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may be difficult to distinguish from early-onset Parkinson's disease (EO-PD), a neurodegenerative dis-
order with onset <40 years of age. The aim of our study was to compare transcranial sonography (TCS)
—magnetic resonance fusion imaging in WD and EO-PD and examine whether TCS can provide clinically
useful information.

Key Words". X Methods: We examined 22 WD, 16 EO-PD, and 24 healthy control subjects. We measured echogenicity
Transcranial sonography . . R : . . L.

MRI and determined presence of MRI signal changes in T2-weighted images in the substantia nigra (SN) and
Wilson's disease lentiform nucleus (NL). TCS with the capability of magnetic resonance fusion and Virtual Navigator was
Early-onset Parkinson's disease used. The echogenicity indices of SN and NL were processed using digital image analysis to eliminate
Copper subjective evaluation errors.

Results: Mean SN echogenicity index in EO-PD (39.8 + 5.9 [SD]) was higher compared to WD (28.0 + 4.6,
p < 0.0001) and control subjects (28.8 + 4.9, p < 0.0001). Mean NL echogenicity index was higher in WD
(117.5 + 37.0) compared to EO-PD (61.6 + 5.4, p < 0.0001) and control subjects (54.9 + 11.2, p < 0.0001).
The SN hyperechogenicity had sensitivity 93.8%, and specificity 90.9%, while the NL hyperechogenicity
had sensitivity 95.5% and specificity 93.8% for differentiation of WD and EO-PD. NL hyperechogenicity
was more pronounced in WD subjects with putaminal MRI T2 hyperintensity (p < 0.05) but was also
present in subjects without MRI abnormality.
Conclusions: There are distinct TCS findings in WD and EO-PD complementary to MRI that can be utilized
as highly sensitive and specific biomarkers of these disorders.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Wilson's disease (WD) is a hereditary disorder caused by ATP7B
* Corresponding author. Dept. of Neurology and Center of Clinical Neuroscience, mutations resulting in copper accumulation in liver and brain.
Charles University in Prague, 1st Faculty of Medicine and General University Hos- Timely diagnosis is essential since patients have a good prognosis if
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neurological WD is straightforward in the majority of cases when
typical biochemical abnormalities are present [2]. However, the
diagnosis may be difficult in atypical cases that do not fulfill all the
clinical and laboratory criteria [3]. Moreover, genetic confirmation
may be difficult since ATP7B gene is large and more than 500 mu-
tations were described [1], some of them with questionable path-
ogenicity [4].

According to guidelines, every patient with young adulthood-
onset movement disorder should undergo screening for WD. WD
may manifest with parkinsonism, either isolated or in combination
with other symptoms such as dystonia, kinetic tremor or ataxia. In
early-onset Parkinson's disease (EO-PD), parkinsonism is
frequently accompanied by psychiatric symptoms and dystonia [5].
Therefore, the importance of the differential diagnosis between EO-
PD and WD may arise, particularly in cases with atypical symptoms
and/or inconclusive results of biochemical examinations.

Transcranial sonography (TCS) is a validated tool in the diag-
nosis of an early stage of PD [6] as well as in the differential diag-
nosis of PD and atypical parkinsonian syndromes [6,7] and dopa-
responsive dystonia [8]. Typical findings in PD consist particularly
of the hyperechogenicity and enlarged echogenic size of substantia
nigra (SN) [6,9,10]. In the neurological form of WD, the echogenicity
of SN is variable, while the hyperechogenicity of the lentiform
nucleus (NL) has been consistent across studies [11—15]. It is un-
clear how echogenicity changes in WD interrelate to MRI abnor-
malities that typically consist of hyperintensity of basal ganglia,
brainstem, and thalamus in T2-weighted (T2w) images [16].

Considering these different findings in EO-PD and WD patients,
TCS could be a time-saving, low-cost, screening examination of
these disorders. Potential drawbacks of TCS are limited anatomical
clarity and dependence on examiner's subjective evaluation of
hyperechogenicity. These obstacles are partially overcome by using
Virtual Navigator for fusion of TCS and MRI which helps in precise
identification of brain structures [17] and recently validated
method of digital image analysis which reduces the sonographer's
bias in the assessment of hyperechogenicity [18].

The aim of the study was to compare the echogenicity changes
in SN and NL in EO-PD and WD in relation to MRI results and assess
the utility of TCS as a screening examination in early-onset
parkinsonism.

2. Methods
2.1. Patients

In WD patients, inclusion criterion was neurological WD with
diagnosis established according to Leipzig criteria [19]. In EO-PD
patients, inclusion criteria were diagnosis in accordance with the
UK Parkinson's Disease Society Brain Bank criteria [20], and age at
onset < 40 years. For both groups, exclusion criteria were presence
of deep brain stimulation (DBS) electrodes and insufficient tem-
poral bone window for TCS examination. Out of 37 neurological WD
patients from our database, 15 were not reachable or disagreed to
participate. Out of 59 EO-PD patients from our database 21 were
excluded because of DBS, 21 disagreed to participate and one was
excluded due to insufficient temporal bone window. Twenty-two
WD and 16 EO-PD patients participated in the study. The control
group consisted of 24 healthy subjects with no neuropsychiatric
disorder. All subjects signed informed consent and the study was
approved by the Ethical Committee of General Teaching Hospital in
Prague.

Information about initial clinical symptoms, abnormal serum
ceruloplasmin concentration, urine copper excretion, liver copper
concentration, and the presence of K-F ring at the time of diagnosis
was retrieved from medical records.

Twenty WD patients were on a stable medication while two
were de novo treatment naive patients at the time of examination
(Table 1). Fifteen PD patients were on a stable antiparkinsonian
medication while one was treatment naive. All PD patients were
tested for PARK2 mutations; heterozygous pathogenic mutation
was found in one. Neurological impairment was assessed by the
Unified Wilson's Disease Rating Scale (UWDRS) [21] in WD and by
the Unified Parkinson's Disease Rating Scale, Part III (UPDRS-III) in
EO-PD group respectively. Patients were examined on their usual
symptomatic therapy. “Joint parkinsonism subscore” was calcu-
lated from items present jointly in both scales in order to compare
the severity of parkinsonism in WD and EO-PD groups. This sub-
score consists of UPDRS-III except items 24, 30 and 31.

2.2. Magnetic resonance imaging

MRI was performed using 1.5 T whole body Philips Achieva
system in EO-PD and WD patients. Standard spin echo T1w
(resolution = 1.2 x 1.2 x 3 mm?°, TE = 15 ms, TR = 500 ms) and T2w
(resolution = 0.5 x 0.5 x 2 mm?, TE = 233 ms, TR = 2250 ms)
sequences covering the whole brain were employed to quantify
brain damage and generate anatomical images for TCS fusion. An
experienced neuroradiologist blinded to the diagnosis quantified
the MRI pathology. Degree of atrophy was graded as absent (O
points) mild (1 point) or severe (2 points) in three locations: 1)
cerebellum and brainstem, 2) basal ganglia and subcortical region
and 3) cortex. At that, presence of T2 hyperintensities in the
caudate nucleus, putamen, globus pallidus, thalamus, mesenceph-
alon, pons and T2 hypointensities in the NL, SN, and dentate nu-
cleus were scored by 1 point each. The total sum of atrophy and
signal changes build the composite MRI severity score (maximum
15 points) [22].

2.3. Transcranial sonography

The ultrasound system MyLab Twice (Esaote S.p.A., Genova,
Italy) was equipped with the Virtual Navigation (MedCom GmbH,
Darmstadt, Germany), which allows real-time image fusion of TCS
and MRI images. The ultrasound scanner with a Reusable Tracking
Bracket (CIVCO, Kalona, IA, USA) and sensor mount were used. The
Virtual Navigator technology was implemented using an electro-
magnetic tracking system, composed of a transmitter and a small
receiver, mounted on the ultrasound probe. SN was imaged in the
axial mesencephalic plane (Fig. 1A) while NL and caudate nucleus
(CN) were imaged in the axial thalamic plane (Fig. 1B) using the
Fusion Imaging technique.

Following parameters were used: penetration depth of 16 cm,
penetration high, dynamic range 7 (50 dB), frequency 1—4 MHz,
enhancement 3, density 2, view 9, persistence 7, dynamic
compression 0, gain 36%, grey map 0, S-view off, 2 focuses in 5 and
10 cm, mechanical index 0.9, tissue indices TIs 1.0, TIB 1.0 and TIC
2.1.

The butterfly-shaped structure of the mesencephalic brainstem
and the region of SN in mesencephalic section and CN and LN in the
thalamic section were depicted and images were saved in 8-bit
grayscale DICOM format for offline analysis. Predefined elliptical
ROIs were manually placed in the region of contralateral CN and LN
and ipsilateral SN (Supplementary Figure). The echogenicity indices
were calculated separately for SN, CN and LN from both right and
left temporal bone windows using the B-Mode Assist software for
digital image analysis [18,23]; the higher value of both measure-
ments was used for analysis.

