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ABSTRACT

Background: Wilson’s disease (WD) is a rare genetic disorder with protean manifestations. Even
if liver transplantation (LT) could represent an effective therapeutic option for patients with end-
stage liver disease, it has remained controversial in presence of neuropsychiatric involvement.
This study aimed to examine the frequency of adult LT for WD in ltaly, focusing on disease
phenotype at time of LT.

Methods: A retrospective, observational, multicentric study was conducted across lItaly exploring
the frequency and characteristics of adults transplanted for WD between 2006-2016.

Results: Twenty-nine adult WD patients underwent LT during the study period at 11 Italian LT
centers (accounting for 0.4% of all LTs performed), and 27 of them (M/F 9/18; age at LT 29 [19-
60] years; median MELD score at LT 27 [6-49]) were considered in this analysis. Isolated hepatic
phenotype was the indication for LT in 17 cases (63%), while two patients (7%) underwent LT for
neurological impairment on compensated liver disease. Overall, 1- and 5-yr patient survival was
excellent (88% and 83%, respectively). Neuropsychiatric symptoms early after LT completely
recovered only in few cases.

Conclusions: WD remains an uncommon, unusual indication for LT in Italy, displaying good
post-LT graft and patient survival. Since isolated neuropsychiatric involvement has represented a
rare indication to LT, more data are needed to properly assess the value of LT for WD in this

subset of patients.
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INTRODUCTION

Wilson’s disease (WD) is an inherited disorder in which a defective biliary excretion of copper
leads to its accumulation in the body, particularly in the liver and brain(1). The main features of
WD include liver disease, hemolytic anemia, and neuropsychiatric disorders, and they can occur
at any age and at different stages in the course of the disease. Hepatic involvement can range
from an asymptomatic increase in serum transaminases to acute liver failure (ALF), compensated
cirrhosis, acute-on-chronic liver failure (ACLF) and end-stage liver disease. The protean severity
of neurological abnormalities, including Parkinson-like symptoms, tremor, ataxia and dystonia, is
often not associated with severity of liver involvement(2-5).
Since 1971, liver transplantation (LT) has represented an effective treatment for WD patients with
liver involvement, because it removes the biochemical deficit and improves quality of life(6-8).
The absence of post-operative disease recurrence and the young age at LT explain the excellent
post-operative survival curves (1-yr graft and patient survival 73-86% and 79-91%, respectively,
depending also on type of transplantation and disease phenotype)(9-15).
The spectrum of indications for LT in WD patients remains controversial, however(6, 13),
especially for the mixed or exclusively neuropsychiatric phenotypes. Neuropsychiatric symptoms
should theoretically improve after LT due to a normal biliary copper excretion. Several studies
have suggested, however, that patients with prior neuropsychiatric symptoms had worse
outcomes after LT in terms of post-operative complications and survival(16), and that the total
reversibility of their symptoms could not be achieved (12, 17-21). The feasibility of extending LT
to WD patients with both severe neurological impairments and compensated liver disease —
which had remained merely theoretical for decades(22, 23) - has also recently been
highlighted(24).

A multicentric observational study had previously analyzed the clinical scenario of LT for
WD in Italy between 1985 and 2005(25), showing the protean indications for LT in such disease
and a trend toward shorter survival for recipients with neuropsychiatric involvement. The aims of
the present study were therefore to examine the prevalence of LT performed for WD in Italy in the

last decade, focusing on disease phenotype and severity of liver involvement at time of LT.
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MATERIALS AND METHODS

This was a multicentric, observational retrospective study endorsed by the Italian Association for
the Study of the Liver (AISF). Data were collected through a dedicated electronic database from
the main Italian LT centers from November 2017 to June 2018. Electronic responses returned by
the participating centers to the promoting center (Padua University Hospital) were independently
reviewed by two hepatologists (P.B. and A.F.).

A first part of the study was designed to explore the prevalence of LT for WD in ltaly between
2006 and 2016. A second part was designed to investigate each WD patient’'s clinical
characteristics at the time of LT, and afterwards. Patients whose WD was diagnosed in childhood
were enrolled in the study, but only those who underwent LT at 218 years of age were considered
in our analysis.

