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Objective: This study aims to compare the superficial vascular density from the macular region and the retinal nerve fiber layer
(RNFL) thickness from the optic disc region between Parkinson’s disease (PD) patients and controls.

Methods: We enrolled 56 idiopathic PD patients, totaling 86 eyes (PD group), and 45 sex- and age-matched healthy individuals,
amounting to 90 eyes (control group). All subjects underwent examination using Zeiss wide-field vascular optical coherence
tomography (OCT) (Cirrus HD-OCT 5000 Carl Zeiss, Germany), with a scanning range of 3 mm x 3 mm. We divided the images
into two concentric circles with diameters of 1 mm and 3 mm at the macular fovea’s center. Patients with PD were evaluated during
their “off” phase using the Unified Parkinson’s Disease Rating Scale III (UPDRS-IIT) and the Hoehn-Yahr scale (H-Y scale) to assess
disease severity.

Results: The PD group exhibited significantly lower RNFL thickness (106.13+12.36 um) compared to the control group (115.95
+11.37 pm, P < 0.05). Similarly, the superficial retinal vessel length density was significantly lower in the PD group (20.7 [19.62,
22.17] mm™") than in the control group (21.79+1.16 mm ', P < 0.05). Correlation analysis revealed a negative correlation between
RNFL thickness and UPDRS III score (r;=—0.036, P=0.037), and RNFL thickness tended to decrease with increasing severity of
movement disorders. However, during the 6 and 12-month follow-up of some PD patients, we observed no progressive thinning of the
RNFL or decreased superficial vascular density.

Conclusion: PD patients show retinal structural damage characterized by RNFL thinning and reduced retinal vessel length density.
However, RNFL thickness did not correlate with vascular density nor did it decrease with the disease’s progression.
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Introduction

Parkinson’s Disease (PD), the second-most common neurodegenerative disorder, is characterized primarily by the
deposition of a-synuclein (alpha-synuclein, a-syn) and subsequent loss of dopaminergic cells in the substantia nigra.'
Recently, the role of vascular factors in the pathogenesis and progression of PD has come under increasing scrutiny.
Studies suggest that individuals with high-risk factors for vascular disease may face elevated risks for PD.? In a cohort
study of early-stage PD patients, the incidence of cardio-cerebrovascular disease was found to be significantly higher
than in healthy groups.® Additionally, substantial evidence from large-scale longitudinal follow-up studies points to
a correlation between cerebrovascular risk factors and PD. These studies suggest a reciprocal influence between
cerebrovascular diseases and PD, often manifesting as comorbid conditions. Vascular lesions intensify both motor and
non-motor symptoms of PD, increase the requirement for dopamine drugs, and exacerbate PD’s pathological

progression.” Hence, the early detection of cerebrovascular injuries is paramount for the timely diagnosis, intervention,
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and treatment of PD. However, directly detecting and quantitatively analyzing damage to the blood vessels in the central
nervous system (CNS) often presents challenges due to the restrictive bony structures encasing the spinal cord,
necessitating a shift of focus to the more accessible visual system.

Originating from the diencephalon of the CNS, the retina and optic nerve exhibit a remarkable degree of
functional connectivity.” External light captured by retinal photoreceptors is received by retinal ganglion cells
(RGC), the axons of which form optic nerve fibers projecting to the thalamus and midbrain, thereby enabling image
perception.® Structurally, optic nerve fiber bundles are similar to those of the CNS, both being sheathed in myelin
produced by oligodendrocytes.” Additionally, the retina and the CNS show comparable inflammatory responses
post-injury, with damaged nerve fibers initiating a cytotoxic environment, leading to further damage and degenera-
tion of surviving nerve cells.® The retina’s blood-ocular barrier also communicates with the CNS blood-brain
barrier,” underscoring the high degree of structural, functional, and developmental similarity between the retina
and the CNS, which renders the retina a convenient window for studying the CNS. Specifically, the inner plexiform
layer (IPL), ganglion cell layer (GCL), and retinal nerve fiber layer (RNFL) are the main areas of interest in retina
studies of PD. This is because dopaminergic cells—RGC and amacrine cells (ACs)—reside in these layers and are
principal cells involved in PD."’

Despite their utility, traditional vascular imaging examinations like CT and MRI can be time-consuming, expensive,
and are not without disadvantages, such as the risk of contrast agent allergies and radiation damage. Thus, optical
coherence tomography angiography (OCTA) emerges as a swift, convenient, and intuitive alternative for studying the
retina and understanding CNS vascular injuries.

