
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Vien et al. Journal of Health, Population and Nutrition          (2025) 44:339 
https://doi.org/10.1186/s41043-025-01072-1

Journal of Health, Population 
and Nutrition

*Correspondence:
Valentina Medici
vmedici@health.ucdavis.edu
1Department of Internal Medicine, University of California Davis, 4150 V 
street, California 95817 Sacramento, USA

2Department of Internal Medicine, Division of Gastroenterology and 
Hepatology, University of California Davis, 4150 V street, Sacramento, 
California 95817, USA
3UO Medicina Generale Epatologia e Gastroenterologia Medica ASST 
Santi Paolo e Carlo, Milano, Italy

Abstract
Background  There is a scarcity of randomized and high-quality studies to aid clinicians in management and 
treatment of Wilson disease (WD). Even amongst society practice guidelines in North America and Europe, diagnosis 
and management of WD varies. The aim of this study is to elucidate WD diagnosis and treatment patterns by 
conducting a survey of clinicians in California and comparing the results to clinicians in Italy as a representation of 
European practices.

Methods  We developed a 51-item survey assessing WD diagnostics, therapeutics, and disease monitoring. 
The survey was distributed through email to 1330 California gastroenterologists, hepatologists, and movement 
neurologists and to multiple Italian academic medical centers.

Results  Thirty-two providers in California completed the survey encompassing a total of 236 patients. Twenty-three 
providers in Italy with a total of 390 patients in their care responded. About half of California providers perform a full 
neurologic evaluation before initiating therapy in patients with predominantly hepatic presentation while 71% of 
Italian providers perform one. In patients with predominantly hepatic presentation, 47.4% of California providers use 
trientine as initial therapy, 26.3% use d-penicillamine, and 10.5% use combination therapy with chelators and zinc. 
No one reported using zinc monotherapy as initial treatment. Italian providers report using d-penicillamine as initial 
therapy in 85% of cases, followed by zinc salt (10%), and none uses trientine. WD patients on combination therapy 
with chelators and zinc are followed by 34% of California respondents and 32% of Italian respondents. In patients with 
predominantly neurologic manifestations, initial therapy choices are variable with 38.9% of California providers using 
d-penicillamine, 16.7% using zinc salts, 11.1% using trientine, and 22% using other therapies. 55% of Italian providers 
use d-penicillamine, 20% combination chelator and zinc, 15%, trientine and 10% zinc salts. Changing from initial 
therapy to maintenance therapy in both surveys occur after stabilization of clinical presentation, liver function tests, 
and 24-hour urinary copper in 72% and 86% of California and Italian providers respectively.

Conclusions  Our findings highlight the significant variability in initial therapies for WD amongst California and 
European/Italian providers. Despite the wide use of combination therapy of chelators and zinc, its needs further 
exploration.
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Background
Wilson disease (WD) is a rare, autosomal recessive dis-
order due to excessive copper accumulation mainly in 
the liver and the brain due to mutations in ATP7B gene 
[1]. The prevalence of the disease is generally believed to 
be 1/30,000 to 1/100,000 individuals with a carrier fre-
quency of 1/90. However, more recent studies obtained 
from next generation sequencing suggest that the genetic 
prevalence is closer to 1/7000 [2, 3]. A majority of the new 
diagnoses affects children and young adults, although 
there are cases that present in late adulthood [4]. The 
clinical manifestations involve hepatic disease as well as 
neurologic and neuropsychiatric signs and symptoms, 
with typical ophthalmic findings being Kayser-Fleischer 
rings [2]. Severity of symptoms varies in presentation 
including elevation in liver enzymes to chronic hepati-
tis and cirrhosis or fulminant liver failure. Treatment of 
WD is lifelong with the use of pharmacotherapy through 
chelating agents to promote urinary copper excretion 
or blockage of copper absorption and dietary copper 
restriction [5]. Liver transplantation is considered for 
severe cases and those refractory to pharmacotherapy. If 
left untreated, outcomes can be fatal. Early diagnosis of 
WD is essential to initiation of treatment to prevent dis-
ease progression, as cirrhosis at the time of diagnosis has 
been associated with the worst outcomes [6]. However, 
diagnosis is often delayed with the mean time between 
appearance of symptoms and diagnosis often exceed-
ing two years [7]. Lack of provider awareness to rare and 
atypical clinical presentations of WD may contribute to 
this lapse.

