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Background: In Wilson's disease (WD), demyelination, rarefaction, gliosis, and iron accumulation in the deep gray matter
cause opposing effects on T,-weighted MR signal. However, the degree and interplay of these changes in chronically
treated WD patients has not been quantitatively studied.
Purpose: To compare differences in brain multiparametric mapping between controls and chronically treated WD patients
with neurological (neuro-WD) and hepatic (hep-WD) forms to infer the nature of residual WD neuropathology.
Study Type: Cross-sectional.
Population/Subjects: Thirty-eight WD patients (28 neuro-WD, 10 hep-WD); 26 healthy controls.
Field Strength/Sequence: 3.0T: susceptibility, T>*, T, Tq relaxometry; 1.5T: To, T4 relaxometry.
Assessment: The following 3D regions of interest (ROIs) were manually segmented: globus pallidus, putamen, caudate
nucleus, and thalamus. Mean bulk magnetic susceptibility, To*, To, and T, relaxation times were calculated for each ROI.
Statistical Tests: The effect of group (neuro-WD, hep-WD, controls) and age was assessed using a generalized least
squares model with different variance for each ROl and quantitative parameter. A general linear hypothesis test with Tukey
adjustment was used for post-hoc between-group analysis; P < 0.05 was considered significant.
Results: Susceptibility values were higher in all ROls in neuro-WD compared to controls and hep-WD (P < 0.001). In basal
ganglia, lower T, and T,* were found in neuro-WD compared to controls (P < 0.01) and hep-WD (P < 0.05) at 3.0T. Much
smaller intergroup differences for T in basal ganglia were observed at 1.5T compared to 3.0T. In the thalamus, increased
susceptibility in neuro-WD was accompanied by increased Tq at both field strengths (P < 0.001 to both groups), and an
increased T, at 1.5T only (P < 0.001 to both groups).
Data Conclusion: We observed significant residual brain MRI abnormalities in neuro-WD but not in hep-WD patients on
chronic anticopper treatment. Patterns of changes were suggestive of iron accumulation in the basal ganglia and demye-
lination in the thalamus; 3.0T was more sensitive for detection of the former and 1.5T of the latter abnormality.
Level of Evidence: 2
Technical Efficacy Stage: 3
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WILSON’S DISEASE (WD) is an autosomal recessive gradual accumulation of the metal in body organs.1 The
disorder caused by mutation of the ATP7B gene, char- ATP7B protein is mainly expressed in hepatocytes, while cop-
acterized by disturbances in copper metabolism which lead to  per is primarily deposited in the liver, causing hepatic
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symptoms; this stage is referred to as the hepatic form of WD
(hep-WD)." In later stages of the disease, copper accumulates
in other organs, mainly in the brain, leading to a neurological
form of WD (neuro-WD) manifesting in neurological and
psychiatric symptoms.’

Abnormal findings on brain magnetic resonance imaging
(MRI) are present in more than 90% of neuro-WD and
~40-70% of hep-WD patients.”” The most prominent findings
in untreated patients are symmetrically increased T, signals in
deep gray matter (DGM) nuclei and mesencephalic and pontine
white matter. These T, hyperintense lesions, which presumably
reflect edema and demyelination caused by copper toxicity, are
partly reversible with anticopper treatment.*> In cases of more
severe tissue damage, increased T, signals may indicate
astrogliosis, tissue rarefaction, or even cavitation, which are irre-
versible and persist despite long-term anticopper treatment.®

Along with these T, hyperintense lesions, T, signals
from DGM in neuro-WD patients may be influenced by the
accumulation of iron species, inducing T, hypointensities.”
An association between increased R,* values (ie, relaxivity,
the reciprocal value of T,*) and iron concentrations in the
basal ganglia of WD brains has been confirmed by postmor-
tem MRI histopathology correlation.® Increased deposition of
paramagnetic compounds in DGM in neuro-WD patients
has also been consistently reported in previous in vivo studies
utilizing quantitative susceptibility mapping (QSM) and R,*
relaxometry.”'® Notably, in contrast to T, hyperintensities,
which gradually diminish, T, hypointensities in DGM may
progress despite anticopper treatment.'® Described patholo-
gies, which have opposing effects on T, relaxation time, typi-
cally coexist in the DGM of WD patients. We hypothesized
that this interplay between factors, which have the effect of
either increasing (eg, demyelination, astrogliosis, or tissue rar-
efaction) or decreasing (eg, iron accumulation) T,-weighted
signals, would also be sensitive to different magnetic field
strengths. Specifically, imaging at higher magnetic fields
enhances sensitivity to the effect of paramagnetic compounds,
thus increasing the prominence of hypointense lesions and
potentially overshadowing T, hyperintensities. It has been
suggested that changes in T, relaxation time measured at two
or more magnetic fields—also known as field-dependent
relaxivity increase (FDRI)—are a sensitive measure of para-
magnetic tissue content, supposedly driven by ferritin concen-
tration.'"'* Surprisingly, there is a paucity of quantitative
brain MRI studies on WD and, to our knowledge, no study
has compared relaxometry at different magnetic fields.

