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Abstract

Objective Parkinson disease (PD), parkinsonian syn-

dromes (PS) and essential tremor (ET) are different types

of movement disorders which share some symptoms

resulting in a difficulty of certain diagnosis. This study was

conducted to determine the value of 99mTc-TRODAT-1

scan to differentiate PD from ET and other PS cases.

Methods Totally, 75 patients were studied including 29

PD, 6 possible PD, 22 ET and 18 PS cases. A dual-head

SPECT-CT was used to perform basal ganglia (BG)

imaging following administration of 99mTc-TRODAT-1.

The BG uptake values were normalized to whole brain and

occipital activity. All patients were followed for

2–22 months to reach a certain diagnosis.

Results Patients with ET and drug-induced parkinsonism

show significantly higher normalized BG uptake as com-

pared to the other subgroups; however, no significant dif-

ference was noted between PD and PS patients. The

sensitivity and specificity of the findings for the differen-

tiation between patients with the disease associated versus

not associated with BG dysfunction were 80 and 83.3 %,

respectively. A predictive positive value of 82.6 % was

obtained using an additive scaling index defined as asym-

metry and unevenness of uptake in putamen and/or caudate

contralateral to the dominant side of current symptoms.

Conclusions 99mTc-TRODAT-1 scan is an appropriate

method to differentiate PD or PS versus ET. A combination

of scan pattern including asymmetry of BG uptake and

unevenness of activity in caudate and putamen along with

the side of dominant symptoms may be valuable for the

differentiation of Parkinson’s disease from the other

parkinsonian syndromes.

Keywords 99mTc-TRODAT-1 � Parkinson’s disease �
Parkinsonian syndrome � Essential tremor � SPECT

Introduction

Parkinson disease (PD) is one of the important movement

disorders with prevalence of 0.1–0.2 % of general popu-

lation and of 2 % of population over 65 years old [1]. PD is

really the second most common neurodegenerative disor-

der after Alzheimer’s disease [2]. The pathophysiologic

hallmark of this disease is slow and progressive degener-

ation of dopaminergic system. This disease is known with

motor symptoms including tremor, rigidity, bradykinesia

and also non-movement symptoms including behavioral

and psychological disorders, such as fatigue, dementia,

anxiety, cognitive impairment and autonomic dysfunction

[3]. Definite diagnosis is on the basis of pathologic

assessment showing degeneration of nerve terminals, loss

of dopaminergic structures and the presence of
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intracytoplasmic Lewy inclusion bodies (LB) in substantia

nigra; however, the sampling is not feasible [2]. On the

other hand, LB can be seen in some neurologic diseases

other than Parkinson’s disease [4]. Currently, the main and

the most common approach to differentiate idiopathic

Parkinson’s disease from the other parkinsonism syn-

dromes is on the basis of clinical findings and patient’s

symptoms using accepted criteria. Nevertheless, in post-

mortem evaluation, 25 % of patients initially thought to be

PD would be confirmed to have other diseases such as

multiple system atrophy (MSA), progressive supranuclear

palsy (PSP), vascular parkinsonism (VP), cortico-basal

degeneration (CBD) [2, 4, 5]. In addition, clinical diagnosis

and management of the patients may be challengeable as

many PD cases are presented with non-specific or atypical

signs and symptoms especially in the early phases of the

disease. Furthermore, the diagnosis of mono-symptomatic

PD may be a more problematic issue. For instance, dif-

ferential diagnosis of tremor-dominant PD versus essential

tremor (ET) is sometimes difficult [6, 7]. Consequently, in

some cases, the interval between symptom onset and final

diagnosis may be widely prolonged. Accordingly, neurol-

ogists and researchers are continuously looking for more

convenient, less invasive and more feasible methods to

differentiate PD from the other neurologic disorders

mimicking the manifestation of PD including MSA, PSP,

ET, dementia with LB, drug-induced parkinsonism (DIP),

etc. Routine anatomical imaging including computed

tomography (CT) and magnetic resonance imaging (MRI)

do not show any specific abnormality in PD except for

advanced stages [8, 9]. Unlike anatomical imaging, nuclear

medicine molecular imaging methods have revealed much

success in the diagnosis of these diseases. Positron emis-

sion tomography (PET) and single photon emission com-

puted tomography (SPECT) with different

radiopharmaceuticals are suggested in this context [4, 10,

11]. SPECT is preferred because of its availability, con-

venience and cost-effectiveness. Imaging with dopamine

transporter analog is one of the most common methods of

nuclear medicine imaging for this purpose. Dopamine

transporter (DAT) is a membrane protein in the pre-sy-

naptic dopaminergic nerve terminals that is reduced in

Parkinson’s disease as well as in other pre-synaptic

parkinsonism disorders along with reduced dopaminergic

neurons. In fact, the expression of this protein may reflect

the functional dopaminergic neuronal density in this region

and its reduction in PD is assumed to be in proportion with

the severity of the disease based on Hoehn and Yahr

staging (HYS) scale [4, 12, 13].