All patients with definite diagnosis of WD, according to clinical, biochemical, histological
parameters(3) at time of LT were enrolled. Each patient’s clinical details (e.g., disease phenotype,
age at presentation, and at diagnosis, pharmacological treatment, adherence to therapy), and
biochemical features were investigated. Adherence rate was assessed as dichotomous variable
by clinical judgment. The modified WD prognostic index (26) was calculated at time of LT;
severity of liver disease at time of LT was assessed with Child-Pugh score and model for end-
stage liver disease (MELD) score; complications of portal hypertension as well as disease
presentation were diagnosed and classified according to current Guidelines. Liver involvement
was classified as follows: a) ALF in absence of previously known disease and specific ongoing
treatment fulfilling specific criteria (27); b) ACLF in presence of acute presentation at time of
hospitalization on previously diagnosed WD, according to specific criteria (28); c) end-stage liver
disease (ESLD).

Patients were further divided into three main groups: a) isolated hepatic phenotype, b)
mixed neuropsychiatric and hepatic phenotype, and c) isolated neuropsychiatric phenotype with
compensated liver function (e.g., Child-Pugh score A) as indication to LT.

Pre- and post-LT impairment was assessed using the Unified Wilson’s Disease Rating
Scale (UWDRS), a dedicated scale developed in 2007 and validated in 2008 (29, 30), which
considers hepatic and neuropsychiatric disturbances across different domains (neurological,
hepatic and psychiatric subscales). This scale was obtained during the evaluation for LT and
before hospital discharge after LT for patients transplanted after 2008; only those patients who
had both pre- and post-LT UWDRS were considered in the analysis, in order to evaluate intra-

individual changes.
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Post-LT graft and patient survival were examined until the last available follow-up or at
November 2017, identifying the causes of any death and graft loss. Furthermore, post-LT length
of stay, as well as post-operative liver-related, and liver-unrelated complications were collected.

The study was approved by the promoting center’s local ethical committee (protocol n.
AO/4508).

STATISTICAL ANALYSIS

Continuous and categorical variables were reported as medians (range), and frequencies (%), as
appropriate. Categorical variables were compared using Fisher's test, whereas continuous
variables were compared using the Mann-Whitney U-test or Wilcoxon’s signed rank sum test for
dependent variables, as appropriate. Patient and graft survival by patient group was calculated
using the Kaplan Meier function (log-rank test). Differences were considered statistically
significant when the p value was < 0.05. The statistical analyses were performed using the IBM
SPSS software (Chicago, IL), version 19.

RESULTS

Prevalence of LT for WD in the analyzed cohort

Eleven ltalian LT centers participated in the study. A total of 7,929 LTs were performed during the
study period, 512 (6.5%) of which were performed on pediatric recipients (5 for WD, with a
prevalence in the analyzed cohort of 0.1%) and were consequently excluded. Considering adult
LTs, 29 (0.4%) procedures were performed for WD. Three LT Centers did not perform any
procedure for WD in the study period, whereas in the remaining 8 LT Centers the frequency
ranged from 0.1% to 1.2% of all adult LTs.

Characteristics of WD patients at time of LT

Two cases were excluded due to a lack of clinical data after independent review, thus 27
WD LT recipients (M/F 9/18, median age at LT 26 [19-60] years) were included in the final
analysis (Table 1). At time of LT, 5 patients (20%) were not receiving medical treatment, whereas
13 (52%) and 5 (20%) were taking D-penicillamine and zinc sulfate monotherapy, respectively.
The median WD prognostic index(26), Child-Pugh, and MELD scores were 10 [3-14], 11 [5-15],
and 27 [6-49], respectively. More than 80% of patients were hospitalized at the time of their LT,
necessitating admission to the ICU due to multi-organ failure in 6 cases. One female patient with
ESLD as an indication for LT had suspicion of single 10 mm diameter hepatocellular carcinoma

before LT, but it was not confirmed in the explanted liver.
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Isolated hepatic phenotype (63%) and mixed phenotype (30%) were the main indication to
LT, whereas two patients (7%) underwent LT for isolated neuropsychiatric involvement (Figure
1a). Among patients with neuropsychiatric involvement (n.10), six had severe neurological
impairment and four severe psychiatric involvement, being dystonia, ataxia and depression the
most prevalent symptoms.

Considering only patients with liver failure as indication to LT (n. 25), only one patient
fulfilled criteria for ALF in absence of previously known disease. For the remaining 24 patients
with chronic liver disease, the median time elapsed between WD diagnosis and LT was 7.5 [0.5-
36] years. Fourteen (56%) patients fulfilled criteria for ACLF at time of LT (Figure 1b).

