
doi:10.1093/brain/awl042 Brain (2006), 129, 1188–1193

Transcranial sonography and [123I]FP-CIT
SPECT disclose complementary aspects of
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Hyperechogenic signal of substantia nigra (SN) in transcranial sonography (TCS) and reduced striatal uptake in
FP-CIT SPECT are commonfindings in idiopathic Parkinson’s disease (PD). But so far it is unknownwhether the
extent of SN hyperechogenicity represents a correlate for the degeneration of presynaptic dopaminergic
neurons in PD. We performed TCS and 123I-labelled N-(3-fluoropropyl)-2ß-carbomethoxy-3ß-(4-iodophenyl)-
nortropane ([123I]FP-CIT) SPECT in 53 patients with PD. Striatal FP-CIT uptake was quantified by measuring
the striatal/posterior lobe binding of [123I]FP-CIT. SN echogenicity was quantified by planimetricmeasurement
of themaximum extension of hyperechogenic signals.We found no correlation between striatal FP-CIT uptake
and echogenicity of the SN, neither contralateral to the clinically more affected body side (r = +0.08, P = 0.57;
Pearson’s correlation) nor ipsilateral (r = +0.01; P = 0.92). Our data show that the extent of SN hyperecho-
genicity does not correlate with the degeneration of presynaptic dopaminergic nerve terminals. Obviously SN
hyperechogenicity and degeneration of presynaptic dopaminergic nerve terminals exist independently from
each other and may be based on different pathomechanisms.
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Introduction
Transcranial sonography (TCS) of the substantia nigra (SN)

represents a new imaging technique in the diagnosis of idio-

pathic Parkinson’s disease (PD; Berg and Becker, 2002). More

than 90% of PD patients reveal a hyperechogenic SN (Berg

et al., 2001a; Walter et al., 2002), whereas only 9% of healthy

adults show a hyperechogenic SN (Berg et al., 1999a, 2002).

The reason for SN hyperechogenicity in PD patients is

unknown. Animal and postmortem studies (Berg et al.,

1999b, 2002) point to a relation between SN echogenicity

and tissue iron content. It is assumed that binding of an

increased amount of iron to iron metabolizing proteins or

structural alteration of iron binding proteins might lead to

differences in the reflection of the ultrasound beam, displayed

as hyperechogenic signals (Behnke et al., 2005). This hypoth-

esis is supported by Zecca et al. (2005), who found a signi-

ficant correlation between the echogenic area of the SN and

the concentration of iron, H- and L-ferritin in postmortem

brains. But so far, it is unknown how this pathomorpho-

logical finding of hyperechogenic SN in TCS reflects the

functional relevant changes in PD, which are mainly caused

by degeneration of presynaptic dopaminergic nerve term-

inals. Accordingly, it is unknown whether the extent of

SN hyperechogenicity correlates with the degeneration of

presynaptic dopaminergic neurons. The latter can be mea-

sured by 123I-labelled N-(3-fluoropropyl)-2ß-carbomethoxy-

3ß-(4-iodophenyl)nortropane ([123I]FP-CIT) SPECT. The
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[123I]FP-CIT SPECT measures concentration of striatal

dopamine reuptake transporters (Winogrodzka et al., 2003).

Previous studies (Benamer et al., 2000a; Booij et al., 2001)

reported a high sensitivity of [123I]FP-CIT SPECT concerning

the diagnosis of PD. Furthermore, the striatal uptake of

[123I]FP-CIT correlates significantly with the motor symp-

toms (Benamer et al., 2000b; Booij et al., 2001) underlining

the pathophysiological relevance of FP-CIT SPECT. In the

present paper, we examine whether the pathomorpho-

logically relevant parameters in PD—echogenicity of SN in

TCS—correlate with functional parameters—striatal uptake

of [123I]FP-CIT.