Since a certain on-time diagnosis is crucial to receiving

the right treatment, introducing an accurate method is

valuable and helpful. The present study aimed to assess the

value of SPECT using a new 99mTc-TRODAT-1

formulation for differentiating PD versus ET and other

causes of parkinsonism. We tried to find specific criteria

and/or threshold uptake values for the improvement of the

test accuracy in our studied patients.

Materials and methods

Study population

This study was approved by the ethics committee of Tehran

University of Medical Sciences and was prospectively

performed on 75 patients referred to neurology clinics with

signs and symptoms of parkinsonism [14, 15]. Patients

were enrolled in the study after obtaining informed con-

sent. Demographic data and detailed physical examinations

were recorded for each case. For the inclusion in the study,

patients’ symptoms should not be started more than 2 years

before admission and they should not have any obvious

abnormality in CT or MRI, except for senile atrophy. The

pregnancy was ruled out in the female cases of the pre-

menopausal age. Consumption of CNS stimulating drugs

such as amphetamines and sympathomimetic drugs

including decongestant nasal drops were withheld for at

least 4 weeks as these drugs may influence the DAT

expression or interfere with 99mTc-TRODAT-1 uptake. On

the other hand, if required, the dopaminergic drug admin-

istration was continued since other studies show no

important interference of such medications with the

absorption of 99mTc-TRODAT-1.

Radiopharmaceutical

The commercial freeze-dried kits of TRODAT-1 have been

provided by Pars Isotope Company, Iran. Tc-99m was

obtained from a commercially available 99Mo/99mTc gen-

erator (PARSTEC II, Pars Isotope Company, Iran) and
99mTc-TRODAT-1 was prepared according to the previ-

ously reported method with some modifications [16].

Briefly, radiolabeling was performed by adding 0.5 mL

0.9 % saline to the kit formulation, allowing the mixture to

pre-incubate for 5 min, and immediately afterwards

30–40 mCi (1110-1480 MBq) of 99mTcO4- in 1 mL nor-

mal saline was added. The solution in the vial was incu-

bated at 95 �C in a digital dry heater (Hot Pot, Eczacıbaşı/
Monrol, Turkey) for 30 min and subsequently cooled down

to room temperature for 20 min.

Image acquisition and reconstruction

All patients underwent imaging in two phases, at 3 and 4 h

following administration of 22–25 mCi (814–925 MBq;

specific activity of 64.3 MBq/nmol) 99mTc-TRODAT-1. A
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dual-head gamma camera SPECT/CT (Siemens, Symbia,

T2 Series) equipped with low energy high resolution col-

limators was used and the imaging was carried out in

supine position, with fixed head using a head holder.

Simultaneously, patients underwent CT imaging for the

localization of basal ganglia (Fig. 1). Data acquisition was

performed in matrix size of 128 9 128, zoom of 1.45 and

360� arc (180� for each head) with 64 projections (32

projections for each head) and 50 s per projection.

Images were reconstructed using OSEM method with

subset of 4 and iteration of 8. Chang method was used for

attenuation correction. SPECT images were analyzed along

the level of canthomeatal line.

Image analysis and quantification

All images were reconstructed and interpreted by nuclear

medicine specialists who were unaware of the patient’s

history and patient’s diagnosis. At first, the raw images

were reviewed on the monitor screen to avoid any possible

error such as head tilt, low count statistics, misregistration

of CT/SPECT data, etc. In the case of any problem, the

imaging was repeated to reach the optimal quality. Eight

transverse slices parallel to the canthomeatal line including

the highest activity of basal ganglia were applied to make a

composite slice. The most ventral and the most dorsal

slices were not included in the composite slice to avoid

partial volume effect interfering with quantitative assess-

ments. Based on individual morphology of BG under the

navigation of anatomical images, as obtained by image

fusion with CT, region of interest (ROI) was drawn around

the whole striatum as well as on the subregions of BG

(head of caudate and putamen) in the composite slice for

each hemisphere. Also ROI of bilateral occipital cortex and

whole brain (WB) including BG were drawn in order to

normalize the amounts of BG activities. Normalized uptake

of basal ganglia in each hemisphere was calculated as

average count per pixel (ACP) of the BG ROI minus ACP

of the ipsilateral occipital (or WB) ROI divided by ACP of

the occipital (or WB) ROI(s) and the result was named as

basal ganglia normalized to occiput (or WB) value abbre-

viated as BGOC (or BGWB). The above-mentioned

approach was used in both 3- and 4-h images. The BGOC

(or BGWB) average for bilateral BG was also calculated to

estimate the overall BG function.

