MEDICAL DIAGNOSTIC TECHNIQUES

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2014; 20: 1413-1418
DOI: 10.12659/MSM.890522

,i‘::;‘,ﬁ:j: o Dopamine Transporter Imaging Using
published: 20140811 29mTc-TRODAT-1 SPECT in Parkinson’s Disease

Authors’ Contribution: ABCDEF 1 Edson Bor-Seng-Shu 1 Division of Neurological Surgery, Hospital das Clinicas, University of Sao Paulo
Study Design A ABCDG 2 Andre C. FEIiCiO School of Medicine, Sao Paulo, Brazil
Data Collection B 2 Department of Neurology and Neurosurgery, Federal University of Sao Paulo,
Statistical Analysis C Acoe 2 Pedro Braga-Neto Sao Paulo, Brazil
Data Interpretation D aBcoe 3 |lza Rosa Batista 3 Department of Psychiatry, Federal University of Sao Paulo, Sao Paulo, Brazil
Manuscript Preparation E ABCDEF 1 Wellingson Silva Paiva 4 Department of Neurology, Hospital Israelita Albert Einstein, Sao Paulo, Brazil
Literature Search F Daniel Ci i de Andrad
Funds Collection G ABCDF 1 aniel Clampi de Andrade
aBckG 1 Manoel Jacobsen Teixeira
ABCDG 4 Luiz Augusto Franco de Andrade
ABDF 2 Orlando Graziani Povoas Barsottini
ABcDE 4 Ming Chi Shih
ABDEG 3 Rodrigo A. Bressan
ABCEFG 2 Henrique Ballalai Ferraz
Corresponding Author: Wellingson Silva Paiva, e-mail: wellingsonpaiva@yahoo.com.br

Source of support: This study was funded by Sao Paulo Research Foundation (FAPESP)

Background: Although the decrease in striatal dopamine transporter (DAT) density has been described in North American,
European, and Asian Parkinson’s disease (PD) patients, studies on this issue are required in the rest of the
world. This study examined the diagnostic utility of DAT imaging in Brazilian PD patients.

Material/Methods: Twenty PD patients (13 males, 7 females, median age: 62 years, median age at disease onset: 56 years, me-
dian disease duration: 5 years, and median UPDRS-IIl score: 29) and 9 age- and sex-matched healthy subjects
underwent single-photon emission computerized tomography (SPECT) using **Tc-TRODAT-1.

Results: PD patients showed a significant decrease in the striatum, caudate nucleus, and putamen DAT densities com-
pared with data from healthy subjects. Striatal ®>"Tc-TRODAT-1 bindings had the highest diagnostic accuracy com-
pared to those estimates from caudate nucleus and putamen. For the diagnosis of PD, a striatal *"Tc-TRODAT-1
binding cut-off value of 0.90 was associated with a sensitivity of 100% and a specificity of 89%. There was no
significant difference between striatal *"Tc-TRODAT-1 binding values provided by different readers, contrary
to #mTc-TRODAT-1 binding estimates in the caudate nucleus.

Conclusions: Striatal DAT imaging using *"Tc-TRODAT-1 can be considered a marker for differentiating PD patients from
healthy individuals, with a good interobserver reproducibility.
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Background

Current advances in molecular imaging techniques, such as sin-
gle-photon emission computerized tomography (SPECT) and
positron emission tomography (PET), have allowed the func-
tional assessment of the nigrostriatal pathway using specific
dopamine radiotracers. Studies on PD have revealed that the
degeneration of dopaminergic neurons in the substantia nig-
ra leads to a decrease in the density of presynaptic dopami-
nergic nerve terminals and dopamine transporters (DAT) in the
striatum. Striatal DAT imaging disclosed by SPECT and PET has
been considered an in vivo biomarker of dopaminergic neuron
loss in the substantia nigra, and may help to determine the
diagnosis and progression of PD [1-4].

Although the decrease in striatal DAT density has been exten-
sively described in North American, European, and Asian PD
patients [5-8], few reports concerning DAT imaging are avail-
able on the rest of the world population.

The objective of this study was to examine the diagnostic util-
ity of SPECT with ®™Tc-TRODAT-1 in Brazilian PD patients and
healthy controls by means of a cross-sectional study design
and receiver operating characteristic (ROC) analysis. Diagnostic
accuracies of DAT density in the striatum, caudate nucleus, and
putamen, as well as DAT density measurements provided by
2 independent readers, were compared.

Material and Methods

The present investigation consisted of a prospective, non-
interventional, cross-sectional study, approved by the lo-
cal research ethics committee. All subjects signed the in-
formed consent, and did not receive financial reward for
participation.