Outcome after LT

All but one patient underwent full-graft, deceased-donor transplantation. The median ICU stay
after LT was 7 [2-120] days, and less than 10 days for 20 patients (74%). Tacrolimus-based
immunosuppression was started in most cases and associated with steroids in 23 patients (85%),
and with mycophenolic acid in 12 (44%).

LT was uneventful for 9 recipients (33%). There was n.4 episodes of biopsy-proven acute
rejection within 90 post-operative days successfully treated with iv steroids, and n. 3 episodes of
biliary anastomotic strictures. As for complications unrelated to the liver, 10 patients (37%)
experienced at least one episode of postoperative infections, which were mainly bacterial (in 8
cases) or viral (in 5).

Overall pre-LT and post-LT non-adherence rates were 38% and 15%, respectively;
notably, those patients who displayed poor adherence after LT had been non-adherent before the
procedure too.

After a median follow-up of 72 [0.3-130] months, two patients were lost to follow-up, two
patients underwent early re-LT due to primary non-function and vascular complication, and one
died after re-LT. The overall 1-yr and 5-yr graft survival rates were thus 88% and 82%, whereas

the 1-yr and 5-yr patient survival were 88% and 83%, respectively (Figure 2).

Outcome after LT by disease phenotype at LT

We further explored the patient outcomes by their indication for LT.

An exclusively neurological impairment was the indication for LT in one female patient,
who suffered from severe ataxia, dystonia and wing-beating tremor, despite a compensated liver
disease (with Child-Pugh and MELD scores of A5 and 6, respectively). Her post-LT course was

characterized by long-term hospitalization, nutritional and respiratory complications, and no
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significant neurological improvement. A further male patient with compensated liver function
suffered from severe dystonia, tremor and was bedridden at time of LT; his post-operative course
was uneventful with a slight improvement on neurological symptoms.

Regarding patients with liver impairment (n. 25), no significant differences were found
between those with isolated hepatic or mixed phenotype, even if the latter group displayed higher
rate of post-LT complications (59% vs 75%), especially infectious and liver-related (Table 2).

Evaluating only those with neurological symptoms with pre and post-LT available UWDRS
(n.6), their neurological subscale did not display a significant improvement early after surgery if

compared with their pre-LT neurological condition (Figure 3).

Outcome after LT by disease presentation at LT

We further compared the post-LT outcome between those patients with liver involvement,
according to their presentation before surgery. The male patient transplanted for ALF at age of 38
displayed a favorable outcome, being the post-operative course characterized only by a transient
bacterial infection.

Patients who fulfilled criteria for ACLF were sicker than ESLD at time of LT (MELD score
30.5 [26-49] vs 21 [7-31]) displaying 50% vs 80%, overall post-LT complications respectively, and
a median of 7 vs 4 days of post-LT ICU stay, but equal post-LT outcome in terms of patient and

graft survival (Table 3).

DISCUSSION
This observational study examined the clinical scenario of LT for WD across 11 Italian LT centers
over ten years.

The first aim of our study was to assess frequency of LT for WD in Italy. Judging from our
data, WD accounted for 0.4% of all adult LTs performed during the decade 2006-2016. This
prevalence in the analyzed cohort was similar than that reported in a large North American cohort
between 1987 and 2008 (7), but lower than the proportion reported in Italy between 1985 and
2000 (1.2%)(25), and in the larger European Liver Transplant Registry (1%)(31, 32). These
figures could be significantly influenced by epidemiological differences from one Country to
another, however(33) and may be also explained with the expansion of indications for LT in the
last decade(34, 35).

The characteristics of the WD patients in our sample at the time of LT were similar to those of
previously published cohorts, in terms of age at LT, clinical presentation, and severity of liver

disease. Similarly, the wide interval time between diagnosis and liver transplantation could be
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explained with different disease presentation and indications to LT(7, 16). We've also calculated
for each patient the WD prognostic score, which has been demonstrated to predict the need for
LT (26). The number of our patients with WD score = 11 was significantly lower than compared
with the original study (30% vs. 100%). This could be explained with the fact that the score was
calculated at different time points (immediately before LT in our cohort vs. at time of
hospitalization in the original paper), in different cohorts (adults vs. paediatrics) and that it could

be influenced by medical treatment (e.g., albumin infusion) in our group.