Symptom-independent asymmetry index (SIAI) was

used to estimate the asymmetry of uptake in basal ganglia

independent to the side of symptoms. SIAI(OC) was cal-

culated as difference between left and right BGOC divided

by the average of bilateral BGOC. Correspondingly,

SIAI(WB) was defined as difference between left and right

BGWB divided by average of bilateral BGWB.

Additionally, symptom oriented asymmetry index

(SOAI) was also calculated as the difference between

ipsilateral BGOC (or BGWB) and contralateral BGOC (or

BGWB) regarding the dominant side of clinical symptoms

divided by average of bilateral BGOC (or BGWB).

In addition, a scoring index called asymmetry and

unevenness scaling (AUS) index was described using three

criteria based on interpretation of the images considering

dominant side of current symptoms and pattern of radio-

tracer uptake in the BG. The first criterion is defined as

whether the symptoms are symmetrical (score 0) or

asymmetrical (score 1). The second one is determined by

the side of uptake abnormality in relation to the side of

dominant symptom so that score 1 is intended to abnormal

decreased uptake contralateral to the side of dominant

symptom while any other conditions (i.e., bilateral sym-

metrical abnormalities or abnormality ipsilateral to the side

of dominant symptoms) are given the score 0. The third is

related to the pattern of uptake as whether the BG uptake is

unevenly decreased in putamen rather than caudate or

homogenously decreased throughout the entire BG (score 1

and 0, respectively). Consequently, AUS was measured as

the summation of the corresponding scores. Two examiners

were rating the patients on the basis of the above-

Fig. 1 Images of normal basal ganglia: a CT, b CT with typical striatal ROIs around right caudate (RC), right putamen (RP), left caudate (LC)

and left putamen (LP), c hybrid SPECT/CT 99mTc-TRODAT-1 with corresponding ROIs
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mentioned scaling criteria and the inter-rater agreement

was 100 %.

Follow-up evaluations

All patients were followed to reach a definite clinical

diagnosis established by the consensus of the neurologists

and the patients were finally assigned in the subgroups

including probable PD, ET, DIP or any other parkinsonian

syndromes, i.e., PSP, MSA, CBD according to the Scien-

tific Issue Committee (SIC) Task Force appraisal of clinical

diagnostic criteria for parkinsonian disorders and consen-

sus statement of the Movement Disorder Society on Tre-

mor by Ad Hoc Scientific Committee [14, 15]. Patients

with signs and symptoms of parkinsonism that could not

get classified as probable PD or other mentioned parkin-

sonism syndromes were labeled as possible PD. Due to

indefinite diagnosis in possible PD cases, this subgroup was

not enrolled as PD in the final analysis. The neurologist

observers were unaware of the scan results during this

period. Furthermore, the severity of PD was determined

according to HYS scale [17].

Statistical analysis

Multivariate analysis of variances (MANOVA) was per-

formed to compare the quantitative indices between dif-

ferent subgroups of patients. Post hoc analysis was also

performed using LSD method for pairwise comparison of

each index with the other indices when the result of

MANOVA was significant.

ROC curve analysis was performed to estimate the

accuracy of the quantitative parameters in the diagnosis of

each subgroup. The best coordinate value to reach a proper

balance between sensitivity and specificity of the test was

also obtained based on Youden’s index. The maximum

value of this index was used as a criterion for selecting the

optimum cut-off point. P value less than 0.05 was con-

sidered significant for all analyses.

Results

Patients were followed for an average of 11.6 months

(2–22 months). On follow-up evaluations, discrete

diagnosis was not achieved in 6 patients, i.e., possible

PD. Finally, 75 patients were included, 29 probable PD,

six possible PD, 22 ET, two DIP, nine MSA, six PSP

and one CBD. The patients with ET and DIP merged

into one ET/DIP subgroup. Also the patients diagnosed

as MSA, PSP and CBD were combined into one sub-

group named parkinsonian syndromes (PS). Demo-

graphic and clinical data of the patients for each

subgroup are given in the Table 1. BGOC and BGWB

on each side of the brain were separately presented for

the 3- and 4-h images in the Tables 2 and 3, respec-

tively. Calculated values from the 4-h images were

slightly higher than 3-h images apparently due to less

background activity of the former. ET and DIP patients

show significantly higher values of BGOC and BGWB

indices (Tables 2, 3). The image samples are shown in

the Fig. 2. The difference between ET/DIP vs. PD or

Table 1 Demographic and clinical characteristics of four subgroups of patients

Clinical and demographic

characteristics

Disease groups

Probable PD (n = 29) Possible PD (n = 6) ET/DIP (n = 24) PS (n = 16)

Age (mean ± SD) 59.5 ± 14.9 65.8 ± 14 57.2 ± 17.9 63.7 ± 7.5

Sex

Male 18 (62.1 %) 3 (50 %) 13 (54.2 %) 15 (93.8 %)