Currently, there is a scarcity of randomized and high-
quality studies to aid clinicians in management and 
treatment of WD [8]. In addition, the management of 
WD is challenged by the need of monitoring multiple 
parameters of copper homeostasis, including 24-hour 
urinary copper and non-ceruloplasmin copper which is 
difficult to quantify and interpret. Several survey stud-
ies described clinician experiences with diagnosis and 
treatment of WD patients and patient outcomes [9–12]. 
Presently, there are three society guidelines/guidances 
providing recommendations for management of WD 
including the recommendations from American Associa-
tion for the Study of Liver Disease (AASLD), European 
Association for the Study of the Liver (EASL), and Euro-
pean Society for Pediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) [5, 13, 14]. Even between 
guidelines, there are differences in recommendations 
across all aspects of patient care. One example would be 
different diagnostic approaches for suspected WD cases 
with AASLD guidelines using an algorithm including 
biochemical markers with diagnostic scoring systems as 
complementary tools versus guidelines from EASL and 
ESPGHAN which favor the utilization of the Leipzig 

scoring system. Moreover, clinicians do not always follow 
the published guidelines. One study from the US showed 
that only 40% reported doing so while another study 
reported 41% of European clinicians following guidelines 
[12, 15]. A real-world retrospective study of 225 patients 
showed lack of consensus in the US regarding first-line 
therapy for WD treatment [16]. It is imperative for addi-
tional studies to be conducted to further aid clinicians in 
the management of WD as patients are affected by higher 
mortality rates, longer length of stays while hospitalized 
and increased hospitalization costs [17]. Because the 
clinical management of WD is varied, we wish to further 
elucidate practice patterns of clinicians by adopting a 
novel approach based on a comparative survey between 
clinicians in California and Italy as California has one of 
the highest health-insured population in the US and Italy 
has a universal healthcare system [18, 19]. Of note, this 
is the first study proposing a comparison between two 
regions. Each represents different WD society guidelines, 
with California having two Centers of Excellence for WD 
whereas Italy has major WD referral centers.

Methods
A cross-sectional survey was developed by M.Z. and 
V.M. and conducted to assess the current practices of 
WD management in California and Italy. In January 2022, 
the survey was distributed via email to 23 referral centers 
in Italy (Supplemental Table 1). A similar survey was sent 
to 1,330 California gastroenterologists, hepatologists, 
and movement neurologists at major academic centers 
in January 2024. The survey was based on 51 questions 
(Supplemental Table 2), including multiple choice ques-
tions and open-ended questions (Supplemental material, 
Appendix 1). Some questions were modified to adjust the 
language from Italian universal health care to US insur-
ance-based coverage. The study was approved by UC 
Davis Institutional Review Board and surveyed physi-
cians (participants) provided their consent to participate 
to the study (protocol #2022217-1).

Of note, AASLD guidance for the management of WD 
were published in April 2023, shortly before this survey 
was distributed to California providers and EASL-ERN 
Guidelines were published in April 2025, after the survey 
was distributed to Italian centers.

Results
Twenty-three surveys were returned from Italian pro-
viders, caring for 390 WD patients with 61% follow-
ing adult patients. Hepatologists comprised of 52.2% of 
responses, pediatrics 30.4%, neurologists 8.7%, and inter-
nists 8.7%. Thirty-two surveys (2.4%) were completed by 
California physicians caring for 236 WD patients with 
98% following adult patients. 48% of California providers 
report practicing in referral centers for rare diseases, in 
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comparison to 95% of Italian providers. 56% of Califor-
nia respondents say that WD patients are followed by a 
single dedicated specialist versus 95% of Italian respon-
dents. About 60% of both California and Italian provid-
ers report that WD patients at their center are followed 
by multidisciplinary teams. 60% of California providers 
diagnosed 1–5 patients with WD in their professional 
life, compared to 35% of Italian providers.