OCTA, a non-invasive retinal imaging technique, is developed from optical coherence tomography (OCT). By
exploiting the differences in interference signals between a reference mirror and biological samples, OCTA generates
depth-resolved tissue reflectivity. The horizontal and axial scan is termed as the b-scan, while the vertical scan is known
as the a-scan. The initial time-domain OCT (TD-OCT) requires movement of the reference mirror to obtain multiple
a-scans. It has an imaging speed of 400 scans per second and a histological resolution of 10—15 pum. Spectral-domain
OCT (SD-OCT) uses a wavelength between 800 pm and 900 um, thereby increasing the scan frequency and improving
tissue resolution to 3—5 pm, making it the most widely utilized OCT device presently.'' Swept-source OCT (SS-OCT)
incorporates a long wavelength and narrow-bandwidth source that is swept across a broad range of optical frequencies,
thus facilitating high spatial resolution and enhanced tissue penetration.'> OCTA employs the comparison of moving red
blood cells and static tissue signals in the tissue, resulting in non-invasive tissue vascular images (Figure 1). This allows
for the visualization of the retina, choroid, and fundus vessels and quantitative analysis of macular thickness and blood
vessel density.

Figure | Schematic diagram of vascular stratification of OCTA.
Note: OCTA: optical coherence tomography angiography from left to right are superficial vessels (continuous linear distribution), middle vessels (reticulated distribution),
and deep vessels (clustered distribution).
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Materials and Methods

Study Participants

We selected a cohort of 56 patients primarily diagnosed with PD from the Department of Neurology at the affiliated
Hospital of North Sichuan Medical College between June 2021 and June 2022. Of the initial pool, we collected data from
86 eyes. Exclusions included one eye due to orbital space occupation, twelve eyes due to severe lens opacity, three eyes
due to small pupil size, and ten eyes resulting from poor fixation. The patient sample consisted of 29 male and 27 female
patients, averaging 56.73 +1.65 years in age. Disease duration spanned between 1 and 14 years, averaging at 3.0 (1.35)
years. UPDRSIII scores reached up to 44.43, with an average score of 18.0 (4.0, 19). Patients received a levodopa daily
equivalent dosage'? ranging from 150-1850 mg, with an average dose of 478 + 26.23 mg. The daily equivalent dosage
for dopamine receptor agonists spanned 0—300 mg, averaging at 101.14 + 7.49 mg. Simultaneously, we included 45
healthy subjects (90 eyes) as controls, who were without ocular diseases, eye surgery history, hypertension, diabetes, and
other structural diseases of the retina.

The study incorporated patients meeting the following criteria: (1) primary PD diagnosis aligning with the 2016
Chinese diagnostic criteria for Parkinson’s disease;'* (2) age over 40 years; (3) receiving solely pharmacological
treatment, devoid of surgical intervention; (4) capability to cooperate to complete OCTA inspection. We excluded
patients exhibiting the following: (1) eye diseases, significant ametropia (£6.00 D or astigmatism), severe lens opacity,
glaucoma, and other retinal conditions; (2) diseases potentially impacting the visual system, such as diabetes and
unmanageable high/low blood pressure; and (3) neurologic disorders besides PD, including optic neuromyelitis and
cerebral infarction.

Research Methods

Experimental Design

Diagnosis of PD patients was validated by two neurologists with intermediate or higher qualifications. We collected
demographic information, medical history, and details of drug treatment for all participants. Utilizing the H-Y stages and
UPDRS III,"> we graded all PD patients during the “off” period. Subsequently, an OCTA examination was carried out
within three hours post PD drug intake (to ascertain patients were in the “on” phase of the disease, thereby preventing
tremor interference). During the follow-up period, which ranged between 6 to 12 months, patients were exclusively on
medication specifically prescribed for Parkinson’s disease, without any additional medication interventions.
Simultaneously, we recruited 45 healthy volunteers devoid of hypertension, diabetes, and eye disease history, constituting
the control group. We gathered demographic information and performed a one-time OCTA data collection for these
participants.