The aims of this study were as follows: 1) to compare
differences in multiparametric mapping (bulk magnetic sus-
ceptibility, T,*, T,, T;) between controls and chronically
treated WD patients with neurological and hepatic forms; 2)
to infer the nature of the residual WD neuropathology;
and 3) to examine differences between T, and T relaxometry

at 1.5T and 3T magnetic fields.
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Materials and Methods
Subjects

We prospectively investigated 38 patients with genetically confirmed
WD on a stable anticopper treatment (28 with neuro-WD:
13f/15m, mean age 47.1 £ 9.5 [28.2-64.2] years; 10 with mild
hep-WD: 5f/5m, mean age 33.8 & 10.9 [19.1-52.2] years); and
26 healthy volunteers (14{/12m, 44.8 £ 11.7 [24.0-68.4] years). All
subjects underwent MR examinations at 1.5T and 3T, serum cerulo-
plasmin oxidase activity test, and neurologic examination. All sub-
jects were informed about the study and signed a written consent in
agreement with Ethical Committee rules.

Neuro-WD was defined as the presence of neurologic symp-
toms typical for WD at the onset or any time during the course
(due to undertreatment) of the disease. Mean treatment duration for
the neuro-WD group was 17.6 & 12.6 (2-46) years; 13 patients
were on D-penicillamine, 5 on zinc-sulfate, and 10 were on a com-
bined therapy D-penicillamine + zinc-sulfate.

Hep-WD was defined as the absence of neurologic symptoms dur-
ing the disease course. Mean treatment duration for the hep-WD group
was 20.9 & 11.4 (3-42) years; seven patents were on D-penicillamine,
two on zinc-sulfate, and one was on a combined D-penicillamine
and zinc-sulfate therapy. Severe or decompensated liver cirrhosis as
well as clinical signs of hepatic encephalopathy were exclusion
criteria for both WD groups. The group of hep-WD patients who
agreed to take part in our study was younger compared to neuro-
WD and controls (P < 0.01).

Controls were recruited from coworkers and their friends and
families; they were selected to be age- and sex-matched to neuro-
WD patients. Subjects with a history of neurological or psychiatric
problems were excluded. Serum ceruloplasmin oxidase activity was

normal in all control subjects.

MRI

For MRI, 1.5T (Avanto Fit) and 3T (Trio) MR scanners (Siemens
Healthineers, Erlangen, Germany) with 12-channel birdcage head
coils were used. A standard clinical examination with the 3T MRI
protocol was supplemented by QSM, T,*, T}, and T, relaxometry.
The 1.5T system was used for measurement of T and T, relaxometry
values, employing the same voxel resolution and slice positioning as
the 3T system.

Susceptibility Mapping

QSM and T,* relaxometry maps were reconstructed from a 3D muld-
echo gradient recalled echo (GRE) sequence (repetition time [TR] = 40
msec; six equidistant echo times [TEs] between 5.22 and 34.64 msec;
flip angle [FA] = 15°; voxel resolution = 0.8 X 0.8 X 2 mm? BW = 450
Hz/pixel). Phase images were reconstructed offline using a virtual refer-
ence coil approach."”® The QSM reconstruction pipeline was largely
analogous to that used in a previous Parkinson’s discase study'; the
present implementation consisted of: 1) continuous Laplacian-based
phase unwrapping'®; 2) variable, spherical mean value property-based
background field removal'® using a 10 mm starting kernel radius;
and 3) nonlinear morphology-enabled dipole inversion (nMEDI) with
A = 1000."” Mean bulk magnetic susceptibility values were calculated
using the following 3D ROIs (manually traced by a single rater [A.L.,
3 years of experience] using ITK-SNAP software [www.itksnap.org]):


http://www.itksnap.org

globus pallidus (GP), putamen (Put), caudate nucleus (CN), and thala-
mus (Th). Magnetic susceptibility values were normalized by sub-
tracting the value measured in the occipital white matter reference

region.