Diagnostics
68% of California providers and 52% of Italian provid-
ers state that their center performs genetic analysis for 
WD, receiving results mostly within 1 month. Majority of 
centers in both surveys have access to laboratories that 
perform 24-hour quantification of urinary copper and 
zinc (91% in California, 76% in Italy). For cases with pri-
marily hepatic presentation with no neurological symp-
toms, 51% of California providers always obtain a full 
neurologic evaluation and/or brain MRI before therapy 
compared to 71% of Italian providers. An eye exam to 
evaluate for Kayser-Fleischer rings is completed by 81% 
of California respondents and 95% of Italian respondents. 
At the time of diagnosis of WD, 50% of California provid-
ers report obtaining a liver biopsy with copper quantifi-
cation in all cases, in contrast to 28% of Italian providers. 

About 40% of Californian and 48% of Italian providers 
obtain a liver biopsy with copper quantification for diag-
nostic purposes only in select cases.

Therapeutics and monitoring
Italian providers opt for d-penicillamine as first choice in 
most of the cases both for hepatic and neurological pre-
sentations and none claim to recommend trientine. In 
patients with predominantly hepatic presentation, 47.4% 
of California providers use trientine as initial therapy, fol-
lowed by d-penicillamine, and combination therapy with 
association of chelators and zinc (Fig. 1). None o of the 
surveyed provider reported using zinc monotherapy as 
initial treatment. In patients with predominantly neuro-
logic manifestations, initial therapy choices are variable 
with 38.9% of California providers using d-penicillamine, 
16.7% using zinc salts, 11.1% using trientine (Fig. 2). 55% 
of Italian providers use d-penicillamine, 20% combina-
tion chelator and zinc, 15% trientine and 10% zinc salts 
in patients with neurologic symptoms. WD patients on 
combination therapy with chelators and zinc are followed 
both by California (34%) and Italian (32%) respondents 
(Fig.  3). Over 90% of California providers say that they 
choose initial therapy based off guidelines versus 73% 
of Italian providers. Changing from initial therapy to 

Fig. 1  Preferred first-line therapy reported by providers for hepatic presentation of Wilson disease (WD), expressed as percentages of respondents. 85% 
of Italian respondents versus 26.3% of California respondents report choosing d-penicillamine as initial therapy for hepatic presentations of WD. 47.4% of 
California providers chose trientine as initial therapy
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maintenance therapy in both surveys occur after stabi-
lization of clinical presentation, liver enzyme levels, and 
24-hour urinary copper in more than 50% of both groups 
of providers. During the maintenance phase of WD, 73% 
of California providers and 47% of Italian providers order 
blood tests every 6 months to monitor the patients.

Discussion
In this cross-sectional study conducted in two coun-
tries with universal or high rates of access to healthcare, 
there were several major findings relevant to WD man-
agement. Firstly, 48% of California providers practiced 
in referral centers for rare diseases whereas 95% of Ital-
ian respondents were at major referral centers. Conse-
quently, 56% of California providers have WD patients 
followed by a single dedicated expert versus 95% of Ital-
ian providers. This indicates that care of WD patients 
was more fragmented among various providers in Cali-
fornia, compared to Italy where more WD care was 
provided in major referral centers. Secondly, in patients 
with primarily hepatic presentations, 51% of Califor-
nia providers obtain a full neurologic evaluation and/

or brain MRI before therapy compared to 71% of Italian 
providers. Thirdly, for WD patients with predominantly 
hepatic presentation, nearly half of California providers 
report prescribing trientine as first-line therapy vs. 85% 
of Italian providers who report choosing d-penicillamine. 
Fourthly, our study shows that there is large variability in 
provider choices for initial therapy in patients with pre-
dominantly neurologic symptoms possibly due to unclear 
society guidelines. Lastly, the usage of combination ther-
apy with chelators and zinc is reported in both cohorts of 
respondents, despite limited data in its utility.

