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ABSTRACT

Introduction. Wilson’s Disease (WD) is an inherited disorder of impaired hepatic copper metabolism that leads to copper 
accumulation in organs such as the liver and brain. Using transcranial sonography (TCS), we investigated brain changes in WD 
patients during de-coppering treatment.

Methods. Forty-one consecutive treatment-naïve WD patients were classified as having hepatic (WDh; n = 20) or neurological 
WD (WDn; n = 21) based on symptoms at diagnosis; all patients received either D-penicillamine or zinc sulfate and were ob-
served for 24 months. TCS was performed at regular intervals from study entry (month 0) to month 24. 

Results. At study entry, bilateral lenticular nucleus (LN) hyperechogenicity was found in 18 patients with WDn and in nine with 
WDh (p = 0.006). Substantia nigra (SN) hyperechogenicity was found in nine patients with WDn) and four with WDh (p = ns). 
After 24 months of treatment, bilateral LN hyperechogenicity was still present in 17 patients with WDn and 14 with WDh (p = ns). 
SN hyperechogenicity was present in one patient with WDn and two with WDh (p = ns). The decrease in the number of patients 
with SN hyperechogenicity was significant in the WDn group (p < 0.05).

Conclusions. LN hyperechogenicity is the most common TCS abnormality in WD patients, and was observed despite two years 
of de-coppering treatment. SN hyperechogenicity was less common, and decreased after treatment introduction. 
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Introduction

Wilson’s Disease (WD) is an autosomal recessive inher-
ited disorder of hepatic copper metabolism that is caused by 
malfunction of a putative copper-transporting P-type ATPase 
(ATP7B). The cellular damage is thought to be due to copper 
deposition in affected tissues, principally the liver and the brain 
[1, 2]. Clinical manifestations of WD include neurological, 
hepatic and psychiatric symptoms. 

WD can be successfully treated with pharmacological 
agents, such as chelators that induce urinary excretion of cop-
per, or zinc salts that inhibit copper absorption in the digestive 
tract [3]. After treatment introduction, clinical improvement 
is usually observed, but in some cases worsening occurs [4, 5]. 

Brain magnetic resonance imaging (MRI) in most WD 
patients with the neuropsychiatric form, and some with the 
hepatic and presymptomatic forms, show lesions, mostly in 

the basal ganglia [6–8]. These changes may also improve after 
treatment introduction [6, 9, 10]. 

Lesions in midbrain structures may also be detected by 
transcranial sonography (TCS). This simple and safe technique 
is applied for the diagnosis of a number of neurodegenerative 
diseases. It detects hyperechogenicity of midbrain structures, 
including the substantia nigra (SN), thalamus, lenticular nu-
cleus (LN), and caudate nucleus, and can be used to determine 
the diameter of the third ventricle or the frontal horn of the 
lateral ventricle [11]. In WD patients, LN is affected in most 
cases, with bilateral hyperechogenicity. Less often, changes in 
SN, thalamus and red nucleus are described [12–14]. 

Aim

Because de-coppering treatment can improve MRI 
brain lesions in WD, we examined the pattern of TCS in 
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treatment-naïve patients. The aim of this study was to monitor 
changes after the introduction of treatment. We also wanted 
to determine if there was a correlation between neurological 
deterioration or improvement and TCS results. 

Methods

Patients
The study group consisted of consecutive treatment-naïve 

WD patients who were all diagnosed with WD based on 
a combination of abnormal copper results, the presence of 
a Kayser-Fleischer ring, and genetic testing performed at our 
centre as previously described [4, 5, 15], and then confirmed 
using international criteria [16]. Included WD patients were 
classified as having either hepatic (WDh) or neurological 
(WDn) manifestations according to the presence of neurolo-
gical/psychiatric symptoms at diagnosis. 