Methods
Patients
Our investigations involved 53 patients, 20 females and 33 males,

with idiopathic PD [age 28–78 years, 59 6 11 years (mean 6 SD),

Table 1]. Thirty-two patients were graded as Hoehn and Yahr Stage

1, 9 patients as Hoehn and Yahr Stage 2, 10 patients as Hoehn and

Yahr Stage 3 and 2 patients as Hoehn and Yahr Stage 4 (Hoehn and

Yahr, 1967). Idiopathic PD was diagnosed according to the criteria

of the UK Parkinson’s Disease Society Brain Bank (Hughes et al.,

1992). Two different neurologists examined the patients. There was

no evidence of gaze palsy, cerebellar deficit or pyramidal signs. None

of the patients was found to have a history of neuroleptic intake or

other identifiable possible causes of secondary parkinsonism. Cere-

bral magnetic resonance imaging (MRI) findings were normal in all

patients, particularly regarding the absence of either white matter

lesions or ventricular widening. The motor part (Part III) of the

Unified Parkinson’s Disease Rating Scale (UPDRS) was used to

assess the severity of the disease. The scale was rated during an

‘off ’ phase (12 h off drug).

Patients with a clinical history of cerebrovascular events, psychia-

tric disorders or any other disease that might affect the uptake of

FP-CIT SPECT were excluded. No patient was treated by tricyclic

antidepressant drugs or other serotonin reuptake inhibitors, reser-

pine, clonidine, amphetamines or phenylpropanolamine. Therapy

with selegiline was discontinued at least 18 h before FP-CIT applica-

tion to avoid interaction of its metabolites with FP-CIT at the

dopamine transporter (Laruelle et al., 1993). Further antiparkinso-

nian medication was continued during the SPECT examination:

because of the problem facing FP-CIT SPECT in patients treated

with antiparkinsonian drugs, the present data (Laruelle et al., 1993;

Innis et al., 1999; Guttman et al., 2001; The Parkinson Study Group,

Table 1 Patients with idiopathic PD

Hoehn and Yahr

Stage 1 Stage 2 Stages 3 and 4

Patients
N n = 32 n = 9 n = 12
Females n = 10 n = 3 n = 7
Males n = 22 n = 6 n = 5
Age (mean 6 SD years) 57.0 6 9.7 57.9 6 12.4 63.9 6 12.5
Disease duration (mean 6 SD years) 2.1 6 1.9 3.7 6 1.7 6.5 6 2.2

UPDRS (mean 6 SD) 11.6 6 4.9 23.2 6 6.2 28.5 6 9.3
Clinical subtypes

Akinetic-rigid type n = 11 n = 3 n = 9
Mixed type n = 11 n = 3 n = 2
Tremor-dominance type n = 10 n = 3 n = 1

TCS
Contralat. TCS (mean 6 SD) 0.24 6 0.06 0.19 6 0.05 0.23 6 0.05
Ipsilat. TCS (mean 6 SD) 0.20 6 0.05 0.15 6 0.05 0.19 6 0.05
Contralat. TCS normal n = 3 n = 4 n = 2
Contralat. TCS pathological n = 28 n = 5 n = 10
Insuffic. contr. bone window n = 1 n = 0 n = 0

FP-CIT uptake ratios
Contral. FP-CIT (mean 6 SD) 2.22 6 0.56 2.07 6 0.37 1.63 6 0.22
Ipsilat. FP-CIT (mean 6 SD) 2.37 6 0.53 2.27 6 0.37 1.81 6 0.24
Contralat. FP-CIT normal n = 7 n = 0 n = 0
Contralat. FP-CIT pathological n = 25 n = 9 n = 12

Disease duration = duration of parkinsonian symptoms, UPDRS = part III (motor part) of UPDRS. Age and disease duration are given in
years. Due to the small case number we combined the patients at Hoehn and Yahr Stage 3 (n = 10) and Hoehn and Yahr Stage 4 (n = 2) to one
group. TCS = transcranial sonography. The values of the transcranial sonography are given in cm2. Contralat. TCS = TCS contralateral
to the clinically more affected body side. Ipsilat. TCS = TCS ipsilateral to the clinically more affected body side. Contralat. TCS
normal: TCS was considered normal, if SN echogenicity was�0.19 cm2 (mean + 1 SD, see Methods). Contralat. TCS pathological = TCS was
considered pathological, when SN echogenicity was >0.19 cm2. Insuffic. contr. bone window = insufficient temporal bone window
contralateral to the clinically more affected body side. Contral. FP-CIT = FP-CIT SPECT contralateral to the clinically more affected body
side. Ipsilat. FP-CIT = FP-CIT SPECT ipsilateral to the clinically more affected body side. The values of FP-CIT SPECT are given as the
quotient (striatal binding of [123I]FP-CIT/posterior lobe binding of [123I]FP-CIT; without a unit). Contralat. FP-CIT normal = number of
patients with normal contralateral FP-CIT uptake. Contralat. FP-CIT pathological = FP-CIT was considered pathological, when (i) the
absolute tracer accumulation was <2.56 (mean � 2 SD) or (ii) the side-to-side difference was >D0.15 (mean + 2 SD).
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2002) do not allow a clear conclusion concerning the effect of anti-

