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Objective: Clinical and radiological findings on neurosyphilis are fairly non-specific and
there is a paucity of functional neuroimaging studies on neurosyphilis other than case
reports and case series. The purpose of this study was to investigate brain perfusion
abnormalities in patients with neurosyphilis.

Methods: Four HIV-negative neurosyphilis patients and 4 healthy controls underwent
clinical evaluation, brain technetium-99m ethyl cysteinate dimer (99mTc-ECD) single-
photon emission computed tomography (SPECT) imaging, and neuropsychological
assessments which included the Mini-Mental State Examination (MMSE), Clinical
Dementia Rating (CDR), Clinical Dementia Rating—Sum of Boxes (CDR-SOB), and
Global Deterioration Scale (GDS). Voxel-wise differences in regional cerebral blood flow
were compared between the two groups.

Results: Neuropsychological test results indicated cognitive impairment in all patients.
SPECT analysis revealed multifocal hypoperfusion predominantly in the frontal, insular,
and posterior cingulate regions in neurosyphilis patients compared with healthy controls
(family-wise error corrected p < 0.05).

Conclusions:  Together with previous findings, our results suggest that the
hypoperfusion in the frontal, insular, and posterior cingulate regions may reflect cognitive
impairments observed in neurosyphilis patients. Further studies with larger samples are
needed to confirm our findings.

Keywords: neurosyphilis, single-photon emission computed tomography, regional cerebral blood flow, cognitive
function, neuroimaging

INTRODUCTION

Neurosyphilis is an infection of the central nervous system by Treponema pallidum (1).
Neurosyphilis has been reported to develop in up to 5-10% of patients with untreated syphilis
and can occur at any stage of syphilis, which is divided into primary, secondary, latent, and tertiary
syphilis (1, 2). The incidence of syphilis has varied over time with a marked decrease after the
introduction of penicillin and a surge in the era of HIV/AIDS pandemic followed by another
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TABLE 1 | Demographic and clinical characteristics of the participants.

Participant Age Sex MMSE CDR CDR-SOB GDS
Patient 1 43 Male 20 1 4.5 4
Patient 2 37 Male 28 0.5 0.5 3
Patient 3 53 Male 22 1 4.5 4
Patient 4 52 Male 23 1 6 5
Control 1 48 Male 30 0 0 1
Control 2 54 Male 28 0 0 1
Control 3 44 Male 30 0 0 1
Control 4 39 Male 29 0 0 1

CDR, Clinical Dementia Rating; CDR-SOB, Clinical Dementia Rating—Sum of Boxes;
GDS, Global Deterioration Scale; MMSE, Mini-Mental State Examination.

decline due to engaging in safe sexual practices. However, the
rates of syphilis began to increase again since 2000 (3). Despite
the relative success in controlling syphilis in the post-penicillin
era, syphilis remains an important public health issue with an
estimated annual global incidence of 12 million (4).

Neurosyphilis is classified into early forms of neurosyphilis
which  includes asymptomatic neurosyphilis, syphilitic
meningitis, and syphilitic meningovasculitis and late forms of
neurosyphilis which includes general paresis and tabes dorsalis
(5). Early forms of neurosyphilis primarily affects the meninges,
cerebrospinal fluid (CSF), and vasculature, and late forms of
neurosyphilis affects the brain and spinal cord parenchyma.
The clinical manifestations of symptomatic neurosyphilis are
diverse and usually non-specific including meningitis, stroke,
seizures, headache, hearing loss, vision loss, personality changes,
cognitive decline, dementia, or sensory and gait abnormalities
(5, 6). The diagnosis of symptomatic neurosyphilis is based on
the serological testing, CSF examination, and clinical findings
(5). However, diagnosis of neurosyphilis is often difficult
because many patients present either non-specific symptoms or
are asymptomatic.