It is well known that patients with rare diseases such 
as WD have greater unmet needs with delayed diagno-
sis being often complicated by progressive, irreversible 
sequelae of the disease with limited treatment options 
[6, 20]. Timely referrals to referral centers may aid in ear-
lier diagnosis and likely to be associated with improved 
outcomes due to interdisciplinary collaborations [21]. 
Noting these differences in distribution of care for WD 
between California and Italy, further studies are needed 
to understand if there are differences also in patient out-
comes. Only on the most recent EASL society guidelines, 

Fig. 2  Preferred first-line therapy reported by providers for neurologic presentation of Wilson disease, expressed as percentages of respondents. Initial 
chosen therapies for neurologic presentations by both California and Italian respondents were variable
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it has been established that all WD patients should have 
a neurologic assessment [13], thus surveyed provid-
ers adopted various approaches and likely will continue 
to adopt various approaches until the new guidelines 
become established practice. One retrospective study of 
48 children with neurologically symptomatic and asymp-
tomatic WD showed brain magnetic resonance imaging 
(MRI) changes may occur in hepatic WD, regardless of 
the presence of neurologic symptoms and recommended 
brain MRI prior to initiation of treatment [22]. Per 
AASLD WD guidances, in patients with neurologic signs 
or symptoms, referral to a neurologist or movement dis-
order specialist to perform a comprehensive neurologic 
examination is recommended. However, there are limited 
recommendations on those without neurologic manifes-
tations.5 The 2025 EASL guidelines clearly state that all 
adults diagnosed with WD should receive a detailed neu-
rological exam. However, this recommendation was not 
stated in the 2012 guidelines [23]. Obtaining imaging, 
and in particular brain MRI should complete the assess-
ment of WD, though serial imaging has limited utility in 
determining prognosis or monitoring neurologic pro-
gression [5]. 

In all society guidelines, the recommended initial treat-
ment for symptomatic WD is copper chelation, with 
d-penicillamine or trientine. 4,5,14 [4, 5, 14] D-penicilla-
mine and trientine have comparable outcomes as effec-
tive therapies for WD, though d-penicillamine is likely 

to have higher rates of adverse effects [24]. Additional 
studies have shown that trientine is effective and well 
tolerated in patients who have withdrawn from d-peni-
cillamine [25]. In the CHELATE trial, an open-label, non-
inferiority phase 3 trial comparing d-penicillamine and 
trientine tetrahydrochloride, the latter was found to be 
non-inferior to d-penicillamine [26]. There is a significant 
difference with initial therapy choices between Califor-
nia and Italian providers. Differences in initial therapy 
choices may be due to multiple factors including con-
cerns on drug side effect profiles, drug availability, and 
costs [24, 27]. In addition, trientine tetrahydrochloride 
has been approved for patients intolerant of d-penicilla-
mine in Europe since 2017 and since 2022 in the US [28]. 

Chelation therapy with d-penicillamine or trientine 
is recommended for symptomatic patients, however 
the potential for neurologic worsening does need to be 
considered in choosing initial treatment [29]. With the 
currently available chelating agents, it is unclear as to 
whether one has higher potential for neurologic dete-
rioration. Some centers suggest that chelation therapy 
should be reduced or stopped if neurologic worsening 
occurs and zinc therapy should be used instead [29]. 

A large proportion of WD patients both in Califor-
nia and Italy (34%, 32% respectively) appear to receive a 
combination therapy with chelators and zinc. Small case 
reports and series suggest possible benefits in using com-
bination therapy for severe liver disease due to different 

Fig. 3  Provider responses on patients who are on combination chelation and zinc therapy, expressed as percentages of respondents. A significant num-
ber of patients on combination chelation and zinc therapy were reported by both California and Italian providers
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mechanisms of action with zinc and oral chelators [30–
32]. However, a large systematic review concluded no 
significant effectiveness of combination therapy com-
pared to monotherapy and higher mortality rates in the 
combination therapy cohort compared to those using 
other medications [33]. Furthermore, the practicality of 
administering drug doses may not be ideal for medica-
tion adherence as oral chelators and zinc must be taken 
at different times for optimal bioavailability [34]. The 
superiority of combination therapy over monotherapy 
remains unproven.