Furthermore, we tried to stratify WD presentation at time of LT. We confirmed that most of
patients had a long-term history of disease, known extrahepatic manifestations (e.g., hemolytic
anemia), and previous or ongoing specific therapy at time of LT. This point was consistent with
the large French study by Guillaud et al.(16), who showed that 47 out of 50 explanted livers of
considered as ALF patients displayed features of cirrhosis with superimposed acute necrosis,

whereas only 3 livers showed massive necrosis without signs of chronic injury.

The present study confirmed an excellent overall patient and graft survival after LT for
WD, better than had previously been reported in Italy (when the 5-yr patient and graft survival
rates were 75% and 70%, respectively), and similar to that reported in the European Registry
between 2001-2016 (1- and 5-yr graft and patients survival of 92% and 85%, 87% and 79%,
respectively)(32). This might be thanks to improved surgical techniques and post-transplant
medical care management(6). The high prevalence of female gender in our cohort - previously
associated with a favorable post-LT course(16) - could also contribute to explaining our excellent
survival, but this impression would need to be confirmed.

The concept of ACLF has recently been applied in pediatric and adult WD patients (15,
36). In this study, WD patients who fulfilled criteria for ACLF at time of LT displayed an excellent
survival, with comparable post-operative course than patients with ESLD. Sickest WD patients
with ACLF Il at time of LT (2/14, 14%) showed a good post-LT survival probably due to young
age, short WL time, and absence of mechanical ventilation at time of surgery (Supplementary
Material) (37). Data should, however, be cautiously interpreted, since patients were
retrospectively classified.

All patients but one (96.2%) underwent deceased donor LT; the young female who
received a graft from her parent displayed a good post-LT outcome. The low prevalence of LDLT
in our cohort was consistent the current policy in Italy (38), but also opened the way for
considering this option for WD patients, usually young and sick at time of hospitalization (15, 39).
Nevertheless, since the underlying genetic disorder, potential donors should be carefully

screened before surgery.

This article is protected by copyright. All rights reserved



Regarding post-LT complications, infectious ones were the most prevalent. Data from our
cohort were in line with recently published data regarding mixed cohorts of LT recipients with
ESLD or ALF without WD (40, 41). Pre- and post-transplant characteristics (i.e., severity of liver
disease at time of LT; pre-LT hospitalization and ICU stay) rather than WD per se could represent
risk factors for post-LT infection. Previous data (16, 24) showed a possible correlation between
neuropshychiatric phenotype and post-LT development of sepsis (or sepsis-related death),

however due to small sample size, we were not able to confirm this hypothesis.

At time of LT, neuropsychiatric involvement occurred in 10 (37%) patients, being the
leading indication to LT in two. The post-LT course did not differ, however, between cohorts
(isolated hepatic phenotype vs. mixed phenotype), even though the latter group experienced a
higher rate of at least one post-operative complication (59% vs 75%). The course of neurological
symptoms after LT in WD patients have been widely investigated. Several Authors reported a
worse outcome for patients with mixed phenotype (25, 39, 42). However, the burden played by
neurological involvement on the post-LT outcome is often difficult to analyze due to protean pre-
transplant condition (ALF vs. ESLD with neuropsychiatric symptoms). We tried to better
investigate this issue using the UWDRS, assessed before and after surgery in the same patient.
As showed in Figure 3, neurological symptoms did not improve significantly early after surgery in
our cohort. However, since the neurological improvement is often progressive and does not occur
early after transplantation, the time point we used might partly influence the outcome. More
studies are warranted to properly evaluate the use of this scale at standardized time points (e.g.,
at 3, 6, 12 months after surgery).

The value of LT for WD patients with neurological symptoms alone is much more dubious.
Recent data from a French cohort of 17 patients (24) had a good post-LT outcome (with 1- and 5-
year post-LT survival rates of 84% and 66%, respectively) and a neurological improvement in all
recipients still alive — but a significant proportion died soon after LT (23.5%), or developed
nutritional or respiratory complications (>50%). As there was only two such cases in our sample,
we cannot speculate on this issue, which warrants further investigation - also for the purposes of
an adequate prioritization of such patients in the Italian organ allocation system (43).

