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Abstract
Introduction  Wilson’s disease (WD) is a potentially treatable, genetic disorder of copper metabolism, with survival similar 
to healthy populations if controlled. However, in almost 50% of WD patients, neurological symptoms persist despite treat-
ment, and in up to 10% of patients, neurological deterioration is irreversible. International guidelines on WD treatment do 
not recommend liver transplantation (LT) as a treatment for neurological symptoms in WD. However, such treatment has 
been assessed in retrospective analyses, case and series reports. We aimed to systematically assess all available evidence on 
the effectiveness and safety of LT in WD patients with neurological presentation.
Methods  This systematic literature review was performed according to Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Studies were identified by searching the PubMed database (up to 6 April 2021) 
and by screening reference lists.
Results  Based on the systematic literature review, 48 articles were identified, showing outcomes of LT in 302 WD patients 
with neurological symptoms. Of these patients, major improvement was found in 215 cases (71.2%), with no difference in 
neurological status before and after LT in 21 cases (6.9%). There were 29 deaths (9.6%), neurological worsening in 24 cases 
(7.9%), and 13 cases (4.3%) were lost to follow-up.
Conclusions  The results suggest that LT is a promising method of WD management in patients with severe, neurological 
symptoms, particularly if the patient has not responded to pharmacological de-coppering treatment. Further studies of LT 
in these patients are warranted.
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Introduction

Wilson’s disease (WD) is a genetic disorder characterized 
by pathological copper accumulation in various organs 
(mainly liver and brain) with damage to the affected organs 

and clinical symptoms related to injury (mainly hepatic and/
or neurological) [1–4].

WD is caused by mutations in ATP7B, a gene located 
on chromosome 13, which encodes the copper-transporting 
ATPase, ATP7B, which is abundant in the liver and is also 
found in the brain, placenta, kidneys, lungs and heart [1–3]. 
Due to ATP7B dysfunction, copper accumulates in hepato-
cytes and cannot be incorporated into cuproproteins (e.g., 
ceruloplasmin) and removed into the systemic circulation 
[1, 3]. Mitochondria are particularly sensitive to copper 
overload [1–3]. Copper-induced lipid peroxidation leads to 
mitochondria membrane damage, subsequent disruption of 
respiratory chain enzymes, and finally hepatocyte necrosis, 
with release into the circulation of free non-ceruloplasmin-
bound copper (NCC) [1–5].

Treatment of WD is based on drugs that induce negative 
copper balance: (1) chelators (d-penicillamine or trientine) 
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promote increased urinary copper excretion; (2) zinc salts 
inhibit copper absorption from the digestive tract; and (3) 
complexors (molybdenum salts, currently in clinical trials) 
decrease absorption of copper from the digestive tract, pro-
moting excretion of copper into bile, and form complexes 
with copper and albumins to reduce NCC levels in the sys-
temic circulation [1–5].

Mortality rates in patients with WD are similar to healthy 
populations if the disease is diagnosed early and appropri-
ately treated [6–12]. In almost 85% of treated WD patients, 
clinical improvement is observed [13]. However, in 50% of 
patients with neurological manifestations, clinical symptoms 
persist, and irreversible neurological deterioration occurs 
in almost 10% of patients. These findings contribute to the 
search for other strategies to treat severe neurological WD 
presentation, such as symptomatic treatments and also liver 
transplantation (LT) [3, 6–12, 14, 15].

LT is currently recommended only to WD patients with 
acute liver failure or decompensated liver cirrhosis (despite 
anti-copper treatment) [1–5, 15]. LT in neurological presen-
tations of WD is still being debated [15]; however, it seems 
an attractive method as, in contrast to autoimmune hepati-
tis, primary sclerosing cholangitis, primary biliary cirrhosis, 
viral hepatitis or alcohol liver disease, WD will not recur in 
the transplanted organ [1]. There are several retrospective 
analyses of registries, series reports, and case reports pub-
lished on LT in WD (including patients with neurological 
symptoms) as well as small prospective analyses [16–73]. 
Here, we describe results from the first-ever systematic 
review of the literature analyzing the efficacy of LT in the 
treatment of neurological symptoms of WD.

Materials and methods

Search strategy and eligibility criteria

This systematic review was performed in concordance with 
international accepted criteria of the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses (PRISMA) 
statement [74].

We searched the PubMed database (up to 6 April 2021) 
for original studies (prospective and retrospective), as well 
as case and series reports analyzing the efficacy of LT as a 
treatment option for WD patients with neurological pheno-
typic manifestation. Search terms included (“Wilson’s dis-
ease” and “liver transplantation” and “neurological symp-
toms”), (“Wilson’s disease” and “liver transplantation” and 
“neurology”), and (“Liver transplantation and neurological 
Wilson’s disease”). Studies eligible for further analysis were: 
(1) conducted with humans; (2) original studies (prospective 
or retrospective); (3) case and series reports of the patients 
with neurological manifestation of WD who have had LT; 

and (4) in English language. Review articles and studies 
describing the neurological outcome of LT in patients with 
other etiologies of liver failure were excluded. The reference 
lists of extracted publications were also searched.