Table 1. Clinical profile of Parkinson’s disease and healthy subjects.

Healthy group

Sex (F/M) 3/6 (33%/67%)
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Twenty patients (13 males and 7 females) with the diagnosis of
PD based on the United Kingdom Parkinson’s Disease Society
Brain Bank criteria [9], were included in the study. Their ages
varied from 43 to 76 years, with a median of 62.5 years (54;
67.5). The median age at disease onset was 56.5 years (49;
66.7) (range 38-86 years). The disease duration ranged from
1to 15 years, with a median of 5 years (2.2; 5.7). Five patients
presented with tremor-predominant PD, 9 with akinetic-rigid
PD, and 6 with mixed-type PD. One patient was graded as H&Y
stage 1, 9 patients as H&Y stage 2, 9 patients as H&Y Stage
3, and 1 patient as H&Y stage 4. The median UPDRS-III score,
assessed during the off phase, was 29 (17.5; 35.5).

Nine age- and sex-matched healthy subjects who worked at
the hospital formed the control group. There were 6 males
and 3 females. Their ages varied from 43 to 57 years, with a
median of 51 years (46; 54). All healthy volunteers were in-
terviewed and examined to rule-out clinical abnormalities. No
family members of PD patients were recruited for the control
group. Table 1 summarizes the participants’ clinical profiles.

Brain SPECT studies

SPECT assessments using *"Tc-TRODAT-1, a radiotracer with
high selectivity and specificity for the DAT, were performed be-
tween January 2008 and December 2009. Antiparkinsonian drugs
were withdrawn for at least 12 h before the examinations, al-
though these drugs have not been demonstrated to influence
brain DAT density. Subjects were scanned using a double-head-
ed gamma camera equipped with fan beam collimators (Infinia™
Hawkeye® SPECT/CT, GE Healthcare), 4 h following intravenous
injection of 814 MBq (+74) of *"Tc-TRODAT-1. The TRODAT-1 kits,
produced by the Institute of Nuclear Energy Research (Taiwan,
ROC), were labeled and controlled before administration, and
the radiochemical purity control was verified by solvent extrac-
tion method. Images were transferred to a Xeleris workstation

PD group 14
7/13 (35%/65%)

90 (80; 90)

Data are expressed as median (25" and 75t percentiles); Chi-squared analysis with Yates’ correction. F — female; M — male;
PD - Parkinson’s disease; UPDRS — Unified Parkinson Disease Rating Scale; HY — Hoehn and Yahr scale; SE — Schwab & England scale.
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Table 2. Comparison between healthy controls and Parkinson’s disease patients in terms of molecular imaging variables.

99mTc-TRODAT binding

Case group

Striatum 1.03 1.18
Caudate nucleus 1.55 1.64
Putamen 0.92 1.22

1.41 0.47 0.58 0.67 <0.05
2.18 0.58 0.81 0.94 <0.05
1.36 0.34 0.45 0.50 <0.05

Data are expressed as median and quartiles; Mann-Whitney test; *"Tc-TRODAT — dopamine transporter radioligand.

Table 3. ®"Tc-TRODAT binding cut-off values in the striatum, caudate nucleus, and putamen in terms of Receiver Operating

Characteristic analysis.

2mTc-TRODAT binding

Striatum
<0.90

Caudate nucleus
<14
(abnormal)

Putamen
<0.76
(abnormal)

————————————————————————————————————————————————————————————————————— <0.05

N 1 20

% 11% 100%

N 5 0

% 56% 0%
********************************************************************** <0.05

N 4 20

% 44% 100%

N 8 3

% 89% 15%
—————————————————————————————————————————————————————————————————————— <0.05

N 1 17

% 11% 85%

Chi-squared analysis with Yates’ correction; **"Tc-TRODAT — dopamine transporter radioligand.

(GE Medical Systems) and reconstructed taking into account
the anteroposterior commissural line by using a standard back-
projection technique with a Butterworth low-pass filter (cut-off
frequency 0.45). Photon attenuation correction was performed
using Chang’s first-order correction method [10].

DAT density was calculated using binding potential from re-
gions of interest (ROI), bilaterally drawn in the striatum, cau-
date nucleus, putamen, and occipital lobe, by 2 independent
readers (P.B.N and I.R.B), blind to subject identity, diagnosis,
and group. DAT binding potential was obtained according to
the equation: (specific binding — nonspecific binding)/nonspe-
cific binding. Data from occipital lobes were considered as a
reference for nonspecific DAT binding.