Relaxometry

Carr—Purcell-Meiboom-Gill sequences (TR = 3000 msec; 32 echoes
with TE step 8.3 msec at 3T and 6.9 msec at 1.5T, FA = 180°%
voxel size 0.8 X 0.8 X 5 mm>) were used to calculate T, relaxation
time maps. T relaxation time maps for the same slices were mea-
sured using inversion recovery procedure with 10 inversion time
values TT (250-4000 msec) at 3T and 9 TT values (300—4000 msec)
at 1.5T; the images were acquired by a steady-state gradient echo
sequence (FISP, 3T: TR/TE = 5000/1.49 msec, FA = 35°% 1.5T:
TR/TE = 5000/1.51 msec; FA = 35°). Relaxation maps were calcu-
lated using the in-house-developed VIDI program18 and GP, Put,
CN, and Th regional T; and T, values were averaged for the left
and right hemispheres. Two raters (A.L; V.H. 20 years of experi-
ence) performed manual segmentation of T} and T, maps, each of
them segmented data from approximately half of the subjects (both
patients and controls). Correlation analysis of mean ROI values
obtained by both raters was done on a subgroup of eight subjects
confirming high between-rater agreement for T, (r = 0.949,
P <0.0001) and T; (r = 0.946, P < 0.0001) relaxation times. T,
relaxation time dependence on the magnetic field was expressed by a
slope S of R, relaxivity calculated according to a formula:

§=(1/7200 ~1/72050) /AR [ 7]

where AB is a difference in magnetic fields.

T,* values were calculated from multiecho GRE magnitude
images using nonlinear least-squares fitting according to the
Levenberg—Marquardt algorithm (MRI Processor v. 1.1.6, Image]
1.51k, NIH; T,* values were capped at 100 msec, the maximum
number of iterations was 100, and forced no bias).!” The 3D ROIs
used for magnetic susceptibility analysis were also applied to the T,*
maps, retrieving mean bulk values for each region.

Statistical Analysis
Data were analyzed using R software.”® A generalized least-squares
model with different variance for each group:

Y, =Age;j+ GROUD + €;5; €~ N(o, 6°)

was used for each ROI and quantitative parameter to correct for
physiological brain iron accumulation with normal aging and
unequal variances of the groups. The Bonferroni procedure was used
to correct for multiple comparisons; P < 0.0125 was considered sig-
nificant. Distribution of model residuals was visually evaluated using
a Q-Q plot. In the case of apparent nonnormal distribution, the
dependent variable was logarithmically transformed, or the most
prominent outliers were excluded. The general linear hypothesis test
with Tukey adjustment was used for post-hoc between-group analy-
sis; P < 0.05 was considered significant.
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Results

Susceptibility values were significantly higher for all examined
structures (GP, Put, CN, Th) in neuro-WD patients compared
to controls (< 0.001) and hep-WD patients (2 < 0.001).
The most pronounced difference was observed in the putamen,
where the susceptibility increase was more than 100%
(P <0.001, 95% confidence interval [CI] 1.7-2.8; Table 1,
Fig. 1). Susceptibility in the putamen also showed a significant
effect of age (P < 0.001). Point estimates of susceptibility were
systematically slightly higher in the hep-WD group compared
to controls, except for the putamen, but the difference was not
statistically significant.

T, and T,* relaxation times at 3T were significanty
shorter in the neuro-WD group compared to controls for all
DGM structures, except for the thalamus (P < 0.01). Significant
differences between neuro-WD and hep-WD were found in GP
and Put (P < 0.05) for T, and in Put, CN, and GP for T,* relax-
ation times (P < 0.01). T, and T,* relaxation times in hep-WD
did not differ from controls in any of the examined regions. Sig-
nificant effect of age was found in CN for T, and T, as well as
T,* relaxation times (P < 0.01) and in Th and Put for T, and
T,* relaxation times (P < 0.01) at 3T. Contrary to T, or T)¥,
T; relaxometry revealed differences only in the thalamus, with
the neuro-WD group showing significantly longer T relaxation
times compared to controls (< 0.001, 95% CI 64.7-126.2)
and hep-WD patients (P < 0.001, 95% CI 43.9-128.8).