parkinsonian drugs on dopamine transporter binding. Informed

consent was obtained from all patients prior to examination. The

protocol was approved by the local ethical committee (Ethical Com-

mittee of General Medical Council, Saarland, Germany).

[123I]FP-CIT SPECT
Cerebral SPECT imaging was performed with iodine-123 FP-CIT

(DaTscan�, Amersham Cygne, Eindhoven, The Netherlands). Four

hours following thyroid gland blocking and intravenous injection

of the radioactive substance (185 MBq) cerebral SPECT images were

obtained. A triple-head gamma camera (MultiSPECT III, Siemens,

Erlangen, Germany) equipped with low-energy high-resolution

collimators was used. Data was acquired in a 128 · 128 matrix

covering 120� per head, 50 s per view. A total of 120 views at 3�

steps was acquired. Energy discrimination was centred on 158 keV

with a 15% window. Image processing was performed with a

HERMES workstation (Nuclear Diagnostics, Stockholm, Sweden).

Transaxial images were reconstructed using an iterative algorithm

(OSEM, six subsets, four iterations) including contour-based

attenuation correction (m = 0.1/cm) and post-reconstruction filter-

ing (Butterworth 4th order, cut-off 1.0/cm). The SPECT images were

evaluated with the BRASS program package (Nuclear Diagnostics,

Stockholm, Sweden), modified for this purpose (van Laere et al.,

2002). The cerebral striatal/posterior lobe binding of [123I]FP-CIT

was assessed semiquantitatively using a region of interest technique

after registration of the patient’s SPECT images with a template

of the mean activity distribution obtained from a control group.

This control group consisted of 19 age-matched healthy volunteers

without any present or previous neurological disease (age 38–76

years, 59 6 11 years, mean 6 SD). The striatal/posterior lobe

binding in these volunteers amounted to a ratio of 3.44 6 0.44.

The cerebral binding of [123I]FP-CIT was considered pathological

when (i) the absolute tracer accumulation was <2.56 (mean � 2 SD)

or (ii) the side-to-side difference was >D0.15 (mean + 2 SD).

Sonographic examination of
the substantia nigra
For TCS, we used a commercial ultrasound device (Elegra, Siemens,

Erlangen, Germany) with a 2.5 MHz phased array transducer. This

transducer provides an axial resolution of 0.7 mm. The lateral reso-

lution, which depends on the width of ultrasonic beam and varying

depth of the object, can be approximated to be �3 mm (Berg

and Becker, 2002). Ultrasound system parameters were chosen as

described previously (Berg and Becker, 2002). TCS examination

started with the examination of mesencephalic brainstem in an

axial scanning plane through preauricular temporal acoustic bone

window with a penetration depth of 16 cm and a dynamic range of

45 dB. The SN was identified within the butterfly-shaped structure of

the mesencephalic brainstem: within the low echogenic mesence-

phalic peduncle, the SN regularly reveals a low to slightly increased

echogenic signal. The SN was scanned from both temporal bone

windows. SN echogenicity was quantified by a planimetric measure-

ment of the maximum extension of hyperechogenic signals. The

mean value of SN echogenicity in our ultrasound laboratory is

0.12 6 0.07 cm2 (mean 6 SD), based on the examination of

500 healthy volunteers (254 females, 246 males) without any present

or previous neurological or psychiatric disease [age 50–65 years,

57 6 4 years (mean 6 SD)]. According to Berg et al. (2001a) we

used the mean + 1 SD ( = 0.19 cm2) as upper norm value. It was

observed by Berg et al. (2001a) that a cut-off value of mean + 1 SD is

the better marker to distinguish between parkinsonian patients and

healthy volunteers than a cut-off value of mean + 2 SD. Clinical

examination including clinical scores, FP-CIT SPECT examination

and TCS examination were performed independently by physicians,

who were blinded to the results of the other examinations.