Standard visual assessment of SN and LN echogenicity [24]| was
also performed and results were compared with those obtained by
digital image analysis. The mean SN echogenic area from both sides
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Table 1
Demography, clinical and TCS findings.
WD EO-PD Control

Number of patients (females) 22 (11) 16 (9) 24 (16)
Age; mean + SD (years)® 439 + 8.7 422 +5.2 37.6 +10.3
Duration of disease; mean + SD (years)” 171 +9.9 7.7 + 4.7 —
Duration of therapy; mean + SD (years)” 135+7.2 38+19 -
UPDRS-III subscore; mean; median (interquartile range) — 21.3; 16.0 (12.0—-32.0) —
UWDRS neurologic subscore; mean; median (interquartile range) 19.6; 13.5 (7.0—-30.5) — —
UWDRS/UPDRS-III joint parkinsonism subscore; mean; median (interquartile range)" 9.1; 4.5 (2.0-14.3) 14.9, 13.0 (9.0—21.0) —
L-DOPA equivalent; mean + SD (mg) - 623.4 + 453.2 -
Number of patients on d-PEN/Zinc/combination treatment 7/8/4 — —
Composite MRI severity score; mean; median (interquartile range)” 5.9, 6.0 (2.0-8.5) 2.3,2.0(1.0-3.5) —
TCS results
SN echogenicity index; mean + SD“ 28.0 + 4.6 39.8 +5.9 28.8 +4.9
NL echogenicity index; mean + SD® 117.5 + 37.0 61.6 + 5.4 54,9 + 11.2
CN echogenicity index; mean + SDf 47.5 + 16.5 39.6 +9.2 344+ 74
SN echogenic area (cm?); mean + SD¢ 0.20 + 0.03 0.26 + 0.04 0.19 + 0.03
Subject with abnormal SN echogenicity; n (%)% 4/22 (18%) 12/16 (75%) 3/24 (13%)
Subjects with abnormal NL echogenicity; n (%)® 15/22 (68%) 3/16 (19%) 3/24 (13%)
Established WD diagnostic methods
Subjects with abnormal serum ceruloplasmin (<0.2 g/1); n (%)® 17/22 (77%) 2/15 (13%) N.A.
Subjects with abnormal 24-h urine copper excretion (>1 pmol/24 h); n (%)® 21/22 (95%) 2/12 (15%) N.A.
Subjects with positive K-F ring; n (%)® 15/22 (68%) 0/12 (0%) N.A.
Subjects with abnormal liver copper concentration (>250 pg/g dry tissue); n (%) 20/20 (100%) N.A. N.A.
Subjects with confirmed pathogenic mutation of ATP7B; n (%)" 16/22 (73%) N.A. N.A.

Abbreviations: WD — Wilson disease, EO-PD, early-onset Parkinson's disease, UWDRS — Unified Wilson's Disease Rating Scale, UPDRS-III — Unified Parkinson's Disease Rating
Scale, Part III; d-PEN — d-penicillamine, SN — substantia nigra, NL — lentiform nucleus, CN — caudate nucleus, N.A. — not available.

2 p < 0.05 WD compared to controls (ANOVA and Tukey's post-hoc test).
b b < 0.01 WD compared to EO-PD (Mann-Whitney U test).
€ p < 0.05 EO-PD compared to WD (Mann-Whitney U test).

4 p < 0.0001 EO-PD compared to WD and controls (ANOVA and Tukey's post-hoc test).
€ p < 0.0001 WD compared to EO-PD and controls (ANOVA and Tukey's post-hoc test).

f'p < 0.01 WD compared to controls (ANOVA and Tukey's post-hoc test).
& p < 0.001 (Fischer's exact test).

h Sequencing of coding regions of the ATP7B gene revealed homozygous p.[His1069GIn] mutation in 10 and compound heterozygous mutation p.[His1069GIn] and:
[Gly1176Arg] in 1; [Arg778Gly] in 1; [Val1262Phe] in 1; [Gly710Ser] in 2; and [Ala1135fs] in 1 subject. Homozygous p.[Lys1248Thrfs*83] mutation was detected in 1 subject.

was compared in WD, EO-PD, and control group. In the calculation
of sensitivity/specificity for differentiation of WD and EO-PD, the
larger echogenic area of the two sides was employed while SN
hyperechogenicity was defined as echogenic area >0.24 cm?.
Echogenic signals from NL in comparison to surrounding tissue
were assessed visually and rated as “normal” or “hyperechogenic”.
The echogenicity of NL was regarded as abnormal when hyper-
echogenic signal was detected at least on one side. A single so-
nographer who was blinded to the patients' diagnoses but not to
movement disorders symptoms performed examinations and im-
age analyses.

2.4. Statistics

The Shapiro-Wilk test was used for normality testing. Data with
a normal distribution are reported as mean + standard deviation.
Variables not fitting the normal distribution are presented as a
mean, median and interquartile range. Comparisons between two
groups were performed using the Mann-Whitney U test. Group
differences among WD, EO-PD, and control groups were tested
using one-way ANOVA with post-hoc Tukey's test. Receiver oper-
ating characteristic (ROC) curves were plotted and sensitivity/
specificity was calculated for determined cut-off points of SN, NL
and CN echogenicity. Sensitivities/specificities were calculated
from contingency tables for serum ceruloplasmin, 24-h urine
copper excretion, presence of K-F ring, and visually assessed SN and
NL hyperechogenicity; frequencies were compared by Fischer's
exact test. Dependence of variables was assessed using Pearson
correlation coefficient. All reported p-values are two-tailed. Sta-
tistical evaluations were performed using the GraphPad Prism
version 6 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Clinical assessment

Demographic and medical data are shown in Table 1. The age-
range was wider and mean age slightly lower in control subjects
but age and echogenicity indices in examined structures were not
significantly correlated (data not shown), in accordance with a
population study examining SN echogenic area [9]. Twenty-one
WD subjects fulfilled the clinical criteria for hypokinetic-rigid
syndrome (i.e. presence of akinesia and one of the following: ri-
gidity, tremor or postural instability). Parkinsonian symptoms were
more severe in the EO-PD group as documented by higher joint
parkinsonism score (p < 0.05). Four WD cases initially manifested
with isolated parkinsonism and one EO-PD case manifested with
leg dystonia. Sensitivities/specificities for WD and EO-PD differ-
entiation were calculated for established screening methods
reaching 77/88% for serum ceruloplasmin concentration, 95/83% for
24-h urinary copper excretion and 68/100% for K-F ring.

3.2. TCS findings

The EO-PD group exhibited SN hyperechogenicity and the WD
group NL hyperechogenicity in comparison with the control group
(Fig. 2). Group analysis of digital image analysis results was sig-
nificant for both brain areas, SN (F [2, 59] = 30.0, p < 0.0001) and NL
(F[2,59] =472, p < 0.0001). Post-hoc Tukey's test showed that SN
echogenicity in the EO-PD group was significantly higher than in
the WD (p < 0.0001) and control (p < 0.0001) groups and that NL
echogenicity was significantly higher in the WD group compared to
the EO-PD (p < 0.0001) and controls (p < 0.0001). Similar pattern as
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Fig. 1. Typical TCS findings in WD patient with corresponding MRI images using the fusion imaging technique. A) axial mesencephalic plane showing normal echogenicity of a
substantita nigra; B) axial thalamic plane showing hyperechogenic lentiform nucleus. Numbers indicate following anatomical structures: 1 — mesencephalon; 2 — temporal lobe; 3
— cerebellum; 4 — third ventricle; 5 — frontal horn of lateral ventricle; 6 — caudate nucleus; 7 — lentiform nucleus; 8 — insula; 9 — occipital horn of lateral ventricle.

in NL, but with weaker significance, was observed also in CN
(Table 1).

The cut-off value for SN and LN echogenicity indices were
determined 33.7 and 71.9 respectively. SN hyperechogenicity
reached sensitivity 93.8%, specificity 90.9% and area under the ROC
curve (AUC) of 0.972 (95% confidence interval = 0.928—1.00,
p < 0.0001), while NL hyperechogenicity reached sensitivity 95.5%,
specificity 93.8% and AUC of 0992 (95% confidence

interval = 0.973—1.00, p < 0.0001) for a differentiation of WD and
EO-PD (Fig. 3).

The visual assessment of SN echogenicity detected significantly
larger mean SN echogenic area in EO-PD subjects compared to WD
(p <0.0001) and controls (p < 0.0001). The sensitivity/specificity of
visually assessed hyperechogenicity was 75/82% in SN and 68/81%
in NL for WD and EO-PD differentiation.
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Fig. 2. Echogenicity index in A) substantia nigra (SN) and B) lentiform nucleus (NL) in
control subjects, Wilson disease (WD) and early-onset Parkinson's disease (EO-PD)
groups. Y-axes are differently adjusted for SN and NL values respectively. Echogenicity
index in CN exhibited similar pattern as in NL and is thus not depicted in this graph.
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Fig. 3. Receiver operating characteristic (ROC) of substantia nigra (SN, dashed line) and
lentiform nucleus (NL, solid line) echogenicity in the differential diagnosis of Wilson's
disease and early-onset Parkinson's disease.

3.3. Correlation between TCS, MRI, and clinical parameters

TCS findings of two de novo WD patients did not differ from
patients on chronic treatment (NL echogenicity index 134.2 and
107.5 vs. 117.1 + 38.6, p = 0.70). Furthermore, we did not find cor-
relation between the NL echogenicity index and age (r = —0.36,
p = 0.10), disease duration (r = —0.32, p = 0.14), treatment duration
(r=-0.21,p =0.36) or UWDRS score (r = 0.36, p = 0.10) in the WD
group. In EO-PD group, we did not observe correlation between SN
echogenicity index and age (r = 0.06, p = 0.84), disease duration
(r=-0.14, p = 0.61) and UPDRS-III score (r = 0.02, p = 0.93).

The composite MRI severity score was higher in the WD
compared to the EO-PD group (p < 0.01) (Table 1). MRI signal in the
NL in T2w images was normal in six, hypointense in 12, while T2
hyperintense signal in the putamen was present in 13 WD patients.
Out of the group of six WD patients with normal MR signal in NL,

none had NL echogenicity index within the normal range. NL
echogenicity index was higher in WD patients presenting
compared to those not presenting with T2 hyperintense signal in
the putamen (140.4 + 13.6 vs 106.9 + 8.2, p = 0.03) while no dif-
ference in NL echogenicity index was observed between patients
presenting and not presenting T2 hypointense signal in NL
(113.2 £ 9.5 vs 124.5 + 12.1, p = 0.70). T2 hypointense signal in the
SN and/or T2 hyperintense signal in the mesencephalic white
matter was present in 13 WD patients. In the EO-PD group, NL was
rated as hypointense in four patients while hypointense SN was not
found in any patient.