In CN, and GP, 1.5T results followed the same pattern
as observed for 3T data except for an insignificant difference
between hep-WD and neuro-WD for T, in the GP (P = 0.29,
95% CI —4.9-1.1); no difference between groups was found in
Put (P = 0.064) (Table 2). Interestingly, differences in the thal-
amus in the neuro-WD group were more pronounced at lower
magnetic field strength (ie, 1.5T). In particular, significanty
longer T, and T relaxation times were observed in the neuro-
WD compared to healthy and hep-WD groups (P < 0.001).

Field-dependent changes in R, relaxivity values were
calculated from data acquired at 1.5T and 3T. Slopes of R,
field dependence were significantly steeper in the neuro-WD
group in comparison to controls in all examined regions
(P <0.01) and in Put and Th compared to hep-WD patients
(P < 0.01). No significant differences were found between the
hep-WD and control groups (Table 3). A significant effect of
age was observed in NC and Put (P < 0.01).

Discussion

We applied quantitative MR methods at two magnetic field
strengths to determine neuroimaging alterations in patients
with hepatic and neurological forms of WD on long-term
anticopper treatment, comparing them with healthy controls
to explore the nature of the residual brain tissue pathology.

In the neuro-WD group we found significanty
increased magnetic susceptibility values in all DGM nuclei
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and decreased T, and T,* relaxation times in the GP, Put,
and CN at 3T as compared to the hep-WD and control
groups. We also observed increased T; and T, relaxation
times in the thalamus in neuro-WD group, but the latter was
only significant with data acquired at 1.5T.

The pattern of changes found in the basal ganglia of
neuro-WD patients, namely, increased bulk magnetic suscep-
tibility, decreased T, (particularly at 3T) and T,* relaxation
times, and steeper FDRI slopes, is consistent with stronger
paramagnetic behavior in these structures. The most affected
area was the putamen, with a more than 100% increase in
magnetic susceptibility in the neuro-WD group compared to
controls. We attribute the changes in susceptibility and T,*
relaxation times to increased iron content since postmortem
studies show that Ry* relaxometry values closely correlate with
iron content, but not with copper concentrations in the basal
ganglia of WD patients.>*" Tt should be noted that Cu®* species
are paramagnetic, and we cannot exclude that they could have
some impact on quantitative measurements. However, copper
concentration in DGM is approximately three times lower than
iron concentration even in neuro-WD patients® and although

TABLE 1. T,*, T,, and T, Relaxation Times (msec) and Susceptibility (ppb) Values at 3T in the Basal Ganglia (Globus

Pallidus [GP], Putamen [Put], and Caudate Nucleus [CN]) and Thalamus (Th)

Susceptibility GP Put CN Th
Neuro-WD 159.7 (33.4) 100.4 (37.7) 83.0 (21.0) 24.0 (7.8)
Hep-WD 111.7 (21.9)%** 38.3 (15.5)%** 52.3 (10.3)%** 11.6 (4.0)***
Controls 101.0 (11.5)%** 46.6 (19.8)*** 50.4 (12.8)*** 9.5 (4.4)***

T2* GP Put CN Th
Neuro-WD 22.34 (3.8) 31.1 (6.5) 38.24 (7.1) 49.10 (5.6)
Hep-WD 27.74 (3.4)** 42.76 (6.2)%** 48.75 (4.9)%** 49.72 (3.1)
Controls 28.67 (2.4)%** 40.67 (5.4)%** 48.99 (4.5)%** 51.58 (2.8)

T2 GP Put CN Th
Neuro-WD 54.9 (4.9) 64.8 (6.2) 72.7 (5.1) 77.3 (3.5)
Hep-WD 58.3 (3.8)* 70.6 (5.2)* 77.3 (5.9) 75.5 (2.6)
Controls 59.6 (2.6)*** 69.1 (3.6)** 78.0 (2.7)%** 76.6 (2.1)

T1 GP Put CN Th
Neuro-WD 1048.8 (85.6) 1216.4 (84.4) 1330.9 (106.3) 1235.0 (53.7)
Hep-WD 1030.2 (51.5) 1232.5 (53.2) 1352.0 (51.9) 1152.8 (43.3)%%*
Controls 1028.4 (43.7) 1210.6 (43.8) 1342.8 (32.6) 1140.4 (38.4)%**

Standard deviations are in parentheses.

