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Abstract: Background: Parkinson’s disease (PD) is characterized by a progressive loss of nigrostriatal

dopaminergic neurons with impaired motor and non-motor symptoms. It has been suggested that

motor asymmetry could be caused due to an imbalance in dopamine levels, as visualized by dopamine

transporter single emission computed tomography test (DAT-SPECT), which might be related to

indirect measures of neurodegeneration, evaluated by the Montreal Cognitive Assessment (MOCA)

and α-synuclein levels in the cerebrospinal fluid (CSF). Therefore, this study aimed to understand the

correlation between disease laterality, DAT-SPECT, cognition, and α-synuclein levels in PD. Methods:

A total of 28 patients in the moderate-advanced stage of PD were subjected to neurological evaluation,

TRODAT-1-SPECT/CT imaging, MOCA, and quantification of the levels of α-synuclein. Results: We

found that α-synuclein in the CSF was correlated with global cognition (positive correlation, r2 = 0.3,

p = 0.05) and DAT-SPECT concentration in the putamen (positive correlation, r2 = 0.4, p = 0.005), and

striatum (positive correlation, r2 = 0.2, p = 0.03), thus working as a neurodegenerative biomarker. No

other correlations were found between DAT-SPECT, CSF α-synuclein, and cognition, thus suggesting

that they may be lost with disease progression. Conclusions: Our data highlight the importance

of understanding the dysfunction of the dopaminergic system in the basal ganglia and its complex

interactions in modulating cognition.
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1. Introduction

The worldwide prevalence of Parkinson’s disease (PD) has increased significantly over
the last decade due to an increase in longevity [1]. Initially, PD was well recognized by
the progressive loss of dopaminergic neurons within the nigrostriatal pathway [2], which
compromises the motor circuitry and causes classic motor and non-motor symptoms [3,4].
The motor symptoms of PD are often initially present on one side of the body, and a certain
asymmetry may persist even after bilateral motor dysfunction [5,6]. One of the many expla-
nations for the motor asymmetry observed in these patients is the imbalance of dopamine
levels between brain hemispheres [7,8]. However, dopamine imbalance has been shown to
influence many non-motor symptoms of PD [9], including cognitive deficits [10,11].

The increase in α-synuclein in Lewy bodies is an essential pathological hallmark of
PD [12–14]. Therefore, its expression in cerebrospinal fluid (CSF) has been introduced
as a possible biomarker for PD [15,16]. However, to date, its use to determine diagnosis
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or prognosis is still under investigation [17]. Regarding non-motor symptoms, cognitive
impairment is usually slow and insidious and should be included in the evaluation of
PD biomarkers [18].

Regarding imaging investigations, the use of dopamine transporter (DAT) single
emission computed tomography (SPECT) with 123I-ioflupane has shown 98% sensitivity
and specificity for detecting nigrostriatal cell loss in patients with PD [19]. It is used to
investigate the neurodegenerative nature of PD. DAT-SPECT using the less explored 99mTc-
TRODAT tracer could also work as a proxy for gross dopamine loss, imbalance between
hemispheres, and an indirect measure of neurodegeneration, which could be related to
non-motor symptoms.

Therefore, a possible correlation between disease laterality, DAT-SPECT uptake, cog-
nition, and CSF α-synuclein in PD should be thoroughly studied. Hence, in this study,
we aimed to investigate these relationships in patients with PD to better understand the
neurobiology of PD.

2. Materials and Methods

2.1. Patients

This is a prospective clinical trial. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Committee of the Hospital Sirio-Libanês
(CAAE: 02857412.9.0000.5461) and was inserted into the Clinical Trials database with the
following ClinicalTrial.gov identifier: NCT02647372. Twenty-eight patients diagnosed
with PD were evaluated by the Department of Functional Neurosurgery at the Hospital
das Clínicas, assisted by the public health system. The inclusion criterion was mid-stage
PD according to the established international guidelines [20]. The exclusion criteria were
impairment of balance, swallowing, and speech disorders related to PD, anatomical abnor-
malities, and pre-existing uncontrolled medical conditions, as shown in Table 1. All the
patients included in this study signed a written informed consent form.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Mid-stage PD Impairment balance
Hoehn and Yahr score: 2.0–3.0 Swallowing

After 12 h of off medication Speech disorders
Anatomical anormalities

Pre-existing, uncontrolled medical
conditions

2.2. Outcomes

2.2.1. 99mTc-TRODAT-1-SPECT Imaging

SPECT imaging was performed using a hybrid multislice (6 channel) SPECT/CT
camera (Symbia™ T Series SPECT/CT, Siemens Healthineers, Munich, German) in awake
patients four hours after infection with 814–1036 MBq of 99mTc-TRODAT-1. Volumes of
interest (VOIs) were drawn with the aid of the CT images in both the striatum and their
nuclei (the caudate nucleus and the putamen) as well as in the occipital cortex (OCC)
and quantified as follows: VOI of the target area—VOI in the OCC/VOI in the OCC.
The numeric results from the left and right striatum and from each nucleus were used in
the analyses.

2.2.2. CSF α-Synuclein Expression

The CSF of all the patients was obtained by lumbar puncture from vertebral bodies
L3–L5, collected in polypropylene tubes that were divided into aliquots, and stored at
−80 ◦C. The procedure was performed during the afternoon. The samples were then
subjected to α-synuclein concentration analyses using the Luminex method (#HNS1MAG-
95K) according to the manufacturer’s recommendations. Briefly, samples were incubated
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5. Conclusions

Our data highlight the importance of understanding the dysfunction of the dopamin-
ergic system in the basal ganglia and their complex interactions to modulate cognition.
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