Female 11 (37.9 %) 3 (50 %) 11 (45.8 %) 1 (6.3 %)

Bradykinesia 25 (86.2 %) 2 (33.3 %) 2 (8.3 %) 15 (93.8 %)

Rigidity 26 (89.7 %) 4 (66.7 %) 3 (12.5 %) 5 (31.3 %)

Hand tremor 22 (75.9 %) 5 (83.3 %) 22 (91.7 %) 1 (6.3 %)

Head tremor 4 (13.8 %) 1 (16.7 %) 8 (33.3 %) 0 (0 %)

Postural instability 2 (6.9 %) 0 (0 %) 0 (0 %) 16 (100 %)

Urinary incontinence 0 (0 %) 0 (0 %) 0 (0 %) 5 (31.3 %)

Dysarthria 1 (3.4 %) 0 (0 %) 0 (0 %) 13 (81.3 %)

Gaze palsy 0 (0 %) 0 (0 %) 0 (0 %) 5 (31.3 %)

Autonomic dysfunction 0 (0 %) 0 (0 %) 0 (0 %) 5 (31.3 %)

PD Parkinson’s disease, ET/DIP essential tremor or drug-induced parkinsonism, PS Parkinsonism syndrome including multisystem atrophy,

progressive supranuclear palsy, corticobasal degeneration
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PS subgroups was also confirmed by the post hoc

pairwise comparison of these subgroups; however, no

significant difference was noted between the possible

PD, PD and PS subgroups neither on the 3-h nor on the

4-h images (Tables 4, 5).

At the next step, probable PD and PS subgroups were

combined together as one group (PD/PS) and subsequently

ROC curve analysis was performed to estimate a cut-off

BGOC (or BGWB) average value for the differentiation

between the ET/DIP from PD/PS subgroups. The 95 %

confidence interval (95 % CI) for area under the ROC

curve (AUR) was also calculated for each parameter: AUR

for three-hour average BGWB, 0.67–0.90, p\ 0.001; AUR

for 3-h average BGOC, 0.75–0.94, p\ 0.001; AUR for 4-h

average BGWB, 0.76–0.94, P\ 0.001 and AUR for 4-h

average BGOC, 0.78–0.95, p\ 0.001 (Fig. 3). The highest

AUR was found in the 4-h average BGOC and 80 % sen-

sitivity with 83.3 % specificity was obtained at the cut-off

of 0.50.

Subsequently, the same analysis was applied to assess

the potential value of the same quantitative parameters to

differentiate the PD vs. PS. The analysis was not significant

for this purpose (p[ 0.05). Quantitative asymmetry indi-

ces of SIAI and SOAI were also calculated and the cor-

responding ROC curves were plotted to differentiate PD

versus PS. The results were also insignificant in this anal-

ysis (p[ 0.05).

Twelve out of 29 PD patients (41.4 %) showed uniform

pattern of decreased uptake in putamen and caudate on the

4-h images, while 17 cases (58.6 %) revealed greater loss

of uptake in putamen rather than caudate, consisting of 5

patients (17.2 %) with unilateral and 12 patients (41.4 %)

with bilateral abnormalities. On the other hand, in PS

subgroup, 12 out of 16 patients (75 %) had uniform pattern

of bilateral decreased uptake in putamen and caudate.

Three patients (18.8 %) showed greater bilateral loss of

putamen uptake and only one (6.3 %) revealed greater

unilateral decrease of putamen uptake.

Visual interpretation of the imaging in all PD patients

with respect to the side of symptom at imaging time

showed bilateral or greater decrease of radiotracer uptake

in the contralateral side of dominant symptoms. Trying to

find a way to differentiate PD versus PS patients on the

basis of clinical and scan patterns, AUS was determined for

each patient and compared between the above-mentioned

subgroups (Table 6). The AUS was significantly different

in PD versus PS patients (p = 0.002). The details are given

in Table 6.

Regarding the results of AUS in Table 6, there was no

patient with PD diagnosis who had score of 0. Thus,

Table 2 Comparison of

quantitative values of 99mTc-

TRODAT-1 uptake in basal

ganglia between four subgroups

of patients on the 3-h images

Quantitative parameters Probable PD Possible PD ET/DIP PS Significance

mean ± SD mean ± SD mean ± SD Mean ± SD

BGWB

Right 0.45 ± 0.12 0.50 ± 0.13 0.60 ± 0.17 0.43 ± 0.11 P\ 0.001

Left 0.41 ± 0.14 0.45 ± 0.11 0.57 ± 0.17 0.39 ± 0.11 P\ 0.001

BGOC

Right 0.40 ± 0.13 0.48 ± 0.15 0.59 ± 0.16 0.36 ± 0.14 P\ 0.001

Left 0.37 ± 0.13 0.46 ± 0.13 0.61 ± 0.17 0.34 ± 0.17 P\ 0.001

PD Parkinson’s disease, ET/DIP essential tremor or drug-induced parkinsonism, PS parkinsonism syn-

