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Table 2 Clinical Charasteristics of the PD patients

Symptom duration, year 6.0 + 44

More affected side Right 55/Left 46
Hoehn-Yahr stage, on 24 +09
Hoehn-Yahr stage, off 33+ 1.1

UPDRS score

Total motor 303+ 16
Bradykinesia 986 +63
Rigidity 6.15 38

Axial 954 £62
Tremor 480 £40

UPDRS, Unified Parkinson’s Disease Rating Scale.
Data are given as mean + standard deviation (SD) values.

years (SD 11.1), respectively. A wide range of duration
and severity of symptoms was represented among the
patients. The mean duration of symptoms was 6.0 years
(SD 4.4) and the mean UPDRS motor score was 30.3
(SD 16.0). The right side was more affected in 55
patients.

Subregional analysis of FMT uptake

Figure 1 shows representative images of FMT uptake in
a normal subject and in early- and late-stage PD
patients. Among the patients, FMT uptake showed the
most marked decrease in the posterior putamen, regard-
less of disease duration, but significant decrease was
seen throughout the striatum compared with the healthy
controls. There were significant differences between side
(ipsi- vs. contralateral to the more affected limbs),
region (anterior vs. posterior putamen), and diagnosis
(healthy subjects vs. PD group) (P < 0.001) (Figure 2a).
Asymmetry between the striatum of the more and less

Page 3 of 6

affected sides is preserved, but shows a decrease with
disease progression (Figure 2b).

Decline in FMT uptake with disease duration

Figure 3 shows scatterplots of FMT uptake against
symptom duration in three regions of the putamen con-
tralateral to the more affected limbs. Because age-related
factors such as age at onset of symptoms and age-
related Alzheimer-type pathology may influence disease
duration, we excluded elderly-onset patients (> 70 years
old; n = 19) in this analysis. Exponential regression
curves that best fitted the data for each of the three
regions analyzed are superimposed on the figure.
Between 10 and 15 years of symptom duration, the
EMT for all three curves leveled off to constant values
that showed a statistically significant difference between
the anterior and posterior putamen (p < 0.001). In the
control group, there was no significant difference in
SCR of FMT uptake between younger (< 59 years old,
n = 10) and older (> 60 years old, n = 9) subjects (puta-
men, p = 0.87; caudate, p = 0.81).

Correlation of cardinal symptoms and FMT uptake

To minimize the possibility of including patients with
alternative diagnoses, we analyzed patients who had car-
dinal motor symptoms for at least 3 years (n = 42). We
obtained positive correlations between the severities of
major motor symptoms: rigidity vs. axial symptoms (r =
0.68, p < 0.001), rigidity vs. bradykinesia (r = 0.56, p <
0.001), bradykinesia vs. postural instability (r = 0.54, p <
0.001), and tremor vs. bradykinesia (r = 0.39, p = 0.014).
However, tremor did not have a significant relation with
rigidity (» = 0.20, p = 0.20) or with axial symptoms (r =
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Figure 1 Representative FMT-PET images of a healthy individual and PD patients. FMT uptake declines asymmetrically in the early stages,
mostly in the posterior putamen. Left: Regions-of-interest in the putamen. H &Y, Hohen and Yahr stage. The bar indicates the range of
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Figure 2 FMT uptake in different subregions of the striatum. Mean FMT uptake in different subregions of the striatum in normal control
and PD patients (a). Comparison by side (b) shows persistant side-side asymmetry of putaminal uptake throughout the disease course. *P < 0.05,
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0.12, p = 0.45). Axial symptoms, rigidity, and bradykine-
sia scores showed a correlation with FMT uptake in the
contralateral putamen, with the highest correlation in
the anterior putamen, but not in the contralateral cau-
date (Table 3). No significant correlation was evident
between unilateral tremor scores from the most severely
affected limbs and any of the striatal regions. To assess
the potential influence of age, we analyzed older patients
(> 60 years old; n = 25) separately and found similar
correlations between major symptoms and FMT uptake
(Table 4).
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Figure 3 Decline in FMT uptake with disease duration. Scatter
plots of FMT uptake against symptom duration in the putamen
contralateral to the more affected limb in PD patients. Exponential

decline is observed in all subregions of the putamen. Reduction of
uptake is prominent at onset of the disease.