Identifying radiological features of neurosyphilis may be
useful in aiding the diagnosis and distinguishing the disease
from other conditions. Previous neuroimaging studies have
reported generalized cerebral atrophy, non-specific white matter
lesions, meningeal and CSF enhancement, and signal changes
in the frontotemporal lobes as well as some normal findings in
neurosyphilis patients (7-9). However, apart from case reports
and case series, no prospective studies have been published
investigating the cerebral perfusion in neurosyphilis patients.
The purpose of this study was to investigate the differences
in regional cerebral blood flow (rCBF) between neurosyphilis
patients and healthy controls using single-photon emission
computed tomography (SPECT).

METHODS

Participants

Neurosyphilis patients and healthy controls were recruited at
the Incheon St. Mary’s Hospital (Incheon, South Korea). The
diagnosis of neurosyphilis is based on a CSF WBC count of

5 cells/microl or more, CSF protein 45 mg/dl or more and
a reactive CSF VDRL. All patients in this study showed a
reactive serum FTA-ABS and cognitive impairment including
neuropsychiatric symptoms. All patients were HIV-negative.
This study excluded patients with following past history:
head trauma, existing dementia diagnosis, stroke, brain tumor,
epilepsy, sexually transmitted diseases except for syphilis, and
other neurological or psychiatric disorders. Healthy controls
were age- and sex-matched volunteers who met the same
exclusion criteria and inclusion criteria, except for the presence
of neurosyphilis. The study was approved by the Institutional
Review Board of the Incheon St. Marys Hospital, and all
participants provided written consent form.

Clinical Assessment

Screening tests included a medical history interview, physical
and neurological examinations by a neurologist, routine blood
biochemistry and blood count, 12-lead electrocardiogram,
chest x-ray, and CSF study including counts of WBC and RBC,
protein, glucose, and CSF VDRL. We performed brain magnetic
resonance imaging, SPECT scans, and neuropsychological tests
before medical treatment. Neuropsychological assessments
consisted of the Mini-Mental State Examination (MMSE) (10),
Clinical Dementia Rating (CDR) (11), Clinical Dementia
Rating—Sum of Boxes (CDR-SOB) (11), and Global
Deterioration Scale (GDS) (12).

Brain SPECT Imaging

Brain SPECT scans were performed using a dual-headed gamma
camera (Discovery NM630; GE Healthcare, Milwaukee, WI,
USA) equipped with a low-energy fan-beam collimator. Patients
were injected with 555-740 MBq of technetium-99m ethyl
cysteinate dimer (99mTc-ECD) and rested for ~40 min prior to
scanning. Images were taken by rotating the camera a total of
720° at 6-degree intervals at a rate of 12s per frame (average
counts = 1.50 kcts/s). Images were corrected for attenuation
using a standard commercial correction routine provided by the
scanner vendor and reconstructed into a 128 x 128 matrix with
a pixel size of 1.95 x 1.95 x 2.08 mm and a 20% symmetric
energy window at 140 keV using the ordered-subset expectation
maximization (OSEM) algorithm (6 iterations and 10 subsets)
and a Butterworth filter (cut-off frequency of 0.5 cycles/pixel and
power of 10.0) to reduce noise.

All SPECT images were pre-processed and analyzed using
Statistical Parametric Mapping 12 (SPM; Wellcome Center
for Human Neuroimaging, London, UK) implemented in
MATLAB R2017b (MathWorks, Natick, MA, USA). The images
were spatially normalized to the standard SPECT template
provided by SPM. After spatial normalization, the count of
each voxel was standardized to the mean voxel count of the
whole brain using proportional scaling. The normalized images
were then smoothed using a 16-mm full-width half-maximum
Gaussian kernel.

A two-sample t-test was performed to compare the rCBF
between the groups. The voxel-wise significance threshold was
set at p < 0.001 with a cluster-level family-wise error (FWE)
correction at p < 0.05.
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TABLE 2 | Differences in regional cerebral blood flow between patients with neurosyphilis and healthy controls.