The strengths of the present work include the large 
number of WD patients followed by practicing physi-
cians in both countries and the comparison between 
two regions. Despite these strengths, our study has a few 
limitations. The response rate of California providers 
was very low, especially in comparison with the Euro-
pean counterpart. This raises the possibility of sampling 
bias and in general of poor representation of California 
practice, although California providers appear to follow a 
large number of WD patients. The survey is solely based 
on the recall of the physicians who may not accurately 
remember past events. Additionally, there may be self-
report bias that is not reflective of actual management 
of WD patients as majority of providers reported follow-
ing WD society guidelines, but prior studies have shown 
that may not be the case [15]. Another limitation is that 
some specialists may be following the same patients pro-
viding overlapping data. Regardless, our study provides a 
unique insight into WD management in different coun-
tries/regions characterized by high access to high quality 
health care and still with various interpretations of soci-
ety guidelines and guidances.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​1​0​4​3​-​0​2​5​-​0​1​0​7​2​-​1.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
S.V. analyzed and interpreted the patient data and was the main contributor 
in writing the manuscript; R.H. and C.M.N. contributed to the preparation 
and distribution of the survey; M.Z. drafted the survey and contributed to 
data analysis and interpretation; V.M. contributed to drafting the survey, 
data analysis and interpretation, and was a major contributor in writing the 
manuscript. All authors read and approved the final manuscript.

Funding
This manuscript was not supported by any funding.

Data availability
All data generated or analyzed during this study are included in this published 
article and in Supplemental Table 1.

Declarations

Ethics approval and consent to participate
The study was approved by UC Davis Institutional Review Board and surveyed 
physicians provided their consent to participate to the study (protocol 
#2022217-1)

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 June 2025 / Accepted: 26 August 2025

References
1.	 Bandmann O, Weiss KH, Kaler SG. Wilson’s disease and other neurological 

copper disorders. Lancet Neurol. 2015;14(1):103–13.
2.	 Ala A, Walker AP, Ashkan K, Dooley JS, Schilsky ML. Wilson’s disease. Lancet. 

2007;369(9559):397–408.
3.	 Coffey AJ, Durkie M, Hague S, McLay K, Emmerson J, Lo C, et al. A genetic 

study of wilson’s disease in the united Kingdom. Brain J Neurol. 2013;136(Pt 
5):1476–87.

4.	 Poujois A, Woimant F. Wilson’s disease: A 2017 update. Clin Res Hepatol 
Gastroenterol. 2018;42(6):512–20.

5.	 Schilsky ML, Roberts EA, Bronstein JM, Dhawan A, Hamilton JP, Rivard AM 
et al. A multidisciplinary approach to the diagnosis and management of 
Wilson disease: 2022 Practice Guidance on Wilson disease from the American 
Association for the Study of Liver Diseases. Hepatology [Internet]. 2022 Dec 7 
[cited 2024 Nov 26]; Available from: https:/​/journa​ls.lww.​com/​​​h​t​t​​p​s​:​/​​/​d​​o​i​.​​o​r​g​​/​
1​0​.​​1​0​​0​2​/​h​e​p​.​3​2​8​0​1

6.	 Beinhardt S, Leiss W, Stättermayer AF, Graziadei I, Zoller H, Stauber R, et al. 
Long-term outcomes of patients with Wilson disease in a large Austrian 
cohort. Clin Gastroenterol Hepatol. 2014;12(4):683–9.

7.	 Poujois A, Woimant F. Challenges in the diagnosis of Wilson disease. Ann 
Transl Med. 2019;7(S2):S67–67.

8.	 Palumbo CS, Schilsky ML. Clinical practice guidelines in Wilson disease. Ann 
Transl Med. 2019;7(S2):S65–65.

9.	 Zimny S, Bourhis H, Weber S, Reiter FP, Hohenester S, Kraft E, et al. Medical 
care of patients with Wilson disease in germany: a multidisciplinary survey 
among university centers. Orphanet J Rare Dis. 2023;18(1):122.

10.	 Zhou Z, Wu Y, Yan Y, Liu A, Yu Q, Peng Z, et al. Persistence with medical treat-
ment for Wilson disease in China based on a single center’s survey research. 
Brain Behav. 2021;11(6):e02168.

11.	 Vlasnik J, Cambron-Mellott MJ, Costantino H, Kunjappu M. Burden of Wilson 
disease among patients and care partners in the united states: results from a 
cross-sectional survey. Curr Med Res Opin. 2024;40(5):863–76.