Our study has some limitations. First, since some centers did not participate in our study,
we cannot be sure of the real prevalence of LT for WD in Italy. This is an important issue to
consider in this country, where a very high prevalence of WD has been reported in particular
areas, such as Sardinia(44). Our data nonetheless cover the lItalian centers with the highest
volumes of transplant procedures (with a mean 65 transplants/year), and with excellent post-LT

outcomes over time. A second limitation concerns the retrospective study design, which made it
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impossible to retrieve all useful pre-LT information; as a result, after a careful review of our survey
data, we opted to only include responses for which we had a >90% complete dataset in our
statistical analyses. Dedicated, prospective, multicenter, nationwide studies are warranted in this
field. Third, this study focused only on WD patients who underwent LT, without providing data
about frequency of WD as indication to waiting list registration in Italy or disease course while
awaiting transplantation. Fourth, results could be influenced by the small sample size, especially
after patients’ stratification. Lastly, the assessment of UWDRS only in a minority of patients,
without pre-defined time points before and after LT, may reduce its value in this cohort.

In conclusion, this multicentric, observational study demonstrated that WD represents an
unusual indication for LT in Italy, and liver symptoms alone or a mixed hepatic and
neuropsychiatric phenotype are by far the most common forms of WD treated with LT. Although
the WD patients in our sample had severe liver disease at the time of their transplant procedure,
the post-LT survival rate was excellent. Even if we identified a certain improvement in
neuropsychiatric symptoms of WD after LT, more data are needed to examine the role of LT for

WD patients with neuropsychiatric impairment alone.

This article is protected by copyright. All rights reserved



Acknowledgments: The authors wish to acknowledge Prof. Piscaglia, and Dr. Ginanni Corradini,
Felder, Fornasiere, Forte, Ottobrelli, for their scientific support. The authors are grateful to the

Marina Minnaja Foundation ONLUS (www.fondazioneminnaja.com) for supporting the study.

References

1. Cztonkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V, et al. Wilson disease.
Nat Rev Dis Primers. 2018;4(1):21.

2. Brewer GJ, Askari FK. Wilson's disease: clinical management and therapy. J Hepatol.

2005;42 Suppl(1):S13-21.

3. Liver EAfSo. EASL Clinical Practice Guidelines: Wilson's disease. J Hepatol.
2012;56(3):671-85.

4. Meenakshi-Sundaram S, Mahadevan A, Taly AB, Arunodaya GR, Swamy HS, Shankar
SK. Wilson's disease: a clinico-neuropathological autopsy study. J Clin Neurosci. 2008;15(4):409-
17.

5. Scheiber IF, Briha R, DuSek P. Pathogenesis of Wilson disease. Handb Clin Neurol.
2017;142:43-55.

6. Schilsky ML. Management of Wilson Disease Humana Press; 2018.

7. Arnon R, Annunziato R, Schilsky M, Miloh T, Willis A, Sturdevant M, et al. Liver
transplantation for children with Wilson disease: comparison of outcomes between children and
adults. Clin Transplant. 2011;25(1):E52-60.

8. DuBois RS, Rodgerson DO, Martineau G, Shroter G, Giles G, Lilly J, et al. Orthotopic liver
transplantation for Wilson's disease. Lancet. 1971;1(7698):505-8.

9. Schilsky ML, Scheinberg IH, Sternlieb I. Liver transplantation for Wilson's disease:
indications and outcome. Hepatology. 1994;19(3):583-7.

10. Bellary S, Hassanein T, Van Thiel DH. Liver transplantation for Wilson's disease. J
Hepatol. 1995;23(4):373-81.

11. Yoshitoshi EY, Takada Y, Oike F, Sakamoto S, Ogawa K, Kanazawa H, et al. Long-term
outcomes for 32 cases of Wilson's disease after living-donor liver transplantation.
Transplantation. 2009;87(2):261-7.

12. Weiss KH, Schafer M, Gotthardt DN, Angerer A, Mogler C, Schirmacher P, et al. Outcome
and development of symptoms after orthotopic liver transplantation for Wilson disease. Clin
Transplant. 2013;27(6):914-22.

13. Schilsky ML. Liver transplantation for Wilson's disease. Ann N Y Acad Sci. 2014;1315:45-
9.

This article is protected by copyright. All rights reserved



14. Lankarani KB, Malek-Hosseini SA, Nikeghbalian S, Dehghani M, Pourhashemi M, Kazemi
K, et al. Fourteen Years of Experience of Liver Transplantation for Wilson's Disease; a Report on
107 Cases from Shiraz, Iran. PLoS One. 2016;11(12):e0167890.

15. Choudhary NS, Saigal S, Saraf N, Rastogi A, Goja S, Bhangui P, et al. Outcome of Living
Donor Liver Transplantation for Wilson's Disease in Adults: A Single Center Experience. J Clin
Exp Hepatol. 2018;8(2):132-5.