Statistical analysis
All data were tested for normal distribution. In case of normally

distributed data, correlations were calculated using the Pearson’s

correlation coefficient, the Student’s paired t-test was chosen for

comparison of paired data and the unpaired t-test for unpaired data.

In case of not normally distributed data, correlations were cal-

culated using the Spearman’s correlation coefficient, the Wilcoxon

matched pairs test was chosen for comparison of paired data and the

Mann–Whitney test for unpaired data.

Results
FP-CIT SPECT
In all 53 PD patients [123I]FP-CIT SPECT was measured.

There was a significantly lower FP-CIT uptake in the striatum

contralateral to the clinically more affected body side

[= contralateral striatum; n = 53, 2.06 6 0.52 (mean 6 SD),

Fig. 1, Table 1] than in the striatum ipsilateral to the clinically

more affected body side [ = ipsilateral striatum; n = 53,

2.23 6 0.51, P < 0.0001, Student’s paired t-test). There was

a significant inverse correlation between contralateral FP-CIT

uptake and motor part of UPDRS (r = �0.50, P < 0.0001,

Pearson’s correlation), Hoehn and Yahr stage (r = �0.43,

P < 0.01, Spearman’s correlation) and disease duration

(r = �0.33, P < 0.02, Spearman’s correlation). The

contralateral FP-CIT SPECT was pathological in 46 out of

53 patients resulting in a sensitivity of 0.87. All seven patients

Fig. 1 Pathological [123I]FP-CIT SPECT in a 65-year-old patient
with akinetic-rigid type of PD, idiopathic PD, Hoehn and Yahr
Stage 1. [123I]FP-CIT SPECT was pathological in this patient due
to a symmetrically impaired striatal binding. The transaxial
SPECT image shows bilateral loss of FP-CIT uptake in the
putamina and severe reduction in the caudate nuclei. The
40% isocontour of the normal brain template is shown as an
overlaid line to illustrate the normal shape of FP-CIT uptake
in the basal ganglia.
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with a normal contralateral FP-CIT uptake belonged to

Hoehn und Yahr Stage 1.

Transcranial sonography
TCS was performed in all 53 patients. There was a sufficient

temporal bone window contralateral to the clinically more

affected body side (= contralateral SN) in 52 out of 53

patients. We found a sufficient temporal bone window ipsi-

lateral to the clinically more affected body side (= ipsilateral

SN) in 47 out of 53 patients. The contralateral SN showed a

significantly more echogenic signal (0.23 6 0.06 cm2, n = 52,

Fig. 2) than the ipsilateral SN (0.19 6 0.05 cm2, n = 47,

P < 0.0001, Student’s paired t-test with 46 pairs of values).

Echogenicity of contralateral SN did not correlate with motor

part of UPDRS (r = +0.02, P = 0.86, Pearson’s correlation),

Hoehn and Yahr stage (r = �0.08, P = 0.58, Spearman’s

correlation) or disease duration (r = �0.04, P = 0.80,

Spearman’s correlation).

Contralateral TCS was pathological in 43 out of 52

patients, the corresponding sensitivity was 0.83. In nine

patients TCS was normal. These nine patients with normal

contralateral SN belonged to different Hoehn and Yahr stages

and were significantly younger (51 6 13 years) than patients

with a hyperechogenic contralateral SN (60 6 10 years, P <

0.05, unpaired t-test). No significant differences between

these subgroups (normal versus hyperechogenic contralateral

SN) were found concerning Hoehn and Yahr stage, disease

duration (both P > 0.05, Mann–Whitney test) or motor part

of UPDRS (P > 0.05, unpaired t-test).

Correlation between FP-CIT
SPECT and TCS
We found no significant correlation between striatal FP-

CIT uptake and echogenicity of the SN in TCS, neither

contralateral to the clinically more affected body side

(r = +0.08; P = 0.57; n = 52, Pearson’s correlation; Fig. 3)

nor ipsilateral (r = +0.01; P = 0.92; n = 47, Pearson’s correla-

tion). Even the pooling of ipsilateral and contralateral find-

ings revealed no significant correlation between FP-CIT

uptake and SN echogenicity (r = +0.02; P = 0.87; n = 99,

Pearson’s correlation). The lack of any correlation between

FP-CIT uptake and SN echogenicity is illustrated by two

details: first, six of seven patients with a normal contralateral

FP-CIT uptake revealed an increased contralateral SN

echogenicity; secondly, all nine patients with a normal

contralateral TCS exhibited a reduced contralateral striatal

FP-CIT uptake. When we combined both methods FP-CIT

SPECT and TCS, 52 out of 53 patients showed a reduced

contralateral FP-CIT uptake and/or a hyperechogenic

contralateral SN. Thus, the combined use of FP-CIT

SPECT and TCS results in a sensitivity of 0.98 concerning

the diagnosis of PD.

