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Summary
Background and Aims: Wilson's disease may progress to cirrhosis and clinically sig-
nificant portal hypertension (CSPH). We aimed to assess the prevalence and prognos-
tic impact of CSPH-related features on hepatic decompensation and transplant-free 
survival in patients with Wilson's disease.
Methods and Results: About 137 patients with Wilson's disease (Leipzig score ≥4), 
followed for a median observation period of 9.0 (3.9–17.7) years at the Vienna General 
Hospital, were included in this retrospective study. Overall, 49 (35.8%) developed 
features of CSPH: 14 (10.2%) varices, 40 (29.2%) splenomegaly, 20 (14.6%) ascites, 
18 (13.1%) hepatic encephalopathy and 3 (2.2%) experienced acute variceal bleeding. 
Overall, 8 (5.8%) patients died, including three deaths caused by CSPH-related com-
plications. Within 10 years, compensated patients with features of CSPH developed 
more decompensation events (8.3% vs. 1.5% in patients without CSPH, p = 0.3) and 
had worse transplant-free-survival (91.7% vs. 98.6%), which further declined in pa-
tients with hepatic decompensation (26.7%, log-rank: p < 0.0001). Patients with liver 
stiffness <15 kPa and normal platelets (≥150 G/L) were less likely to decompensate 
within 10 years (2.6% vs. 8.4%, p = 0.002) and had a better 10-year transplant-free-
survival (97.7% vs. 83.9%, p = 0.006).
Conclusions: Patients with Wilson's disease developing features of CSPH are at an 
increased risk for hepatic decompensation and liver-related mortality, warranting for 
regular screening and timely initiation of effective CSPH-directed treatments.
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1  | INTRODUC TION

Wilson's disease (WD) is a rare, autosomal-recessive disorder char-
acterised by impaired hepatic copper transport with subsequent 
copper accumulation in the liver, the central nervous system and 
other tissues.1,2 The causative genetic defect was found within the 
ATP7B gene on chromosome 13, encoding for a copper-transporting 
P-type ATPase. ATP7B resides in the trans-Golgi network of hepato-
cytes and is responsible for copper transport into secretory path-
ways and incorporation into apo-ceruloplasmin.3,4

Disease manifestation can vary widely: patients most commonly 
present with liver disease, neuropsychiatric symptoms and oph-
thalmologic findings, for example Kayser–Fleischer corneal rings.5 
Hepatic disease ranges from clinically asymptomatic cases with only 
mild elevation of liver enzymes and hepatic steatosis to clinically 
overt advanced chronic liver disease (ACLD) with features of clini-
cally significant portal hypertension (CSPH; i.e. varices, splanchnic 
collaterals, splenomegaly) or even symptoms of hepatic decompen-
sation (seen as variceal haemorrhage, ascites or hepatic encephalop-
athy). In rare cases, patients present with fulminant hepatic failure 
(mostly based on preexisting ACLD) with Coombs' negative haemo-
lytic anaemia.

Chronic liver injury, independent of its aetiology, induces fibro-
genesis, ultimately leading to cirrhosis.6 Remodelling of intrahepatic 
vasculature increases intrahepatic vascular resistance, which is, to-
gether with the vast abundance of vasoconstrictive agents, mainly 
responsible for the development of portal hypertension.7 Portal hy-
pertension itself is the main driver for decompensating events and 
impaired transplant-free survival (TFS)6 which explains the gener-
ally applied treatment approach, to lower portal hypertension using 
non-selective beta-blockers (NSBBs)8 and justifies the necessity to 
screen for portal hypertension regularly.9

In a previously published study by Ferenci et al.,10 the propor-
tion of WD patients with histologically proven cirrhosis increased 
from 7% (at age of 6 years) to 49% until the age of 16, whereas 
the prevalence of cirrhosis was found to be 50%–60% in adults. 
In WD patients without cirrhosis, steatosis is the most common 
histological finding.11 Nonetheless, patients receiving adequate 
chelator treatment (d-penicillamine, triethylenetetramine) have a 
good long-term prognosis. In a previous study with a mean fol-
low-up time of 14.8 years the majority of WD patients either re-
mained symptom-free, clinically stable or even improved under 
chelator treatment. However, up to 25% deteriorated, underwent 
liver transplantation (LTX) or died under therapy, with the pres-
ence of cirrhosis appearing to be the strongest predictor of (LTX) 
and death.12 In other previously published studies the rate of liver-
related death or LTX ranged from 2.1% to 21.1% within a mean 
follow-up duration of 16.7 years.5,13–17

Despite the abundance of studies on WD and ACLD, which 
mainly focus on the prevalence of histologically proven cirrho-
sis,10,15,18,19 only little insight has been given into the prevalence 
and the prognostic impact of CSPH-related features so far.20 
Therefore, this single-centre retrospective study aims to evaluate 

the prevalence of clinical features of CSPH in WD and their impact 
on subsequent hepatic decompensation, requirement of LTX, TFS 
and overall mortality.