4. Discussion

The results of our study confirmed that the NL and SN echoge-
nicity indices examined by digital image analysis of TCS-MRI fusion
images are sensitive and specific markers of WD and EO-PD. The
hyperechogenicity of SN in the EO-PD group was detected in 93.8%
cases, in accordance with previous TCS studies. In the control group
slightly increased NL and SN echogenicities were found in about
one tenth of subjects without any clinical correlate. This proportion
of healthy subjects with SN hyperechogenicity is consistent across
studies and their potential risk of developing parkinsonism is dis-
cussed [6].

The NL echogenicity index was abnormal in 95.5% of WD pa-
tients. Increased echogenicity index of CN in WD patients was less
constant than NL hyperechogenicity. Sensitivity and specificity of
NL hyperechogenicity were comparable to routinely used screening
methods, i.e. serum ceruloplasmin, urinary copper and K-F ring
supporting its potential value as a screening examination of WD.
Notably, K-F ring was not detectable in 32% of our WD cases in
whom diagnosis was confirmed by genetic examination and/or
increased liver copper concentration. This finding, which is in line
with several recent studies showing that significant proportion of
neurological WD patients may lack the K-Fring [3,25,26], advocates
the utility of other screening investigations.

SN echogenicity in WD patients was similar as in control sub-
jects, yielding approximately 10% of subjects with hyper-
echogenicity. This is in contrast to previous studies showing >50%
prevalence of SN hyperechogenicity in WD [12,13].

Our finding of normal SN echogenicity in WD patients is sur-
prising since the majority of the WD patients were affected by
parkinsonism. Previous studies suggested a link between parkin-
sonism in WD and variable combination of pre- and postsynaptic
damage of the nigrostriatal pathway [27]. Moreover, 13 WD pa-
tients had T2 hypointensity in SN and/or T2 hyperintensity in the
mesencephalic white matter tracts. These results suggest that, in
the case of SN, its microstructural damage depicted on MRI may not
invariably affect its echogenicity.

With respect to the echogenicity changes of NL and CN, our
results are comparable to two previously published studies [12,13].
The first of the studies found NL hyperechogenicity in 100% of
neurological WD patients and a significant correlation between NL
hyperechogenicity and clinical severity [12]. The second one found
NL hyperechogenicity in 81.6% of neurological WD patients and
detected a correlation between SN hyperechogenicity and clinical
severity [13].

In contrast to these studies, we did not find any correlation
between TCS findings, clinical severity and duration of disease or
treatment. Taking these contradictory results into consideration,
TCS probably cannot be used as a reliable marker for longitudinal
follow-up of chelating therapy or disability prognosis.

There are several factors, which may contribute to disparate SN
echogenicity results. For more accurate anatomical delineation of
examined structures we used real-time MRI fusion imaging
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technology. Although not yet validated in neurological applications,
fusion imaging may allow for better identification of brain struc-
tures, particularly in oblique imaging planes. Thus, echogenicity
indices might be more accurate when using this technique. In
addition, we also applied newly developed software for digital
analysis of brain structures echogenicity that automatically ac-
counts for the quality of the bone window, different depth, and
shades of grey. Its usage eliminates the incorrect manual evaluation
of echogenicity and increases sensitivity and comparability [18,23].
Accordingly, sensitivity and specificity for WD and EO-PD differ-
entiation were lower in our cohort when visual analysis of echo-
genicity was employed.

Although TCS is an easy and cheap examination, it has several
limitations. Only one patient (2.6%) from the studied group had to
be excluded due to insonability. However, in large population
studies insufficient temporal bone window, particularly for NL
assessment, is found in more than 10% of subjects [9]. In addition,
MRI-TCS fusion with subsequent digital image analysis with dura-
tion of 20—30 min is more time consuming compared to standard
visual analysis, which may limit its practicability. Further studies
should investigate whether similar results can be obtained without
MRI-TCS fusion when digital image analysis algorithm would be
implemented in the software of routine ultrasound devices. This
could decrease the examination duration to 10 min.

Interpretation of TCS findings is hampered by the lack of un-
derstanding of neuropathological underpinnings of tissue hyper-
echogenicity. The widespread hypothesis suggests its connection
with the accumulation of iron and copper. Presumed dependence of
tissue echogenicity on iron concentration [28] implies that TCS
hyperechogenicity should correlate with MRI T2/T2* hypointensity,
predominantly caused by paramagnetic iron species [29]. Contrary
to this assumption, the degree of NL hyperechogenicity was related
to putaminal T2 hyperintensity rather than to T2 hypointensity in
NL suggesting that echogenicity is not only determined by iron
concentration. In addition, we found NL hyperechogenicity in all
WD patients with normal MR signal in this area confirming pre-
vious findings that TCS can bring complementary information to
MRI [14,15,30]. The echogenicity changes could be also influenced
by copper as documented in a post-mortem study on WD brains
showing a correlation between echogenicity and copper concen-
tration in NL [11]. Since MRI cannot reliably depict copper [29], we
cannot support nor foreclose its effect on tissue echogenicity in our
patients. To sum up, the underpinnings of echogenicity contrast in
TCS examination are complex and depend not only on metal
accumulation but also on associated pathological microstructural
tissue changes.

Despite the limitation of the small number of patients, the
sensitivity and specificity of the results are obvious and our findings
are in good accordance with previously published studies in PD and
WD patients. However, in this proof of concept study we did not
examine only de novo patients, not all the patients with WD have
had isolated parkinsonism, and disease duration was different be-
tween groups. Therefore, additional studies with untreated de novo
patients are needed to confirm the utility of TCS in the differential
diagnosis of WD and EO-PD.

With regard to the results above and previously performed
studies, we can conclude that TCS findings in WD and EO-PD are
potentially helpful as screening biomarkers in early-onset parkin-
sonism. For the future, it could be efficient to include TCS abnor-
mality into supportive neuroimaging criteria for WD.
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Abstract—Transcranial sonography (TCS) can reveal pathology in brain structures including insula. This study
compared insula echogenicity among 22 patients with Wilson’s disease (WD), 21 patients with early-onset
Parkinson’s disease (EO-PD) and 24 healthy patients. Echogenicity of predefined brain structures (insula, lenti-
form nucleus, caudate nucleus, substantia nigra and raphe nuclei) was evaluated using digitized analysis of TCS
fusion imaging with magnetic resonance. Cortical, subcortical and cerebellar atrophy and ventricle diameters
were determined from magnetic resonance images. The mean echogenicity index of insula did not differ between
males and females (p = 0.92), but the echogenicity of insula was higher in patients with WD than in patients with
EO-PD and healthy patients (p < 0.05). The substantia nigra echogenicity was higher in patients with EO-PD,
and lentiform nucleus echogenicity was higher in patients with WD (p < 0.05). The echogenicity of insula corre-
lated with lentiform nucleus echogenicity (r=0.75) but not with age (r=—0.14), disease duration (r = —0.36),
symptom severity (r =0.28), cortical (r=0.11) nor subcortical (r =0.05) atrophy. (E-mail: skoloudik@hotmail.
com) ©2019 World Federation for Ultrasound in Medicine & Biology. All rights reserved.

Key Words: Wilson’s disease, Parkinson’s disease, Transcranial sonography, Magnetic resonance, Echogenicity.

INTRODUCTION

Transcranial sonography (TCS) is a useful tool for
detecting pathologies of the brain parenchyma based on
changes in echogenicity in brain structures including
substantia nigra (SN), brainstem raphe, caudate nucleus,
lentiform nucleus (LN), or dentate nucleus (Walter and
Skoloudik 2014). This can aid in the diagnosis of and
differentiation among brain diseases such as Parkinson’s
disease (PD) and other Parkinsonian syndromes, dysto-
nia, depression, panic disorder, Wilson’s disease (WD)
and Huntington disease (Walter et al. 2007; Berg et al.
2008; Walter and Skoloudik 2014). However, TCS has
lower spatial resolution than other neuroimaging meth-
ods such as computed tomography (CT) or magnetic

Address correspondence to: Prof. David Skoloudik, MD, PhD,
FESO, FEAN, Department of Neurology, University Hospital Ostrava,
17. listopadu 1790/5, CZ-70852 Ostrava, Czech Republic. E-mail:

skoloudik@hotmail.com

resonance (MR). It is also limited by the quality of the
bone window and is dependent on sonographer skills
(Skoloudik and Walter 2010; Walter and Skoloudik
2014).

These drawbacks can be overcome by fusion imag-
ing (with MR or CT) using Virtual Navigator and digi-
tized image analysis (Blahuta et al. 2011, 2014; Lagana
et al. 2011, 2013; Forzoni et al. 2012; Skoloudik et al.
2014), which has not only improved the assessment of
visually detectable structures on TCS images but has
also enabled evaluation of the echogenicity of other
brain structures such as insula, which can be segmented
only with the aid of a fused MR image (Skoloudik et al.
2016). An earlier study has shown that the echogenicity
of insula can be reliably measured with low intra- and
inter-rater variability by TCS-MR fusion imaging
(Skoloudik et al. 2016). However, there have been no
studies to date assessing the echogenicity of insula in
various diseases.
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Accumulation of iron, manganese, copper, or other
substrates; neuronal loss; gliosis; and other structural
changes can cause variations in the echogenicity of brain
parenchyma (Berg et al. 1999; Behnke et al. 2009; Wal-
ter et al. 2014; Walter and Skoloudik 2014; Ghassaban
et al. 2019). However, pathologic processes leading to
changes in the echogenicity of various brain structures
are not fully understood.