Discussion

Idiopathic PD is defined as a synucleinopathy in which
Lewy bodies, pathological aggregations of the synaptic
protein o-synuclein, are found in the dopaminergic neu-
rons in the substantia nigra [14,15]. A reduction of
dopamine in the striatum is a consistent finding in PD,
although the clinical features are heterogeneous and
include different predominant symptoms (resting tre-
mor, bradykinesia, rigidity, or postural instability and
gait disorder) with different rates of progression, and
with or without dementia [16-19]. PET imaging is a
valuable tool for assessing altered dopaminergic function
in the striatum in PD. While FDOPA is suitable for
assessing the metabolism of levodopa, FMT is superior
for estimating AADC activity because it enables the pro-
duction of higher-quality brain images [7,20-22]. The
high resolution of FMT-PET images enables analysis of

Table 3 Correlations of UPDRS scores and FMT uptake
ratio values in the each part of the putamen

Putamen Anterior  Middle Posterior Whole
Symptom duration, -0.52 -0.56 -051 -0.58
year (<0.001) (<0.001) (<0.001) (<0.001)
Total motor score  -0.56 -048 -041 -0.51
(<0.001) (0.002) (0.008) (0.001)
Bradykinesia -0.54 -0.53 -0.44 -0.55
(<0.001) (<0.001) (0.005) (<0.001)
Rigidity -0.50 -043 -037 -044
(0.001) (0.006) (0.018) (0.005)
Axial -0.60 -051 -037 -0.50
(<0.001) (0.001) (0.016) (0.001)
Tremor 0.069 0.085 0.015 0.050
(0.658) (0.587) (0.925) (0.747)

Data are given as r (p) values. These values were calculated by Spearman’s
rank correlation coefficient test. UPDRS motor score in off-medication state
was evaluated in 42 subjects.
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Table 4 Correlations of UPDRS scores and FMT uptake
ratio values in the each part of the putamen in elder
patients

Putamen Anterior  Middle Posterior Whole
Symptom duration,  -0.70 -063 -045 -0.70
year (<0.001) (<0.005) (<0.05) (<0.001)
Total motor score -0.56 -0.50 -037 -049
(<0.01) (<0.05) (0.07) (<0.05)
Bradykinesia -0.46 -046 -0.34(0.08) -0.46
(<0.05) (<0.05) (<0.05)
Rigidity -0.46 -0.39 -031 -037
(<0.05) (0.05) 0.12) (0.06)
Axial -0.69 -0.59 -045 -0.58
(<0.001) (<0.01) (<0.05) (<0.01)
Tremor 026 (021) 0.12(0.58) 006 (0.77) 0.14 (0.51)

Data are given as r (p) values. These values were calculated by Spearman’s
rank correlation coefficient test. UPDRS motor score in off-medication state
was evaluated in 25 subjects.

dopaminergic presynaptic changes in each subregion of
the striatum.

In the present study, FMT uptake in PD was reduced
in the putamen, particularly in the posterior part. The
anterior-to-posterior gradient of the uptake decrease in
the putamen persisted to the advanced stage of PD.
These results are consistent with those of previous
reports that used other tracers of presynaptic dopami-
nergic terminals, and are considered to reflect the selec-
tive degeneration of nigrostriatal pathways that project
into the posterior part of the putamen [23-25]. The low-
est value of FMT uptake was observed in the posterior
part of the putamen contralateral to the more affected
limbs, even in the early stage of the disease. Because we
analyzed regions in the posterior one-third of the puta-
men on high-resolution images, it is unlikely that the
decreases in uptake were caused by partial volume
effects, which may arise from placement of a small ROI
on inaccurately co-registered images.

Post-mortem investigations of PD demonstrate that
the rate of decrease of nigral neurons is rapid in the
initial stage of the disease: approximately 40%-50% are
lost in the first decade, possibly with a slower rate of
degeneration later on, to finally approach a normal age-
related linear decline [26]. In the present study, loss of
FMT was well fitted to symptom duration using a single
exponential approximation. The exponential model pro-
vided a better fit than a linear model, indicating that the
rate of decline in FMT uptake in the contralateral puta-
men was faster at the beginning of the disease and slo-
wed down as the disease progressed, in agreement with
the results of previous studies that used radiotracers for
imaging nigrostriatal nerve terminals [23-25]. Because
we performed cross-sectional analysis in the present
study, and because all of the participants were on medi-
cation, the data do not provide accurate information
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regarding the natural course of the disease, even if PET
measurements were taken in off-medication state. Even
50, the present data are important for assessing the pro-
gression of dopaminergic hypofunction in the striatum
under optimal medical treatment, and can provide the
basis for the development of even better therapeutic
strategies [27,28].

