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Background: Studies on the routine clinical use of dopamine transporter (DAT) imaging have largely been conducted in
Europe and the United States. In this real-world study, we investigated the use of cerebral 99mTc-TRODAT-1
SPECT imaging of DAT in patients with Parkinson disease (PD) at a tertiary hospital in Brazil.
Material/Methods: We included 119 patients with suspected PD or clinically unclear parkinsonism who underwent brain scintigra-
phy with 99mTc-TRODAT-1 during a 3-year period. Additionally, a brief interview was conducted with the phy-
sician who requested the scan to determine the usefulness of the method in clinical decision-making.
Results: Regarding the scan requests, most were intended to evaluate or confirm dopaminergic denervation (69%), dis-
tinguish PD from essential tremor (10%), or distinguish degenerative parkinsonism from drug-induced parkin-
sonism (6%). Data analysis showed that scintigraphy with 99mTc-TRODAT-1 was useful in 85% of cases, chang-
ing the management of 75% of the patients who underwent a scan. The majority of physicians who requested
the scan were neurologists, and 54% were self-reported movement disorder specialists. An inappropriate use
of DAT imaging was seen in 5% of cases.
Conclusions: This study demonstrated that brain scintigraphy with the DAT ligand 99mTc-TRODAT-1 may influence diagnos-
tic or therapeutic interventions, meaning that Brazilian physicians who requested the exam have taken in vivo
DAT results into account at the time of clinical decision-making.
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Background

Parkinson disease (PD) is a slowly progressive neurodegener-
ative disorder with motor (bradykinesia, rigidity, rest tremor,
and postural instability) and nonmotor (hyposmia, REM sleep
behavior disorder, depression, constipation) symptoms [1]. PD
is the second most common neurodegenerative disorder after
Alzheimer disease. The overall prevalence of PD is estimated
at 1% of the population above 60 years [2]. In Brazil, one of
the most populous countries in the world, there is little epide-
miological information on PD. One study conducted in a small
Brazilian population showed a 3.3% prevalence of PD in peo-
ple aged 65 or older [3].

Age is the most important unchangeable risk factor for PD [4],
and the percentage of the population that is elderly has been
increasing worldwide in the past several decades. For example,
in Brazil, only 4.1% of the population was elderly (>60 years)
in the 1940s, and this percentage has been predicted to be
13.8% and 33.7% in 2020 and 2060, respectively [5].

Clinical diagnosis of PD can be challenging, and recent stud-
ies have shown higher rates of diagnostic error in up to 47%
of suspected PD cases with less than 5 years of disease dura-
tion [6]. Additionally, an incorrect diagnosis can lead to treat-
ment with inappropriate medications and unnecessary ad-
verse effects [7].

As suggested by the European Federation of Neurological
Society, selected subsidiary examinations such as dopamine
transporter (DAT) imaging could be effective in the differen-
tial diagnosis of PD [8]. Through DAT imaging, the dopaminer-
gic nigrostriatal system can be assessed in vivo. In particular,
imaging of the striatum, which is the region with the highest
DAT density, can help distinguish between nigrostriatal dopa-
minergic degeneration and non-nigrostriatal degeneration in
patients with clinically unclear signs and symptoms of par-
kinsonism [9].

A systematic review of the diagnostic accuracy of DAT scintig-
raphy in patients with PD or clinically uncertain parkinsonism
showed that sensitivity and specificity to detect nigrostriatal
cell loss reached 98% to 100%, supporting the conclusion that
DAT imaging is accurate in detecting nigrostriatal cell loss in
patients with parkinsonism [10]. Also, another study showed
that striatal DAT binding was highly correlated with postmor-
tem substantia nigra cell counts, corroborating the validity of
DAT imaging as an in vivo marker of nigrostriatal dopaminer-
gic degeneration [11].

Studies have assessed the role of DAT imaging in clinical prac-
tice, mainly in Europe and the United States, where this tech-
nique is widely available [12]. Indeed, DAT imaging is easier
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to interpret than modern magnetic resonance imaging, and it
has a lower cost than positron emission techniques [13]. Two
Brazilian studies using DAT imaging to differentiate PD patients
from normal healthy subjects showed that this technique had
high sensitivity (100%) and specificity (89%) [14,15].