PD and WD are characterized by increases in echo-
genicity of particular brain structures that are detectable
by TCS—for example, an increased SN echogenicity in
PD and hyperechogenic LN in WD resulting from cere-
bral accumulation of metals leading to brain parenchy-
mal damage (Berg et al. 1999; Behnke et al. 2009;
Walter et al. 2014; Walter and Skoloudik 2014; Yu et al.
2018). Thus, LN and SN echogenicity can serve as sensi-
tive diagnostic markers in these disorders (Berg et al.
1999; Behnke et al. 2009; Mijajlovic et al. 2014; Walter
et al. 2014; Walter and Skoloudik 2014; Yu et al. 2018).

In this study, we compared insula echogenicity
among patients with WD and patients with early-onset
(EO)-PD and healthy patients by TCS-MR fusion imag-
ing, using Virtual Navigator and digitized image analy-
sis. We also carried out an exploratory correlation
analysis to identify clinical and imaging factors associ-
ated with the echogenicity of insula.

MATERIALS AND METHODS

Patients

Data for this study were acquired during the same
session on the same patients (22 patients with WD and
16 patients with early-onset Parkinson’s disease (EO-
PD) as in our earlier TCS study (Maskova et al. 2016),
although 1 patient with WD and 7 additional patients
with EO-PD were included. Inclusion criteria were a
neurologic form of WD with a diagnosis established
according to Leipzig criteria for the WD group, and
diagnosis according to the UK Parkinson’s Disease Soci-
ety Brain Bank criteria and age at onset <40 y for the
EO-PD group. The control group had 24 healthy patients
with no neuropsychiatric disorders. For all groups, an
insufficient temporal bone window for TCS examination
was an exclusion criterion. All patients provided written,
informed consent before their participation in the study,
and the study protocol was approved by the Ethical
Committee of the General Teaching Hospital in Prague,
Czech Republic.

Neurologic impairment was assessed using the Uni-
fied Wilson’s Disease Rating Scale (UWDRS) in patients
with WD and using the Unified Parkinson’s Disease Rat-
ing Scale, Part III (UPDRS III) in patients with EO-PD.
Patients were examined while receiving their usual
symptomatic therapy.
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MR imaging

MR images were acquired using a 1.5 T whole-body
Achieva scanner (Philips, Eindhoven, The Netherlands).
Standard spin echo T1 w (spatial resolution=1.2 x 1.2 x
3 mm?, echo time (TE) = 15 ms, repetition time (TR) =500
ms) and T2 w (spatial resolution=0.5x 0.5 x 2 mm’,
TE =233 ms, TR =2250 ms) sequences covering the entire
brain were used to quantify brain damage and generate ana-
tomic images for TCS fusion. The insular cortex was
clearly depicted in the axial T2 w sequences in 6—8 voxels
in the latero-lateral direction and 10 slices (expected thick-
ness 3—4 mm and extends >20 mm in rostro-caudal direc-
tion). The degree of brain atrophy on MR images was
visually graded as absent (0 points), mild (1 point), or
severe (2 points) in the following 3 locations: (i) cerebel-
lum and brainstem, (ii) basal ganglia and subcortical region
and (iii) cortex. The grading was carried out by an experi-
enced neuroradiologist blinded to patients’ diagnosis. Mea-
surement of the third ventricle width was performed in the
axial T2-weighted images in the middle of the anterior-pos-
terior direction where the largest width of the ventricle was
measured. Measurement of the fourth ventricle width was
performed in the axial T2-weighted images in the largest
width of the ventricle. All measurements were performed
using the scanner software.

Transcranial sonography

The ultrasound system was equipped with the Vir-
tual Navigation (Esaote S.p.A., Genoa, Italy, and Med-
Com GmbH, Darmstadt, Germany) option, which allows
real-time image fusion of TCS and MR images. The
ultrasound scanner Esaote MyLab Twice (Esaote S.p.A.)
with a 2.5-MHz phased-array transducer (PA240), 639-
039 CIVCO Reusable Tracking Bracket (CIVCO,
Kalona, IA, USA) and sensor mount was used. Virtual
Navigator procedures were implemented using an elec-
tromagnetic tracking system composed of a transmitter
and a small receiver mounted on the ultrasound probe.
The transmitter position—considered as the basis of the
reference system—was fixed through a support, and the
receiver provided the position and orientation of the
ultrasound probe in relation to the transmitter. A proper
head support was also used to keep the subject’s head as
steady as possible. Patients were examined in the supine
position on a horizontal bed with 0° tilt.

After uploading the MR images in Digital Imaging
and Communications in Medicine format to the Virtual
Navigator, eight facial markers were used in all patients
for fusion imaging and visualization of brain structures.
Three internal markers were then used for a fine tuning
to obtain a proper fusion. Transverse TCS images and
corresponding MR images of the insula in the axial tha-
lamic plane were acquired using both left and right trans-
temporal approaches (Fig. 1).
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Fig. 1. Fusion imaging of transcranial sonography and magnetic resonance in the thalamic plane. (a) Increased echoge-
nicity of lentiform nucleus and insula in patient with Wilson’s disease. (b) Normal echogenicity of lentiform nucleus and
insula in patient with early onset Parkinson’s disease.
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The examination was performed through both the
right and left temporal bone window with the following
parameters: a penetration depth of 16 cm, high penetra-
tion, dynamic range =7 (50 dB), frequency = 1—4 MHz,
enhancement =3, density =2, view =9, persistence =7,
dynamic compression=0, gain=36%, gray map =0, S
view off, two focuses at 5 and 10 cm, mechanical
index=0.9 and the following tissue indices: thermal
index for soft tissue = 1.0, thermal index for bone=1.0
and thermal index for cranial bone 2.1. The TCS exami-
nation of all patients were performed with the exact
same settings.

All images were saved in Digital Imaging and Com-
munications in Medicine format. The B-Mode Assist
tool and specific elliptical regions of interest were used
for the measurement of echogenicity index of insula
(area: 196 mm?), SN (area: 50 mm?), LN (area: 200
mm?), caudate nucleus (area: 140 mm?) and raphe nuclei
(area: 40 mm?) (Blahuta et al. 2014; Skoloudik et al.
2014, 2016; Silhan et al. 2015; Maskova et al. 2016).
The higher of the 2 measured values for each structure
was used for the analysis. The reproducibility of the
insula echogenicity index measurement was calculated
in an earlier study and reached intra-rater/inter-rater
intra-class correlation coefficients of 0.995 (95% confi-
dence interval [CI]: 0.993—-0.997) / 0.937 (95% CI:
0.910—0.956) and Spearman’s rank correlation coeffi-
cients of r=0.993 / r=0.921, respectively (Skoloudik
et al. 2016). The sonographer (D.S.) was blinded to the
patients’ diagnosis but not to their movement disorder
symptoms.

Statistics

The sample size of the study was based on an
expected 30% difference in the echogenicity index of
insula between groups. Pre-study calculations showed
that a minimum of 23 patients in each group were
needed to be screened to the study to reach a statisti-
cally significant difference with an « value of 0.05
(two-tailed) and B value of 0.8 (21 patients in each
group), assuming that 10% of these patients (2
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patients) would be excluded because of an insufficient
bone window.

The Shapiro-Wilk test was used for normality test-
ing. Data with a normal distribution are reported as
mean =+ standard deviation. Non-normally distributed
variables are presented as a mean, median and interquar-
tile range. Comparisons between two groups were per-
formed with the Mann-Whitney U test. The Kruskal-
Wallis test was used for comparison among three groups
followed by Bonferroni multiple comparison test com-
paring all pairs. Differences among the WD, EO-PD and
control groups were evaluated by one-way analysis of
variance.

The dependence of variables was assessed using the
Spearman’s correlation coefficient. Bilateral measure-
ments of insula, substantia nigra, caudate nucleus and
LN were used for statistical evaluation. All reported p
values are two-tailed. All tests were carried out at an «
level of significance of 0.05. Data were analyzed using
SPSS v.22.0 software (IBM Corp., Armonk, NY, USA).

RESULTS

Of the 70 patients screened for the study (23
patients with WD and 23 patients with EO-PD and 24
healthy controls), 3 (1 patient with WD and 2 patients
with EO-PD) were excluded from analysis because of an
insufficient bone window. Demographic and medical
data of patients included in the analysis are presented in
Table I. The mean echogenicity index of insula did not
differ significantly between males and females (79.99 +
29.07 vs. 80.78 £ 32.81; p=0.919).

Echogenicity of insula was higher in patients with
WD (103.92 £ 34.94) compared with patients with EO-
PD (73.64 £+ 15.70; p=0.030) and healthy controls
(64.82 £ 24.60; p < 0.001) (Table II and Fig. 1). Also,
LN and CN echogenicity indices were higher in patients
with WD (109.10 + 36.30 and 48.70 4 21.00) compared
with patients with EO-PD (62.60 £ 8.62, p < 0.001 and
39.52 £ 7.32; p=0.010) and healthy controls (54.60 +
14.06; p < 0.001 and 33.11 + 8.78; p < 0.001),

Table I. Demography, clinical and transcranial sonographic findings

WD patients EO-PD patients Control

Number of enrolled patients (males) 22 (11) 21 (10) 24 (8)
Age; mean % SD (y) 438 +8.5 420445 37.6 £10.1
Duration of disease; mean % SD (y) 17.2 £ 8.0 7.6 £4.8 NA
Duration of therapy; mean £ SD (y) 13.5+72 3.6+1.7 NA
UPDRS-III subscore; mean; median (interquartile range) NA 21.3;16.0 (12.0—-32.0) NA
UWDRS neurologic subscore; mean; median (interquartile range) 19.6; 13.5 (7.0-30.5) NA NA
L-DOPA equivalent; mean £ SD (mg) NA 623.4 +453.2 NA
Number of patients on d-PEN/Zinc/combination treatment 7/8/4 NA NA

d-PEN = d-penicillamine, EO-PD =early-onset Parkinson’s disease, MRI=magnetic resonance imaging, SD =standard deviation, UPDRS-
IIT = Unified Parkinson’s Disease Rating Scale, Part III, UWDRS = Unified Wilson’s Disease Rating Scale, WD = Wilson disease.
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Table II. Transcranial sonography and magnetic resonance findings in WD, EO-PD and healthy controls

