Ence= hepatic encephalopathy

KF ring= Kayser-Fleischer rings
Table 2. Post liver transplant details of 16 Wilson’s disease patients 

	Case 

number
	Gender 
	Age  


	Year of TX
	Indication for TX
	Neurological WD
	TX 

center
	Donor
	Rejection
	Graft 

survival
	Pt 

survival
	Death or

lost FU
	HCC
	

	1
	F 
	14
	1991
	chronic
	Yes
	USA
	Cad
	NO
	20 Yrs
	20 Yrs
	-
	No
	

	2
	F
	14
	1994
	chronic
	No
	KFSHRC
	Cad
	Chronic 
	15 years
	17 Yrs.
	-
	No
	

	3
	M
	11
	1995
	chronic
	No
	USA
	Cad
	NO
	6 Yrs.
	6 Yrs.
	Lost FU
	No
	

	4
	M
	12
	1995
	chronic
	No
	KFSHRC
	Cad
	NO
	16 Yrs.
	16 Yrs.
	-
	No
	

	5
	M
	13
	1995
	chronic
	No
	USA
	Cad
	acute
	16 years
	16 Yrs.
	-
	Yes
	

	6
	M
	13
	1995
	chronic
	No
	KFSHRC
	Cad
	NO
	16 Yrs.
	16 Yrs.
	-
	No
	

	7
	F
	12
	1996
	chronic
	No
	UK
	Cad
	NO
	15 Yrs.
	15 Yrs.
	-
	Yes
	

	8
	M
	40
	1999
	chronic
	No
	USA
	Cad
	NO
	12 Yrs.
	12 Yrs.
	-
	No
	

	9
	M
	22
	2003
	chronic
	No
	USA
	Cad
	NO
	8 Yrs.
	8 Yrs.
	-
	No
	

	10
	M
	23
	2004
	chronic
	No
	KFSHRC
	LR
	NO
	6 Days
	6 Days
	Died
	No
	

	11
	F
	40
	2004
	chronic
	Yes
	KFSHRC
	Cad
	NO
	7 Yrs.
	7 Yrs.
	-
	No
	

	12
	F
	23
	2004
	chronic
	Yes
	KFSHRC
	Cad
	acute
	7 Yrs
	7 Yrs.
	-
	No
	

	13
	M
	18
	2006
	chronic
	No
	KFSHRC
	Cad
	acute
	5 Yrs.
	5 Yrs.
	-
	No
	

	14
	F
	9
	2006
	chronic
	No
	KFSHRC
	LR
	NO
	5 Yrs.
	5 Yrs.
	-
	No
	

	15
	F
	25
	2006
	chronic
	Yes
	KFSHRC
	Cad
	acute
	5 Yrs.
	5 Yrs.
	-
	No
	

	16
	M
	8
	2007
	chronic
	No
	KFSHRC
	LR
	NO
	4 Yrs.
	4 Yrs.
	-
	No
	


Age= Age at the time of transplantation

HCC=Hepato cellular carcinoma

Table 3. Neurological and psychiatric manifestation of Wilson’s disease before and after liver transplantation 

	Characteristics 
	Case number 1
	Case number 11
	Case number 12
	Case 15

	Neurological symptoms before TX
	Akinesia Dysarhria Abnormal movement
	Tremor

 Dysarthria

Abnormal Movement
	Tremor

Nystagmus
	Abnormal Movement

	Psychiatric abnormalities before TX
	Negative
	Negative
	Depression

Restlessness
	Delusion of persecution Depression Restlessness Hallucination

	MRI brain before TX
	No available data
	High signal intensities involving the thalami, mid brain & pons.
	Bilateral & symmetrical abnormal hyper-intensity at level of basal ganglia 
	High signal intensity in the basal ganglia & sabstantia nigra with mild cerebral atrophy

	KF ring before TX
	Positive
	Positive 
	Positive
	Positive

	Neurological symptoms after  TX
	Negative
	Negative
	Negative
	Negative

	Psychiatric abnormalities after TX
	Negative
	Negative
	Negative
	Negative

	MRI brain after TX
	No available data
	Normal MRI of the brain
	No available data
	No available data

	KF ring after TX
	Negative
	Negative
	Negative
	Negative


14