12.	 Sturm E, Piersma FE, Tanner MS, Socha P, Roberts EA, Shneider BL. Con-
troversies and variation in diagnosing and treating children with Wilson 
disease: results of an international survey. J Pediatr Gastroenterol Nutr. 
2016;63(1):82–7.

13.	 Socha P, Jańczyk W, Zanetto A, Burra P, Czlonkowska A, Debray D, et 
al. EASL-ERN clinical practice guidelines on wilson’s disease. J Hepatol. 
2025;82(4):690–728.

14.	 Socha P, Janczyk W, Dhawan A, Baumann U, D’Antiga L, Tanner S, et al. 
Wilson’s disease in children: A position paper by the hepatology committee 
of the European society for paediatric gastroenterology, hepatology and 
nutrition. J Pediatr Gastroenterol Nutr. 2018;66(2):334–44.

15.	 Medici V, Kebede N, Stephens J, Kunjappu M, Vierling JM. Clinical signs and 
symptoms of Wilson disease in a real-world cohort of patients in the united 
states: a medical chart review study. Front Gastroenterol. 2024;2:1299182.

16.	 Medici V, Kebede N, Stephens J, Kunjappu M, Vierling JM. Treatment patterns 
in a real-world cohort of patients with Wilson disease in the united States. 
Front Gastroenterol. 2024;3:1363130.

17.	 Patel AH, Ghattu M, Mazzaferro N, Chen A, Catalano K, Minacapelli CD et al. 
Demographics and Outcomes Related to Wilson’s Disease Patients: A Nation-
wide Inpatient Cohort Study. Cureus [Internet]. 2023 Sep 5 [cited 2024 Nov 
27]; Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​u​r​e​​u​s​.​​c​o​m​/​​a​r​​t​i​c​​l​e​s​​/​1​6​5​​9​5​​5​-​d​​e​m​o​​g​r​a​p​​h​i​​c​s​

https://doi.org/10.1186/s41043-025-01072-1
https://doi.org/10.1186/s41043-025-01072-1
https://journals.lww.com/
https://doi.org/10.1002/hep.32801
https://doi.org/10.1002/hep.32801
https://www.cureus.com/articles/165955-demographics-and-outcomes-related-to-wilsons-disease-patients-a-nationwide-inpatient-cohort-study


Page 7 of 7Vien et al. Journal of Health, Population and Nutrition          (2025) 44:339 

-​​a​n​d​​-​o​u​t​​c​o​​m​e​s​​-​r​e​​l​a​t​e​​d​-​​t​o​-​​w​i​l​​s​o​n​s​​-​d​​i​s​e​​a​s​e​​-​p​a​t​​i​e​​n​t​s​​-​a​-​​n​a​t​i​​o​n​​w​i​d​e​-​i​n​p​a​t​i​e​n​t​-​c​
o​h​o​r​t​-​s​t​u​d​y

18.	 Essential Source of Coverage for Millions [Internet]. Available from: ​h​t​t​p​​s​:​/​​/​w​
w​w​​.​c​​h​c​f​​.​o​r​​g​/​w​p​​-​c​​o​n​t​​e​n​t​​/​u​p​l​​o​a​​d​s​/​​2​0​2​​4​/​0​6​​/​M​​e​d​i​​C​a​l​​F​a​c​t​​s​F​​i​g​u​​r​e​s​​A​l​m​a​​n​a​​c​0​8​0​
5​2​0​2​4​.​p​d​f

19.	 B R. Organization and financing of public health services in europe: country 
reports. Geneva: World Health Organization; 2018. 1 p. (Health policy series).

20.	 Penning LC, Berenguer M, Czlonkowska A, Double KL, Dusek P, Espinós C, et 
al. A century of progress on Wilson disease and the enduring challenges of 
genetics, diagnosis, and treatment. Biomedicines. 2023;11(2):420.

21.	 Willmen T, Willmen L, Pankow A, Ronicke S, Gabriel H, Wagner AD. Rare 
diseases: why is a rapid referral to an expert center so important? BMC Health 
Serv Res. 2023;23(1):904.