WD patients p value EO-PD patients p value Controls p value (WD
(22 patients) (WD versus (21 patients) (EO-PD versus (24 patients) versus controls)
EO-PD) controls)
Transcranial sonography
Insula echogenicity index;  103.92 + 34.94 0.030 73.64 £ 15.70 0.379 64.82 £ 24.60 <0.001
mean + SD
Hyperechogenic insula 16 (72.7 %) <0.001 1(4.76 %) 0.984 1(4.17 %) <0.001
(>99th percentile in gen-
eral population); n (%)
SN echogenicity index; 27.38 £5.60 <0.001 38.01 + 8.65 <0.001 29.47 £5.27 0.475
mean = SD
Hyperechogenic SN (>90th 3 (13.6 %) <0.001 17 (81.0 %) <0.001 2(8.3 %) 0.741
percentile of general pop-
ulation); n (%)
LN echogenicity index; 109.10 £ 36.30 <0.001 62.60 + 8.62 0.993 54.60 + 14.06 <0.001
mean + SD
Hyperechogenic LN (>99th 17 (77.3 %) <0.001 0(0 %) 1.000 0(0 %) <0.001
percentile in general pop-
ulation); n (%)
CN echogenicity index; 48.70 £ 21.00 0.010 39.52+£7.32 0.440 33.11 £ 8.78 <0.001
mean + SD
Hyperechogenic CN (>99th 6 (27.3 %) 0.124 0 (0 %) 1.000 0 (0 %) 0.112
percentile in general pop-
ulation); n (%)
BR echogenicity index; 28.74 £4.92 0.531 31.67 £5.06 0.894 30.12 +5.12 0.697
mean + SD
Hypoechogenic BR (<fifth 1 (4.5 %) 1.000 1 (4.8 %) 0.849 2 (8.3 %) 0.834
percentile in general pop-
ulation); n (%)
Magnetic resonance
Third ventricle width; 7.84 £2.70 0.016 3.98 +1.37 1.000 294 +£0.54 0.002
mean + SD
Fourth ventricle width; 2.11+£0.52 0.563 2.00 £0.43 0.388 1.86 £0.23 0.168
mean = SD

Cortical atrophy - absent /
mild / severe; n (%)

Subcortical atrophy -
absent / mild / severe; n
(%)

Cerebellar atrophy - absent 4(18.2)/11(50.0)/7(31.8) 0.051
/ mild / severe; n (%)

9(40.9)/7(31.8)/6(27.3)  0.667

6(27.2)/8(36.4)/8(36.4)  0.105

7(33.3)/13(61.9)/1(4.8)  <0.001

10(47.6)/8(38.1)/3(14.3) <0.001

9(42.9)/9(42.9)/3(14.2)  <0.001

24(100)/0(0)/0(0) <0.001

24(100)/0(0)/0(0) <0.001

24(100)/0(0)/0(0) <0.001

BR = brainstem raphe, CN = caudate nucleus, EO-PD = early-onset Parkinson’s disease, LN =lentiform nucleus, SN = substantia nigra, WD = Wil-

son disease.

respectively. SN echogenicity index was higher in
patients with EO-PD (38.01 £ 8.65) compared with
patients with WD (27.38 &£ 5.60; p < 0.001) and healthy
controls (29.47 £+ 5.27; p < 0.001) (Table II).

The width of the third ventricle was larger in
patients with WD (7.84 £ 2.70 mm) compared with
patients with EO-PD (3.98 £+ 1.37 mm; p=0.016) and
healthy patients (2.94 £ 0.54 mm; p =0.002) (Table II).
Signs of cortical, subcortical and cerebellar atrophy on
MR were significantly less frequent in healthy controls
(p < 0.001 in all cases), but no significant differences
were found between EO-PD and WD patients (p =0.667,
p=0.105 and p=0.051) (Table II). There were no corre-
lations between echogenicity index of insula and age or
NR echogenicity index, or between echogenicity of
insula and width of third or fourth ventricle (Table III).

In patients with WD, the echogenicity index of
insula was correlated with LN echogenicity index but
not with age, disease duration, or symptom severity
as assessed with the UWDRS. In patients with PD,
there was no correlation among the echogenicity
index of insula and any of the evaluated parameters
(Table I1I).

DISCUSSION

The results of this study show that WD and EO-PD
patients differ not only in terms of echogenicity of SN
and LN but also in that of insula. Patients with WD
exhibited increased echogenicity of both LN and insula
compared with patients with EO-PD and healthy con-
trols. Moreover, a strong positive correlation was
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Table III. Correlation between echogenicity index of insula
and selected parameters

Echogenicity index of insula

Spearman p value
correlation
coefficient r
All patients  Age —0.01341 0.91423
BR echogenicity index —0.23556 0.05499
PD patients Age —0.13385 0.56296
Disease duration 0.0595 0.79781
UPDRS-III —0.0883 0.74504
SN echogenicity index 0.06623 0.77545
Third ventricle width ~ —0.12602 0.58622
Fourth ventricle width  0.28106 0.21714
Cortical atrophy —0.19645 0.39339
Subcortical atrophy 0.18464 0.42300
WD patients Age —0.13834 0.53924
Disease duration —0.36091 0.09891
UWDRS 0.27922 0.20824
LN echogenicity index 0.74816 0.00006
CN echogenicity index 0.2716 0.22145
Third ventricle width ~ 0.07064 0.75475
Fourth ventricle width  0.12415 0.58200
Cortical atrophy 0.11762 0.60216
Subcortical atrophy 0.05641 0.8031

BR =brainstem raphe, CN = caudate nucleus, EO-PD = early-onset
Parkinson’s disease, LN =lentiform nucleus, SN =substantia nigra,
UPDRS-III = the Unified Parkinson’s Disease Rating Scale, Part III,
UWDRS =the Unified Wilson’s Disease Rating Scale, WD = Wilson’s
disease.

observed between the echogenicity of the two structures.
These results confirm that insula echogenicity is a useful
diagnostic marker for differentiating between WD and
EO-PD.

The reason for the increased/decreased echogenic-
ity of various brain structures in neurodegenerative dis-
eases is not fully understood. Studies have shown that
the accumulation of metals associated with neurodegen-
eration—for example, iron in PD (Berg et al. 1999;
Behnke et al. 2009; Yu et al. 2018; Ghassaban et al.
2019), copper in WD (Walter et al. 2014), manganese in
dystonia (Walter 2010), or calcification (Stenc Bradvica
2013)—may contribute to the increased echogenicity of
brain parenchyma. On the contrary, decreased echoge-
nicity of raphe nuclei may be attributable to neuronal
loss in the central brainstem (Silhan et al. 2015). In addi-
tion, other pathologic processes, such as focal brain atro-
phy (e.g., medial temporal lobe in dementia) (Yilmaz
et al. 2017) or pathologic intracranial processes (e.g.,
tumor or hemorrhage) (Bogdahn et al. 1998; Skoloudik
2017), can also lead to changes in brain parenchyma
echogenicity.

The reason for increased insula echogenicity in
patients with WD in our study is unclear; however, it is
possible that copper or iron accumulation, structural
changes associated with neuronal loss, gliosis and insular
atrophy play a role. The strong correlation between
insula and LN echogenicity suggests that the same
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pathologic process underlies the hyperechogenicity of
the two structures.

A postmortem study showed that LN hyperechoge-
nicity is correlated with putaminal copper but not iron
concentration (Walter et al. 2014). Thus, copper accu-
mulation and associated pathologic processes could lead
to hyperechogenicity in both the LN and insula, although
histopathologic analyses are needed to confirm this pos-
sibility.

Cortical and subcortical atrophy is another factor
that could increase insula echogenicity. These were
more frequently detected in patients with WD than in
patients with EO-PD and healthy controls by MR. How-
ever, visually assessed cortical and subcortical atrophy
were not correlated with insula echogenicity. Thus, the
contribution of brain atrophy and accumulation of metals
to insula echogenicity requires further quantitative mag-
netic resonance imaging study with volumetric analysis
and a technique sensitive to metal deposits such as quan-
titative susceptibility mapping.

This study had several limitations. First, the number
of patients was calculated only to evaluate differences in
insula echogenicity between WD and PD patients and
healthy controls; the influence of additional factors such
as age, sex, disease stage, brain atrophy, or other brain
pathologies on insula echogenicity remains to be deter-
mined. Second, the sensitivity and specificity of insula
hyperechogenicity in diagnosing WD and differentiating
between WD and EO-PD must be assessed using a larger
number of treatment-naive patients. Third, all TCS
examinations were performed by only one highly experi-
enced sonographer. Thus, the inter-investigator variabil-
ity was not able to be evaluated. Moreover, the
sonographer was not blinded to patients’ movement dis-
order symptoms. Fourth, consistency and any variations
along the planes within a group or across the groups
were not tested. Last, serial TCS examinations should be
performed to analyze the dynamics of insula echogenic-
ity during the course of disease.

In conclusion, increased insula echogenicity in
patients with WD compared with patients with PD and
healthy controls was detected by TCS-MR fusion imag-
ing. A strong positive correlation was observed between
insula and LN echogenicity in patients with WD. Our
findings indicate that insula echogenicity is a promising
biomarker for WD.
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Abstract

Objectives: Hyperechogenicity of the substantia nigra (SN) and abnormal dopamine transporter-
singlephoton emission computed tomography (DAT-SPECT) are biomarkers commonly used in the
assessment of prodromal synucleinopathy. Our goal was: 1) to compare echogenicity of SN in idiopathic
REM behavior disorder (iRBD), PD without RBD (PD-noRBD), PD with RBD (PD+RBD), and control
subjects, and 2) to examine association between SN degeneration assessed by DATSPECT and SN

echogenicity.