DAT imaging using single-photon computed tomography is gen-
erally performed using iodine or technetium-labeled ligands,
such as '23I-FP-B-CIT or ®mTc-TRODAT-1. While image acquisi-
tion using '22I-FP-B-CIT generally requires waiting 3 to 6 h af-
ter the injection of the radioligand [16], 99mTc-TRODAT-1 im-
age acquisition can start 3 to 4 hours after this injection. In
addition, technetium-based ligands are more widely available
in nuclear facilities than iodine ones [17]. One study has com-
pared the usefulness of both ligands to aid PD diagnosis and
showed similar results but suggested that '23I-FP-3-CIT could
be more valuable in following dopaminergic denervation longi-
tudinally [18]. In Brazil, commercial access to DAT imaging us-
ing 99mTc-TRODAT-1 as ligand has been available since 2012.
However, brain scintigraphy with 99mTc-TRODAT-1 in Brazil is
limited to specific sites and is not covered by the majority of
private health insurances, nor is it a covered service under the
public health system. Further, there is a lack of information
about how Brazilian physicians are requesting this tool in re-
al-world clinical practice, and specifically, its role in assisting
diagnoses in the context of PD or other forms of parkinsonism.

The main objective of our study was to investigate the use of
cerebral 99mTc-TRODAT-1 SPECT imaging of DAT in patients
with PD from a tertiary hospital in Brazil as a tool to assist in
the diagnosis of PD or clinically unclear cases of parkinsonism
in a series of Brazilian patients.

Material and Methods

Setting and ethics

The study was carried out in the Nuclear Medicine Department
of Hospital Israelita Albert Einstein, a private 646-bed tertiary
teaching hospital in Sdo Paulo, Brazil. Brain scintigraphy with
the DAT ligand 99mTc-TRODAT-1 was first introduced in Brazil
at this hospital in 2005, followed by the first study using this
radioligand [19] and finally its commercial approval in 2012.

The local Research Ethics Committee approved this protocol
(no. 2472-15), and the physicians who were invited to partici-
pate in the study signed an informed consent. Due to the ret-
rospective nature of data collection, informed consent by pa-
tients was not required.
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Figure 1. Flowchart of dopamine transporter
(DAT) imaging scans evaluated.

Data collection

We retrospectively selected patients with the clinical diagno-
sis of possible or probable PD according to Gelb et al. [20] and
cases in which there was diagnostic doubt. The new criteria
for PD suggested by the Movement Disorder Task Force [21]
was not used in this study because DAT scans were mostly
done before these criteria were published. The timing was con-
firmed when we interviewed physicians face-to-face or online.
The period regarding data selection included an approximately
3-year period (January 2013 to May 2016) with 287 DAT scans.
Of these, 168 (~58%) were excluded from our study (Figure 1)
mainly owing to (1) nuclear physician report not found; (2) scin-
tigraphy lacking the physician request, which prevented eval-
uation of the clinical indication and medical history; (3) dupli-
cate scintigraphy (in cases in which patients were unable to
complete the first examination, generally due to claustropho-
bia); and (4) physician not found or did not respond/agree to
participate in the study. Statistical analysis was done with the
remaining 119 brain scintigraphy studies.

Medical interview

A brief structured medical interview was conducted with all
physicians who requested the imaging scans included in the
current study. The questionnaire contained objective ques-
tions regarding each patient’s symptoms and diagnostic cri-
teria used, purpose of the imaging request, possible changes
in management after the scintigraphy results were obtained,
follow-up period, and finally, the physician’s expertise (general
neurologist, neurologist self-reported as a movement disorder
specialist, or others). The main objective of this questionnaire
was to evaluate the clinical usefulness of the DAT imaging.