All identified studies were analyzed and verified inde-
pendently by all authors to confirm the inclusion criteria, 
and were grouped as: (1) prospective studies which aimed 
to present the efficacy of LT in the treatment of neurological 
symptoms of WD; (2) retrospective studies presenting data 
from national or center-based LT registries which presented 
additionally neurological WD patients and their outcome 
after LT; (3) series reports; and (4) case reports of LT in 
neurological WD patients.

Results

In total, 354 records were retrieved: 352 from PubMed 
searches and 2 for the detailed review of the reference lists 
[16, 18] (Fig. 1). Following duplicate removal, 198 pub-
lications remained. The title, abstracts and full texts were 
then screened for relevance, removing another 150 records. 
Finally, 48 full-text articles of LT in 302 WD patients with 
neurological symptoms were included in the analysis. No 
prospective studies were identified, and there were 24 ret-
rospective studies on patients with WD treated with LT; 
23 of them were additional analyses of neurological symp-
toms in WD patients undergoing LT due to liver failure and 
only 1 was an analysis of neurological symptoms after LT 
in WD patients transplanted due to neurological deteriora-
tion (Table 1). There were 24 case reports and case series 
describing the WD patients with neurological presentation 
who had LT (Supplementary Table 1). The methodology 
for assessing neurological symptoms differed, also the brain 
magnetic resonance imaging (MRI) data of these patients 
were of different quality. Moreover, different neurological 
scales were used, making it impossible to perform meta-
analyses of the reviewed studies.

The cumulative survival rate in studies was 90.4% at the 
end of follow-up of all included studies. Most studies, case 
series and case reports reported favorable effects, with major 
improvement or complete neurological recovery in 215 WD 
cases (71.2%). In 21 cases (6.9%), there was no difference 
in neurological status before and after LT. There were 29 
deaths (9.6%), 24 cases of de novo neurological deteriora-
tion (7.9%; mostly related to immunosuppressive treatment 
after LT), and 13 cases (4.3%) were lost to follow-up. There 
was a clear trend toward better results of LT in more recent 
studies compared with older studies, with older studies sug-
gesting worse outcome in WD patients with neurological 
presentations [50], which was not confirmed in newer pub-
lications (Table 1 and Supplementary Table 1). For example, 
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Fig. 1   PRISMA search diagram. A total of 352 articles were found during the initial screening and 48 articles were included in the qualitative 
synthesis
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Lankarani et al. [65] reported improvement of neurological 
symptoms in almost 67% of transplanted WD patients.

Out of 24 cases and series reports of 32 WD patients, 
25 (78%) independent WD patients showed substantial 
improvement in neurological status and dependence within 
4 weeks to 10 years after LT. In four cases (12.5%), there 
was slight neurological improvement; however, patients 
were dependent. There was also one deterioration [61] and 
two deaths [31, 49]. In one of those patients, the patient 
showed neurological improvement, but then the patient died 
due to aneurysm rupture [31].

Taking into account the progress in transplantation dur-
ing the time (surgery techniques as well as immunosuppres-
sion and global patient healthcare), we additionally analyzed 
cases according to when LT was performed: 15 patients 
underwent LT up to 2000 and 17 had LT after 2000. In the 
pre-2020 group, we found three cases of slight neurologi-
cal improvement (patients remained functionally dependent) 
[31, 32, 60] and one case of neurological deterioration (1/15) 
[61]. There were no neurological deteriorations described 
in the group transplanted after 2000. Analyzing deaths after 
LT, one case was reported before 2000 [31] and one after 
[49].

The analysis of brain MRI in patients after LT retrieved 
from hepatological registries was very limited, apart from 
the study by Poujois et al. [64], which documented a cor-
relation between regression of MRI changes and clinical 
improvement (Table 1). We found assessment of the brain 
MRI changes in case and series reports for only 10 out of 32 
patients [24, 35, 38, 48, 55–57, 61]. In nine cases, regres-
sion of disease was observed [24, 35, 38, 48, 55–57], and 
in one, there was worsening that corresponded with clini-
cal neurological deterioration [61]. The clear correlations 
between radiological changes and neurological status were 
adequately presented only in case reports. However, the 
methodology (lack of semiquantitative scales, different MRI 
technology) limited drawing conclusions from these results.

Discussion

To our best knowledge, this is the first systematic review 
of the literature that presents the effectiveness of LT in the 
treatment of neurological manifestations of WD.