All patients were treated with either D-penicillamine 
(DPA) or zinc sulfate (ZS). There was no protocol for cho-
osing the first-line therapy and the attending neurologist 
had no clear preference of one drug over the other. Hepatic 
involvement was classified as previously described: 0) lack of 
hepatic signs or symptoms; 1) mild injury (increased level of 
aminotransferases or bilirubin or international normalised 
ratio [INR], but without significant sonographic changes in 
liver parenchyma); 2) moderate injury (increased levels of 
aminotransferases or bilirubin or INR < 2.4 combined with 
enlargement of liver or spleen with ultrasound); 3) severe 
injury (INR > 2.4, and/or ultrasound changes in liver echoge-
nicity); and 4) very severe injury (acute liver failure, hepatic 
encephalopathy) [4, 5]. Neurological evaluation was based 
on the Unified Wilson’s Disease Rating Scale (UWDRS): part 
II, activities of daily living; and part III, neurological deficits 
[17]. The assessment was done at diagnosis (i.e. treatment ini-
tiation) and again at six, 12, 18, and 24 months. Neurological 
worsening was defined as any deterioration in UWDRS part 
II score or deterioration of at least four points in UWDRS 
part III score [4, 5]. At each time point, patients had copper 
metabolism analysis consisting of serum ceruloplasmin le-
vel, serum copper level, and 24-hour copper excretion level.  
This study was approved by the local ethics committee.

Brain imaging
TCS was performed through the preauricular acoustic 

bone window using a 2.5-MHz phased-array transducer (Vivid 
7; GE, USA). The chosen ultrasound parameters were a pe-
netration depth of 14–16 cm and a dynamic range of 50 dB. 
Image contrast and brightness were adjusted to obtain the 
best image. SN echogenic size measurements were performed 
automatically on axial TCS scans after manually encircling 
the outer circumference of the SN echogenic area. For the 
ultrasound system used, SN echogenic areas of ≥ 0.25 cm² 
were considered hyperechogenic, those ≤ 0.23 cm² were 

considered normal, and intermediate-sized areas were con-
sidered moderately hyperechogenic. The globus pallidus and 
putamen were assessed as one structure, the LN, as in the TCS 
protocols. The LN and thalamus were visualised in the third 
ventricular plane. The echogenicity of the LN and thalamus 
were classified as hyperechogenic when the echogenicity was 
more intense than the surrounding white matter. The area of 
hyperechogenicity was measured by manually encircling the 
outer circumference of the hyperechogenic area. The width of 
the third ventricle was measured on the axial scanning plane; 
width < 0.7 cm was considered normal (Fig.1). TCS assessment 
was done at study entry (i.e. treatment initiation at month 0) 
and again at months 6, 12, 18, and 24.

Since the study design involved recording two measu-
rements for both sides, we present the result for both sides. 

Statistical analysis
Statistical analysis was performed using SAS version 13.2. 

A p value of < 0.05 was considered to indicate statistical sig-
nificance. Wilcoxon Test and Fisher’s Exact Test were used to 
compare WD and controls. A generalised linear model (GLM) 

was chosen as the basic model to compare hyperechogenicity 
of analysed structures. An optimal model comprising the 
Gaussian error and the log-link function was chosen from 
the GLM family based on the Akaike Information Criterion 
(AIC), and the deviance was examined to ascertain whether 
the model was sufficient. 

Results

The WDn group consisted of 21 patients. One patient 
developed a severe neurological dystonic state and died 
18 months after treatment introduction. The WDh group 
consisted of 20 patients. One patient died 12 months after 
treatment introduction due to hepatic cancer. 

Baseline characteristics
Baseline characteristics are shown in Table 1. WDn pa-

tients were older compared to WDh patients. Mean disease 
duration, from first symptoms of the disease obtained from 
medical history to diagnosis, was longer for neurological 
patients compared to hepatic ones. Both groups had hepatic 
involvement. In the WDn group, mean UWDRS was 4 points 
for part II and 18 points for part III. There was a treatment 
bias, as WDn patients were treated with DPA more often than 
WDh patients. 

Imaging findings
TCS baseline and follow up results are set out in Table 2. 