The questionnaire was also aimed at investigating the reasons
why physicians considered their patients’ cases as clinically
unclear parkinsonism by taking into account (1) lack of bra-
dykinesia or tremor interfering with bradykinesia evaluation,
(2) symmetric symptoms, (3) atypical tremor, (4) the presence
of early cognitive impairment or early severe dysautonomia,
(5) early signs of postural imbalance or ocular abnormalities,
(6) the presence of cortical signs such as apraxia or agnosia
and lack of a clear movement disorder, (7) sudden onset, (8)
incongruent signs and symptoms with a fluctuating pattern,
(9) the use of dopamine-depleting drugs, and (10) poor or in-
conclusive response to levodopa.

Scintigraphy with 99mTc-TRODAT-1 procedure

Brain scintigraphy was performed using 99mTc-TRODAT-1 to
assess DAT availability. Each subject intravenously received
925-1110 MBq (25-30 mCi) of 99mTc-TRODAT-1 (Institute of
Nuclear Energy Research, Lungtan, Taiwan). The brain images
were acquired 240 min after the injection using a dual-head
gamma camera with ultra-high-resolution fanbeam collima-
tors (Discovery NM/CT 670, GE Healthcare), which yielded
an image resolution of approximately 2.0 mm full-width at
half maximum (Figure 2). Data were acquired over a circular
360° rotation in 120 steps, 50 s per step, in a 128x128 ma-
trix. Images were reconstructed by ordered subset expecta-
tion maximization using a Butterworth filter (cutoff frequen-
¢y, 0.4 Nyquist; power factor 7) and attenuation correction by
the Chang method. DaTQUANT software (GE Healthcare) [22]
was used to define the caudate, putamen, striatum, and the
occipital regions for the measurement of striatal 99mTc-TRO-
DAT-1 binding. The average counts from the occipital region
were used to determine the nonspecific activity. The specif-
ic striatal 99mTc-TRODAT-1 binding (which represents striatal
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Figure 2. Illustrative dopamine transporter (DAT) imaging scans in 2 subjects from our sample who underwent a 99mTc-TRODAT-1
SPECT: (A) Normal and (B) abnormal scans are represented. Arrow (B) shows reduced DAT uptake bilaterally in the striatum,

with more pronounced decrease on the right striatum.

DAT availability) was calculated as follows: (striatal ROl counts
— occipital ROI counts)/(occipital ROI counts). Binding was cal-
culated for the whole striatum, putamen, and caudate head of
each hemisphere. Qualitative reports such as normal or abnor-
mal DAT results rather than quantitative DAT binding potentials
were taken into consideration at the time of statistical analysis.

Normal versus abnormal scans took into consideration a previous
study of our group that assigned cutoff values in DAT imaging
scans of Brazilian PD patients versus healthy control individu-
als [14]. Figure 2 shows illustrative normal and abnormal scans.

Suitability of request for scintigraphy with
99mTc-TRODAT-1

In Table 1, we present settings in which brain scintigraphy with
99mTc-TRODAT-1 was considered technically appropriate in
this study (i.e., when the scan was requested to differentiate
intergroup pathologies, such as degenerative parkinsonism
versus non-degenerative conditions). In this study, intragroup
differentiation was not considered appropriate because DAT
imaging studies do not allow atypical forms of parkinsonism
such as multiple system atrophy, progressive supranuclear pal-
sy, corticobasal degeneration, and Lewy body dementia to be
distinguished from idiopathic PD at the individual level [16].
However, we are aware, for example, that when an observ-
er-independent software was used for statistical parametric
mapping, reduced midbrain [*2[]B-CIT uptake was found in pa-
tients with Parkinson variant of multiple system atrophy, which

Table 1. Suitability of brain scintigraphy with 99m Tc-TRODAT-1
requests. Indications that suggested intergroup disease
(degenerative parkinsonism versus non-degenerative
conditions) were considered appropriate.

Degenerative parkinsonism

Non-degenerative conditions

Parkinson’s disease Essential tremor

Others*

* Analyzed case by case.

allowed a correct classification of 95% patients with the vari-
ant or PD, respectively [23]. We are also aware of normal DAT
results in corticobasal degeneration and abnormal DAT results
in some vascular parkinsonism cases [24,25].