2  | PATIENTS AND METHODS

2.1 | Study population

Patients with WD who were managed between Q1/2005 and 
Q4/2021 at the Vienna General Hospital were identified from 
preexisting databases (Ferenci et al.21). WD was defined and con-
firmed by Leipzig Score ≥ 422 based on laboratory (serum cerulo-
plasmin, urinary copper excretion, hepatic copper content) and 
clinical criteria (presence of neuropsychiatric symptoms, Kayser-
Fleischer corneal rings, Coombs' negative haemolysis) as well 
as genetic testing.1 Patients with features of organ involvement 
(e.g. neuropsychiatric symptoms, elevation of serum transami-
nases) received induction therapy with d-penicillamine, which was 
switched to trientine in case d-penicillamine was not well toler-
ated. Patients with asymptomatic Wilson's disease and absence 
of organ involvement as well as patients on maintenance therapy 
received d-penicillamine, trientine or zinc, which is in accordance 
to current guidelines (Figure 1).23

2.2 | Study parameters

Demographic, biochemical and clinical data were extracted from in-
dividual patient records at the time of WD diagnosis and throughout 
follow-up. Routine blood sampling every 6 months allowed for plate-
let quantification on a regular basis. Reports on imaging studies, such 
as CT, MRI and ultrasound (the latter was performed on a yearly basis 
in patients without ACLD as well as on a 6-month basis in patients 
with evidence of ACLD6) were searched for portosystemic collaterals, 
portal vein thrombosis and presence of splenomegaly.24 Information 
regarding presence of gastroesophageal varices and endoscopic 
interventions on varices were obtained from endoscopy reports. 
Results of liver stiffness measurements (LSM) were recorded if avail-
able. As of now, we evaluate liver stiffness via transient elastography 
in patients with Wilson's disease on a yearly basis, but this has not 
been the case during the earlier years of our cohort build-up.

2.3 | Definition of CSPH and compensated versus 
decompensated ACLD

CSPH was defined by the presence of at least one of the following 
criteria25,26: (i) gastroesophageal varices, (ii) splenomegaly (longi-
tudinal diameter [LDM] >11 cm),24 (iii) portosystemic collaterals; 
(iv) ascites (excluding non-hepatic causes), (v) variceal bleeding, 
(vi) hepatic encephalopathy or (vii) thrombocytopenia (platelets 
<150 G/L).
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ACLD was defined by at least one of the following criteria: (i) liver 
histology showing F3/F4 fibrosis, (ii) LSM ≥10 kPa, or (iii) presence of 
CSPH-related features (as described above). Patients with compen-
sated advanced chronic liver disease (cACLD) were characterised by 
at least one feature of ACLD and the absence of any previous or 
current decompensating events.27–29 Patients with decompensated 
ACLD (dACLD) presented at least one of the following character-
istics: ascites, variceal bleeding, overt hepatic encephalopathy or 
death related to CSPH.27–29 LSM were obtained using transient elas-
tography (FibroScan®, Echosens) when clinically indicated, as previ-
ously described.30,31 Presence and size of gastroesophageal varices 
was recorded according to Austrian Billroth III guidelines.32

According to the BAVENO VII recommendations26 we divided 
our population into the following groups: (i) patients without ACLD 
(non-ACLD), (ii) patients with compensated ACLD (cACLD) but 
without features of CSPH, (iii) patients with cACLD and features of 
CSPH, (iv) patients with dACLD. For further analysis, patients were 
identified with one of the above-mentioned ACLD stages based on 
their clinical presentation at baseline, which was defined as time of 
WD diagnosis.

Calculation of the cumulative incidence of decompensation, re-
quirement of LTX, TFS and overall mortality for clinical features of 
CSPH (as outlined above) was based on the period between WD di-
agnosis and decompensation or death/LTX.

This study was conducted in accordance with both the 
Declarations of Helsinki (1964) and Istanbul (2008). Due to the ret-
rospective nature of this study, informed consent of the patients in-
cluded is not provided, which was approved by the Ethics committee 
of the Medical University of Vienna (EK 2464/2020).