At the baseline, hyperechogenicity of SN was present in nine 
cases in the WDn group and five cases in the WDh group. 
In addition, mean area of SN was higher in the WDn group 
compared to the WDh group. Bilateral hyperechogenicity of 
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Figure 1. Transcranial sonography (TCS) images with corresponding magnetic resonance imaging (MRI) results. A and B — Representative 
TCS image of lenticular nucleus, where hyperechogenic part measured is shown by arrowhead; C — corresponding MRI results (T2) with 
hypointense signal in globus pallidus shown by arrowhead; D and E — Representative TCS image of substantia nigra, where hyperechogenic 
part measured is shown by arrowhead; F — corresponding MRI results (T2) with hypointense signal in substantia nigra shown by arrowhead
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Table 1. Baseline characteristics of study groups

WDn 
(n = 21)

WDh 
(n = 20)

p value for  
WDn vs. WDh

Age, years, mean ± SD 38.1 ± 12.8 32.2 ± 11.0 0.213

Female, n (%) 13 (62) 15 (75) 0.367

Age at onset, years, mean ± SD 30.9 ± 12.1 29.5 ± 12.1 0.632

Symptom duration before treatment, years, mean ± SD 5.9 ± 8.3 2.0 ± 3.4 0.036

Treatment with D-penicillamine, n (%) 15 (71) 7 (35) 0.019

Hepatic involvement, n 0.006

  0 6 0

  1 0 6

  2 4 7

  3 10 7

  4 1 0

UWDRS II score 3.9 ± 7.3 0 0.001

UWDRS III score 18.4 ± 20.2 0* < 0.0001

WDn — Wilson’s Disease patients with neurological manifestations; WDh — Wilson’s Disease patients with hepatic manifestations; SD — standard deviation; UWDRS, United Wilson’s Disease Rating Scale
*One patient had 2 points for postural tremor

Table 2. Transcranial sonography results 

WDn M0  
(n = 21)

WDn M24 
(n = 20)

WDn: 
p value 
M0/M24

WDh M0  
(n = 20)

WDh M24 
(n = 19)

WDh: 
p value 
M0/M24

p value 
WDn/WDh 
M0

p value for 
WDn/WDh 
M24

Substantia nigra

Right, n 0.273 0.531

 < 0.23 cm2 11 17 0.024 14 14 1.00

 0.23–0.25 cm2 1 2 0.051 2 3 0.292

 > 0.25 cm2 9 1 0.005 4 2 0.671

 Area, cm2, mean ± SD 0.23 ± 0.06 0.19 ± 0.04 0.0434 0.20 ± 0.05 0.20 ± 0.05 0.759 0.199 0.644

 Left (n) 0.049 0.068

 < 0.23 cm2 8 19 < 0.001 14 14 1.00

 0.23–0.25 cm2 7 0 ns 1 3 0.267

 > 0.25 cm2 6 1 0.045 5 2 0.239

 Area, cm2, mean ± SD 0.23 ± 0.06 0.17 ± 0.04 < 0.0001 0.21 ± 0.05 0.21 ± 0.04 0.685 0.273 0.011

Lenticular nucleus

 Bilateral changes, n 18 17 0.948 9 14 0.783 0.006 0.381

 Right area, cm2, mean ± SD 0.60 ± 0.33 0.63 ± 0.34 1.0 0.45 ± 0.42 0.68 ± 0.40 0.089 0.229 0.461

 Left area, cm2, mean ± SD 0.74 ± 0.45 0.55 ± 0.28 0.242 0.31 ± 0.35 0.47 ± 0.35 0.107 0.005 0.635

Thalamus

 Bilateral changes, n 6 3 0.294 1 1 1.00 0.001 0.316

 Right area, cm2, mean ± SD 0.20 ± 0.25 0.08 ± 0.17 0.053 0.06 ± 0.15 0.05 ± 0.14 1.00 0.034 0.438

 Left area, cm2, mean ± SD 0.19 ± 0.30 0.15 ± 0.27 0.641 0.06 ± 0.15 0.11 ± 0.23 0.687 0.115 0.561

WDn — Wilson’s Disease patients with neurological manifestations; WDh — Wilson’s Disease patients with hepatic manifestations; SD — standard deviation; ns — not significant; M0 — month 0; M24 — month 24

LN was found in 18 WDn patients and nine WDh patients (an 
additional six WDh patients had unilateral hyperechogenicity) 
and thalamic hyperechogenicity was found in six WDn pa-
tients and this was significant compared to WDh (one patient). 