Based on international recommendations, LT is recom-
mended only for WD patients with acute liver failure or in 
decompensated liver cirrhosis [1–5]. All patients should 
also fulfill modified Nazer index as a prognostic factor for 
survival in WD patients and LT [1–5]. According to inter-
national registries, about 1.5% of LT are performed due to 
WD. Based on WD registries, around 5% of WD patients 
are treated with LT, mostly due to acute liver failure [1–3].

The first experiences with LT in WD were reported in 
1963 when DuBois et al. [20] performed the first-ever LT 
in WD patient with acute liver failure. The first report of 
neurological outcome after LT was published in 1973 by 
Groth et al. [16]. They described a 14-year-old boy with 
WD, hepatic symptoms, and progressive neurological dete-
rioration (dystonia, choreoathetosis, and dysarthria), despite 
treatment with d-penicillamine since the age of 11 years. 
During the first 12 months after LT, neurological symptoms 
improved and completely resolved within 4 years [16, 17]. 
Then in 1983, Zitelli et al. [18] described successful LT in a 
13-year-old WD patient, with subsequent resolution of neu-
rological symptoms 15 months after transplantation. These 
cases, as well as a lack of treatment in severe neurological 
WD patients, led to several studies of LT in patients with 
neurological symptoms over the next 40 years.

After initial reports of LT in patients with unresponsive 
neurological WD, Cheng et al. [42] found that WD patients 
with neurological symptoms had worse prognosis for sur-
vival compared with WD patients without neurological pres-
entation (80% vs. 100% after 1 year, 60% vs. 100% after 
3 years and 60% vs. 89.5% after 5 years). They documented 
that the presence of neurological symptoms (especially 
severe) was a statistically important factor that negatively 
affected survival after LT (6/15 patients died over the 5-year 
follow-up). However, it should be noted that the neurological 
improvement of some degree was observed in all survived 
WD patients [42].

Similar observations were provided by Medici et al. [50] 
who reported post-LT overall survival rates of 89% after 
1 year, 82.9% after 3 years, 75.6% after 5 years, and 58.8% 
after 10 years. Lower survival rates were associated with 
neuropsychiatric WD presentation (as the authors neu-
rological and psychiatric patients analyzed collectively), 
with mean survival of 135 months with the hepatic form 
vs. 79 months in patients with additional neuropsychiatric 
presentation. Importantly, in 6/7 (85%) of WD patients with 
neurological symptoms who survived and were followed up 
(1 was lost to follow-up), significant improvement of neuro-
logical symptoms was observed, with complete resolution 
of symptoms in two cases [50].

More recent studies involving larger groups of WD 
patients did not confirm previous observations suggesting 
worse prognosis in neurological WD patients. Ferrarese et al. 
[27] and Lankarani et al. [65] did not observe an adverse 
influence of neurological presentation on survival rates in 
WD patients after LT. Moreover, these studies documented 
better long-term general survival rates in transplanted WD 
patients: 88% after 1 year and 83% after 5 years [27]; 86% 
after 1 year and 82% after 5 years [65]. However, contrary 
to previous reports, in the registry described by Ferrarese 
et al. [27], no significant improvement of neurological WD 
patients (n = 10) after LT was observed. The Iranian study by 
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Lankarani et al. [65] did not confirm that neurological symp-
toms affected survival, but found improvement of neurologi-
cal symptoms in almost 67% of transplanted WD patients. 
The disparity between older and more recent studies may be 
due to improvements in transplantology techniques as well 
as more accurate qualification for LT over time, which has 
contributed to better results in neurological WD patients.

A recent retrospective analysis of a French registry of LT 
in WD presented very similar findings to Lankarani et al. 
[65] and Cheng et al. [42], with general survival rates of 
89% after 1 year and 87% after 5 years [19]. However, in 
multivariate analysis, there was a strong statistical trend 
(p = 0.06) toward poorer survival in patients with neuro-
logical symptoms [19]. The authors also documented major 
neurological improvement in 3/6 cases transplanted due to 
neurological indications, meaning that all WD patients who 
survived had neurological improvement. The other more 
recent study performed by Poujois et al. [64] showed better 
survival results in neurological WD patients (88.8% after 
1 year and 72.2% after 3 and 5 years), which are very similar 
to general populations undergoing LT (89% after 1 year in a 
French registry). These results clearly demonstrate that each 
new study with LT in WD patients show better results and 
survival, also in neurological WD patients, which allows 
us to be optimistic about the future of LT in WD patients 
with neurological presentation not responding to anti-copper 
treatment. Of note, Poujois et al., first used the objective 
Unified Wilson’s Disease Rating Scale (UWDRS) and docu-
mented neurological improvement in 8/18 (44%) of severe 
neurological patients (bedridden, not responsive to treat-
ment) and in 8/14 (67%) WD patients who survived. In our 
opinion, these results are the first to suggest that LT could 
be an effective treatment in WD patients with severe neuro-
logical presentation. The question is when to decide about 
LT? Sufficient time must be given for anti-copper treatment 
to work, but it is important not to act too late, when WD 
progression has caused irreversible brain damage as well 
as neurological symptoms with contractures and secondary 
chronic infections.