Statistical analysis

Descriptive statistical data are given as median values with low-
er and upper quartiles (25% and 75% percentiles, respectively).
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Concerning the DAT binding potentials in the striatum, cau-
date nucleus, and putamen, the lowest of bilateral measures
of each participant was selected for analysis. Data provided
by observer 1 were randomly chosen and were considered for
descriptive data.

Data distribution was assessed using the Kolmogorov-Smirnov
test. For intergroup comparisons, the Mann-Whitney U test
was used. Chi-squared analysis with Yates’ correction was
used when appropriate. The cut-off values for the differentia-
tion between PD and healthy subjects were established by re-
ceiver operating characteristic (ROC) curves. Correlations were
performed using nonlinear regression analysis. To verify the
interobserver reproducibility of the **"Tc-TRODAT-1 SPECT re-
sults, DAT binding potentials from both studied groups, provid-
ed by the readers 1 and 2, were compared, using the Wilcoxon
signed rank test. Differences were considered significant for
p values <0.05.
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Table 4. Accuracy (area under the curve) from Receiver Operating Characteristic curve analysis of molecular imaging variables between
healthy controls and Parkinson’s disease patients.

9°mTc-TRODAT binding Area under the curve Cl < 95% Cl>95% p

Striatum 0.998 0.982 1.001 <0.05
Caudaterucews 0994 o7 o1 0os
CPutamen 0983 0sas o1 w0os

Data are expressed as area under the curve and confidence intervals (CI); Asymptotic significance test; *™Tc-TRODAT — dopamine
transporter radioligand.

Table 5. Comparison between dopamine transporter density figures provided by independent SPECT readers.

9°mTc-TRODAT binding | Reader 1 Reader 2 p
Right striatum 29 0.69 (0.50; 1.06) 0.67 (0.46; 0.98) 0.475
Cleftstiatum 9 064052108 060048100 0931
Right caudate nucleus 2 097(07;14) 085060116 ©0os
leftcaudate nucleus 0 102079163 090061145 oo
CRightputamen 9 056034102  061(03708) o044
Cleftputamen 9 05203508) 057034099 o048

Data are expressed as median (25" and 75 percentiles); Wilcoxon signed rank test; *>"Tc-TRODAT — dopamine transporter radioligand.

Results

PD patients showed a significant decrease in the striatum, cau-
date nucleus, and putamen DAT densities compared with data
from healthy subjects: 0.58 (0.47; 0.67) versus 1.18 (1.03; 1.41)
(p<0.05), 0.81 (0.58; 0.94) versus 1.64 (1.55; 2.18) (p<0.05),
and 0.45 (0.34; 0.50) versus 1.22 (0.92; 1.36) (p<0.05) (Table 2).

ROC curve analysis

Regarding striatal DAT density, the cut-off value of 0.90 for in-
dicating PD was associated with a sensitivity of 100% and a
specificity of 89% (area under the curve: 0.998; p<0.05). Striatal
#mTc-TRODAT-1 binding <0.90 (defined as presynaptic dopa-
minergic deficit according to the current study) was found in
all PD patients (100%), and in 1 (11%) of 9 healthy subjects
(p<0.05). The decrease in striatal *"Tc-TRODAT-1 binding was
bilateral in all PD patients.

Concerning caudate nucleus DAT density, the cut-off value
of 1.40 for indicating PD was associated with a sensitivity of
100% and a specificity of 56% (area under the curve: 0.994;
p<0.05). Caudate nucleus *mTc-TRODAT-1 binding <1.40, con-
sidered as presynaptic dopaminergic deficit in this study, was
found in all PD patients (100%), and in 4 (44%) of 9 con-
trols (p<0.05).

Considering putaminal DAT density, the cut-off value of 0.76
for indicating PD was associated with a sensitivity of 85%
and a specificity of 89% (area under the curve: 0.983; p<0.05).
Putaminal **™Tc-TRODAT-1 binding <0.76 (defined as presyn-
aptic dopaminergic deficit in the present study) was found in
17 PD patients (85%), and in 1 (11%) of 9 control individuals
(p<0.05). Tables 3 and 4 summarize ROC curve analysis data.

Interobserver data comparison

Taking into account the DAT density obtained from all participants,
there was no significant difference between measures provided
by readers 1 and 2 for the right and left striatum or the putamen.
In contrast, a significant difference was found between data mea-
sured by readers 1 and 2 regarding the caudate nuclei (Table 5).