drome including multisystem atrophy, progressive supranuclear palsy, corticobasal degeneration, BGWB

average count in the ROI of basal ganglia normalized to whole brain average count, BGOC average count

in the ROI of basal ganglia normalized to occipital average count

Table 3 Comparison of

quantitative values of 99mTc-

TRODAT-1 uptake in basal

ganglia between four subgroups

of patients on the 4-h images

Quantitative parameters Probable PD Possible PD ET/DIP PS Significance

mean ± SD mean ± SD mean ± SD Mean ± SD

BGWB

Right 0.48 ± 0.13 0.52 ± 0.15 0.66 ± 0.17 0.43 ± 0.12 P\ 0.001

Left 0.45 ± 0.13 0.51 ± 0.14 0.63 ± 0.17 0.38 ± 0.11 P\ 0.001

BGOC

Right 0.43 ± 0.17 0.56 ± 0.21 0.65 ± 0.20 0.41 ± 0.13 P\ 0.001

Left 0.41 ± 0.17 0.55 ± 0.15 0.65 ± 0.20 0.34 ± 0.16 P\ 0.001

PD Parkinson’s disease, ET/DIP essential tremor or drug-induced parkinsonism, PS Parkinsonism syn-

drome including multisystem atrophy, progressive supranuclear palsy, corticobasal degeneration, BGWB

average count in the ROI of basal ganglia normalized to whole brain average count, BGOC average count

in the ROI of basal ganglia normalized to occipital average count
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100 % sensitivity in addition to 100 % negative predictive

value for the diagnosis of PD using AUS at the cut-off

value of 1 or more as a positive result were found, while

specificity and positive predictive value in this cut-off

were 26.7 and 25 %, respectively. On the other hand,

from 23 cases with score of equal or more than 2, 19

(82.6 %) were definitely diagnosed as PD and only 4

(17.4 %) were ultimately assigned in the PS subgroup

showing a specificity of 73.3 % and PPV of 82.6 % for

the diagnosis of PD at the cut-off value of 2 or more as

positive AUS.

Discussion

In this study, the main purpose was to determine the

diagnostic value of 99mTc-TRODAT-1 brain scan for the

differentiation of PD versus ET and other cases of

parkinsonian syndromes including MSA, PSP and CBD.

We defined several quantitative values regarding the

specific BG uptake normalized to whole brain as well as

occiput activity on both 3- and 4-h images. In visual

assessment, the quality of 4-h images was better due to the

decrease in background activity over time. This finding was

Fig. 2 99mTc-TRODAT-1 images of patients with: a essential tremor

showing normal basal ganglia, b Parkinson’s disease with left-sided

dominant symptoms demonstrating asymmetrical basal ganglia

uptake indicative of both putamen and unilateral caudate dysfunction,

c Parkinson’s disease with symmetrical putamen dysfunction and

d multisystem atrophy showing increased background activity with

bilateral basal ganglia dysfunction
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Table 4 Pairwise comparison between subgroups of patients as to the quantitative values of 99mTc-TRODAT-1 uptake in basal ganglia on 3-h

images

Disease groups

Quantitative

parameters

Group

number

Probable PD Possible PD ET/DIP PS

MD P MD P MD P MD P

BGWB Probable PD – – -0.16 to

?0.08

0.51

NS

-0.23 to

-0.08

0.00 S -0.06 to

?0.11

0.59

NS

Possible PD -0.08 to

?0.16

0.51

NS

– – -0.24 to

?0.01

0.07

NS

-0.07 to

?0.19

0.34

NS

ET/DIP ?0.08 to

?0.23

0.00 S -0.01 to

?0.24

0.07

NS

– – ?0.09 to

?0.26

0.00 S

PS -0.11 to

?0.06

0.59

NS

-0.19 to

?0.07

0.34

NS

-0.26 to

-0.09

0.00 S – –

BGOC Probable PD – – -0.20 to

?0.05

0.24

NS

-0.27 to

-0.11

0.00 S -0.05 to

?0.13

0.40

NS

Possible PD -0.05 to 0.20 0.24

NS

– – -0.25 to

?0.11

0.08

NS

-0.02 to 0.25 0.10

NS

ET/DIP 0.11 to 0.27 0.00 S -0.01 to 0.25 0.08

NS

– – 0.14 to 0.32 0.00 S

PS -0.13 to 0.05 0.40

NS

-0.25 to

?0.02

0.10

NS

-0.32 to

-0.14

0.00 S – –

MD 95 % Confidence interval for mean difference between groups, S significant, NS not significant, PD Parkinson’s disease, ET/DIP essential

tremor or drug-induced parkinsonism, PS Parkinsonism syndrome including multisystem atrophy, progressive supranuclear palsy, corticobasal