We applied striatal count ratios to analyze the relation-
ships between subregional putaminal FMT uptake and
clinical symptoms. Striatal count ratios using the cerebel-
lum as the denominator have a strong correlation with
striatal uptake constants (Ki values) [29,30]. The present
FMT-PET study showed a significant correlation between
cardinal motor symptoms (rigidity, bradykinesia, and
axial symptoms) and uptake of the tracer in the putamen,
and no significant correlation was found between tremor
score and FMT uptake. These findings are consistent
with the results of previous PET studies [31-33]. The
clinical correlations were more significant in the anterior
part of the putamen than in the posterior part, possibly
reflecting a floor effect for the uptake of FMT in the pos-
terior part of the putamen, where the decrease was severe
even in the early stage of the disease.

The pathophysiological mechanism of tremor is not
fully understood [34]. Tremor does not respond to
L-dopa as well as do bradykinesia and rigidity. The fact
that stereotactic lesion or deep brain stimulation of the
ventral intermediate nucleus (Vim) of the thalamus suc-
cessfully improves tremor indicates a strong association
between non-dopaminergic thalamic and cerebellar sys-
tems, and tremor generation [35,36].

Conclusions

Our results indicate that FMT-PET is useful for evaluat-
ing PD patients from the early stage of the disease and
for studying the relationship between AADC activity
and various clinical features. Decrease of FMT uptake in
the posterior putamen appears to be most sensitive in
mild PD, and uptake in the anterior putamen may
reflect the severity of main motor symptoms, except for
tremor. These data provide an important baseline for
evaluating the effects of surgical interventions, such as
gene therapy for PD.
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Objectives: Transcranial sonography (TCS) has been shown to reveal hyperechogenicity of the substantia
nigra (SN) in people with Parkinson’s disease and in approximately 10% of healthy subjects. It is hypoth-
esized that SN hyperechogenicity in healthy subjects and patients with idiopathic rapid eye movement
(REM) sleep behaviour disorder (iRBD) patients is a marker of vulnerability for Parkinson’s disease.
Methods: TCS and positron emission tomography (PET) with 6-['®F] fluoro-meta-tyrosine (FMT), which
can assess the level of the presynaptic dopaminergic nerve, were performed in 19 male patients with
iRBD, mean age 66.4 (standard deviation [SD] 4.9) years, to assess nigrostriatal function.

Results: Nine patients had pathological SN hyperechogenicity (mean age 66.8 [SD 3.9] years; 0.31 [SD
0.12] cm?) and 10 patients did not have SN hyperechogenicity (mean age 66.0 [SD 5.8] years; 0.11 [SD
0.06] cm?). FMT uptake at the putamen and caudate was significantly lower in iRBD patients with path-
ological SN hyperechogenicity compared with those without SN hyperechogenicity. However, no corre-
lation was found between SN echogenicity and FMT uptake. This is in conflict with previous findings

Substantia nigra hyperechogenicity

which showed that subjects with hyperechogenicity had lower FMT uptake in the striatum.