Region z

Coordinates* (x, y, 2) Cluster size (voxels)

Neurosyphilis group < control group

R inferior/middle frontal gyrus, 4.89 <0.001 40, 28, -8 1,489
anterior insula

R medial frontal cortex, middle 4.65 <0.001 2,58, —14 8,453
cingulate gyrus

R central operculum, posterior insula 4.09 <0.001 40, —16, 14 669
R posterior cingulate gyrus 4.08 <0.001 4, —36, 28 533
L anterior insula, superior temporal 3.87 <0.001 —-40,12,0 302
gyrus

L inferior/middle frontal gyrus 3.74 <0.001 —50, 10, 26 313

Neurosyphilis group > control group
None

*The coordinates refer to the Montreal Neurological Institute coordinate system. L, left; R, right.

Images are shown in radiological convention.

FIGURE 1 | Differences in regional cerebral blood flow between patients with neurosyphilis and healthy controls. At each voxel, decreases in brain perfusion in
neurosyphilis patients compared with healthy controls appear in blue. The height threshold is p < 0.001 with a cluster-level family-wise error correction at p < 0.05.

To assess individual patterns of abnormalities in rCBE
separate two-sample f-tests were conducted to compare each
patient with the control group. The voxel-level threshold of p <
0.005 with cluster-level FWE corrected p < 0.05 was applied for
the individual analysis.

Statistical Analysis
Mann-Whitney U test was used to compare age between the
groups. The significance level was set at p < 0.05 (two-tailed).

All statistical analyses were performed using Stata/MP 16.0 (Stata
Corp., College Station, TX, USA).

RESULTS

Demographic and Clinical Characteristics

Four patients with neurosyphilis and four healthy controls were
enrolled in the study. Demographic and clinical characteristics
are summarized in Table 1. All participants were male, and age
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did not significantly differ between the neurosyphilis (mean =+
standard deviation = 46.3 £ 7.6) and control groups (46.3 +
6.3, p =0.77). Scores of MMSE, CDR, CDR-SOB, GDS indicated
cognitive impairment in patients with neurosyphilis.

Brain SPECT Imaging Results

As compared with controls, neurosyphilis patients showed
reduced rCBF in six clusters including the (1) right
inferior/middle frontal gyrus and anterior insula (z = 4.89,
p < 0.001), (2) right medial frontal cortex and middle cingulate
gyrus (z = 4.65, p < 0.001), (3) right central operculum and
posterior insula (z =4.09, p < 0.001), (4) right posterior cingulate
gyrus (z = 4.08, p < 0.001), (5) left anterior insula and superior
temporal gyrus (z = 3.87, p < 0.001), and (6) left inferior/middle
frontal gyrus (z = 3.74, p < 0.001) (Table 2 and Figure 1). No
significant clusters of increased rCBF were detected.

For each patient, the SPECT images and the
results of individual analysis are demonstrated in
Supplementary Figures 1-4. Despite some differences of
rCBF patterns among patients, frontal and insular hypoperfusion
was observed in all patients.

DISCUSSION

In the current study, HIV-negative neurosyphilis patients showed
multifocal hypoperfusion predominantly in the frontal, insular,
and posterior cingulate regions compared to healthy controls.
Although diffuse hypoperfusion has been found in various
central nervous system infections and neurotoxicity such as HIV
and alcohol-related dementia (13, 14), the regional pattern of
our findings may be associated with cognitive decline found in
patients with neurosyphilis.

Our results are in agreement with previous SPECT findings
of decreased rCBF in the frontal regions in patients with general
paresis (15-18), which is the most common form of neurosyphilis
presenting with cognitive impairment and psychiatric symptoms
(19). These cases also reported decreased rCBF in the temporal
regions (15-18), which was less prominent in our study. In
contrast, there are single-case reports that showed increased
rCBF in the temporal lobe (20) and frontal and temporo-occipital
regions (21). Moreover, in a SPECT study which included 32
patients with early syphilis, a general and patchy hypoperfusion
was found in the frontal, temporal, parietal, occipital lobes as well
as the basal ganglia, cerebellum, and nerve nucleus (22).