We also considered studies requesting evaluation or confirma-
tion of dopaminergic cell loss (dopaminergic denervation) in
cases of suspected PD as appropriate indications.

Statistical analysis
For categorical variable descriptive analysis, absolute and

relative frequency values were used. Comparisons between
2 measures were done using chi-square, Fisher exact, or
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Table 2. Patient demographics and clinical data.

CLINICAL RESEARCH

Movement disorder specialist dopamine transporter

Total (N=119)

Others 29 (24)

imaging request

Categorical measures described in absolute value and, in parentheses, percentage. p-value for Fisher exact, Chi-square and

Mann-Whitney tests.

Mann-Whitney tests. When necessary, posttests with Holm
correction were used. A significance level of 5% was adopt-
ed. The analysis was conducted with the R software (version
3.4.1) and Microsoft Office Excel 2010.

Results

Demographic and clinical data

Scintigraphy with the DAT ligand 99mTc-TRODAT-1 was ab-
normal in 76 of 119 patients (~64%) and all but one of the
physicians who requested the examination were neurologists
(Supplementary Table 1). Additionally, 54% of DAT imaging
scans were requested by neurologists who were self-report-
ed movement disorder specialists.

Demographic and clinical data of patients and the most prev-
alent symptoms at the time of the scan request are summa-
rized in Table 2. Overall, the majority of patients were men,
with an average age of 67 years and a short disease dura-
tion (<5 years). Bradykinesia, tremor, and rigidity accounted
for the main clinical findings at the time of the scintigraphy
request. A comparison of patients’ profiles based on the re-
quest for scintigraphy with 99mTc-TRODAT-1 being made by a
movement disorder specialist versus other physicians did not
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reveal statistically significant differences, with the exception
of a longer disease duration (4.8 vs. 3.0 years; P<0.031) being
associated with requests from movement disorder specialists.

Usefulness of scintigraphy with 99mTc-TRODAT-1 in real-
world clinical practice

The majority of scans were requested to evaluate or confirm
dopaminergic cell loss (69%), with 10% being requested to dif-
ferentiate degenerative parkinsonism from essential tremor
and 6% to distinguish degenerative parkinsonism from drug-
induced parkinsonism. The only request considered to be in-
appropriate was for differentiating PD from atypical parkin-
sonism, which occurred in 5% of cases.

Table 3 presents the major groups of scintigraphy requests as
well as their clinical usefulness. Overall, in 85% of requests,
the scans were useful in assisting physicians in the manage-
ment of their patients. DAT imaging was not clinically useful
in 18.3% of requests to evaluate or confirm dopaminergic cell
loss, 2 scans (33%) to differentiate PD versus atypical parkin-
sonism, and 1 scan (33%) to discriminate between degener-
ative parkinsonism versus other mixed causes. The scintigra-
phy usefulness did not have statistically significant differences
between movement disorder specialists and other physicians.
DAT imaging assisted in the management of 75% patients.

[Chemical Abstracts/CAS]
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Table 3. Brain scintigraphy with 99m Tc-TRODAT-1 requests and its clinical usefulness.

Scan usefulness

Dopamine transporter imaging indication

Evaluation/confirmation dopaminergic cell loss 67 (82) 15 (18)
 Degenerative parkinsonism versus tremor essential  12(00 o ©
 Degenerative parkinsonism versus drug-induced 7000 o ©
Degenerative parkinsonism versus vascular 3000 o ©
Parkinson's disease versus atypical parkinsonism a6 2 33
Lewy body dementia versus Alzheimer 1o o ©
Degenerative parkinsonism versus hydrocephalus 1oy o ©
mypicaltemor 4000 o ©
 Degenerative parkinsonism versus other mixed causes (hypoxia, encephalopathy, c e R

dystonia, ataxia, inflammation, etc.)

Data is presented in absolute values and, in parentheses, percentage. *Normal pressure hydrocephalus.