*P < 0.05.

**P < 0.01, and.

4% P < 0.001 for the post-hoc between-group analysis of control and hep-WD vs. neuro-WD group.

magnetic properties of copper storage compounds in WD are

not exactly known, susceptibility of Fe**>*

species is typically
higher than susceptibility of Cu™* species. Based on these facts,
we assume that the copper contribution to susceptibility and rel-
axometry measurements in DGM is rather small.

It has long been acknowledged that gradual accumula-
tion of iron in the basal ganglia is a natural process of aging.**
Most non-hemin iron in the brain is stored in a pool con-
sisting of either ferritin or hemosiderin. Earlier studies have
shown that, if an increased iron content is not accompanied by
a reduction in T, it could indicate a deposition of an insoluble
paramagnetic compound. It is contrary to ferritin, which is
known to affect both T; and T, relaxations.”>** We assume,
thus, that excess iron in neuro-WD might be in a form of
hemosiderin, which has a strong impact on T, T,*, and suscep-
tibility, but a negligible influence on T due to its insolubility.

Interestingly, we observed a different pattern in the thala-
mus of neuro-WD padents, ie, increased magnetic susceptibil-
ity and T, relaxation times at 1.5T and unaltered T,* and T,
relaxation times at 3T. This points to a decrease in tissue dia-
magnetism, possibly due to a loss of myelin, as opposed to an



Neuro-WD

Dezortova et al.: Multiparametric MRI in Wilson’s Disease

- 150

L 75

L0

L-75

- -150 [ppb]
- 100

L 75

- 50

- 25

-0 [ms]
- 240

- 180
- 120
- 60

-0 [ms]
- 2800

- 2100
- 1400

- 700

-0 [ms]

Healthy control

FIGURE 1: QSM images (scale in ppb) and T,*, T,, and T, relaxation maps (scale in msec) acquired at 3T of illustrative neuro-WD
(left), hep-WD (middle), and healthy control (right) subjects, with greater magnetic susceptibility and shorter T, and T,* relaxation
times visible in the basal ganglia of the neuro-WD patient. Note also greater magnetic susceptibility in the thalamus of the neuro-
WD case. Black arrow: caudate nucleus; black arrowhead: putamen, white arrow: globus pallidus; white arrowhead: thalamus.

accumulation of paramagnetic compounds. A longer T} relaxa-
tion time is also attributed to lipid loss and/or increased tissue
water content. Taken together, our findings are consistent with
demyelination of the thalamus in neuro-WD patients. Previous

diffusion tensor imaging (DTI) studies have identified abnor-
malities in the thalami of WD patients, specifically increased
mean diffusivity and decreased fractional anisotropy, which
may be theoretically driven by demyelination processes.”
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TABLE 2. T, and T4 Relaxation Times (msec) at 1.5T in the Basal Ganglia (Globus Pallidus [GP], Putamen [Put], and
Caudate Nucleus [CN]) and Thalamus (Th)

T2 GP Put CN Th
Neuro-WD 65.6 (4.3) 75.2 (3.8) 83.0 (3.9) 82.3 (3.3)
Hep-WD 66.9 (2.7) 78.1 (3.7) 85.9 (3.9)* 78.0 (2.4)%%**
Controls 68.2 (1.8)** 77.4 (2.2) 85.9 (1.9)** 78.7 (1.7)%*%*
T1 GP Put CN Th
Neuro-WD 795.4 (79.0) 958.3 (69.2) 1054.2 (64.6) 942.0 (47.2)
Hep-WD 769.8 (34.1) 968.3 (43.2) 1076.4 (41.4) 861.1 (37.0)***
Controls 779.4 (37.3) 962.1 (28.0) 1059.4 (24.8) 857.8 (32.8)***

Standard deviations are in parentheses.
*P < 0.05.
#%kP < 0.01, and.