Discussing the results of case reports, it is worth men-
tioning that the presented results of LT in WD documented 
improvement in results in last two decades. Patients who 
were transplanted more than 20 years ago less frequently 
achieved significant neurological improvement. These data 
are consistent with world-wide findings indicating markedly 
improved post-LT outcomes over the last 30 years [75]. For 
example, in France, rates of 1-year post-transplant survival 
increased from 78% in 1990–1994 to 85% from 2005–2007 
[75]. These results were achieved due to several factors, 
including better selection of LT candidates, donor selections, 
organ procurement, surgical techniques, post-operative care, 
immunosuppression, as well as general patient management 
[75].

There is a lack of large studies prospectively analyzing 
the impact of LT on improvement of symptoms and outcome 
of WD patients with neurological presentation [76]. Data 
from retrospective studies, case and series reports suggest 
neurological improvement in 71% of patients and neurologi-
cal improvement or stabilization in 78% of cases. It should 
be mentioned that WD patients who underwent LT in the 
reviewed publications had mostly severe neurological defi-
cits and/or liver failure. Although results from the retrospec-
tive studies and case reports showed that neurological symp-
toms are risk factors for worse survival after LT, they were 
not confirmed in more recent studies [27, 64, 65].

Summarizing, the presented results suggest that LT is a 
promising method of WD treatment, particularly if patients 
have not responded to pharmacological de-coppering 
treatment.

Limitations

Our literature review has some limitations. Firstly, all 48 
papers were retrospective. All studies used various endpoints 
and methods for their evaluation. Only more recent studies 
used neurological WD scales (UWDRS) [64] or WD scales 
developed by Medici et al. [50]. In older studies, only neu-
rological symptoms were described. Further, the studied 
groups were not homogenous; most of the patients from 
registries were transplanted due to hepatic indications (mild 
neurological symptoms), while others, such as the Poujois 
et al., study and most case reports, were transplanted due to 
severe neurological deficits. Apart from a few case reports, 
only Poujois et al. [64] used brain MRI scales for quantita-
tive assessment of the brain. Also, in most of the articles, 
there was a lack of hepatic assessment according to detailed 
scales that are useful for LT qualification, such as Model for 
End-Stage Liver Disease (MELD) or Nazer score, which 
would be helpful to verify the hepatological indications for 
LT in neurological patients.

Regarding analyzing the impact of LT on neurological 
WD symptoms, some of the reported neurological (or neu-
ropsychological/psychiatric) improvements could be due to 
resolution of hepatic encephalopathy (even subclinically in 
the case of neuropsychological functioning). Further, we 
have mentioned, but not analyzed, psychiatric improvement 
after LT, due to too little data [76, 77]. However, due to the 
high frequency and clinical significance of psychiatric and 
cognitive disturbances in WD, this issue should be analyzed 
separately.

In some of the reviewed studies, chelators or zinc salts 
were used in addition to LT to remove copper from organs 
[42, 65]. However, recommendations for such combined 
treatment are not available [1–3].
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Finally, there is increasing recognition of the importance 
of early detection of WD as it has been shown that presymp-
tomatic individuals, when properly treated with anti-copper 
agents, do not develop clinical symptoms, including neuro-
logical symptoms [1–4, 77]. According to WD pathophysiol-
ogy, neurological symptoms usually occur a few years after 
hepatic symptoms and many years after the presymptomatic 
stage of the disease [1–4]. We are currently seeing substan-
tial improvements in WD diagnosis [77–81], including better 
knowledge of WD by physicians, genetic testing implemen-
tation [78–80], and more common family WD screening [4, 
80]. There are also suggestions to include neonatal screening 
for WD using DNA or quantitative assessment of ATP7B 
protein in dried blood spots [81]. Additionally, new WD 
treatment modalities are currently under investigation [82] 
and they may decrease the number of WD patients with 
neurological presentation [83, 84]. It gives hope that in the 
near future, discussions surrounding how to treat severely 
impaired neurological WD patients will be less necessary.

Conclusions

Currently available data encourage the use of this treat-
ment option, especially in severe neurological patients not 
responding to anti-copper treatment; however, it is still 
uncertain which patients with neurological impairment 
benefit most from LT and when is the optimal timing for 
LT [77].

Further studies conducted on large cohorts, using neuro-
logical and radiological scales as well as potential biomark-
ers of neurological injury, are needed to establish the role 
of LT in the treatment of WD with neurological symptoms.
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