Patients/Methods: Sixty-one subjects with confirmed iRBD were examined using Movement

Disorders Society-unified PD rating scale (MDS-UPDRS), TCS (transcranial sonography) and
DATSPECT. The results were compared with 44 patients with PD (25% PD+RBD) and with 120
agematched healthy subjects.

Results and conclusion: The abnormal SN area was found in 75.5% PD, 23% iRBD and 7.3% controls.

Median SN echogenicity area in PD (0.27 + 0.22 cm?) was higher compared to iRBD (0.07 = 0.07 cm?;
p<0.0001) and controls (0.05 + 0.03 cm?; p<0.0001). SN echogenicity in PD+RBD was not significantly
different from PD-noRBD (0.30 vs. 0.22, p=0.15).

Abnormal DAT-SPECT was found in 16 iRBD (25.4%) and 44 PD subjects (100%). No correlation
between the larger SN area and corresponding putaminal binding index was found in iRBD (r=-0.13,

p=0.29), nor in PD (r=-0.19, p=0.22).

The results of our study showed that: 1) SN echogenicity area in iRBD was higher compared to controls,
but the hyperechogenicity was present only in a minority of iRBD; 2) SN echogenicity and DAT-SPECT
binding index did not correlate in either group; and 3) SN echogenicity does not differ between PD

with/without RBD.

Keywords: transcranial sonography, idiopathic rapid-eye-movement sleep behavior disorder,

Parkinson's disease, dopamine transporter imaging, neuroimaging, substantia nigra hyperechogenicity



1. Introduction

Idiopathic rapid eye movement behavior disease (iRBD) is a disorder manifesting with typical dream-
enacting behaviors and lack of atonia during REM sleep; it is recognized as prodromal phase of
synucleinopathies' such as Parkinson's disease (PD), dementia with Lewy bodies (DLB)*°, or multiple
system atrophy (MSA). In contrast with previous works declaring average risk of conversion to manifest
neurodegenerative phenotype between 38-68%°*, the recently published longitudinal studies revealed
significant correlation between duration of follow-up and conversion rate’ which exceeds 90% within
14 years since the first iRBD symptoms'®'2. Additionally, in subjects presenting with other risk factors
such as cognitive deficit, olfactory dysfunction, or abnormal findings in dopamine transporter-single-
photon emission computed tomography imaging (DAT-SPECT), the phenoconversion rate is much
higher'’.

DAT imaging is the gold standard for evaluating SN dopaminergic neuronal loss in prodromal and
manifest synucleinopathies'®. Gradual decrease in DAT binding observed in physiological aging
(approximately 6-7% per decade) is accelerated in PD patients reaching 6-13% annual loss'*'*. Decrease
below 65% of age-expected binding ratio was confirmed as a risk factor for the development of PD in
elderly population'®. The loss of DAT binding necessary for the clinical manifestation of
parkinsonism is not exactly determined and the estimated threshold ranges from 50% to 80%'* '® 7.
Reduced striatal DAT binding in PD was associated with motor severity, mostly with bradykinesia and
rigidity'®.

DAT imaging in iRBD is a useful marker for determination of short-term risk of conversion to
manifest synucleinopathy®. However, it has been shown that a combination with other markers is
required to achieve satisfactory predictive performance of the test towards conversion, e.g. inclusion of
SN hyperechogenicity, which increases the sensitivity for conversion risk over 2.5 years to 100%°.
Transcranial sonography (TCS) has been established as a specific and sensitive diagnostic tool for
distinguishing PD patients from healthy subjects, achieving high specificity (83-87%) and sensitivity
(93-100%)" ?°. Large SN hyperechogenic area, which is typically found in PD patients, is also
consistently described in about 10% of the healthy population’’*>. The presence of TCS SN
hyperechogenicity is not associated with sex, or duration of clinical symptoms in PD and other

synucleuinopathies’***. The previously reported age-independence of SN echogenicity changes *'**

has been, however, re-evaluated and questioned in recent studies®* 3.

The SN hyperechogenicity has been observed in iRBD subjects, although with a lower prevalence

compared to PD’-2%337 However, the results of previous studies evaluating TCS changes in iRBD are

not entirely consistent: 1) reported average SN echogenicity area showed a wide range of values (0,16-



0,28 cm®in iRBD and 0,06-0,176 cm?® in healthy subjects) and 2) the percentage of abnormal TCS
findings varies in both groups (34-63% iRBD and 10-29% controls) 7% 3842,

Interestingly, iRBD patients do not reach the same extent of SN echogenicity area as is seen in PD,
even after phenoconversion; this observation triggered birth of the theory postulating different
mechanism of SN degeneration in PD with and without RBD*’. Clinically, RBD is a marker of “diffuse
malignant subtype” of synucleinopathies associated with a higher incidence of dementia, gait
disturbance, and orthostasis****. PD patients with RBD tend to have more severe SN dopaminergic loss
on DAT-SPECT*, however, it is not clear whether they also possess specific TCS signature.

Although both, TCS and DAT-SPECT, depict degeneration of SN, their longitudinal dynamics vary
considerably. While the loss of dopaminergic neurons assessed by DAT-SPECT is progressive in time,
the sonography studies have not shown dependence on the duration of the disease and the SN
echogenicity changes in PD remain stationary over time*®. Most of published studies documented no
association between decreased striatal DAT uptake and SN hyperechogenicity in PD patients'® ¥, thus,

they are considered as independent and complementary markers of SN damage'®: 3% %,

Motivated by the knowledge gap regarding association between RBD status and TCS findings in
synucleinopathies, the aims of our study were 1) to compare echogenicity of SN in control subjects,
iRBD, PD without RBD (PD-noRBD), and PD with RBD (PD+RBD); 2) to examine association
between SN degeneration assessed by DAT-SPECT and SN echogenicity; and 3) investigate association

between SN echogenicity area and clinical severity of motor symptoms.
2. METHODS

2.1. Patients

Sixty-one subjects with iRBD (57M/4F, mean age 66.4+8.1) diagnosed according to the American
Academy of Sleep Medicine ICSD-3 (International Classification of Sleep Disorders, 3rd ed, Darien, IL
2014) were included. For inclusion, all patients had to be without overt parkinsonism, dementia, factors
indicative of secondary RBD such as narcolepsy, drug-induced RBD (i.e. RBD originating shortly after

initiation of antidepressants), or focal brainstem lesions on MRI.

Forty-four treatment-naive PD patients newly diagnosed in accordance with the MDS clinical
diagnostic criteria®*>° (31M/13F, mean age 56.3+12.4 years) were included. All iRBD and PD patients
were examined by a single-night polysomnography, the Movement Disorders Society-sponsored
revision of the Unified PD Rating Scale (MDS-UPDRS)*', TCS and DAT-SPECT. The PD group was
divided into subroups without (PD-noRBD) and with (PD+RBD) RBD according to the results of the
polysomnographic examination using identical criteria as in the iRBD group. Clinical and MDSUPDRS

examination was performed by an experienced movement disorders specialist (PD, ER, VI).



The control group for TSC examination consisted of 120 healthy subjects (76M/44F, mean age
55.5+12.2 years) without history of neurological or psychiatric disorders. In all groups, only subjects
with bilaterally permeable temporal bone window were included. All subjects signed informed consent

and the study was approved by the Ethical Committee of General University Hospital in Prague.

2.2. Transcranial sonography (TCS)

In our study we used a commercial ultrasound device (Toshiba, Aplio 300) with a 2.5MHz
phased array transducer. The ultrasound examination was performed through the right and left
preauricular temporal bone windows with the commonly used parameters (penetration depth 16 cm,
dynamic range 50 dB). The butterfly-shaped mesencephalic brainstem and the region of SN in
mesencephalic section (Fig.1 A,B) were evaluated from the transverse plane. For accurate comparison,

all TCS examinations were performed with the same settings without gain adjustment.
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Figure 1 (double column fitting image) — TCS evaluation, hyperechogenic SN in hypoechogenic
butterfly-like shape mesencephalon: Illustrative image of A) normal TCS (typical for healthy controls)
and B) increased SN echogenicity (typical for PD); C) dot graph comparing SN area (cm?) evaluations



from both raters; D) specificity and sensitivity in distinguishing PD and control group using the cut off
value 0.126 cm?

TCS examination was performed by a single experienced sonographer (JM), who was blinded
to the clinical symptoms and patient history. The acquired mesencephalic sonographic images were
converted to DICOM format and evaluated using ImageJ (NIH, MD, USA) by two independent raters
(JM, PS) blinded to the diagnosis. The hyperechogenicity area was encircled manually in both sides.
The intraclass correlation coefficient between raters confirmed high reliability of the assessment
(’=0.87; p<0.001; Fig.1C). The larger SN area from both sides was used for further analysis. As optimal
cut off values may vary significantly between different sonographic devices and settings, we performed
ROC analysis of SN area in a healthy cohort and PD group®?. Using the optimal cut off value 0.126 cm?
TCS reached 75.5% sensitivity and 92.7% specificity (p<0.0001) in distinguishing PD and control
groups (Fig.1D).