OCTA Examination Methods

We utilized the Zeiss Wide-angle vascular OCT (CirrusHD-OCT5000; Carl Zeiss, Germany) for examining both eyes of
all subjects in the eye-movement tracking mode, a feature that can automatically recognize subjects’ eye movements to
enhance tracking, reduce artifacts, and elevate image quality. The device exhibits an axial resolution of Sum, A-scan
depth of 1024 points and scanning speed of 68,000 A-scans/second. It operates at a wavelength of 840 nm, with
a scanning range of 3 mm x 3 mm. The optic disc cube was scanned at 200x200 dimensions to assess RNFL thickness.
We ensured that each scan centered the optic disc, chose the “Auto repeat” option for subsequent follow-ups, and the
instrument would auto-adjust the eyepiece and jaw rest to align with the same patient, eye, and previous settings for
acquiring the scan type. Repeated parameters included jaw rest alignment, scan mode, fixation target orientation, image
enhanced polarization, centering alignment, focus, brightness, contrast, and lighting settings. This procedure facilitated
the synchronous display of the same retinal position at each follow-up. For a 200*200 optic disc, even if the disc was not
well-centered, the analysis algorithm could correctly position the “calculation circle” around the optic disc. CIRRUS
automatically calibrated the fundus image for two dates to display the same retinal position synchronously in each image.
Two professional ophthalmologists further manually calibrated this. We averaged data from each eye collected three
times to minimize error.'® The resulting image was segmented into concentric circles with diameters of 1 mm and 3 mm,
using the center of the macular concave as the circle’s center. (The 0—1 mm range defined the center, while the 1-3 mm
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range represented the inner ring). Images with signal intensity < 8 or containing artifacts, which could hamper subsequent
analysis, were discarded. We employed the software CirrusHD-OCT5000 AngioPlexV.11.5.X for identifying superficial
retinal blood vessels. The software helped in obtaining the superficial vascular density from the macular region and
RNFL thickness from the optic disc region, size of the fovea vascularization zone (FAZ), and of the subjects via

quantitative analysis.

Statistical Analysis

We used SPSS24.0 statistical software for data processing and analysis. Statistical data were articulated as a constituent
ratio (%) or rate (%). We employed Pearson’s Chi-square (y°) test to evaluate differences in sex, age, and the length of
schooling between the two groups. Shapiro—Wilk was utilized for testing the normality of RNFL thickness, vessel
density, FAZ area and perimeter, H-Y stage, and UPDRS score. For data conforming to a normal distribution, we
executed Pearson correlation analysis using the correlation coefficient r. Non-normally distributed data were expressed as
median and quartile distance (M [P25, P75]), and Spearman rank correlation analysis was used. Pearson correlation
analysis was used to explore the correlation of vessel density, RNFL thickness, FAZ size, and area with H-Y stage and
UPDRS score. We applied partial correlation analysis to eliminate the influence of confounding factors. Statistical
significance was set at P < 0.05.

Ethical Approval

The Ethics Committee of the Affiliated Hospital of North Sichuan Medical College (May 2022 2022ER203-1) approved
this study. The research was conducted in compliance with the Declaration of Helsinki. All subjects provided written
informed consent after receiving a detailed explanation about the nature of the study.

Results
Demographic and Clinical Data of the PD and Control Groups

Our statistical analysis revealed no significant differences in sex, age, or years of education between the PD and control
groups (P > 0.05) (Table 1).

Comeparison of Mean Baseline RNFL Thickness and Vessel Density Between the PD
Group and the Control Group

The PD group exhibited a significantly reduced RNFL thickness (106.13 + 12.36 um) compared to the control group
(115.95 £ 11.37 um) (P < 0.05). (Figure 2) Furthermore, the outer annulus vessel length density in the PD group (20.7
[19.62, 22.17] mm ') was notably lower than that in the control group (21.79 + 1.16 mm ') (P < 0.05). (Figure 3)
However, no significant differences were found in the length density and perfusion density of the inner and outer annulus
between the two groups (P > 0.05) (Table 2 and Figure 4).

Table | Demographic and Clinical Data of PD Group and Control Group

PD Group Control Group i P-value

Age (years) 56.73+1.65 58.11%7.12 —1.832 0.070
Sex (male/female) 29/27 22/23 0.045 0.831
Length of schooling (years) 6.19+3.04 6.29+2.11 0.398 0.692
UPDRS Il score 18 (4, 19) / / /

H-Y 1.29£0.36 / / /

Course of disease (years) 3 (I, 3.5) / / /

Daily equivalent dose of levodopa(mg) 478+26.23 / / /

Daily equivalent dose of dopamine receptor agonist(mg) 101.14+7.49 / /
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Figure 2 Comparison of RNFL thickness between the two groups. (A—C) Control group; (D-F): PD group; (A and D) RNFL thickness chart, blue and green indicate
thinner areas, yellow and red indicate thicker areas; (B and E) RNFL thickness profile, the area marked by red lines is RNFL; (C and F) RNFL thickness line diagram.