Conclusion: Pathological hyperechogenic alterations in the SN in patients with iRBD may suggest the
existence of preclinical SN dysfunction as determined by FMT-PET.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Rapid eye movement (REM) sleep behaviour disorder (RBD) is a
parasomnia characterised by dream-enacting behaviours, unpleas-
ant dreams and lack of muscle atonia during REM sleep. RBD may
be idiopathic or related to neurological disease [1]. Patients with
idiopathic RBD (iRBD) have been reported to be at increased risk
for developing Parkinson's disease (PD) [2]. Transcranial sonogra-
phy (TCS) has been shown to reveal hyperechogenicity of the sub-
stantia nigra (SN) in patients with PD and in approximately 10% of
healthy subjects, and has been suggested as a risk marker for PD in
non-Parkinsonian subjects [3]. However, Berg et al. reported that
SN hyperechogenicity in the elderly is non-specific and of limited
usefulness in predicting an individual’s risk for PD [4]. Recently,
two case-control studies [5,6] showed that pathological SN hyper-
echogenicity was significantly more common in patients with iRBD
compared to control subjects. iRBD is regarded as one of the non-
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motor symptoms of PD, and precedes motor symptoms. Schenck
et al. identified the development of Parkinsonism in 11 of 29
men initially diagnosed with iRBD [7]. It is hypothesized that SN
hyperechogenicity in healthy subjects and patients with iRBD is a
vulnerability marker for PD. Although there is strong evidence that
the echo originates from increased local iron content, the exact
pathophysiological mechanisms for SN hyperechogenicity are not
completely understood.

In order to verify the hypothesis that hyperechogenic altera-
tions in the SN may be suggestive of preclinical nigrostriatal dopa-
minergic dysfunction for patients with iRBD, this study evaluated
the presynaptic dopaminergic function in the striatum using 6-
[*8F] fluoro-meta-tyrosine (FMT) positron emission tomography
(PET).

2. Methods

This study was performed in accordance with the Declaration of
Helsinki. Procedures were approved by the Ethics Review Commit-
tee of Dokkyo Medical University, and informed consent was
obtained from each subject. TCS and 6-['®F]FMT PET were per-
formed in 19 males with iRBD confirmed by polysomnography.
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The mean age of subjects was 66.4 (standard deviation [SD] 4.9)
years, the mean estimated duration of RBD was 3.5 (SD 1.8) years,
the mean score on the Mini-Mental State Examination (MMSE) was
28.4 (SD 2.0), and the mean score on the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) part IIl was 0.9 (SD 1) (range 0-3). Sub-
jects were recruited from a sleep disorders clinic at Dokkyo
Medical University Hospital between July 2008 and 2010. All had
a history of recurrent dream-enacting behaviours, and RBD was
diagnosed according to the International Classification of Sleep
Disorders, second edition [8].

2.1. 6-["8F] Fluoro-meta-tyrosine positron emission tomography

The PET radiotracer FMT is a substrate of the dopamine-synthe-
sizing enzyme. Most FMT signals result from tracer that has been
metabolized by aromatic amino acid decarboxylase (AADC) and
monoamine oxidase-A, and is trapped in axon terminals as 6-flu-
oro-m-hydrophenylacetic acid without being released or further
processed. FMT signals represent the extent of AADC activity more
fully [9,10].

For 6-['8F]FMT PET, the subject was placed on the scanner bed
in a GEMINI-TF64 (Philips, Amsterdam, The Netherlands) in the su-
pine position. 6-['®F]JFMT (weight x 0.12 mCi) was injected intra-
venously using a syringe pump. Carbidopa pretreatment was
used (weight x 25 mg). A 10-min static scan was obtained
80 min following injection of 6-['*F]FMT. 6-[*®F]FMT PET and mag-
netic resonance imaging (MRI) scans were fused using a Putamen
Analyzer (WebNet Technology, Nasushiobara, Japan). Regions of
interest were placed manually at the perimeters of the right/left
putamen, caudate and cerebellum in MRI scans of the same sub-
jects. Right/left putamen:cerebellum (putamen) or caudate:cere-
bellum (caudate) ratios of 6-[\*F]JFMT-derived radioactivity were
estimated. The sizes of the regions of interest were not fixed. Tissue
concentrations of 6-['®F]FMT-derived radioactivity (in mCi/cc)
were adjusted for the dose per unit of body mass and expressed
in units of mCi-kg/cc-mCi (Fig. 1A and B).

2.2. Transcranial sonography

TCS was performed using a conventional transcranial Doppler
sonograph equipped with a 2.5-MHz phased-array transducer as
described previously [5]. Hyperechogenic areas on both sides were
analysed separately. To compare areas of echogenicity and the fre-
quency of hyperechogenicity, the side of the midbrain (right or left)
with the greater area of SN echogenicity in each subject was used
for these statistical comparisons. Planimetric quantification of the
areas of increased echogenicity was done on both sides of the SN
independently (Fig. 1C and D). In accordance with previously re-
ported cut-off values, areas of echogenicity <0.20 cm?® were classi-
fied as normal, and areas of echogenicity >0.20cm? were
classified as pathological [3].