16. Guillaud O, Dumortier J, Sobesky R, Debray D, Wolf P, Vanlemmens C, et al. Long term
results of liver transplantation for Wilson's disease: experience in France. J Hepatol.
2014;60(3):579-89.

17. Feltracco P, Cagnin A, Carollo C, Barbieri S, Ori C. Neurological disorders in liver
transplant candidates: Pathophysiology and clinical assessment. Transplant Rev (Orlando).
2017;31(3):193-206.

18. Laurencin C, Brunet AS, Dumortier J, Lion-Francois L, Thobois S, Mabrut JY, et al. Liver
Transplantation in Wilson's Disease with Neurological Impairment: Evaluation in 4 Patients. Eur
Neurol. 2017;77(1-2):5-15.

19. Ocal R, Ocal S, Kirnap M, Moray G, Haberal M. Complications of Liver Transplant in Adult
Patients With the Hepatic Form of Wilson Disease. Exp Clin Transplant. 2018;16 Suppl 1(Suppl
1):38-40.

20. Rodriguez-Castro Kl, Hevia-Urrutia FJ, Sturniolo GC. Wilson's disease: A review of what
we have learned. World J Hepatol. 2015;7(29):2859-70.

21. Catana AM, Medici V. Liver transplantation for Wilson disease. World J Hepatol.
2012;4(1):5-10.

22. Stracciari A, Tempestini A, Borghi A, Guarino M. Effect of liver transplantation on
neurological manifestations in Wilson disease. Arch Neurol. 2000;57(3):384-6.

23. Ahmad A, Torrazza-Perez E, Schilsky ML. Liver transplantation for Wilson disease. Handb
Clin Neurol. 2017;142:193-204.

24. Sobesky R, Poujois A, Brunet AS, Broussolle E, Guillaud O, Salame E, et al. Liver
Transplantation in Severe Neurological Forms of Wilson Disease; The French Experience.
Journal of Hepatology. 2016;64(2):S153.

25. Medici V, Mirante VG, Fassati LR, Pompili M, Forti D, Del Gaudio M, et al. Liver
transplantation for Wilson's disease: The burden of neurological and psychiatric disorders. Liver
Transpl. 2005;11(9):1056-63.

26. Dhawan A, Taylor RM, Cheeseman P, De Silva P, Katsiyiannakis L, Mieli-Vergani G.
Wilson's disease in children: 37-year experience and revised King's score for liver transplantation.
Liver Transpl. 2005;11(4):441-8.

This article is protected by copyright. All rights reserved



27. Wendon, J., Cordoba J, Dhawan A, Larsen FS, Manns M, Samuel D, et al. EASL Clinical
Practical Guidelines on the management of acute (fulminant) liver failure. J Hepatol.
2017;66(5):1047-81.

28. easloffice@easloffice.eu EAftSotLEa, Liver EAftSot. EASL Clinical Practice Guidelines for
the management of patients with decompensated cirrhosis. J Hepatol. 2018.

29. Czionkowska A, Tarnacka B, Moller JC, Leinweber B, Bandmann O, Woimant F, et al.
Unified Wilson's Disease Rating Scale - a proposal for the neurological scoring of Wilson's
disease patients. Neurol Neurochir Pol. 2007;41(1):1-12.

30. Leinweber B, Méller JC, Scherag A, Reuner U, Glnther P, Lang CJ, et al. Evaluation of
the Unified Wilson's Disease Rating Scale (UWDRS) in German patients with treated Wilson's
disease. Mov Disord. 2008;23(1):54-62.

31. Adam R, Karam V, Delvart V, O'Grady J, Mirza D, Klempnauer J, et al. Evolution of
indications and results of liver transplantation in Europe. A report from the European Liver
Transplant Registry (ELTR). J Hepatol. 2012;57(3):675-88.

32. Adam R, Karam V, Cailliez V, O Grady JG, Mirza D, Cherqui D, et al. 2018 Annual Report
of the European Liver Transplant Registry (ELTR) - 50-year evolution of liver transplantation.
Transpl Int. 2018;31(12):1293-317.

33. Lo C, Bandmann O. Epidemiology and introduction to the clinical presentation of Wilson
disease. Handb Clin Neurol. 2017;142:7-17.

34. Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, Noreen SM, et al. OPTN/SRTR
2017 Annual Data Report: Liver. Am J Transplant. 2019;19 Suppl 2:184-283.

35. Toniutto P, Zanetto A, Ferrarese A, Burra P. Current challenges and future directions for
liver transplantation. Liver Int. 2017;37(3):317-27.

36. Alam S, Lal BB, Sood V, Khanna R, Kumar G. AARC-ACLF score: best predictor of
outcome in children and adolescents with decompensated Wilson disease. Hepatol Int.
2019;13(3):330-8.

37. Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, et al. Factors Associated with
Survival of Patients With Severe Acute-On-Chronic Liver Failure Before and After
Liver Transplantation. Gastroenterology. 2019;156(5):1381-91.e3.

38. Nadalin S, Capobianco |, Panaro F, Di Francesco F, Troisi R, Sainz-Barriga M, et al.
Living donor liver transplantation in Europe. Hepatobiliary Surg Nutr. 2016;5(2):159-75.

39. Cheng F, Li GQ, Zhang F, Li XC, Sun BC, Kong LB, et al. Outcomes of living-related liver
transplantation for Wilson's disease: a single-center experience in China. Transplantation.
2009;87(5):751-7.

This article is protected by copyright. All rights reserved



40. Statlender L, Yahav D, Ben-Zvi H, Margalit |, Ferder A, Goldberg E, et al. Perioperative
prophylaxis with single-dose cefazolin for liver transplantation: a retrospective study. Eur J
Gastroenterol Hepatol. 2019;31(9):1135-40.

41. Heldman MR, Ngo S, Dorschner PB, Helfrich M, Ison MG. Pre- and post-transplant
bacterial infections in liver transplant recipients. Transpl Infect Dis. 2019:e13152.

42. Senzolo M, Loreno M, Fagiuoli S, Zanus G, Canova D, Masier A, et al. Different
neurological outcome of liver transplantation for Wilson's disease in two homozygotic twins. Clin
Neurol Neurosurg. 2007;109(1):71-5.

43. Cillo U, Burra P, Mazzaferro V, Belli L, Pinna AD, Spada M, et al. A Multistep, Consensus-
Based Approach to Organ Allocation in Liver Transplantation: Toward a "Blended Principle
Model". Am J Transplant. 2015;15(10):2552-61.

44. Gialluisi A, Incollu S, Pippucci T, Lepori MB, Zappu A, Loudianos G, et al. The
homozygosity index (HI) approach reveals high allele frequency for Wilson disease in the
Sardinian population. Eur J Hum Genet. 2013;21(11):1308-11.

This article is protected by copyright. All rights reserved



Table 1: Clinical characteristics of adult WD patients. Continuous data are expressed as median
[range]. BPAR: biopsy-proven acute rejection °According to International Club of Ascites
Guidelines (28). °°According to West-Haven Criteria. Not available in: *n.10; **n.6. ***Available in

23 patients (excluding those with pure neuropsychiatric phenotype)

Table 2: Clinical characteristics among WD patients who underwent LT for liver failure, according
to disease phenotype. Categorical variables are expressed as n. (%), whereas continuous

variables as median [range]. *not available in n.5 patients; **not available in n. 1 patient

Table 3: Clinical characteristics among WD LT recipients according to disease pre-LT condition.
Categorical variables are expressed as n. (%), whereas continuous variables as median [range].

ESLD: end-stage liver disease; ACLF: acute-on-chronic liver failure. *p<0.05
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Figure 1: Clinical characteristics of WD patients at time of LT. a) disease phenotype; b) disease

presentation in patients with hepatic involvement
Figure 2: Graft (a) and patient (b) actuarial survival curves according to Kaplan-Meier estimates

Figure 3: Neurological Unified Wilson Disease Rating Scale (UWDRS) domain before and after
LT.
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Patient’s age at diagnosis, years 16 [0-60]
Gender, male, n. (%) 9 (33.3)
Kayser Fleischer ring, n. (%)* 7 (41.2)
Previous episodes of hemolytic anemia, n. (%)** 6 (28.6)
Neuropsychiatric manifestations, n. (%)
- Dystonia 5 (18.5)
- Ataxia 4 (14.8)
- Wing-beating tremor 2(7.4)
- Severe depression 3(11.1)
- Paranoid personality disorder 1(3.7)
Ongoing therapy at time of LT, n. (%)***
- No therapy 5 (20)
- D-penicillamine 13 (52)