degeneration, BGWB average count in the ROI of basal ganglia normalized to whole brain average count, BGOC average count in the ROI of

basal ganglia normalized to occipital average count

Table 5 Pairwise comparison between subgroups of patients as to the quantitative values of 99mTc-TRODAT-1 uptake in basal ganglia on 3-h

images

Disease groups

Quantitative

parameters

Group

number

Probable PD Possible PD ET/DIP PS

MD P MD P MD P MD P

BGWB Probable PD – – -0.18 to

?0.07

0.41

NS

-0.26 to

-0.11

0.00 S -0.03 to

?0.14

0.19

NS

Possible PD -0.07 to

?0.18

0.41

NS

– – -0.26 to 0.00 0.04 S -0.02 to 0.24 0.10

NS

ET/DIP ?0.11 to

?0.26

0.00 S 0.00 to ?0.26 0.04 S – – ?0.15 to

?0.33

0.00 S

PS -0.14 to

?0.03

0.19

NS

-0.24 to

?0.02

0.10

NS

-0.33 to

-0.15

0.00 S – –

BGOC Probable PD – – -0.28 to

?0.01

0.08

NS

-0.32 to

-0.14

0.00 S -0.06 to

?0.15

0.41

NS

Possible PD -0.01 to

?0.28

0.08

NS

– – -0.25 to

?0.05

0.20

NS

0.02 to 0.34 0.03 S

ET/DIP ?0.14 to 0.32 0.00 S -0.05 to 0.25 0.20

NS

– – ?0.17 to

?0.38

0.00 S

PS -0.15 to

?0.06

0.41

NS

-0.34 to

-0.02

0.03 S -0.38 to

-0.17

0.00 S – –

MD 95 % Confidence interval for mean difference between groups, S significant, NS not significant, PD Parkinson’s disease, ET/DIP essential

tremor or drug-induced parkinsonism, PS parkinsonism syndrome including multisystem atrophy, progressive supranuclear palsy, corticobasal

degeneration, BGWB average count in the ROI of basal ganglia normalized to whole brain average count, BGOC average count in the ROI of

basal ganglia normalized to occipital average count
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also confirmed by quantitative values. Our study is unique

because of using two methods for normalizing the BG

activity to the occiput as well as whole brain. Due to

probable lateralization of activity in the brain hemispheres,

normalization to ipsilateral occiput seems to be a preferred

method. Coexisting CT and SPECT imaging in our study

has improved the localization of BG.

As pointed out in the results, there was a significant

reduction of 99mTc-TRODAT-1 uptake values in basal

ganglia of the patients with PD and PS (i.e., MSA, PSP and

CBD) as compared to ET/DIP subgroup. The difference

was more prominent for the occiput-normalized values

especially on the 4-h images, namely BGOC value. This

value with overall accuracy of 81.2 % (95 % CI for AUR:

0.78–0.95), along with a sensitivity of 80 % and specificity

of 83.3 % at cut-off of 0.50 was able to differentiate PD

and PS patients versus the cases whose pathology was not

originated from BG (including ET and DIP). In a previous

study, ROC curves generated for the 99mTc-TRODAT-1

uptake values for each subregion revealed that PD or MSA

patients could be differentiated from controls with the

accuracy range of 64–85 % [1]. On the other hand, no

significant difference of the uptake values was noted

between PD and PS patients in our study leading to this

assumption that 99mTc-TRODAT-1 scan is not able to

independently differentiate between these two subgroups.

Similarly, a decreased uptake of BG in both PD and MSA

patients and lack of a clear distinction between these two

subgroups had been obtained in the study done by Berding

et al., using 123I-b-CIT radiopharmaceutical [18]. Evalua-

tion of BG uptake values using different radiotracers, i.e.,
99mTc-TRODAT-1 or 123I-b-CIT, was also not able to

differentiate PD from PS or MSA cases in most of other

previous studies; however, this issue is controversial and

variable results are reported in different studies [1, 5, 18,

19]. In one report, the patients with a side-to-side differ-

ence of decreased striatal 123I-b-CIT binding greater than

15 % were more likely diagnosed as PD, while the cases

with the difference between 5 and 15 % were more likely

to have MSA [20]. In another study performed by Swanson

et al., the mean values of quantitative BG uptake especially

in putamen subregions albeit were apparently higher in

MSA than PD patients, was not able to help differentiate

these two diseases [1]. In addition, according to the studies

comparing the value of 123I-FP-CIT and 99mTc-TRODAT-1

in early stage patients, sensitivity/specificity of 95 %/86 %

vs. 92 %/70 %, have been reported, respectively [4] lead-

ing to this fact that 123I-FP-CIT uptake in basal ganglia

may be more accurate for the diagnosis of BG dysfunction;

however, 123I radioisotope is produced by cyclotrons and

has limited availability and high cost, resulting in limited

application of 123I-b-CIT and 123I-FP-CIT [4].