These inconsistencies may be partially attributed to
differences in disease stage at diagnosis as hyperperfusion
may reflect inflammatory changes in the early phase and
hypoperfusion may reflect neural death and decreased
metabolism in the late phase (21). Besides that, the uncontrolled
nature of case reports and bias from visual inspection might
have contributed to the discrepancies as well. In spite of these
differences, previous reports consistently showed improved
rCBF after successful treatment, suggesting that SPECT may be
a useful method in detecting subtle changes in neurosyphilis
patients receiving antisyphilitic treatment (15-17, 20, 21).

In the present study, the neurosyphilis patients demonstrated
hypoperfusion in multiple frontal regions, particularly in the

medial frontal regions. Numerous studies have been published on
the role of the medial frontal cortex in a wide range of high-level
cognition and its involvement in neurological and psychiatric
disorders (23). The medial frontal cortex has been implicated
in performance monitoring, motivation, decision making, and
social cognition (24-27). Moreover, it has been proposed that the
medial frontal cortex is part of a dual hierarchical system for the
prefrontal executive function that extends from the posterior to
anterior regions in the medial frontal cortex and lateral frontal
cortex (26).

We also found hypoperfusion in the insula and posterior
cingulate gyrus. In addition to its well-established role in
processing interoceptive information, growing evidence suggests
that the insula is also involved in cognitive and emotional
processing (28). The insula has bidirectional connections with
the critical brain areas for cognition such as the orbitofrontal
cortex and anterior cingulate cortex, and impairment in the
insula has been linked with cognitive impairment across all
neuropsychological domains (28). Abnormalities in the posterior
cingulate cortex are often associated with impairments in
cognitive functions including memory and attention (29).
Notably, atrophy and reduced metabolism in the posterior
cingulate cortex are seen in Alzheimer’s disease (29).

CONCLUSION

In conclusion, the present study found the perfusion
abnormalities in the frontal, insular, and posterior cingulate
regions among HIV-negative neurosyphilis patients. These
results, together with previous findings, suggest that the
hypoperfusion in these areas may reflect cognitive impairments
observed in neurosyphilis patients. Further studies with larger
samples are needed to confirm our findings. In addition,
multi-modal neuroimaging studies may be useful to evaluate
potential associations between structural and functional deficits
in these patients.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because the IRB has restrictions on sharing datasets. Requests
to access the datasets should be directed to Yong-An
Chung, yongan@catholic.ac kr.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of the Incheon St.
Mary’s Hospital. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

JI and HJ contributed to analysis, interpretation of data, and
original draft preparation. YK and K-SJ contributed to data
acquisition. I-US and Y-AC contributed to study concept, design,

Frontiers in Neurology | www.frontiersin.org

November 2021 | Volume 12 | Article 726006


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Im et al.

Cerebral Blood Flow in Neurosyphilis

and interpretation of data. All authors contributed to the article
and approved the submitted version.

FUNDING

This research was supported by the Korea Health Industry
Development Institute (KHIDI) and Korea Dementia
Research Center (KDRC) (HU21C0081) and the National

REFERENCES

1. Berger JR, Dean D. Neurosyphilis. Handb Clin Neurol. (2014) 121:1461-
72. doi: 10.1016/B978-0-7020-4088-7.00098-5

2. Clark EG, Danbolt N. The Oslo study of the natural course of
untreated syphilis: an epidemiologic investigation based on a re-study
of the Boeck-Bruusgaard material. Med Clin North Am. (1964) 48:613—
23. doi: 10.1016/S0025-7125(16)33445-9

3. Ropper AH. Neurosyphilis. N Engl
63. doi: 10.1056/NEJMral1906228

4. Fenton KA, Breban R, Vardavas R, Okano JT, Martin T, Aral S, et al. Infectious
syphilis in high-income settings in the 21st century. Lancet Infect Dis. (2008)
8:244-53. doi: 10.1016/S1473-3099(08)70065-3