2.4 | Statistical analysis

Statistical analysis was performed using IBM SPSS 28. Kolmogorov–
Smirnov test was applied to distinguish between variables in 
Gaussian and non-Gaussian distribution. Mean and standard devia-
tion (SD) as well as median and interquartile range (IQR) were used 

wherever applicable. Graph-pad Prism 9 was utilised to compute 
Kaplan–Meier plots to illustrate cumulative incidence of decompen-
sation, requirement of LTX, TFS and overall mortality.

Cumulative incidence of decompensation, TFS, requirement of 
LTX and overall mortality were calculated based on the elapsed time 
between WD diagnosis and the respective outcome. Differences 
between time-dependent event rates (decompensation, TFS) were 
tested by log-rank test. Cox regression analysis was used to evaluate 
the impact of potential risk factors on decompensation, LTX or death.

3  | RESULTS

3.1 | Baseline patient characteristics

The study population included 137 patients with Wilson's disease 
(median age: 41.5 years [IQR: 31.2–56.3], f/m: 68/69, median MELD-
Score: 8 [IQR: 7–10]; Table 1, Figure 1). Most patients received d-
penicillamine (70.1%), a fifth was treated with trientine (21.2%) and 
six (4.4%) patients received zinc monotherapy. Another six (4.4%) pa-
tients were left without pharmacotherapy as they were referred to 
LTX due to decompensated liver disease at the time of diagnosis. Of 
note, we did not observe significant differences between the above-
mentioned WD-specific pharmacotherapeutic approaches regarding 
the occurrence of decompensated liver disease, LTX or death (FFI; 
Figure S1, Tables S4 and S5).

At baseline, 35 (25.5%) patients had cACLD without CSPH, 12 
patients (8.8%) were diagnosed with cACLD with CSPH, whereas an-
other 15 (10.9%) patients had already progressed to dACLD.

In a sub-analysis of patients with CSPH at baseline (n = 12 cACLD 
with CSPH and n = 15 dACLD) we observed that n = 3 patients with 
cACLD and CSPH at baseline improved to cACLD without CSPH during 
follow-up, while receiving d-penicillamine, whereas n = 3 patients with 
dACLD at baseline, receiving d-penicillamine (n = 2) and trientine (n = 1), 
achieved hepatic recompensation26 during follow-up (FFI; Figure S2).

Overall, throughout a median follow-up of 9.0 (IQR: 3.9–17.7) 
years, 74 (54.0%) patients presented features suggestive of ACLD. 

F I G U R E  1   Presence of ACLD and 
clinical features of CSPH at baseline.
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Forty-nine patients (35.8%) developed features of CSPH, with 24 
(49.0%) patients remaining compensated, whereas 25 (51.0%) pa-
tients progressed to dACLD.

Splenomegaly (median LDM = 14.7 cm IQR: 12.5–17.0 cm) was 
the most frequent CSPH-related feature, affecting 40 (29.2%) pa-
tients, oesophageal varices were found in 14 (10.2%) and porto-
systemic collaterals in 4 (2.9%) patients, respectively. Of note, only 
20.4% (n = 10) of all patients with clinical signs of CSPH received 
treatment with NSBBs. Twenty (14.6%) patients developed ascites, 
whereas acute variceal bleeding and hepatic encephalopathy oc-
curred in three (2.2%) and 18 (13.1%) patients, respectively.

3.2 | Incidence of decompensation

Patients without ACLD at baseline showed a 1.5% 5Y decompen-
sation rate, whereas patients with cACLD but without CSPH and 
cACLD with CSPH had a numerical increase in their 5Y decom-
pensation rates to 2.9% and 8.3% (log-rank: p = 0.3), respectively 
(Tables 1 and 2; Figure 2).

Presence of oesophageal varices was associated with a 5Y decom-
pensation rate of 11.1% whereas compensated patients with spleno-
megaly revealed a numerically lower 5Y decompensation rate of 3.4%; 
however, statistical significance was not proven (log-rank: p = 0.27).

3.3 | Liver TFS

During follow-up 16 (11.7%) patients were referred to receive LTX 
and eight (5.8%) patients eventually died (2 patients received LTX 

TA B L E  1   Patient characteristics.