22.	 Yucel G, Gungor S. Evaluation of neurologically symptomatic and asymp-
tomatic patients in childhood wilson’s disease with central nervous system 
involvement: A retrospective observational study. Ann Med Res. 2023;30(8):1.

23.	 European Association for the Study of the Liver. EASL clinical practice guide-
lines: wilson’s disease. J Hepatol. 2012;56(3):671–85.

24.	 Weiss KH, Thurik F, Gotthardt DN, Schäfer M, Teufel U, Wiegand F, et al. Efficacy 
and safety of oral chelators in treatment of patients with Wilson disease. Clin 
Gastroenterol Hepatol. 2013;11(8):1028–e10352.

25.	 Weiss KH, Kruse C, Manolaki N, Zuin M, Ferenci P, Van Scheppingen D, et al. 
Multicentre, retrospective study to assess long-term outcomes of chelator 
based treatment with trientine in Wilson disease patients withdrawn from 
therapy with d-penicillamine. Eur J Gastroenterol Hepatol. 2022;34(9):940–7.

26.	 Schilsky ML, Czlonkowska A, Zuin M, Cassiman D, Twardowschy C, Poujois 
A, et al. Trientine tetrahydrochloride versus penicillamine for maintenance 
therapy in Wilson disease (CHELATE): a randomised, open-label, non-inferior-
ity, phase 3 trial. Lancet Gastroenterol Hepatol. 2022;7(12):1092–102.

27.	 Roberts EA. Trientine for Wilson Disease: Contemporary Issues. In: Wilson 
Disease [Internet]. Elsevier; 2019 [cited 2025 Jan 21]. pp. 187–95. Available 
from: ​h​t​t​p​s​:​​​/​​/​l​i​n​k​i​​n​g​h​​u​​b​.​​e​l​s​​e​v​​i​e​​r​​.​c​​o​​m​/​r​​e​t​​r​i​e​​​v​e​/​​​p​i​i​​/​B​​9​7​8​0​1​2​8​1​1​0​7​7​5​0​0​0​1​7​7

28.	 Kamlin COF, Jenkins M, Heise TL, Amin JS. Trientine tetrahydrochloride, from 
bench to bedside: A narrative review. Drugs. 2024;84(12):1509–18.

29.	 Mulligan C, Bronstein JM. Wilson disease. Neurol Clin. 2020;38(2):417–32.
30.	 Santos Silva EE, Sarles J, Buts JP, Sokal EM. Successful medical treatment of 

severely decompensated Wilson disease. J Pediatr. 1996;128(2):285–7.
31.	 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.

32.	 Askari FK, Greenson J, Dick RD, Johnson VD, Brewer GJ. Treatment of wilson’s 
disease with zinc. XVIII. Initial treatment of the hepatic decompensation 
presentation with trientine and zinc. J Lab Clin Med. 2003;142(6):385–90.

33.	 Chen JC, Chuang CH, Wang JD, Wang CW. Combination therapy using 
chelating Agechennt and zinc for wilson’s disease. J Med Biol Eng. 
2015;35(6):697–708.

34.	 Jagadisan B, Dhawan A. Combination treatment with chelators and 
zinc for Wilson disease: A Double-edged sword. J Clin Exp Hepatol. 
2024;14(3):101372.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.cureus.com/articles/165955-demographics-and-outcomes-related-to-wilsons-disease-patients-a-nationwide-inpatient-cohort-study
https://www.cureus.com/articles/165955-demographics-and-outcomes-related-to-wilsons-disease-patients-a-nationwide-inpatient-cohort-study
https://www.chcf.org/wp-content/uploads/2024/06/MediCalFactsFiguresAlmanac08052024.pdf
https://www.chcf.org/wp-content/uploads/2024/06/MediCalFactsFiguresAlmanac08052024.pdf
https://www.chcf.org/wp-content/uploads/2024/06/MediCalFactsFiguresAlmanac08052024.pdf
https://linkinghub.elsevier.com/retrieve/pii/B9780128110775000177

	﻿Comparative management practices of Wilson disease in Californian and Italian providers
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results
	﻿Diagnostics
	﻿Therapeutics and monitoring

	﻿Discussion
	﻿References