The proportion of insufficiently permeable temporal bone windows on both sides in originally
examined subjects was 24% in iRBD (n=19), 25% in PD (n=15), which is slightly higher compared to
the usual published 5-20% range” '*** 43 ‘but only 3,3% in healthy controls (n=23); these subjects are

not included in the tables or analyses.
2.3. DAT SPECT

DAT-SPECT analysis was largely analogous to thatused in a previous RBD study>*. The examination
was performed using the [123I]-2-b-carbomethoxy-3b-(4-iodophenyl)-N-(3-fluoropropyl) nortropane
([1231]FP-CIT, DaTscan®, GE Healthcare) tracer; approximately 185 MBq [123I]FP-CIT was injected
intravenously. Scans were acquired 3 hours after tracer injection on a dual-head camera system (Infinia,
GE Healthcare). The acquisition parameters were as follows: rotational radius 13-15 cm, image matrix
128x%128, angular sampling with 120 projections at 3° interval and 40 seconds per view, zoom 1.3,
energy window 159+10 % keV. Reconstruction of the raw SPECT projection data was performed using
the ordered subset expectation maximization (OSEM) algorithm with 8 iterations and 10 subsets
including Chang attenuation correction (n = 0.11 cm—1) and 3D Butterworth postfiltering with FWHM
= 8 mm. Automated semi-quantitative analysis was performed using the BasGan V2 software

(https://www.aimn.it/site/page/gds/gds-5) and specific binding ratios (SBR) in the caudate nucleus and

putamen in each hemisphere were calculated relative to a occipital reference region. Consequently,
linear regression of age and caudate/ putamen SBR values in 97 healthy subjects included in the BasGan
V2 software and 32 internal controls previously examined in the General University Hospital in Prague

was calculated and 95%, one-sided prediction intervals was constructed. According to the putaminal



SBR from the hemisphere with lower tracer binding, DATSPECT scans with SBR < 95% prediction

interval were classified as abnormal.
2.4. STATISTICS

Distributions of values of continuous variables were tested using the D'Agostino & Pearson normality
test. Groupwise comparisons were done using either Student t-test, Mann-Whitney U test,
KruskalWallis, one-way ANOVA or univariate general linear model with age and sex as covariates;
post-hoc tests were corrected for multiple comparisons using the method of honestly significant
difference test (HSD) as appropriate. Contingency analyses were performed using Pearson Chi-square
or Fischer’s exact test. Pearson correlation coefficient or partial correlation coefficient controlling for
age and sex were used for testing of associations between variables. Statistica software version 12
(StatSoft) and Graphpad Prism version 6.07 (Graphpad software, San Diego, CA, USA) were used for

statistical analysis.

3. RESULTS

3.1. Clinical assessment

Demographical data are shown in Tab.1. The iRBD group was slightly older (p<0.001) and with higher
male/female ratio (p<0.003) compared to the PD and control group. The mean MDS-UPDRS III
subscore in PD group was significantly higher compared to the iRBD group (p <0.0001).

Table 1 — Demographic data

PD group iRBD group p-value
Control
group
Number of patients (females); 44 (13) 61 (4) 120 (44) -
n
Age; mean = SD (years) 56.3+124 66.4 £8.1 55.5+12.2 <0.001*
Duration of subjective 23+1.6 8.1+9.0 N.A. -
symptoms; mean + SD (years)
o
Interval between RBD - 0.69 £0.99 - -
diagnosis and TCS; mean +
SD (years)
SN area; median + IQR; mean 0.27 +£0.22; 0.07+0.07; 0.05+£0.03; | <0.003**
+ SD* (ecm®)
(0.23 £0.13) (0.11+£0.11) | (0.06+0.05)




MDS-UPDRS-III  subscore; 28.5+13 6.4+6.0 N.D. <0.0001
mean + SD

* One-way ANOVA, HSD post-hoc significant for iRBD vs controls and PD vs iRBD

** One-way ANOVA, HSD post-hoc test significant for PD vs. controls (p<0.0001); PD vs. iRBD
(p<0.0001); and iRBD vs. controls (p<0.003)

* For comparison with previous studies, mean values are reported in brackets

% Duration of motor symptoms in PD and dream-enactment behavior in iRBD

PD — Parkinson's disease; iRBD — idiopathic REM behavior disorder; SD — standard deviation; SN —
substantia nigra, IQR — interquartile range; MDS-UPDRS-III — Movement Disorder Society, Unified
Parkinson’s Disease Rating Scale, motor examination

3.2. TCS findings

The abnormal SN area (>0.126 cm?) was found in 75.5% PD, 23% iRBD and 7.3% controls; contingency
analysis confirmed significantly higher proportion of abnormal SN area in iRBD patients compared to

controls (OR 4.22 [95% confidence interval 1.75 — 10.22], p = 0.0007).

Quantitative analysis showed that SN area in PD was higher compared to iRBD (p<0.0001) and controls
(p<0.0001); SN area was also higher in iRBD compared to controls (p<0.003, Tab.1). Sensitivity
analysis comparing only iRBD patients and subgroup of age-matched controls confirmed significantly

higher SN area in the iRBD group compared to controls (p<0.0001).

In order to examine whether the presence of RBD influences the SN area in the PD group, patients with
and without RBD were compared. RBD was present in 11 (25%) PD patients (PD+RBD) and their SN
echogenicity area was not significantly different compared to PD-noRBD (p=0.15, Tab.2).

Table 2 — SN echogenic area and DAT-SPECT specific binding ratios in iRBD and PD subgroups

PD without RBD | PD with RBD

iRBD (PD-noRBD) (PD+RBD) | P-value
Number of patients (females) 61 (4) 33 (12) 11 (1) <0.0005*
SN area (cm2), median + 0.07 £0.08 0.30+0.14 0.22 £0.02 <0.001%**
IQR
(higher from both
hemisphere)
Putaminal SBR 2.9+0.7 1.6+0.3 1.2+03 <0.0001%**
(worse hemisphere)




Caudate SBR 3.8+0.8 33+0.6 26+0.7 <0.0004 %%

(worse hemisphere)

* Two-sided Fisher’s test for male/female ratio significant for iRBD vs PD-noRBD

** One-way ANOVA, HSD post-hoc test significant for iRBD vs PD-noRBD (p<0.002); and RBD vs.
PD+RBD (p<0.001)

*#* One-way ANOVA, HSD post-hoc test significant for iRBD vs PD-noRBD (p<0.0001); and RBD vs
PD+RBD (p<0.0001)

**%% One-way ANOVA, HSD post-hoc test significant for iRBD vs PD+RBD; RBD vs PD-noRBD;
PD-+RBD vs PD-noRBD (p<0.0004)

PD — Parkinson’s disease;, RBD — REM behavior disorder; SN — substantia nigra; IQR — interquartile
range;, SBR — striatal binding ratio
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Figure 2 (single column fitting image) — Dot graphs comparing SN echogenic area in study groups
(blue: controls, red: RBD, dark green rectangles: PD+RBD, light green circles: PD-noRBD)

3.3. DAT-SPECT findings

Abnormally decreased putaminal SBR was found in 16 (25.4%) iRBD and 44 (100%) PD patients.
Corrected for age and sex, putaminal SBR from the worse hemisphere was significantly higher in the
iRBD group, compared to the PD-noRBD group, and PD+RBD group (<0.0001). Caudate SBR from
the worse hemisphere was also higher in iRBD compared to both PD-noRBD (p<0.0004) and PD+RBD
(p<0.0004) subgroups; additionally, caudate SBR was lower in PD+RBD compared to PDnoRBD group
(p<0.0004), see Tab.2).




3.4. Correlation between TCS, DAT-SPECT and clinical parameters

First, the larger SN area from bilateral TCS examination was used for the analysis and was compared
with ipsilateral (corresponding) putaminal SBR. Contingency analysis comparing the concordance
between DAT-SPECT and TCS findings showed that proportion of abnormal DAT-SPECT was not

significantly different in iRBD patients with abnormal (35.7%) compared to normal (21.2%) TCS
finding (p=0.28).

Quantitative comparison of patients with normal and abnormal TCS findings confirmed there were no
differences in putaminal SBR, corrected for age and sex, corresponding to the SN with larger
hyperechogenic area in both, iRBD (p=0.45) and PD group (p=0.80). Analysis of caudate SBR returned
similar results (p=0.63 in iRBD and p=0.84 in PD group) (Tab.3). Partial correlation analysis corrected
for age and sex showed no association between the larger SN area and putaminal SBR from the

corresponding hemisphere in iRBD (r=-0.13, p=0.29), nor in PD group (r=-0.19, p=0.22), see Fig.3.

A) RED B) PD
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Figure 3 (double column fitting image) — Scatter graphs of correlation between putaminal SBR and
SN area in A) iRBD and B) PD group.

Additionally, we did not find a difference in gender (p=0.71), nor in the mean age of symptoms onset
between PD patients with normal (54.1 £ 15.2 years) and abnormal (54.2 + 12.0 years) TCS findings.
We also did not find correlation between the SN echogenicity area and age in neither group (1=0.17,

p=0.18 in iRBD; r=0.11, p=0.49 in PD; r=0.10, p=0.28 in controls; Fig. 4).
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Figure 4 (single column fitting image) — Distribution of SN area according to age in healthy controls

Next, the influence of TCS and DAT-SPECT findings on motor function was examined; iRBD patients
with normal findings on both (TCS and DAT-SPECT) examination methods had significantly lower
MDS-UPDRS III score (4.9+3.9) compared to patients with abnormality in at least one examination
method (8.84+6.9; p=0.03), see Tab.4. Additionally, partial correlation analysis corrected for age and sex
showed that MDS-UPDRS-III score was associated with SN echogenicity area in iRBD group (r=0.27,
p=0.045) and with putaminal SBR in PD group (r=-0.37, p=0.005).

Table 4 — Proportion of iRBD subjects with normal and abnormal TCS and DAT-SPECT findings

Normal SN area
Abnormal SN area
Number of subjects; n 5 10
Abnormal putaminal MDS-UPDRS 11l 5
SBR ) subscore, 64+36 9.0+9.0
mean + SD
Number of subjects; n 9 37
Normal putaminal SBR _ .
p MDS-UPDRS 1III subscore; 99458 49439
mean + SD

SN — substantia nigra; SBR — striatal binding ratio; SD — standard deviation, MDS-UPDRS-III —

Movement Disorder Society, Unified Parkinson’s Disease Rating Scale, motor examination

4. DISCUSSION
The results confirmed that: 1) the median SN echogenicity area in iRBD patients is slightly higher

than that of controls, but values exceeding the cut off were present only in a minority of iRBD patients
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and 2) TCS SN area and DAT-SPECT binding indexes are not correlated in either, iRBD or PD group.
In addition, we found that: 3) SN area does not differ between PD+RBD and PD-noRBD and 4) motor

function assessed by MDS-UPDRS III score was best preserved in iRBD patients with normal TCS and
DAT-SPECT results.