Change in management

Change in management occurred in 75% of cases with brain
scintigraphy with 99mTc-TRODAT-1 results. In 48% of cases,
the treating physician started a new drug; in 12% of cases,
medications were increased; and in 11% of cases, there was a
switch or a medication withdrawal. Referral of the patient to
another specialist occurred in 4% of cases, and in 19% of cas-
es, another neuroimaging test was requested. Approximately
12% of diagnoses were reviewed in this retrospective analy-
sis after DAT imaging results. The likelihood of starting a new
drug (50%) or increasing current medication dosage (13%) was
higher when scintigraphy with 99mTc-TRODAT-1 had abnor-
mal results. In addition, when DAT imaging results were con-
sidered normal, there was a higher likelihood for interrupting
medication (33%), requesting another neuroimaging exami-
nation (40%), or changing the diagnosis (40%).

Discussion

In this study, we demonstrated that brain scintigraphy with
99mTc-TRODAT-1, a DAT ligand, was considered useful in 85%
of cases to assist decision-making in real-world clinical prac-
tice. Moreover, the majority of patients were >65 years of age,
but with short disease duration (<5 years), and after DAT imag-
ing, medical management (from diagnosis to medication with-
drawal) was reported to have been changed in 75% of cases.
Inappropriate use of the scan was seen in only 5% of cases.
Notably, the largest number of physicians requesting this im-
aging technique were self-reported movement disorder special-
ists, which may suggest that even in large emerging countries

such as Brazil, this technique has poor penetration among gen-
eral neurologists, but mostly non-neurologists. In addition, the
findings suggest that caution is needed if this method becomes
more widely available without adequate educational informa-
tion for physicians who are less familiar with the technique.

According to the initial tracer license in Brazil, 99mTc-TRO-
DAT-1 may be used to assist in the diagnosis presynaptic do-
paminergic transporters [26]; therefore, in our study, the vast
majority of scans were performed in line with the license in-
dication. In addition, even though we found that 5% of scan
indications were inappropriate, all were in line with the trac-
er license. This finding differs from other series that indicated
a larger number of inappropriate indications and those in dis-
agreement with the tracer license. For example, Thiriez et al. [27]
found that only 18% of the DAT scans performed in their se-
ries in France were in agreement with the initial tracer license.
Additionally, they found a much higher number of inappropriate
scans than in our study (40% vs. 5%). This difference may be
due to the poor penetration of this imaging technique among
general neurologists or family physicians in Brazil, where the
decision to request this examination was typically made by
movement disorder specialists. Unsurprisingly, this overrep-
resentation of such specialists may have improved the qual-
ity of the indication.

Cost effectiveness is a key factor when a biomarker is consid-
ered to play a role in the diagnosis of a certain disorder. DAT
imaging is an expensive procedure, which may limit its use [28],
particularly in low-income countries and where reimburse-
ment is scarce. An alternative would be to add a very small
amount of cost to health insurance with the aim to improve
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treatment [29]. In Brazil, the total average annual cost of PD
patients attending 2 tertiary public health centers was esti-
mated to be US$5,853.50 per person [30]. Therefore, a more
widespread use of this technique in Brazil and other countries
by general neurologists or family physicians would probably
increase the number of inappropriate scans, thereby influenc-
ing the cost effectiveness of DAT imaging and increasing the
burden of disease. However, as noted earlier, PD misdiagno-
sis may interfere with appropriate treatment choices, and the
most frequent errors involve non-parkinsonian tremors, such
as essential tremor [7]. Hence, caution as well as more knowl-
edge about DAT imaging in aiding PD diagnosis is necessary
in real-life clinical scenarios.