The only correlation between TCS hyperechogenici-
ty and copper metabolism was found to be between SN 

hyperechogenicity and 24-h copper excretion results. This 
was in patients with WDn (R2 = 0.1473, p = 0.086 for SN left 
and R2 = 0.2843, p = 0.013 for SN right) and patients with 
WDh (R2 = 0.3928, p = 0.003 for SN left and R2= 0.2265, 
p = 0.034 for SN right). 
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After 24 months of follow-up, none of the WDh patients 
had developed neurological symptoms. In the WDh group, 
three patients had deteriorated, three had stabilised, and 
14 had improved. In the WDn group, four patients had dete-
riorated, five had stabilised, and 12 had improved in terms of 
UWDRS part III score. 

At 24 months, the number of patients with SN hyperecho-
genicity had decreased. Also, mean area of SN decreased over 
time in the WDn group but not in the WDh group. Bilateral 
LN hyperechogenicity was present in 17 WDn patients, and 

this phenomenon was stable over time. In the WDh group 
the number of patients with LN bilateral hyperechogenicity 
together with the mean area of LN increased, with significant 
change at 18 months (at 24 months the difference was not 
significant (Fig 2). Thalamic hyperechogenicity remained 
the least common finding: present in three patients with 
WDn and one patient with WDh.  TCS follow-up results for 
each analysed time point are presented in the supplementary 
material (Fig. 2).
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Figure 2. Transcranial sonography echogenicity changes in WDn and WDh patients in lenticular nucleus (A and D respectively), in substantia 
nigra (B and E respectively) and in thalamus (C and F respectively) during 24-month follow-up. Mean ± standard deviation; ns — not sig-
nificant; WDn — Wilson’s Disease patients with neurological manifestations; WDh — Wilson’s Disease patients with hepatic manifestations
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Figure 3. Transcranial sonography results from substantia nigra (A — left; B — right) of patients with neurological worsening or improvement/
stabilisation at month 24

No correlation between copper metabolism in patients 
with WDn and WDh and TCS results was found at any time 
point during the observation period. There was no correlation 
between UWDRS score and TCS results at any time point of 
observation. There were no differences in TCS results between 
deteriorated patients and patients with stable or improved 
outcomes in the WDn or WDh groups. SN echogenicity 
decreased over the study period in WDn, but this phenome-
non was observed both in patients with improvements and 
deteriorations (Fig. 3).  

Discussion

TCS is a valuable technique for the evaluation and diag-
nosis of various neurodegenerative disorders. It has previously 
been used for detecting changes in WD patients, [12–14], but 
never for monitoring de-coppering therapy. As MRI impro-
vement after therapy introduction is observed in most cases 
[2, 9, 18], we also expected that TCS results would improve. At 
baseline, the most common TCS finding in WD patients was 
LN hyperechogenicity. Bilateral hyperechogenicity was present 
in nearly all patients with WDn and in half of the patients 
with WDh. The mean area of LN echogenicity was higher 
for WDn. This is consistent with other TCS studies, where 
LN hyperechogenicity was found in nearly all patients [12] 
or 81% of WDn patients [13]. De-coppering therapy did not 
change these results: after two years of treatment, the number 
of WDn patients with LN hyperechogenicity was nearly the 
same, and actually increased in WDh. In our study, the area 
of LN was higher than has been previously reported, and did 
not decrease during the study period. 

SN hyperechogenicity was less common in WD patients 
than LN echogenicity. We found SN hyperechogenicity in 50% 
of WDn patients and 20% of WDh patients at study entry. 