The median values of SN area differed between the studied groups (PD>1RBD>healthy subjects),
whereas the overall proportion of abnormal TCS finding was significantly higher in iRBD compared to
healthy controls. The structural causes of the SN echogenicity changes are not well understood and may
theoretically involve the role of iron deposits, glial activation or vascular changes®>™. The cut off value
for SN area calculated for our data (0.126 cm?) is smaller than the usually mentioned value 0.20 cm?
(Tab.5). The higher cut off values in previously published studies could be influenced by several factors:
a) using different image processing of ultrasound device providers and previously published cut offs
instead of calculating own specific values (see Tab.5 listing cut offs used in previous studies),

b) adjusting the gain parameters, which can lead to the overestimation of the SN area and c) different

strategies of SN area encircling.

Importantly, our cut off is based on analysis of results from two independent raters with a high

between-rater agreement and its sensitivity and specificity are comparable to previous studies®*** 3" ¥

(Fig.1 C,D). Unlike the previous publications, we used the median instead of the mean for SN area
evaluation, because the distribution of values of SN area in healthy controls and iRBD subjects was
abnormal.

Table 5 — Previously published TCS cut-off values in iRBD studies

First author Control Nuillgll;g °f
+ Cut off value iRBD SN PD SN . Ultrasound
(publication (ecm?) area (cm’) | area (cm’) group Slj patients device
ear) area (cm ) (abnormal
y TCS in %)
Iwanami et K 0,20 el 0.20+0.13 0.22 + 0.06 4 0.06 34 Logic 7,
al (2010 | (take over cut off)| 0.0 %0. 0.11 000, (41.2) GE
Stockner et 0,20 51 Logic 7,
20 £0. A .14 £ 0.
al (2009)” | (90th percentile) 0.20+0.09 N-A 0.14£0.05 (37.3) GE
Iranzo et al 0,20 39 Logic 7,
.20 +0. A .14 £ 0.
(2010)*® | (90th percentile) 0.20+0.09 N-A 0-14+0.05 (36.0) GE
. 0,20
Shin et al ’ 0.72 £+ 12 .
29 £ 0. A1 +£0.
(2012)39 (take over cut off) 0.29 +0.47 041 0.11 +0.17 (500) PhlllpS
. 0,20
Vilas et al ’ 59 s
+ . + 0.
(2015)40 (take over cut off) 0.24 +£0.10 N.A. 0.176 £0.11 (62.7) Phllllps
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Miyamoto et 0,18
al (2013)36 (take over cut off) N.A. N.A. N.A. N.A. N.A.
0,20 .
Iranzo et al ’ 31 Logic 7,
+
(2014)*! (take over cut off)| 0.20 =0.09 N.A. N.A. (32.3) GE
0,16
Noyce et al. ’ GE
(2018)42 (take over cut off) N.A. N.A. N.A. N.A. Healthcare

REM — rapid eye movement, SN — substantia nigra,; iRBD - idiopathic REM behavior disorder

Moreover, all sonographic images were acquired using the same TCS settings. These factors likely
contributed to lower SN area and higher number of excluded patients due to the poor temporal bone

window quality.

Abnormal TCS findings were present only in 23% iRBD patients. Previously published studies
referred a higher proportion of iRBD patients with abnormal SN echogenicity area (from 32.3% to
62.7%)" 2636 38.39.41.60 "The highest SN area was reported in study with a relatively low number of
subjects (n=12) and short duration of symptoms (5.3 years)*’, which might lead to biased estimate.
Aggregate results in all patients from the studies listed in Tab. 5 yields abnormal TCS findings in 44.2%
iRBD subjects which is almost double the prevalence of pathological findings in this study. The main
reason for the low percentage of TCS abnormalities is likely to be the use of other methodologies of SN
area assessment. Especially we have used cut off value defined as optimal value for discrimination of
PD and controls based on ROC analysis. Lowering the cut off value to 0.1 cm? which is the 90™
percentile of SN area in the control cohort, yields abnormal TCS finding in 32.4% RBD patients. Thus,
using commonly employed method for cut off value determination makes the estimate of abnormal TCS
finding prevalence in our RBD cohort more comparable to previous findings. We also cannot exclude

the influence of other factors such as device settings or different composition of our RBD cohort).

The results confirmed that SN echogenicity is not associated with reduced striatal DAT uptake in any
of examined groups. Moreover, in some subjects, the hemisphere with abnormal DAT-SPECT and
enlarged SN area differed, which further confirms that these neuroimaging abnormalities are

unrelated. Our conclusion corresponds to results of previously published studies'® ** *%,

To our best knowledge, this is the first study comparing TCS findings in PD patients with and without
RBD. Most of the previously published studies comparing PD with and without RBD focused mainly
on the difference of clinical**®' and DAT-SPECT findings. In our study, patients with prodromal (iRBD)
and manifest (PD+RBD) synucleinopathy presenting with RBD differed in both, DAT-SPECT and TCS,

results with significantly worse findings in PD+RBD. According to a prospective study by Iranzo et al,
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presence of RBD may mark a distinctive synucleinopathy phenotype with different mechanisms of
neurodegeneration'’. Abnormal SN hyperechogenic area is present not only in PD with and without
RBD, but also in DLB, a disorder with high frequency of RBD and

bilateral TCS abnormities™ 2.

Idiopathic RBD patients with normal TCS and normal DAT-SPECT have significantly lower motor
deficit in the study suggesting that pathology in either type of examination has some functional
consequence. It has been shown that pathology in both methods, TCS and DAT-SPECT, is a risk
factor for early phenoconversion®® *'. However, the importance of normal SN echogenicity alone for
RBD phenoconversion has also not yet been properly assessed. Based on our observations, we assume
that normal SN area in synucleinopathies is not associated with RBD in general but appears to be
common in patients with RBD preceding the development of parkinsonism with a longer time delay.
Although a smaller SN area in PD was previously found to be associated with later onset of symptoms®’,
we did not confirm this result. We speculate that hyperechogenic SN is more vulnerable to alpha-
synuclein pathology and TCS abnormality could thus represent a risk factor for the appearance of motor
symptoms with less severe degeneration of dopaminergic neurons. On the contrary, dopaminergic
neurons in subjects with normal SN echogenic area may be less sensitive to the effect of alpha-synuclein
pathology, which may first present by symptoms of damage of other nuclei before parkinsonism
manifests. These theories will have to be verified by long-term observation of larger number of RBD

subjects.

Association between abnormal TCS finding and worse MDS-UPDRS III score previously found in
elderly population® was only partially confirmed in iRBD patients in our study. Besides mild correlation
between MDS-UPDRS III and SN area, the difference in motor function between iRBD patients with
normal and abnormal TCS finding became significant only when putaminal DATSPECT binding was
taken into account. This finding is consistent with the assumption that SN hyperechogenicity alone does
not significantly affect the severity of motor deficit, but with simultaneous neurodegenerative process

becomes a fragile terrain for early nigrostriatal dysfunction.

The limitations of the study were the cross-sectional design, absence of DAT-SPECT examination
and MDS-UPDRS III score in healthy subjects, and relatively small number of PD patients with RBD.
Further limitation were slightly higher age and the predominance of males in the iRBD group.

Importantly, several studies have shown no correlation between gender, age and SN echogenic area*'ss

indicating that slight age and gender imbalance have not significantly biased our results.

The results of our study confirmed different SN echogenicity changes in PD, iRBD and control group.
According to the findings, iRBD patients have a relatively low prevalence of abnormal TCS findings,
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while the SN echogenicity pattern in PD with RBD is comparable to PD without RBD. Thus, patients
with long-term iRBD preceding phenoconversion likely represent a specific phenotype of
synucleinopathy. Normal TCS and DAT-SPECT findings are associated with normal motor function in
iRBD patients. Finally, we conclude that the SN hyperechogenicity reflects structural and DAT-

SPECT functional changes in dopaminergic pathway. TCS and DAT-SPECT examinations are

complementary but not substitutable.
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Table 3 — Clinical and imaging findings in PD and iRBD subgroups with normal and abnormal TCS

iRBD/ iRBD/ p-value | PD/ normal PD/ pvalue
normal TCS TCS
abnormal abnormal
TCS TCS
Number (females); n 47 (4) 14 (0) 0.56 11 (4) 33 (9) 0.71
Age; mean = SD 65.7+ 8.4 68.5+6.1 0.89 57.0+139 | 56.0+11.6 1.00
(years)
Duration of 9.0+£9.5 48+42 22+64 22=+1.6 1.00
subjective symptoms;
mean = SD (years) 0.36
Corresponding 3.00 £ 0.63 3.02+0.97 1.00 1.70£0.58 | 1.65+0.39 1.00
putaminal SBR;
mean = SD
Corresponding 3.76 £0.74 3.55+0.49 0.63 3.15+0.83 | 3.09+0.60 | 0.84
caudate SBR; mean +
SD
MDS-UPDRS-III 5.6+5.49 8.6 +5.05 0.84 323+£1426 | 27.2+122 | 0.59

subscore; mean + SD




iRBD — idiopathic REM behavior disorder; MDS-UPDRS-III — Movement Disorder Society, Unified
Parkinson’s Disease Rating Scale, motor score; PD — Parkinson’s disease; SN — substantia nigra;
SBR — specific binding ratio, SD — standard deviation, TCS — transcranial sonography

Highlights:

* Substantia nigra hyperechogenicity was found only in 23% of iRBD patients

In PD patients, substantia nigra hyperechogenicity is not influenced by the presence of RBD

Substantia nigra echogenicity and decreased dopamine transporter binding are unrelated markers
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