In our study, we found a high percentage (75%) of change
in medical management after brain scintigraphy with
99mTc-TRODAT-1. This finding contrasts with the stud-
ies of Bhattacharjee et al. [31] in Ireland (n=48) and
Lokkegaard et al. [32] in Denmark (n=90). These studies found
that the diagnosis and management of patients changed in 23%
and 28% of cases, respectively. In addition, Kupsch et al. [18]
found that the clinical management plan and diagnosis changed
in 49% of cases at 19 centers in Europe and the United
States (n=113) [18]. However, our findings are in line with
Catafau et al. [19], who found that imaging increased confi-
dence in diagnosis, leading to changes in clinical management
in 72% of patients in 15 European centers (n=118). Another
study demonstrated that DAT may influence clinical manage-
ment, including initiating new dopaminergic therapy, adjusting
medication dose in patients with abnormal DAT, discontinuing
dopaminergic medications, and discontinuing the initiation of
new dopaminergic medications [7].

Interestingly, we found 2 patterns related to DAT imaging that
influenced change in management. First, when brain scintigra-
phy with 99mTc-TRODAT-1 was abnormal, starting a new drug
or increasing the current medication dosage was more likely
to occur. Second, when brain scintigraphy with 99mTc-TRO-
DAT-1 was normal, there was a trend for interrupting medica-
tion, requesting another neuroimaging examination, or chang-
ing the diagnosis. From this perspective, a previous study [33]
followed 150 patients with normal DAT imaging for 2 years
and showed that the vast majority of these patients had a
benign movement disorder rather than degenerative parkin-
sonism, thus reinforcing the importance of functional imag-
ing in making a diagnosis and understanding the prognosis.

CLINICAL RESEARCH

A physician’s clinical familiarity with a particular imaging tech-
nique may influence the appropriateness of request. In our se-
ries, the main reason to order DAT imaging was to evaluate or
confirm dopaminergic cell loss. During the period of this study
(2013 to 2016), we did not find relevant differences in the mo-
tivation to request DAT imaging (data not shown). Indeed, this
result is similar to Thiriez et al. [27] who did not find differ-
ences in the appropriateness of requests in the first 100 scans
versus the last 100 scans 2.5 years apart.

There are limitations in this study that should be taken into
consideration. First, its retrospective nature did not allow ac-
curate control of clinical and imaging data collection. Second,
a large number of physicians who requested a scan were not
interviewed. This could have masked the skillfulness of phy-
sicians interviewed, possibly selecting physicians who were
more familiar with DAT imaging. Also, merely describing the
chance to change clinical management is insufficient to es-
tablish a real “clinical utility,” as this study did not have a con-
trol group of patients that were not submitted to DAT imag-
ing. A control group could have helped prove that the scan
result was the critical factor influencing clinical decision-mak-
ing. Third, our results do not necessarily support the routine
use of DAT imaging at all Brazilian sites where this technique
is available, and inappropriate use of the scan and other out-
comes may differ between sites. Finally, the lack of studies in
other large emerging countries such as Brazil prevented a fair
comparison between centers.

Conclusions

In conclusion, this study demonstrated that brain scintigra-
phy with 99mTc-TRODAT-1, a DAT ligand, may indeed affect
diagnostic or therapeutic interventions, meaning that Brazilian
physicians who requested the examination for patients incor-
porated the results into clinical decision-making. In addition,
this study provides insight into the use of DAT scintigraphy in
countries other than the United States and European nations.
Finally, even though the change in medical management was
high in our study, it would probably be lower with more wide-
spread access to DAT scintigraphy worldwide.
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Supplementary Data

Supplementary Table 1. Scintigraphy with 99m Tc-TRODAT-1 results in patients undergoing investigation for parkinsonism.

) Right striatum  Left striatum  Right caudate  Left caudate  Right putamen Left putamen Imaging result*
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Supplementary Table 1 continued. Scintigraphy with 99m Tc-TRODAT-1 results in patients undergoing investigation for parkinsonism.

) Right striatum  Left striatum  Right caudate  Left caudate  Right putamen Left putamen Imaging result*
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Supplementary Table 1 continued. Scintigraphy with 99m Tc-TRODAT-1 results in patients undergoing investigation for parkinsonism.

) Right striatum  Left striatum  Right caudate  Left caudate  Right putamen Left putamen Imaging result*

*0 - normal exam and 1 — abnormal exam according to Bor-Seng-Shu E., et al. 2014.
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