- Daily dose, mg/day

950 [150-1500]

- Zinc salt 5 (20)
- Daily dose, mg/day 275 [150-800]
- Combined 2 (8)
Pre-LT adherence to medical therapy, n. (%) ** 13 (61.9)
Pre-LT withdrawal of medical therapy, n. (%) ** 8 (38.1)
Age at time of LT, years 26 [19-60]
Interval between diagnosis and LT, years 5 [0-36]

Biochemical values at time of LT

- WBC, 10°/L 4.5 [1.5-20.17]
- AST, U/L 84 [22-337]
- ALT, U/L 49 [10-358]
- ALP, U/L 85 [10-569]
- Serum bilirubin, ymol/L 153 [10-932]
- INR 2.4[0.8-7.1]
- Serum albumin, mg/L 3[2.2-4.0]
- Serum creatinine, mg/dL 0.8 [0.4-4.43]
Ascites, n. (%) ° 24 (88.9)
- Mild to moderate 21 (77.8)
- Severe 3(11.1)
Hepatic encephalopathy, n. (%) °° 12 (44.4)
- Moderate (grade 1-2) 7 (25.9)
- Severe (grade 3-4) 5 (18.5)
Child-Pugh score 11 [5-15]
MELD score 27 [6-49]
Prognostic WD Index(26) 10 [3-14]
WD Index = 11, n. (%) *** 7 (30)




Pre-LT hospitalization, n. (%) 22 (81.5)
- Length of stay, days 14 [1-90]
Pre-LT ICU admission, n. (%) 6 (22.2)
- Length of ICU stay, days 2 [1-6]
Type of transplant, n. (%)

- Full size 26 (96.3)

- Deceased donor LT 26 (96.3)
Post-transplant ICU length of stay, days 7 [2-120]
Post-LT immunosuppression regimen, n. (%)

- Tacrolimus 26 (96.3)

- Steroids 23 (85.2)

- MTORI 1(3.7)

- Mycophenolic acid 12 (44.4)
Early post-LT infections (within 30 days after LT), n. 10 (37.0)
Type of infection
- Bacterial, n. (%) 8 (29)

-- Bloodstream infection 2(7.4)
- UTI 2 (7.4)
-- Pneumonia 2 (7.4)
-- Intra-abdominal infection 1(3.7)
-- ClI. Difficile colitis 1(3.7)
- Viral, n. (%) 5 (18.5)
- Fungal, n. (%) 1(3.7)
Post-LT complications, n. (%)

- Liver related 8 (29.6)

- BPAR 4 (14.8)
- Biliary anastomotic strictures 3(11.1)
- Primary non-function 1(3.7)

- Liver unrelated 11 (40.7)

- Pulmonary 6 (22.2)
- Renal 3(11.1)
- Nutritional 2(7.4)




Isolated hepatic Mixed hepatic/neuropsychiatric

phenotype phenotype
n. 17 n.8
Age atLT 27 [19-60] 26 [21-47]
Gender, male 6 (35.3) 3 (37.5)
Pre-LT hospital stay, days 8 [0-45] 7 [0-58]
Pre-LT non-adherence 3(25.0)* 3 (42.9) **
Child-Pugh score at LT 12 [7-15] 12 [8-13]
MELD score at LT 27 [9-40] 28 [11-49]
Post-LT ICU stay, days 6 [2-22] 7 [3-14]

Post-LT complications

Overall (at least one) 10 (58.8) 6 (75.0)
Liver-related 7 (41.2) 4 (50.0)
Infections 5 (29.4) 4 (50.0)
Respiratory 4 (23.5) 1(12.5)
Renal impairment 2 (11.8) 0 (0)
Prolonged nutritional support 2 (11.8) 0 (0)

Post-LT non-adherence 1(5.9) 3 (37.5)




Age at LT 27 [21-40] 25[19-60]
Gender, male 3 (30.0) 4 (28.6)
Pre-LT hospitalization 5 (50.0) 14 (100) *
ACLF at LT, n. (%) -

Grade | 7 (50.0)
Grade I 5 (36.0)
Grade llI 2 (14.0)
MELD score at LT 21 [7-31] 30.5 [26-49] *
Post-LT ICU stay, days 4 [3-18] 7 [2-22]
Post-LT complications

Overall (at least one) 8 (80.0) 7 (50.0)
Liver-related 7 (70.0) 4 (28.6)
Infections 4 (40.0) 4 (28.6)
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