In a further step, we were interested whether FP-CIT

uptake and SN echogenicity correlated in patients in

whom both FP-CIT SPECT and TCS delivered pathological

results in the striatum/SN contralateral to the clinically more

affected body side. For this reason we excluded all patients

with normal contralateral FP-CIT uptake or normal contral-

ateral SN. Thirty-eight patients revealed reduced contralateral

FP-CIT uptake and hyperechogenic contralateral SN. In these

38 patients there was no correlation between contralateral

FP-CIT uptake and area of contralateral SN echogenicity

(r = �0.07; P = 0.66; n = 38, Pearson’s correlation).

As explained in the Methods section, we used an upper

norm value with mean + 1 SD (= 0.19 cm2) for area of SN

echogenicity, because a cut-off value of mean + 1 SD distin-

guishes better between parkinsonian patients and healthy

volunteers than a cut-off value of mean + 2 SD (Berg et al.,

2001a). By using an upper norm value with mean + 2 SD

(= 0.26 cm2), the SN contralateral to the clinically more

affected body side was considered normal in 40 out of

Fig. 2 Hyperechogenic SN on both sides in TCS in the same
patient as in Fig. 1. The mesencephalic brainstem (encircled with
dotted lines) presents with relatively homogeneously low
echogenicity and is surrounded by the hyperechogenic basal
cisterns. The SN on both sides (each encircled with continuous
lines) is hyperechogenic. The upper part of the picture is nearer
to the ultrasound probe.

Fig. 3 Correlation between FP-CIT uptake and SN echogenicity
in the contralateral striatum. Each patient is represented by
one point. There is no correlation between striatal FP-CIT
uptake contralateral to the clinically more affected body side
on the one hand and contralateral SN hyperechogenicity on
the other hand.
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52 patients and pathological in 12 of 52 patients with a

sufficient temporal bone window. The resulting sensitivity

of TCS concerning the diagnosis of PD was 0.23. FP-CIT

SPECT was pathological in 10 and normal in 2 out of

these 12 patients with SN echogenicity >0.26 cm2. In these

12 patients there was no correlation between contralateral FP-

CIT uptake and contralateral SN hyperechogenicity (r =

+0.08; P = 0.71; n = 12, Pearson’s correlation).

Discussion
In our patients, SN echogenicity did not correlate with striatal

FP-CIT uptake reflecting the actual state of the neurodegen-

erative process of dopaminergic neurons at the SN. The FP-

CIT uptake correlated significantly with the motor part of

UPDRS score, the Hoehn and Yahr stage and the disease

duration. In contrast to FP-CIT uptake, SN echogenicity

did not correlate with the motor part of UPDRS score,

Hoehn and Yahr stage, or disease duration. The same size

of SN echogenicity could be found in early as well as late

stages of PD. Our data are in accordance with previous stu-

dies showing that SN echogenicity does not correlate with

clinical severity of disease or disease duration (Berg et al.,

2001a) and that SN echogenicity remains constant in PD

patients during a time period of 5 years, whereas parkinso-

nian symptoms clearly progress during this time period

(Berg et al., 2005). These previous studies suggest that SN

echogenicity is no quantitative marker for SN degeneration.

In addition, the SN echogenicity seems to represent an

intraindividually stable marker. Our data now strongly sup-

port the assumption that SN hyperechogenicity—shown

by TCS—and degeneration of presynaptic dopaminergic

nerve terminals—quantified by FP-CIT SPECT—exist

independently from each other and are based on different

pathomechanisms.