Discussion

This investigation reports data on the diagnostic accuracy and
interobserver reproducibility of SPECT using **"Tc-TRODAT-1 for
evaluating the DAT densities in the striatum, caudate nucleus,
and putamen in PD patients and healthy subjects. Our results
proved a significant reduction in the *Tc-TRODAT-1 binding in
the aforementioned basal ganglia structures in PD patients com-
pared with data from control individuals, which are in line with
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findings of prior studies [5-7,11,12]. Analysis of ROC curves dis-
closed that the striatal *"Tc-TRODAT-1 bindings presented the
highest diagnostic accuracy compared to those estimates from
the caudate nucleus and putamen. For the diagnosis of PD, striatal
9mTc-TRODAT-1 binding cut-off value of 0.90 was associated with
a sensitivity of 100% and a specificity of 89%. Moreover, there
was no significant difference between striatal *"Tc-TRODAT-1
binding measures provided by different readers, contrary to
9mTc-TRODAT-1 binding estimates in the caudate nucleus.

It is worth noting that the diagnostic accuracy of striatal
9mTc-TRODAT-1 binding, reported in the present study, refers
to PD patients versus healthy subjects, and not to PD patients
versus those with atypical Parkinsonian syndrome. SPECT or
PET using DAT radioligands are relevant methods to identify
conditions associated with loss of dopaminergic nigrostriatal
nerve terminals, such as PD, multiple system atrophy (MSA),
progressive supranuclear palsy (PSP), and dementia with Lewy
bodies (DLB); this means that DAT imaging can distinguish pa-
tients with and without impairment of the nigrostriatal dopami-
nergic system. Therefore, in cases of parkinsonism and tremor
disorders, normal striatal DAT density highlights the possibility
of conditions, such as essential tremor (ET), psychogenic, vascu-
lar and drug-induced parkinsonism, as well as dystonic tremor
[1,3,13]. To differentiate PD from ET, the sensitivity of SPECT us-
ing DAT tracers has been reported to be around 90% [14,15]. In
a North American multicenter assessment of DAT imaging, SPECT
with 123]-B-CIT was demonstrated to reliably and effectively dis-
tinguish between individuals with Parkinson’s syndrome (PD
and PSP) and without Parkinson’s syndrome (healthy controls
and ET) [6]. According to the European Association of Nuclear
Medicine guidelines [4], 122I-FP-CIT imaging helps discriminate
ET from parkinsonian syndromes related to PD, MSA, and PSP,
but DAT imaging is unable to discriminate between the latter
3 conditions. Interestingly, the use of *"Tc-TRODAT-1 for the
evaluation of clinically unclear parkinsonian syndromes has
been recently reported, with an accuracy of 80%, a sensitivity
of 100%, and a specificity of 70% when it was compared to the
definitive clinical diagnosis established about 2 years later [16].

The commonly used SPECT tracers are '2I-FP-CIT, 123I-B-CIT,
and *"Tc-TRODAT-1; the latter was selected for this study
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because *™Tc provides suitable energy and half-life for imag-
ing, in addition to its wide availability and lower cost, in con-
trast to the limited availability and higher cost of 2’ [8,12].
Although PET has advantages over SPECT in image resolution
and capacity of quantification, the results of *"Tc-TRODAT-1
SPECT were demonstrated to be comparable with the findings
of ¥F-FDOPA PET [11]. Also, PET is more expensive, less wide-
ly available, more time-consuming, and more manpower-de-
pendent. The combination of all these factors can make the
use of #™Tc-TRODAT-1 SPECT more feasible in some countries.

The main limitations of the present study are: 1) small sam-
ple, particularly of the control group (9 subjects), because it is
not easy to convince healthy people to undergo radiation un-
necessarily, and 2) lack of a criterion standard in vivo exami-
nation for definitive diagnosis of PD; the accuracy of clinical
diagnosis of PD is only approximately 90% [9].

Recently, transcranial sonography has become a promising tool
for the evaluation of movement disorders [17-26]. Future stud-
ies must address the utility of striatal DAT density in combina-
tion with substantia nigra hyperechogenicity, in addition to a
number of non-motor signs of PD, such as depression, olfactory
dysfunction, neuropsychological deficits (visuospatial process-
ing and sequential planning), idiopathic rapid-eye-movement
(REM) sleep behavior disorder, and pain [27]. At present, there
is strong evidence that decreased striatal dopamine transport-
ers uptake and SN hyperechogenicity are risk markers of PD
in patients with idiopathic REM sleep behavior disorder [28].

Conclusions

Striatal DAT imaging with **"Tc-TRODAT-1 SPECT can be con-
sidered a biomarker for differentiating PD patients from
healthy individuals, with good interobserver reproducibility.
Further studies comparing PD with atypical Parkinson’s syn-
drome are needed.
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