The mean interval between performance of TCS and FMT-PET
was 126.6 (SD 174.8) days. TCS is performed routinely to assess
preclinical condition at the study institute. Berg et al. reported that
the echogenic area of the SN did not change in the course of PD
during a 5-year follow-up study [11]. Therefore, the interval be-
tween the performance of TCS and FMT-PET cannot be considered
to influence the results.

Clinical examinations, including the MMSE and UPDRS, FMT-
PET and TCS were performed independently by physicians who
were blinded to the results of other examinations.

2.3. Statistical analysis

Values are expressed as mean (SD). p-values were determined
using the Mann-Whitney U-test. A p-value <0.05 was taken to

indicate statistical significance. A statistical comparison of factors
such as age of patients, MMSE score, UPDRS part Ill score and 6-
['®F]FMT uptake was performed between the groups of patients
with iRBD based on the presence or absence of pathological SN
hyperechogenicity. The Spearman’s correlation coefficient was
used for analysis of the correlation between the echogenic area
of the SN and the degree of 6-['®F]FMT uptake.

3. Results

Demographic and clinical data on patients with iRBD are sum-
marized in Table 1. Nine of the patients with iRBD had pathological
SN hyperechogenicity (mean 0.31 [SD 0.12] cm?) and 10 did not
have SN hyperechogenicity (mean 0.11 [SD 0.06] cm?). Therefore,
the 19 patients were divided into two groups: those with and those
without SN hyperechogenicity. Age distributions, MMSE scores,
and UPDRS part IIl scores did not differ significantly between the
groups. Evaluation of motor activity using the UPDRS part HI score
ranged from zero to three points, which did not fulfill the diagnos-
tic criteria for probable PD. Compared with the patients without SN
hyperechogenicity, the patients with SN hyperechogenicity had
significantly lower uptake of 6-['®F]FMT in the putamen (mean
4.40 [SD 0.83] and 3.22 [SD 0.98], respectively; p =0.027) and the
caudate (mean 3.69 [SD 0.42] and 2.86 [SD 0.82], respectively;
p=0.014) (Table 1). However, the echogenic area of the SN did
not correlate with the degree of 6-[!®F]JFMT uptake in the putamen
(r=-0.4465, p = 0.0553) or the caudate (r=-0.4007, p = 0.0891).
In addition, the UPDRS part Ill scores did not correlate with the de-
gree of 6-['®F]FMT uptake in the putamen (r = —0.240, p = 0.323),
the caudate (r=-0.040, p=0.871), or the echogenic area of the
SN (r=-0.216, p = 0.375).

4. Discussion

Unger et al. [12] identified a significant association between
midbrain hyperechogenicity and iRBD, and reported that two out
of five iRBD patients with SN hyperechogenicity had unremarkable
findings by presynaptic dopamine transporter imaging with fluoro-
propyl-carbomethoxy-iodophenyl-tropane (FP-CIT) single-photon
emission computed tomography (SPECT). Iranzo et al. [13] recently
reported that '?*I-FP-CIT striatal binding did not correlate with the
extent of SN echogenicity in patients with iRBD. In the present
study, FMT uptake in the putamen and caudate was significantly
lower in iRBD patients with pathological SN hyperechogenicity
than in those without SN hyperechogenicity. In contrast to the
present results, Iranzo et al. [13] found that patients with SN
hyperechogenicity did not have lower tracer uptake compared
with patients without SN hyperechogenicity and they did not find
a correlation between SN size and tracer uptake.

Booij et al. [14] reported that motor signs of PD started when
the decrease in the percentage of '*I-FP-CIT binding ratios in the
putamen was 46-64% using age-corrected data. Spiegel et al. [15]
and Doepp et al. [16] reported a lack of correlation between SN
echogenicity and striatal FP-CIT uptake in patients with PD. Spiegel
et al. [15] hypothesized that the pathogenic substrate of SN hyper-
echogenicity is different from that associated with degeneration of
dopaminergic SN projection neurons. Berg et al. [11] failed to find
evidence of an increase in the size of the echogenic SN area in a 5-
year longitudinal study on PD patients with substantial progres-
sion of motor symptoms.