Fig. 3 Receiver operating characteristic (ROC) curves of quantita-

tive 99mTc-TRODAT-1 image findings for the differentiation between

patients with the disease associated versus not associated with basal

ganglia dysfunction. The curves are obtained based on average count

in the ROI of basal ganglia normalized to whole brain (BGWB) and

average count in the ROI of basal ganglia normalized to occipital

activity (BGOC) in 3- and 4-h images

Table 6 Comparison of

asymmetry and unevenness

scaling (AUS) index as a

combined criteria based on

clinical and scan findings

between Parkinson’s disease vs.

other parkinsonian syndromes

AUS index Patients’ subgroups

PD PSP MSA Total

0 0 (0.0 %) (0.0 %) 3 (75.0 %) (50.0 %) 1 (25.0 %) (11.1 %) 4 (100 %) (9.1 %)

1 10 (58.8 %) (34.5 %) 1 (5.9 %) (16.7 %) 6 (35.3 %) (66.7 %) 17 (100 %) (38.6 %)

2 10 (76.9 %) (34.5 %) 2 (15.4 %) (33.3 %) 1 (7.7 %) (11.1 %) 13 (100 %) (29.5 %)

3 9 (90.0 %) (31.0 %) 0 (0.0 %) (0.0 %) 1 (10.0 %) (11.1 %) 10 (100 %) (22.7 %)

Total 29 (65.9 %) (100 %) 6 (13.6 %) (100 %) 9 (20.5 %) (100 %) 44 (100 %) (100 %)

PD Parkinson’s disease, MSA multisystem atrophy, PSP progressive supranuclear palsy
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In addition to average uptake of BG, i.e., BGOC and

BGWB, two other indices including SIAI and SOAI were

developed in our study to express the asymmetry of BG

uptake and evaluation of split striatal function in each side

independent of the dominant side of clinical symptoms.

Unfortunately, the corresponding results also show that

these values are not able to diagnose PD versus PS cases.

Similarly, an asymmetry index was defined by Weng et al.,

for the characterization of asymmetry in BG activity con-

cerning the side of symptoms for comparing PD patients

and healthy subjects but not for PS vs. PD cases [21].

According to visual interpretation in our study, in 28 out

of 29 PD patients, obvious reduction of radiotracer uptake

was noted symmetrically in bilateral BG or more obvious

contralateral to the side of dominant clinical symptom.

This may be due to the involvement of ipsilateral in

addition to contralateral BG during the course of disease

progression [13, 21]. In these cases, bilateral reduction of

BG uptake may occur before bilateral clinical symptoms.

This fact resulted in the inability of 99mTc-TRODAT-1

scan to independently differentiate advanced PD from

other PS cases. Likewise in the previous studies, lateral-

ization of BG uptake is not always seen in advanced PD

thus this finding is more reliable just for early stage of PD

[13]. Hence, the ability to differentiate between PD and PS

is still a challenging problem and may require an integrated

approach using both clinical and imaging information

considering the data obtained from separate BG subre-

gions. In the current study, the findings are in favor of more

obvious decrease in putamen than caudate activity con-

comitant with more frequent asymmetry of BG uptake in

PD patients as compared to other PS cases. On the other

hand, visual interpretation of the images in all PD patients

showed bilateral or greater decrease of radiotracer uptake

in the contralateral side of dominant symptoms especially

in putamen subregion. As a matter of fact, no patient had

greater loss of uptake in the ipsilateral side of dominant

symptoms, while uniform pattern of bilateral decreased

uptake in whole BG (both putamen and caudate) was noted

in most of PS patients. In view of these evidences, we tried

to find a way to reach the differential diagnosis of PD from

PS cases, on the basis of clinical data, i.e., dominant side of

current symptoms, in combination with the pattern of

radiotracer uptake in BG including the asymmetry of stri-

atal uptake and the unevenness of uptake across the BG

subregions (putamen vs. caudate or whole BG) on each

side. AUS was defined for this reason leading to desirable

results for our main purpose. All PD patients in our study

show an AUS of 1 or more and none of the cases with AUS

zero was in the PD subgroup. From 23 cases with score

equal or more than 2, 19 (82.6 %) were definitely diag-

nosed as PD and only 4 (17.4 %) were ultimately diag-

nosed as PS. Thus the positive predictive value of AUS

equal or more than 2 for the diagnosis of PD was 82.6 %

while PD could be strongly ruled out in the case of AUS

equal to 0. AUS equal to one leads to equivocal results for

the diagnosis of PD as opposed to PS patients. Combined

molecular studies including both pre-synaptic and post-

synaptic imaging have been suggested to differentiate these

patients [7, 22]. In some other studies, cardiac sympathetic

(MIBG) imaging has been suggested for the diagnosis [23].