Patients N = 137 (100%)

Age at diagnosis, median, IQR 41.5 (31.2–56.3)

Sex (Women/Men, N, %) 68/69 (49.6/50.4)

Liver biopsy, N (%) 88 (64.2)

Fibrosis on liver biopsy, n (%), n = 88 F0: 11 (12.5)

F1: 13 (14.8)

F2: 16 (18.2)

F3: 10 (11.4)

F4: 38 (43.2)

Aspartate aminotransferase (IU/L, 
mean ± SD)

50.4 (±56.2)

Alanine aminotransferase (IU/L, 
mean ± SD)

66.5 (±92.9)

Neuropsychiatric symptoms (n, %) 39 (28.5)

Hepatic presentationa (n, %) 125 (91.2)

Fulminant hepatic failure at 
diagnosis, N (%), n = 81

3/140 (2.1)b

Neuropsychiatric symptoms and 
liver disease, N (%)

35 (25.5)

Coombs-negative haemolytic 
anaemia, N (%)

13 (9.5)

Ceruloplasmin (IQR) mg/dL 10 (9–14.9)

Kayser-Fleischer corneal ring, N (%) 41 (29.9)

Liver copper, μg/g (IQR), n = 81 700 (341.5–1047)

ATP7B variant analysis 103 (75.2%) variants on both 
alleles identified

30 (21.9%) variants on one 
allele identified

4 (2.9%) no variant identified

MELD-Score, median (IQR) 8 (7–10)

LSM (IQR), n = 68 7.7 (5.4–13.5) kPa

Treatment with d-penicillamine, 
N (%)

96 (70.1)

Treatment with trientine, N (%) 29 (21.2)

Treatment with zinc monotherapy, 
N (%)

6 (4.4)

Non-adherence to treatment, N (%) 15/131 (11.5)

ACLD-status At baseline Overall

Non-ACLD, N (%) 75 (54.7) 63 (46.0)

cACLD, n (%) 47 (34.3) 49 (35.8)

cACLD without CSPH, 
N (%)

35 (25.5) 25 (18.2)

cACLD with CSPH, N (%) 12 (8.8) 24 (17.5)

dACLD (all with CSPH), N (%) 15 (10.9) 25 (18.2)

Features of CSPH, N (%) 27/137 (19.7%) 49/137 (35.8%)

Splenomegaly 22/137 (16.1%) 40/137 (29.2%)

Portosystemic collaterals 1/137 (0.7%) 4/137 (2.9%)

Gastroesophageal varices 6/137 (4.4%) 14/137 (10.2%)

Ascites 12/137 (8.8%) 20/137 (14.6%)

Variceal bleeding 1/137 (0.7%) 3/137 (2.2%)

Hepatic encephalopathy 8/137 (5.8%) 18/137 (13.1%)

Time between WD diagnosis 
and CSPH (years, mean ± SD)

3.9 ± 7.5

CSPH-treatment and outcomes

Median follow-up (years, median, IQR) 9.0 (3.9–17.7)

NSBB therapy, N (%) 12/137 (8.8)

NSBB prescription in CSPH patients, N (%) 10/49 (20.4)

NSBB prescription in dACLD patients, N (%) 7/25 (28.0)

EBL therapy, N (%) 8/49 (16.3)

TIPS, N (%) 1/49 (2.0)

LTX, N (%) 16/137 (11.7)

All-cause death, N (%) 8/137 (5.8)

Liver-related death, N (%) 6/137 (4.4)

CSPH-related death, N (%) 3/137 (2.2)

Abbreviations: ACLD, advanced chronic liver disease; cACLD, 
compensated ACLD; CSPH, clinically significant portal hypertension; 
dACLD, decompensated ACLD; EBL, endoscopic band ligation; IQR, 
Interquartile range; LSM, Liver stiffness measurement; LTX, liver 
transplantation; MELD, Model End Stage Liver Disease Score; NSBB, 
non-selective beta-blocker; SD, standard deviation; TIPS, transjugular 
intrahepatic portosystemic shunt.
aClinical and laboratory signs of liver disease at the time of WD 
diagnosis.
bThese patients were excluded from further analysis.

TA B L E  1   (Continued)
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before death and were, therefore, censored at the time of LTX during 
the following analysis of TFS, leaving a total of n = 22 events), includ-
ing three deaths that were attributed to CSPH-related complications 
(ACLF n = 1, SBP n = 1 and fatal variceal bleeding n = 1; Tables 1 and 
3, Figure 3, Figure S3).