SN hyperechogenicity was found more often in the present 
study than in previous investigations: one study reported 42% 

in WDn patients and 7% in WDh patients [13], while another 
study observed marked SN hyperechogenicity in 25% of WDn 
patients [12]. Both these previous studies were conducted in 
treated patients, and one of the most important findings of 
our study is that SN hyperechogenicity changed over time 
from treatment naivety. The number of patients with SN hy-
perechogenicity decreased and after two years of treatment SN 
hyperechogenicity was found only in one patient in the WDn 
group and four patients in the WDh group. Correlation of SN 
hyperechogenicity with clinical status was observed in one 
study [14], but not in two other studies [12, 13]. 

SN hyperechogenicity is observed in Parkinson’s Disease 
(PD) and TCS is employed as an additional tool for PD 
diagnosis. SN hyperechogenicity is detectable in about 90% 
of patients even in the very early clinical stages of PD [19]. 
Contrary to our observation in WD patients, in PD patients 
SN hyperechogenicity is constant, probably due to neurode-
generative processes [19]. 

In the current study, thalamic hyperechogenicity was 
found in about 25% of WDn patients but in only one WDh 
patient. There have been inconclusive results from other 
studies, which have found thalamic hyperechogenicity in 
50% of WD patients [12, 14] or in no patients [13]. We found 
that thalamic hyperechogenicity also changed over the time; 
only three patients from the WDn group (15%) had thalamic 
hyperechogenicity after 24 months. 

Changes in TCS results observed after the introduction of 
de-coppering therapy raise questions regarding the nature of 
hyperechogenicity of deep brain nuclei. The exact answer is still 
unknown. TCS studies appear to show a relationship between 
echogenicity and metal accumulation. TCS hyperechogenicity 
was described in a group of PD patients as changes in SN that 
were thought to be due to iron accumulation [20], but other 
trace metals may also play an important role. In manganese-
-induced parkinsonism [21, 22], patients have shown changes 
in LN, but not in SN echogenicity, probably due to manganese 
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accumulation. As MRI results improved, LN echogenicity also 
decreased, suggesting a correlation with the level of manganese 
in the brain [22]. LN hyperechogenicity is also found in more 
than 75% of patients with primary cervical and upper-limb 
dystonia, and in 31% of those with facial dystonia [23, 24]. 
Following postmortem examination, significantly increased 
copper and manganese levels have been found in the globus 
pallidus and putamen of patients with primary dystonia com-
pared to control brain samples [25]. Finally, postmortem TCS 
studies of WD patients have shown correlation of putaminal 
copper concentration and LN area [26]. At baseline, we found 
a correlation between SN hyperechogenicity and 24-h copper 
urinary excretion. This also suggests a role for copper in SN 
hyperechogenicity.  

It is also possible that hyperechogenicity is influenced by 
not only metal ions themselves, but also different ion binding 
partners such as neuromelanin and ferritin content, which 
might differ among patients [27]. Experimental studies in an 
animal model of PD show that SN hyperechogenicity is caused 
by structural changes, such as gliosis, rather than by increased 
iron concentration [28]. 

Our study has some limitations: first, a relatively small 
number of patients were included, which may limit conclusions 
regarding correlations. Secondly, more WDn patients were 
treated with DPA compared to WDh patients. However, we 
observed that TSC changed over time in both groups, so we 
believe that changes were caused by the therapy itself and not 
by the specific agent. 

In conclusion, the most common change in TCS in WD pa-
tients was LN hyperechogenicity, which was observed despite 
treatment introduction and a two-year treatment observation 
period. SN hyperechogenicity was less common and decreased 
after treatment introduction, but there was no difference in 
the SN echogenicity decrease in patients who deteriorated 
compared to patients who improved or remained stable. 

TCS hyperechogenicity in WD is probably due to copper 
accumulation, with the changes observed occurring as a result 
of de-coppering therapy introduction. TCS is not a valuable 
tool for predicting neurological deterioration in WD patients. 
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