On the other hand, Weise et al. [17] reported a significant
correlation between the extension of the echogenic SN area and stri-
atal B-CIT binding. They discussed the possibility that the extension
of SN echogenicity may be a consequence of degeneration of
dopaminergic neurons in the SN, rather than an independent and
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(A) (B)

(C)

Fig. 1. (A) 6-['*F] Fluoro-meta-tyrosine positron emission tomography (6-["®F]JFMT PET) on magnetic resonance imaging (MRI). This demonstrates preserved dopamine
terminals in the caudate and putamen in a healthy subject. (B) 6-["®FJFMT PET on MRI. This demonstrates patchy decreased dopamine terminals in the caudate and putamen
in a patient with idiopathic rapid eye movement sleep behaviour disorder (iRBD). (C) Transcranial sonography (TCS) of bilateral substantia nigra (SN) hyperechogenicity in a
healthy subject. The area of hyperechogenic SN signal within the hypo-echogenic crus cerebri is encircled on the ipsilateral side for planimetric measurement (0.10 cm?). (D)
TCS of bilateral SN hyperechogenicity in a patient with iRBD. The area of the hyperechogenic SN signal within the hypo-echogenic crus cerebri is encircled on the ipsilateral
side for planimetric measurement (0.44 cm?).

Table 1
Area of hyperechogenic substantia nigra (SN) signals in two groups of patients with idiopathic rapid eye movement sleep behaviour disorder (n = 19).
SN hyperechogenicity” p-Value
Normal (<0.20 cm?) (n =10) Pathological (>0.20 cm?) (n=9)
Age (years), mean (SD) 66.0 (5.8) 66.8 (3.9) 0.623
Range, years 58-77 62-72 N/A
Sex, male/female 10/0 9/0 N/A
Estimated duration of RBD (years), mean (SD) 3.9(1.7) 43 (2.1) 0.389
MMSE score, mean (SD) 284 (2.1) 28.4(1.9) 0.864
UPDRS part [II score, mean (SD) 0.9 (1.1) 1.0 (1.0) 0.729
Uptake of 6-[*°F] FMT, mean (SD)
Putamen 4.40 (0.83) 3.22 (0.98) 0.027
Caudate 3.69 (0.42) 2.86 (0.82) 0.014
Putamen/caudate ratio 1.19 (0.19) 1.12 (0.10) 0.514

RBD, rapid eye movement sleep behaviour disorder; MMSE, Mini-Mental State Examination; UPDRS, Unified Parkinson’s Disease Rating Scale; FMT, fluoro-meta-tyrosine; SD,
standard deviation; N/A, not applicable.

Transcranial sonography (TCS) was considered pathological when SN echogenicity was >0.20 cm?.

p-Value was determined by Mann-Whitney U-test.

“Side of the midbrain (right or left) with the greater area of SN echogenicity.
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mechanistically unrelated phenomenon. SN echogenicity is sensi-
tive to degeneration of dopaminergic neurons. A report by Behnke
et al. [18] showed that '®fluoro-DOPA uptake was lowest in patients
with PD, followed by individuals with SN hyperechogenicity,
and finally healthy controls without SN hyperechogenicity. The
difference was significant between the three groups. Walter et al.
[19] reported that brain parenchyma sonography demonstrated
SN hyperechogenicity in concordance with abnormal nigrostriatal
18E_DOPA PET in all symptomatic and three asymptomatic Parkin
mutation carriers. Thus, they suggested SN hyperechogenicity
as an early marker for detection of preclinical Parkinsonism.
DelleDonne et al. [20] showed that incidental Lewy body disease
(ILBD) has nigrostriatal pathological features that are intermediate
between those in pathologically normal persons and patients
with PD. Among the participants with ILBD, decreased striatal
dopaminergic immunoreactivity was documented for both tyrosine
hydroxylase and vesicular monoamine transporter 2 in comparison
with the pathologically normal subjects; the reductions were even
greater in patients with PD. Also, SN neuronal loss correlated with
both striatal vesicular monoamine transporter 2 and tyrosine
hydroxylase. Thus, ILBD probably represents presymptomatic PD
rather than non-specific, age-related o-synuclein pathological
changes.