The reasons for SN hyperechogenicity are not yet clear:

associations between development of PD and particularly

of SN hyperechogenicity on the one hand and an altered

cerebral iron metabolism on the other hand are discussed

(Dexter et al., 1991; Deplazes et al., 2004). SN echogenicity

correlates significantly with the tissue iron content in animal

studies (Berg et al., 1999b) and postmortem studies (Berg

et al., 2002; Zecca et al., 2005). Furthermore, the hyperecho-

genic area of SN correlates significantly with the concentra-

tion of H- and L-ferritin in postmortem brains (Zecca et al.,

2005). The binding of increased amount of iron to iron

metabolizing proteins or structural alteration of iron binding

proteins is assumed to induce an altered reflection of the

ultrasound beam, which is displayed as a hyperechogenic

signal (Behnke et al., 2005). A previous study (Krick et al.,

2004) found a significant inverse correlation between SN

echogenicity, measured by TCS, and T2 relaxation times of

SN, measured by MRI. Measurement of T2 relaxation times

represents an MRI method to measure regional iron concen-

tration (Mondino et al., 2002). These data of Krick et al.

(2004) give further evidence that SN hyperechogenicity is

associated with nigral iron deposition.

Contralateral SN was normal (�0.19 cm2) in 9 of our

52 patients with a sufficient temporal bone window; these

9 patients were significantly younger than PD patients with

hyperechogenic contralateral SN. Already Berg et al. (2001a)

found a bilaterally normal SN in 9 out of 103 PD patients with

a sufficient temporal bone window. These findings show that

SN echogenicity may be normal in a small subgroup of PD

patients. Possibly this subgroup with normal SN echogenicity

represents a disease entity, in which the iron metabolism

plays a minor pathophysiological role. In patients with

normal SN, additional factors must play an important aetio-

logical role for development of PD. It can be speculated that

an increased iron deposition is not the only reason for a

functional loss of nigral neurons. Other processes such as

inflammatory, ischaemic or toxic processes may also be

able to damage nigral neurons. An association between envir-

onmental and occupational factors on the one hand and

development of PD on the other hand was reported

(Seidler et al., 1996).

TCS reveals a high sensitivity and specificity concerning the

diagnosis of PD (Berg et al., 2001a; Walter et al., 2002, 2003;

Behnke et al., 2005). This high sensitivity and specificity

indicate that SN hyperechogenicity discloses a predisposing

factor for PD. But, on the other hand, we found no correla-

tion between SN hyperechogenicity and relevant clinical

parameters such as Hoehn and Yahr stage, motor part of

the UPDRS or disease duration. Our results correspond to

previous findings: the area of SN echogenicity in healthy

volunteers with a hyperechogenic SN is in a similar size

range as in patients with clinical PD (Berg et al., 1999a,

2002). Moreover, there is no change of SN echogenic size

over a time period of 5 years in PD patients, whereas par-

kinsonian symptoms clearly progress during this time period

(Berg et al., 2005). Finally, psychiatric patients with severe

parkinsonism after neuroleptic treatment show a significantly

larger area of SN echogenicity than patients with no or mini-

mal parkinsonian symptoms after neuroleptic treatment

(Berg et al., 2001b). These data suggest that SN hyperecho-

genicity reflects structural SN changes, which increase the

vulnerability of nigrostriatal dopaminergic transmission

and thus increase the risk to develop PD. But further factors,

apart from a hyperechogenic SN, are necessary to ‘cause’ PD

in the end. These factors are unknown and might consist of

environmental or genetic factors.

Since SN hyperechogenicity—visualized by TCS—and

degeneration of presynaptic dopaminergic nerve

terminals—quantified by FP-CIT SPECT—exist indepen-

dently from each other, the combined use of both methods

TCS and FP-CIT SPECT seems to be useful in clinical prac-

tice. Applying both methods together we reach a sensitivity of

0.98 concerning the diagnosis of PD. Furthermore, it allows

to differentiate between PD and atypical parkinsonian syn-

dromes (Walter et al., 2003; Behnke et al., 2005). Therefore

the combined use of TCS as a non-invasive bedside test and
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FP-CIT SPECT represents a good diagnostic tool in diagnosis

of PD, particularly in diagnostically unclear patients.

In summary, our data show that the extent of SN

hyperechogenicity does not correlate with the degeneration

of presynaptic dopaminergic nerve terminals. Obviously,

SN hyperechogenicity and degeneration of presynaptic

dopaminergic nerve terminals exist independently from

each other and may be based on different pathomechanisms.
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