5. Marra CM. Update on neurosyphilis. Curr Infect Dis Rep. (2009) 11:127-
34. doi: 10.1007/s11908-009-0019-1

6. Brown DL, Frank JE. Diagnosis and management of syphilis. Am Fam
Physician. (2003) 68:283-90.

7. Nagappa M, Sinha S, Taly AB, Rao SL, Nagarathna S, Bindu PS, et al
Neurosyphilis: MRI features and their phenotypic correlation in a cohort of
35 patients from a tertiary care university hospital. Neuroradiology. (2013)
55:379-88. doi: 10.1007/500234-012-1017-9

8. Peng F Hu X, Zhong X, Wei Q, Jiang Y, Bao ], et al. CT and
MR findings in HIV-negative neurosyphilis. Eur ] Radiol. (2008) 66:1-
6. doi: 10.1016/j.ejrad.2007.05.018

9. Russouw HG, Roberts MC, Emsley RA, Truter R. Psychiatric manifestations
and magnetic resonance imaging in HIV-negative neurosyphilis. Biol
Psychiatry. (1997) 41:467-73. doi: 10.1016/S0006-3223(96)00060-1

10. Kang Y, Na DL, Hahn S. A validity study on the Korean Mini-Mental
State Examination (K-MMSE) in dementia patients. ] Korean Neurol Assoc.
(1997) 15:300-8.

11. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring
rules. Neurology. (1993) 43:2412-4. doi: 10.1212/WNL.43.11.2412-a

12. Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deterioration Scale
for assessment of primary degenerative dementia. Am ] Psychiatry. (1982)
139:1136-9. doi: 10.1176/ajp.139.9.1136

13. Su T, Mutsaerts HJ, Caan MW, Wit FW, Schouten ], Geurtsen GJ, et
al. Cerebral blood flow and cognitive function in HIV-infected men with
sustained suppressed viremia on combination antiretroviral therapy. AIDS.
(2017) 31:847-56. doi: 10.1097/QAD.0000000000001414

14. Chung YA, Choi SW, Joe KH, Jeong J, Cheon Y, Kim DJ. Regional
cerebral blood flow in patients with alcohol-related dementia: a SPECT
study. Int ] Neurosci. (2009) 119:2100-11. doi: 10.1080/002074509031
70338

15. Kawai N, Baba A, Mizukami K, Sakai T, Shiraishi H, Koizumi J. CT, MR,
and SPECT findings in a general paresis. Comput Med Imaging Graph. (1994)
18:461-5. doi: 10.1016/0895-6111(94)90084-1

16. Lee CH, Lin WC, Lu CH, Liu JW. Initially
dementia in a young man with neurosyphilis. Neurologist.
15:95-7. doi: 10.1097/NRL.0b013e31817781c9

17. Morikawa M, Kosaka ], Imai T, Ohsawa H, Iida J, Kishimoto T. A case
of general paresis showing marked treatment-associated improvement of
cerebellar blood flow by quantitative imaging analysis. Ann Nucl Med. (2002)
16:71-4. doi: 10.1007/BF02995296

J Med. (2019) 381:1358-

unrecognized
(2009)

Research Foundation of Korea (NRF) funded by the Korean
government (2020R1C1C1007254).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.726006/full#supplementary-material

18. Stefani A, Riello M, Rossini F, Mariotto S, Fenzi F, Gambina G, et al.
Neurosyphilis manifesting with rapidly progressive dementia: report of three
cases. Neurol Sci. (2013) 34:2027-30. doi: 10.1007/s10072-013-1531-5

19. Drago E Merlo G, Ciccarese G, Agnoletti AF, Cozzani E, Rebora A, et al.
Changes in neurosyphilis presentation: a survey on 286 patients. ] Eur Acad
Dermatol Venereol. (2016) 30:1886-900. doi: 10.1111/jdv.13753

20. Denays R, Collier A, Rubinstein M, Atsama P.
old woman with disorientation and
354:1786. doi: 10.1016/S0140-6736(99)09151-5

21. Ide M, Mizukami K, Fujita T, Ashizawa Y, Asada T. A case of neurosyphilis
showing a marked improvement of clinical symptoms and cerebral blood
flow on single photon emission computed tomography with quantitative
penicillin treatment. Prog Neuropsychopharmacol Biol Psychiatry. (2004)
28:417-20. doi: 10.1016/j.pnpbp.2003.11.021

22. Shi X, Wu J, Liu Z, Tang J, Su Y. Single photon emission CT perfusion
imaging of cerebral blood flow of early syphilis patients. Chin Med J.
(2003) 116:1051-4.