Figure 3 Comparison of vascular density between PD group and control group. (A and C) vessel length density; (B and D) vascular perfusion density; (A and B) control
group; (C and D) PD group.

Correlation Analysis of Baseline RNFL Thickness, Vessel Density, and Disease Severity
The RNFL thickness exhibited a negative correlation with the UPDRSIII score (P < 0.05), but no correlation was
observed with the duration of the disease (P > 0.05). Moreover, the vascular length density and vascular perfusion density
of the inner and outer rings did not demonstrate a correlation with disease severity (P > 0.05) (Table 3).

Follow-Up Data of Mean RNFL Thickness and Vascular Density in Patients with PD
(n=15)

Out of our initial patient cohort, 15 patients with Parkinson’s Disease successfully completed the follow-up due to
outbreak control measures in place during our study period.In this study, the thickness of the RNFL in patients with PD
did not demonstrate a deterioration correlated with the increase in disease duration. The correlation with disease severity
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Table 2 RNFL Thickness and Vascular Density Parameters in the Two Group

PD Group Control Group Tvalue P-value
RNFL Thickness (um) 106. 13 + 12.36 115.95 £ 11.37 —5.035 <0.000
Length density Inner ring 9.58 + 2.79 832+3. 16 - 1.784 0.079
(mm™") Outer ring 20.7 (19.62, 22. 17) 2179 = 1. 16 —2.537 0.015
Perfusion Inner ring 0. 14 (0.94, 0. 19) 0. 14 (0. 10, 0. 18) —0.260 0.800
Density Outer ring 0.40 (0.38, 0.41) 0.39 (0.37, 0.42) —0.021 0.979

was not explored in the present study. Additionally, no relation was observed between disease duration and either RNFL
thickness or vessel density (P > 0.05) (Table 4).

Discussion

PD is a typical senile neurodegenerative disease, and the number of patients with PD is constantly increasing. The
prevalence rate of PD among people over 60 years old is 1.37%,'” and the increase rate of the age-standardized
prevalence rate of PD in China is more than five times that of the global level. At present, there are about
3.62 million patients with PD in China. Patients with PD in China are expected to account for half of the global
population by 2050,"® and this number is expected to remain at a high level for a long time, bringing heavy burdens to
society and families. The main challenges with PD are making an early diagnosis and predicting the progression of the
disease. In recent years, relevant studies have tried to identify clinical markers for early diagnosis through the non-motor
symptoms of PD, neuroimaging, or laboratory examination of body fluids, among which the structural changes in the
retina have become a research focus in recent years. In rotenone-induced PD animal models, pathological changes such
as swelling and loss of RGC appeared in the retina at about 20 days, while typical pathological changes in the substantia
nigra and striatum did not appear until about 60 days,'® suggesting that pathological changes in the retina were more
important than those in the brain for the early diagnosis of PD, before the appearance of typical PD motor symptoms, the
retinal structure has been damaged.

At present, the study of retinopathy in Parkinson’s disease mainly focuses on the retinal nerve fiber layer formed by
amacrine cells (AC) and retinal ganglion cells (RGC) axons and dendrites. Since the central nervous system changes in
Parkinson’s disease mainly occur in the substantia nigra dopamine neurons, AC and RGC in the retina also belong to
dopaminergic cells. Therefore, they are the main affected cells in Parkinson’s disease. Pathological changes induced by
a-syn first appear in the axons and dendrites of cells and then progress to the cellular body. Autopsy has confirmed the
presence of RGC degeneration, loss, and tree/axon reduction in patients with PD.?® The deposition of a-syn inclusion
bodies in the RGC causes the axons and dendrites to form abnormal beaded structures, resulting in the apoptosis or
dysfunction of the RGC and, eventually, RNFL thinning.>' Meanwhile, the decrease in RGC is also one of the important
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Figure 4 Comparison of RNFL thickness and vascular density between PD group and control group.
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Table 3 Correlation Analysis Between RNFL Thickness Vascular Density and Disease Severity in PD Group

UPDRS Il Score H-Y Grading Course of Disease
j rs P rs P
RNFL Thickness (pm) —0.625 —0.000 —0.043 0.808 0.254 0.096
Length density (mm™') | Inner ring 0.393 0. 124 0.077 0.671 0.234 0. 190
Outer ring —0. 185 0.304 0.063 0.728 —0.001 0.996
Perfusion density Inner ring 0. 133 0.460 0. 137 0.448 0.219 0.221
Outer ring —-0.270 0. 129 —0.087 0.630 —0.036 0.842

Table 4 Follow-Up RNFL Thickness and Vascular Density in Patients with Parkinson’s Disease