The current study compared FMT-PET findings in patients with
iRBD with and without SN hyperechogenicity. Pathological SN
hyperechogenicity in iRBD may be suggestive of nigrostriatal dopa-
minergic dysfunction, as determined by FMT-PET. However, there
was no significant correlation between the area of SN hyperechog-
enicity and the degree of 6-['5F]FMT uptake. It may be that these
two parameters have different characteristics. In other words, the
area of SN echogenicity is thought to be a stable marker, whereas
the uptake of dopaminergic tracer changes progressively with
time.

Iranzo et al. found that 19% of 43 patients developed a neuro-
degenerative syndrome such as PD, dementia with Lewy bodies
(DLB), or multiple system atrophy (MSA) 2.5 years after TCS and
1231.Fp-CIT SPECT. They postulated that the combined use of
1231.FP-CIT SPECT and TCS is a potential strategy for early
identification of patients with iRBD who are at risk for develop-
ment of a synucleinopathy {13]. They also reported that one case
of iRBD who developed MSA had decreased striatal '2*I-FP-CIT
uptake and normal echogenic SN, and this discrepancy might be
explained by the fact that SN hyperechogenicity is less common
in MSA than in PD or DLB [13]. Even when SN echogenicity is
normal in iRBD, the risk for developing MSA remains. Therefore,
patients with iRBD who are at risk for developing not only PD
or DLB, but also MSA need to be followed-up.

This study had several limitations. One weak point was that the
mean interval between TCS and FMT-PET was approximately four
months. Berg et al. reported that the area of SN echogenicity did
not change with time in PD [11], but this has not been investigated
in patients with iRBD. Due to the lack of a control group in this
study, it was not possible to assess if those patients with abnormal
PET results had a greater or different echogenic size than those
with normal PET results, Satisfactory results of TCS are difficult
to obtain in females [5], and all subjects in the study were male.
In the future, in order to clarify whether there is a gender differ-
ence in the relationship between SN hyperechogenicity and FMT-
PET findings, it may be helpful to determine the background of
the gender differences in the onset of PD.

Hyperechogenic alterations in the SN may suggest the existence
of preclinical SN dysfunction and of an underlying neurodegenera-
tive disorder such as PD or DLB associated with nigrostriatal dys-
function in patients with iRBD. In terms of clinical interest and
use of the study findings, there is a need for close clinical follow-
up to detect the early signs of a disease characterised by Parkinson-

ism, and also to test neuroprotective therapies in the near future in
such patients.
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Abstract

Telestroke in clinical practice

Hitoshi Aizawa, M.D,, Ph.D."”?, Jun Sawada, M.D., Ph.D.”, Tsukasa Saito, M.D.", Hisako Endo, M.D.”,
Takayuki Katayama, M.D,, PhD.", Naoyuki Hasebe, M.D., Ph.D.”, Hatsune Hiranuma, M.D., Ph.D.?,
Kouji Takahashi, M.D., Ph.D.?, Syun Haneda, M.D., Ph.D.” and Kiyoshi Moriya, Ph.D.?
"Division of Neurology, Department of Internal Medicine, Asahikawa Medical University
IPresent affiliation: Department of Neurology, Tokyo National Hospital, National Hospital Organization
#Department of Radiology, Asahikawa Medical University
“Furano Hospital
Department of Medicine and Engineering Combined Research Institute, Asahikawa Medical University

Background and Purpose: To examine whether a telestroke system is an effective method of pro-
viding expert stroke care to patients in rural areas.

Methods: Videoconferencing and radiclogical imaging linked the stroke center of Asahikawa Medi-
cal University Hospital and the emergency room of Furano Hospital (a rural hospital without access to
a stroke specialist). The stroke patients referred to Furano Hospital were diagnosed using the tele-
stroke system and started on medication. The clinical courses and outcomes of the patients were
reviewed.

Results: A stroke specialist at a university hospital obtained clinical information on stroke patients
at Furano Hospital through the videoconferencing system and viewed brain MRI/MRA/CT images of
the patients. As a result, the time from the onset to starting treatment for the stroke patients was
shortened.

Conclusions: The telestroke system is a useful tool for rural stroke medicine.

(Jpn J Stroke 33: 84-88, 2011)
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