**%P < 0.001 for the post-hoc between-group analysis of control and hep-WD vs. neuro-WD group.

Total R; and Ry* relaxivities are the sum of all paramagnetic
(ie, iron-driven) and diamagnetic (ie, myelin-driven) contribu-
tions. At higher magnetic fields (3T vs. 1.5T), the paramagnetic
contribution to transverse relaxivity increases, but the diamagnetic
contribution remains approximately the same. This causes a
decrease of the T, or T,*-weighted signal intensity of iron-
containing tissues at 3T, unlike in 1.5T MR images. Notably, the
majority of early neuroimaging studies in WD were performed at
low magnetic field strengths (ie, <1.5T), which explains the relative
prominence of T, hyperintense lesions in comparison to T,
hypointensities in DGM in these studies.*®

Accordingly, in the present study between-group differ-
ences of T values in the basal ganglia were more pronounced at
the 3T magnetic field strength (eg, in GP: 8.8% at 3T and
4.1% at 1.5T; Tables 1 and 2). This finding confirms that
abnormal T, relaxation time values in the basal ganglia of chron-
ically treated neuro-WD patients are predominantly driven
by iron deposition. The opposite effect was observed in the

thalamus, where significantly increased T, values in neuro-WD
patients were only found on data acquired at 1.5T but not at
3T. This observation suggests that other factors less sensitive to
magnetic field strength, ie, demyelination and/or increased tissue
water content, are primary factors contributing to abnormal T,
values in the thalamus. We presume that higher sensitivity to
paramagnetic contribution mitigates this effect at 3T magnetic
field strength.

R, relaxivity slopes were steeper for all analyzed regions in
neuro-WD patients compared to controls, which is compatible
with higher concentration of paramagnetic compounds in the
former group. For GP, putamen, and caudate, the observed dif-
ferences were comparable to the analysis of T values at 3T. This
is in line with a recent study showing that calculation of R,
relaxivity slopes from measurements at two magnetic fields bring
no benefit compared to measurement of R, relaxometry at the
higher magnetic field only.>” However, a different behavior was
observed in the thalamus, where no between-group difference in

Controls 1.52 (0.31)%%*

deviations are in parentheses.
*P < 0.05.
*%P < (.01, and.

TABLE 3. R; relaxivity slopes S = (1/T2%7 _ 1/T21-5T)/ AB [s'T""], Where AB Is a Difference in Magnetic Fields

R, slope GP Put CN Th
Neuro-WD 2.07 (0.53) 1.53 (0.50) 1.23 (0.50) 0.55 (0.26)
Hep-WD 1.62 (0.69) 1.01 (0.34)** 0.95 (0.41) 0.30 (0.12)%**

1.09 (0.28)%***

The slope is listed for following structures: globus pallidus (GP), putamen (Put), caudate nucleus (CN), and thalamus (Th). Standard

*5%P < 0.001 for the post-hoc between-group analysis of control and hep-WD vs. neuro-WD group.

0.85 (0.23)** 0.26 (0.15)%***




T, was found at 3T, while the R, relaxivity slope was steeper in
the neuro-WD group compared to controls. The explanation of
these disparate results is unclear. We hypothesize that R, field
dependence in this case is not driven by iron concentration alone,
but rather by pathological tissue changes prolonging T’ relaxa-
tion time, such as demyelination or increased free water content,
which contribute to relaxivity at 1.5T to a disproportionately
higher degree than at 3.0T.

In contrast to previous brain MRI studies of untreated
hepatic WD patients, we observed no significant changes in
quantitative MR parameters in our long-term-treated hep-WD
patients.z’28 We can hypothesize that, unlike in neurological
WD patients, abnormalities visible on brain MRI in hepatic
WD patients may be reversible with appropriate treatment.
This theory, however, needs to be confirmed by a longitudinal
study with a larger number of subjects.

Several limitations of this study have to be mentioned.
First, due to scanning time restrictions, we did not use other
quantitative techniques, namely DTI, which could bring fur-
ther information on the WD neuropathology. Additionally, a
small number of patients were examined, particularly in the
hep-WD group, which is composed only of patients with
mild symptoms. Therefore, the conclusions about hep-WD
patients must be generalized only with caution.

In conclusion, using multiparametric mapping we
observed significant residual brain tissue abnormalities in neu-
rological WD patients on chronic anticopper treatment.
However, no such changes were found in treated patients
with the hepatic form of WD. Higher magnetic susceptibility
observed in DGM in neuro-WD patients was corroborated
by decreased T, and T,* relaxation times in GP, Put, and
CN, which we attribute to increased iron content (probably
in the form of hemosiderin deposits). The results of quantita-
tive MR metrics in the thalamus suggest a scenario of demye-
lination in the neuro-WD group.
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