23. Nachev P. Cognition and medial frontal cortex in health and disease. Curr
Opin Neurol. (2006) 19:586-92. doi: 10.1097/01.wc0.0000247609.36482.ae

24. Amodio DM, Frith CD. Meeting of minds: the medial frontal cortex and social
cognition. Nat Rev Neurosci. (2006) 7:268-77. doi: 10.1038/nrn1884

25. Bechara A, Damasio H, Damasio AR. Emotion,
making and the orbitofrontal cortex. Cereb  Cortex.
10:295-307. doi: 10.1093/cercor/10.3.295

26. Kouneiher E Charron S, Koechlin E. Motivation
control in the human prefrontal cortex. Nat Neurosci.
12:939-45. doi: 10.1038/nn.2321

27. Ridderinkhof KR, Nieuwenhuis S, Braver TS. Medial frontal cortex function:
an introduction and overview. Cogn Affect Behav Neurosci. (2007) 7:261-
5. doi: 10.3758/CABN.7.4.261

28. Gasquoine PG. Contributions of the insula to cognition and emotion.
Neuropsychol Rev. (2014) 24:77-87. doi: 10.1007/s11065-014-9246-9

29. Leech R, Sharp DJ. The role of the posterior cingulate cortex in cognition and
disease. Brain. (2014) 137(Pt 1):12-32. doi: 10.1093/brain/awt162

A 5l-year-

amnesia. Lancet. (1999)

decision
(2000)

and cognitive
(2009)

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Im, Jeong, Kim, Jang, Song and Chung. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

November 2021 | Volume 12 | Article 726006


https://www.frontiersin.org/articles/10.3389/fneur.2021.726006/full#supplementary-material
https://doi.org/10.1016/B978-0-7020-4088-7.00098-5
https://doi.org/10.1016/S0025-7125(16)33445-9
https://doi.org/10.1056/NEJMra1906228
https://doi.org/10.1016/S1473-3099(08)70065-3
https://doi.org/10.1007/s11908-009-0019-1
https://doi.org/10.1007/s00234-012-1017-9
https://doi.org/10.1016/j.ejrad.2007.05.018
https://doi.org/10.1016/S0006-3223(96)00060-1
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1176/ajp.139.9.1136
https://doi.org/10.1097/QAD.0000000000001414
https://doi.org/10.1080/00207450903170338
https://doi.org/10.1016/0895-6111(94)90084-1
https://doi.org/10.1097/NRL.0b013e31817781c9
https://doi.org/10.1007/BF02995296
https://doi.org/10.1007/s10072-013-1531-5
https://doi.org/10.1111/jdv.13753
https://doi.org/10.1016/S0140-6736(99)09151-5
https://doi.org/10.1016/j.pnpbp.2003.11.021
https://doi.org/10.1097/01.wco.0000247609.36482.ae
https://doi.org/10.1038/nrn1884
https://doi.org/10.1093/cercor/10.3.295
https://doi.org/10.1038/nn.2321
https://doi.org/10.3758/CABN.7.4.261
https://doi.org/10.1007/s11065-014-9246-9
https://doi.org/10.1093/brain/awt162
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Regional Cerebral Blood Flow Abnormalities in Neurosyphilis: A Pilot SPECT Study
	Introduction
	Methods
	Participants
	Clinical Assessment
	Brain SPECT Imaging
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics
	Brain SPECT Imaging Results

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