As a limitation in our study, we should note that MRI

was not available in most of our cases and ROI definition

for SPECT analysis was based on individual morphology

of striatum as obtained by image fusion with CT by which

the delineation of caudate nucleus was slightly difficult to

be identified in some cases.

In conclusion, 99mTc-TRODAT-1 scan is an available

useful method for the diagnosis of the movement disorders

originated from basal ganglia. A combination of abnormal

findings including asymmetry and unevenness of basal

ganglia activity regarding the side of dominant symptoms as

a novel criterion namely ‘‘symptom oriented unevenness and

asymmetry score’’ could help to differentiate problematic

cases of Parkinson’s disease from the other patients with

similar manifestations like essential tremor or parkinsonian

syndromes with an acceptable sensitivity and specificity.

Acknowledgments This research has been part of a nuclear medi-

cine specialty thesis and supported by Tehran University of Medical

Sciences, Tehran, Iran; grant no. 22020. The authors would also like

to thank Mrs Mansooreh Darvishha for her technical assistance.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

References

1. Swanson RL, Newberg AB, Acton PD, Siderowf A, Wintering N,

Alavi A, et al. Differences in [99mTc]TRODAT-1 SPECT

binding to dopamine transporters in patients with multiple system

atrophy and Parkinson’s disease. Eur J Nucl Med Mol Imaging.

2005;32:302–7.

2. Zhang L, Liu J. The role of neuroimaging in the diagnosis of

Parkinson’s disease. Int J Integr Med. 2013;1:1–5.

3. Chaudhuri KR, Ondo WG. Movement disorders in clinical

practice. London: Springer-Verlag; 2010.

4. Shih MC, Hoexter MQ, Andrade LA, Bressan RA. Parkinson’s

disease and dopamine transporter neuroimaging: a critical review.

Sao Paulo Med J. 2006;124:168–75.

5. Wang L, Zhang Q, Li H, Zhang H. SPECT molecular imaging in

Parkinson’s disease. J Biomed Biotechnol. 2012;2012:412486.

6. Tatsch K, Poepperl G. Nigrostriatal dopamine terminal imaging

with dopamine transporter SPECT: an update. J Nucl Med.

2013;54:1331–8.

7. Marshall V, Grosset D. Role of dopamine transporter imaging in

routine clinical practice. Mov Disord. 2003;18:1415–23.

8. Berg D, Siefker C, Becker G. Echogenicity of the substantia nigra

in Parkinson’s disease and its relation to clinical findings.

J Neurol. 2001;248:684–9.

Ann Nucl Med (2016) 30:153–162 161

123

Author's personal copy



9. Rao SS, Hofmann LA, Shakil A. Parkinson’s disease: diagnosis

and treatment. Am Fam Physician. 2006;74:2046–54.

10. Huang WS, Chiang YH, Lin JC, Chou YH, Cheng CY, Liu RS.

Crossover study of (99m)Tc-TRODAT-1 SPECT and (18)F-

FDOPA PET in Parkinson’s disease patients. J Nucl Med.

2003;44:999–1005.

11. Utiumi MA, Felı́cio AC, Borges CR, Braatz VL, Rezende SA,

Munhoz RP, et al. Dopamine transporter imaging in clinically

unclear cases of parkinsonism and the importance of scans

without evidence of dopaminergic deficit (SWEDDs). Arq Neu-

ropsiquiatr. 2012;70:667–73.

12. Hwang WJ, Yao WJ, Wey SP, Ting G. Reproducibility of

99mTc-TRODAT-1 SPECT measurement of dopamine trans-

porters in Parkinson’s disease. J Nucl Med. 2004;45:207–13.

13. Huang WS, Lee MS, Lin JC, Chen CY, Yang YW, Lin SZ, et al.

Usefulness of brain 99mTc-TRODAT-1 SPET for the evaluation

of Parkinson’s disease. Eur J Nucl Med Mol Imaging.

2004;31:155–61.

14. Litvan I, Bhatia KP, Burn DJ, Goetz CG, Lang AE, McKeith I,

et al. Movement Disorders Society Scientific Issues Committee

report: SIC task force appraisal of clinical diagnostic criteria for

Parkinsonian disorders. Mov Disord. 2003;18:467–86.

15. Deuschl G, Bain P, Brin M. Consensus statement of the Move-

ment Disorder Society on tremor. Ad Hoc Scientific Committee.

Mov Disord. 1998;13(Suppl 3):2–23.

16. Erfani M, Shafiei M, Charkhlooie G, Goudarzi M. Development

of a freeze-dried radiopharmaceutical kit for dopamine trans-

porters imaging. Iran J Nucl Med. 2015;23:15–20.

17. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT,

Counsell C, et al. Movement Disorder Society task force report

on the Hoehn and Yahr staging scale: status and recommenda-

tions. Mov Disord. 2004;19:1020–8.
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