10Y TFS of the entire cohort was 88.3%. WD patients without 
ACLD and patients with cACLD but without CSPH had significantly 
higher 1-, 5- and 10-Y TFS rates compared to WD patients with cACLD 
and CSPH (log rank: p = 0.02) and patients with dACLD (log-rank: 
p < 0.0001), respectively. 10Y TFS differed significantly when compar-
ing different features of CSPH. Patients with splenomegaly had a 10Y 
TFS of 74.0% whereas patients with oesophageal varices decreased to 
59.5%. Hepatic encephalopathy as well as ascites were associated with 
an even worse prognosis (10Y TFS of 38.1% and 29.2%, respectively).

10Y overall survival (95.4% for the entire cohort) remained stable 
as long as patients remained compensated, but significantly declined in 
the setting of dACLD (10Y overall survival 66.7% log rank: p < 0.001).

3.4 | Prognostic impact of different 
clinical and demographic characteristics on 
liver-related outcomes

Fifteen (11.5%) patients were identified as being incompliant, accord-
ing to clinical documentation and elevated urinary copper excretion 
(24-h urinary copper concentration >100 μg/24 h or >500 μg/24 h 

during maintenance therapy with or without performing a 2-day 
drug holiday, respectively). In a cox regression analysis, we observed 
a slight numerical but not significant trend towards an increased risk 
of hepatic decompensation (HR 3.6; CI [95%]: 0.7–18.9; p = 0.1), LTX 
or death (HR 1.7; CI [95%]: 0.4–7.9; p = 0.5) in patients with insuf-
ficient adherence to treatment.

Thirty-nine (28.5%) patients showed neuropsychiatric symptoms 
as part of their clinical presentation. Interestingly, adherence to 
Wilson-specific treatment was not significantly different between 
patients with and without neuropsychiatric symptoms (OR: 1.39; 
p = 0.6). In a cox regression analysis we further observed that the 
presence of neuropsychiatric symptoms was not associated with a 
significantly increased risk of hepatic decompensation (HR: 0.94; 
CI [95%]: 0.3–3.4; p = 0.9), LTX or death (HR: 0.5; CI [95%]: 0.2–1.4; 
p = 0.2).

We further observed that patients with male sex were numeri-
cally more likely to progress to hepatic decompensation (HR 2.0; CI 
[95%]: 0.5–7.8; p = 0.3); however, statistical significance could not be 
proven, whereas the risk of being transplanted or dying (HR 0.8; CI 
[95%]: 0.3–1.8; p = 0.5) was not significantly different between male 
and female patients.

However, we did observe, that the degree of liver disease severity 
at the time of diagnosis significantly increased the risk for the develop-
ment of hepatic decompensation, LTX and death. Patients with cACLD 
at the time of diagnosis were more likely to progress to decompen-
sated liver disease compared to patients without ACLD (HR: 3.8; CI 
[95%]: 1.0–15.1; p = 0.05). In particular, patients with features of CSPH 
at the time of diagnosis were significantly more likely to progress to 
LTX or death compared to patients without CSPH (HR: 9.9; CI [95%]: 
3.9–25.4; p < 0.001). We further observed that patients with a higher 
MELD-Score at baseline, as an indicator for more advanced liver dis-
ease, were more likely to decompensate (HR 1.6 [per 1 point increase]; 
CI [95%]: 1.3–2.1; p < 0.001), and to progress to LTX or death (HR 1.2 
[per 1 point increase]; CI [95%]: 1.1–1.2; p < 0.001). Similarly, we found 
that increased values of liver stiffness at diagnosis, measured by tran-
sient elastography, also indicated an increased risk for decompensa-
tion (HR: 1.1 [per 1 kPa increase]; CI [95%]: 1.0–1.1; p = 0.008), LTX or 
death (HR: 1.1 [per 1 kPa increase]; CI 95%: 1.0–1.1; p < 0.001).

3.5 | Prognostic significance of LSM and 
platelet count

Among patients with both, normal platelet count (≥150 G/L) and LSM 
<15 kPa, 10-Y cumulative decompensation rate was 2.6%. In con-
trast, patients presenting with either thrombocytopenia (<150 G/L) 
or LSM ≥15 kPa had a cumulative decompensation rate of 4% after 
5 years and of 8.4% after 10 years of follow-up (log-rank: p = 0.002; 
Tables 2 and 3; Figures 2 and 3).

Patients with both a normal platelet count and LSM <15 kPa had 
a 97.7% survival rate after 10 years, whereas WD patients present-
ing with thrombocytopenia and/or LSM ≥15 kPa showed a 10-year 
survival rate of only 83.9% (log-rank: p = 0.006).

TA B L E  2   Incidence of decompensation according to clinical 
characteristics of patients with WD.

Variable

Cumulative incidence of 
decompensation

N totala
1–3 
years

5 
years

10 
years

Overall decompensation rateb 2.6% 2.6% 3.8% 10 (8.2%)

Normal PLT and LSM <15 kPa 2.6% 2.6% 2.6% 3 (3.7%)

Thrombocytopenia (<150 G/L) or 
LSM ≥ 15 kPa

4% 4% 8.4% 7 (26.9%)

No ACLD 1.5% 1.5% 1.5% 3 (4%)

cACLD without CSPH 2.9% 2.9% 6.2% 6 (17.1%)

cACLD with CSPH 8.3% 8.3% 8.3% 1 (8.3%)

F0–F3 0.0% 0.0% 0.0% 1 (2.5%)

F4 12% 12% 16.4% 8 (30.8%)

Splenomegaly 3.4% 3.4% 7.8% 7 (24.1%)

Oesophageal varices 11.1% 11.1% 25.9% 3 (33.3%)

Note: Risk of hepatic decompensation according to distinct clinical 
characteristics within 1–3 years, 5 years and 10 years of follow-up.
Abbreviations: ACLD, advanced chronic liver disease; cACLD, 
compensated ACLD; dACLD, decompensated ACLD; CSPH, clinically 
significant portal hypertension; LSM, Liver stiffness measurement; PLT, 
platelets.
aNumber of patients with at least one decompensating event (%) 
throughout the entire follow-up period.
bPatients with decompensated liver disease at baseline (time of WD 
diagnosis; n = 15) were excluded, leaving n = 122 within this analysis.

 13652036, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.18060, W

iley O
nline L

ibrary on [28/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6  |     BURGHART et al.

Liver biopsy was available in 88 (65.0%) patients. F0–F3 fibrosis 
did not impact on 10-year decompensation rate and TFS. Only pa-
tients with F4 fibrosis had an increased 5- and 10-year decompen-
sation rate (12% and 16.4%, respectively; log-rank: p = 0.004), which 
was mirrored by a decrease in 5- and 10-year TFS (67.8% and 64.4%, 
respectively; log-rank: p < 0.001, respectively).

4  | DISCUSSION

About 50%–60% of all patients diagnosed with WD have been re-
ported to show cirrhosis on liver biopsy,10 while the incident-rate 
of ACLD at diagnosis in our WD cohort was 45.3%. In a Canadian 
study, including 48 WD patients, 63% were identified with clinical 
findings suggestive of CSPH of whom 26.7% progressed to hepatic 
decompensation over a median follow-up of 8.1 years.18 In our WD 
cohort 19.7% of all patients were identified with clinical features of 

CSPH at diagnosis, whereas 16.1% developed CSPH features during 
their further course of disease. Among compensated (cACLD) WD 
patients with clinical features of CSPH at diagnosis (n = 12), the cu-
mulative incidence of decompensation was 8.3% after 10 years and, 
thus, lower compared to the Canadian cohort.

According to a previous study, the occurrence of severe he-
patic events in non-ACLD patients with adequate adherence to 
WD-specific therapy seems rare18 and also the tendency of fibro-
sis progression, assessed by transient elastography, only ranges 
between 5.6% and 8.5% throughout a 2-year follow-up period.33 
These data fit with our observation, that patients without ACLD 
at diagnosis are unlikely to progress to decompensation (10Y-
incidence rate: 1.5%), LTX or death (10Y-TFS: 98.6%) while re-
maining under WD-specific pharmacotherapy. Accordingly, we 
observed that the severity of liver disease at baseline (based on 
MELD-Score, liver stiffness and presence of CSPH) had a signif-
icant impact on the progression to decompensated liver disease, 

F I G U R E  2   Prognostic value of ACLD stage and CSPH features in WD patients. (A) CLD stage at presentation. Data are depicted as 
percentages of the total number of WD patients included in this study. (B) Clinical features of CSPH (overall). Data on clinical features 
of CSPH (splenomegaly, varices, portosystemic collaterals, ascites, encephalopathy, variceal bleeding) are depicted as percentages of all 
patients diagnosed with CSPH (n = 49). (C) Incidence of decompensation. 10-year cumulative incidence of decompensation in patients 
without ACLD, cACLD without CSPH and cACLD with CSPH (no ACLD vs. cACLD with CSPH: log-rank p = 0.3). Data are depicted as Kaplan–
Meier Plot. (D) Incidence of decompensation according to LSM-PLT risk stratification. 10-year cumulative incidence of decompensation in 
patients with LSM < 15 kPa and PLT ≥ 150G/L versus LSM ≥ 15 kPa and/or PLT < 150 G/L (log-rank p = 0.002). Data are depicted as Kaplan–
Meier Plot.
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TA B L E  3   Transplant-free survival according to distinct characteristics of patients with WD.

Variable

Liver transplant-free survival

Na total1 year 3 years 5 years 10 years

Overall TFS 90.2% 89.4% 89.4% 88.3% 22 (16.1%)

Normal PLT count and LSM <15 kPa 97.7% 97.7% 97.7% 97.7% 2 (4.4%)

Thrombocytopenia (<150 G/L) or LSM ≥ 15 kPa 90.8% 87.7% 87.7% 83.9% 10 (30.3%)

Non-ACLD 98.6% 98.6% 98.6% 98.6% 4 (5.3%)

cACLD w/o CSPH 97.1% 97.1% 97.1% 93.6% 6 (17.1%)

cACLD with CSPH 91.7% 91.7% 91.7% 91.7% 1 (8.3%)

dACLD 33.3% 26.7% 26.7% 26.7% 11 (73.3%)

F0–F3 100% 100% 100% 100% 2 (4%)

F4 70.5% 67.8% 67.8% 64.4% 17 (44.7%)

Splenomegaly 80.0% 77.5% 77.5% 74.0% 16 (40%)

Oesophageal varices 78.6% 71.4% 71.4% 59.5% 6 (42.9%)

Variceal bleeding 66.7% 66.7% 66.7% 66.7% 2 (66.7%)

Hepatic encephalopathy 50.0% 44.4% 44.4% 38.1% 17 (94.4%)

Ascites 40.0% 35.0% 35.0% 29.2% 18 (90%)

Note: Transplant-free survival (TFS) according to distinct clinical characteristics after 1, 3, 5 and 10 years of follow-up. Patients were censored at the 
time of liver transplantation or death, whichever came first, leaving a total of N = 22 events.
Abbreviations: ACLD, advanced chronic liver disease, cACLD, compensated ACLD; dACLD, decompensated ACLD; CSPH, clinically significant portal 
hypertension; LSM, Liver stiffness measurement; PLT, platelets.
aNumber of patients who died or received LTX (%) throughout the entire follow-up period.

F I G U R E  3   Rate of liver transplantation and survival according to ACLD stage and CSPH status. (A) Outcome based on CSPH status. 
Percentages of survival, LTX and death in different CSPH related features are depicted as bar charts. (B) Requirement of LTX according to 
CSPH status. This Kaplan–Meier Plot illustrates the cumulative incidence of liver transplantation in patients with different features of CSPH 
including splenomegaly, oesophageal varices, hepatic encephalopathy and ascites. (C) Overall survival according to ACLD stage. This Kaplan–
Meier plot illustrates the overall survival according to the different ACLD stages, irrespective of whether patients had undergone liver 
transplantation or not (no ACLD vs. dACLD: log-rank: p < 0.0001). (D) TFS according to LSM-PLT risk stratification. This Kaplan–Meier plot 
illustrates the TFS in patients with LSM <15 kPa and PLT ≥150G/L versus LSM ≥15 kPa and/or PLT < 150 G/L (log-rank: p = 0.006).
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LTX or death. In particular, patients with cACLD and features of 
CSPH at baseline were more likely to progress to decompensation 
despite ongoing WD-specific pharmacotherapy, when compared 
to patients without ACLD. Subsequently, the subset of WD pa-
tients with CSPH would likely benefit from additive portal hyper-
tension treatment with NSBBs.34

Nevertheless, we would also like to highlight the importance of 
adequate WD-specific pharmacotherapy: In a sub-analysis of our WD 
cohort, including n = 45 patients treated with zinc, d-penicillamine or 
trientine, who had paired LSMs (median interval 3.6 (IQR: 2.2–6.2) 
years), n = 16 patients were classified as having cirrhosis (based on 
the previously published LSM cut-off at ≥9.9 kPa33). Of those, n = 10 
(62.5%) patients improved to non-cirrhotic thresholds, whereas n = 6 
(37.5%) showed no improvement.

Overall, 10Y-TFS in our retrospective WD cohort was high with 
88.3%, which is comparable to preexisting literature.35 However, 
the presence of CSPH in WD patients with cACLD significantly de-
creases TFS in comparison to patients without evidence of CSPH, 
which is further intensified in the setting of dACLD. Similar obser-
vations have been made in patients with other liver diseases as well9 
and underline the key prognostic importance of CSPH regarding he-
patic decompensation and TFS.34

In this study we further observed that different CSPH related 
features have a distinct prognostic impact on liver related morbidity 
and TFS in patients with WD. On a clinical perspective, these find-
ings underline the necessity to screen patients with WD for signs of 
CSPH using cross-sectional imaging, ultrasound, endoscopy and to 
further implement non-invasive surrogates36,37 reflecting CSPH risk 
into clinical routine. Accordingly, the (repeated) use of LSM can pro-
vide valuable insights on disease progression and prognosis33,38,39 
with a LSM cut-off value of ≥10 kPa being highly indicative of cir-
rhosis in patients with WD.33,40 For WD patients, specific recom-
mendations regarding the interval between repetitive LSMs, are not 
available, however, based on our experience, we suggest perform-
ing LSM on a yearly basis. We additionally suggest a non-invasive 
algorithm that indicates an increasing risk for decompensation as 
well as an impaired TFS if either LSM is ≥15 kPa or PLT decrease 
to <150 G/L. This supports the clinical use of (repeated) LSM and 
platelet counts30,31 as both hold important prognostic value for risk 
stratification, which is consistent with findings drawn from liver dis-
ease aetiologies, other than WD.9

A relevant limitation of this study is its retrospective design. 
Hence, Kaplan–Meier plots were used to estimate TFS and the cumu-
lative incidence of decompensation. Additionally, we are aware that 
the number of patients with CSPH is relatively low. However, we be-
lieve that building up an even larger cohort of patients with Wilson's 
disease could only be performed through a multicentre approach, 
since only a minority of patients, receiving WD-specific pharmaco-
therapy, progresses to more advanced stages of liver disease.33

Furthermore, only n = 10 (20.4%) patients with CSPH received 
non-selective beta-blockers (NSBBs) to reduce portal pressure. 
Particularly, only n = 5 (35.7%) out of n = 14 patients with oesopha-
geal varices received NSBBs. The explanation for this observation is 

that our cohort was built up over a long period of time. Particularly 
during the early years of this cohort (especially before the land-mark 
study by Tripathi et al on NSBBs vs. EBL was published in 200941), 
patients with oesophageal varices were more often referred to en-
doscopic band ligation. Patients with CSPH and NSBBs in the pres-
ent study had a lower numerical risk of progressing to LTX or death, 
compared to patients with CSPH without NSBBs, but the difference 
was not statistically significant, and our study was also not primarily 
designed to assess this question.

The inclusion of splenomegaly as criterion for CSPH is contro-
versially discussed since body height and CSPH-unrelated factors 
such as immune dysregulation have been reported to impact on 
spleen size.42,43 Splenomegaly, however, is a generally accepted 
and frequent44 clinical feature, that warrants further examination 
towards CSPH, if detected during routine imaging. Unfortunately, 
we were not able to measure HVPG in all our WD patients, which 
would represent the diagnostic gold-standard for CSPH diagnosis.45 
In turn, other CSPH-related features have been assessed in detail in 
all our WD patients, allowing clinicians to make prognostic estima-
tions that support individualised follow-up and facilitate decision-
making regarding CSPH screening and treatment. We further show 
that the combination of LSM and platelet count, as an easily avail-
able score, is of considerable prognostic value in the setting of WD, 
which allows for individualised care and may support early treat-
ment intensification.

In conclusion, features of CSPH in patients with WD indicate a 
substantial risk for decompensation and impaired TFS. Splenomegaly 
was the most frequent feature of CSPH in patients with cACLD and 
ascites the most frequent first decompensating event. Progression 
of WD patients without ACLD at diagnosis to decompensation, 
transplantation or death is rare and, therefore, underlines the im-
portance of adequate WD-specific pharmacotherapy. Non-invasive 
risk prediction based on LSM ≥15 kPa and/or thrombocytopenia 
(<150 G/L) serves as valuable surrogate for the risk of CSPH-related 
decompensation and mortality in patients with WD.

Clinicians should, therefore, monitor WD patients on a regu-
lar basis for features of CSPH. Considering that three out of eight 
deaths in our WD cohort were caused by CSPH-related complica-
tions, the use of non-selective beta-blockers and TIPS should be 
considered and further evaluated.
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