First Visit 6 Months 12 Months tiZ P
RNFL Thickness (um) 106. 13+ 12.36 101.46+9.67 102.21+9.81 0.978 0.054
Length Inner ring 9.58+2.79 7.50 (5.85, 8.88) 8.47+3.39 0. 196 0.864
Density (mm ') Outer ring 20.7 (19.62, 22. 17) 20.95 (18.45, 22) 20.9 (19.83, 22. 15) —0.555 0.579
Perfusion density Inner ring 0.14 (0.94, 0.19) 0. 12 (0.10, 0.15) 0.14 (0.09, 0.19) -0.212 0.832
Outer ring 0.40 (0.38, 0.41) 0.39 (0.34, 0.41) 0.39 (0.36, 0.42) —0.601 0.548

reasons for the decrease in electroretinogram B-wave and oscillating potential, visual evoked potential, contrast
sensitivity, and color discrimination in patients with PD.?? Even before the RNFL thinned, the electrophysiological
examination of the retina showed abnormal results. The structural abnormalities of the retina in PD patients not only lead
to visual impairment, but also regulate the nerve excitability of the central nervous system through the axis of retinal
ganglion cells-retinal hypothalamic tract-hypothalamic supraoptic nucleus (central biological clock), transmit information
in the light and dark environment, and form biological rthythms through circadian rhythm changes. The disturbance of
biological rhythm is closely related to various non-motor symptoms of PD, such as blood pressure disturbance and sleep
disorder.?® It has been reported that the animal model of form-deprivation myopia (fDM) was established using dopamine
D2 receptor knockout mice and normal mice.>* OCT fundus imaging and electroretinogram measurements after injection
of dopamine receptor antagonists showed that exogenous dopamine inhibited the development of ametropia and over-
expression of alpha-syn in mouse retinas via adenovirus vectors. Cell counting, ERG detection, and water maze task
before and after systemic injection with L-dopa showed that a-syn overexpression caused the loss of dopaminergic cells
and a decrease in electroretinogram B-wave amplitude and visual acuity in mice under light adaptation.”> Rapid eye
movement sleep behavior disorder (RBD) is considered to be the most specific risk factor for the development of PD and
the strongest marker for the diagnosis of prodromal stage of PD. Studies on the retinal thickness of RBD patients have
found that the retinal thickness of RBD patients is also thinner, and the thickness of RBD patients is between normal
controls and Parkinson’s disease patients.”® The deposition of a-syn in PD leads to the simultaneous damage of small
RGCs (a subgroup of RGCs), and non-elongated cells. The absence of elongated cells can regulate the function of RGCs,
which is one of the causes of visual abnormalities in PD.*’ Extensive retinal thinning, including RNFL thinning, has been
reported in large-sample meta-analyses of patients with PD.?® Moreover, retinal thinning of PD has nothing to do with
drug therapy.”’ However, the correlation between RNFL thickness and disease severity has been inconclusive. In this
study, RNFL thickness was negatively correlated with UPDRS scores, and the thinner the RNFL was, the more severe
exercise symptoms were, which was the same as the findings of previous studies.’® The thinning of RNFL may partly
reflect the loss of dopaminergic cells in the CNS; however, there is no similar correlation between RNFL thickness and
the H-Y stage, which may be because the patients with PD included in this study mostly had early-stage disease. Previous
studies have reported that eye movements are affected in PD. With the progression of the disease, abnormal eye saccades
occur in patients with PD.*' The tremor of limbs and eyeballs affects the OCTA examination process to a certain extent
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and worsens the imaging quality. There are more shadows, and OCTA examination is limited, so if it is extremely
difficult to perform OCTA examination in the “off” stage of the disease or in patients with advanced PD, it may be
difficult to obtain satisfactory high-quality images even with multiple imaging. For analyzing the correlation between the
severity of dyskinesia and RNFL thickness and vascular parameters, the UPDRSIII score may be more suitable than the
H-Y grade.

In this study, some patients with PD were followed up for 12 months, and their average RNFL thickness and vascular
density did not continue to decrease with the course of the disease. Different results were found in the study by Atum
et al.*> They measured retinal thickness in 23 patients with early idiopathic PD, followed them up for two years, and
found that the RNFL thickness was not correlated with the UPDRSIII score and the H-Y grade. When juxtaposed with
the findings by Abd et al** our study reveals a distinct pattern of RNFL thinning in patients with Parkinson’s disease.
This comparison further underlines the heterogeneity of retinal structural changes in this patient population. It has been
reported that the higher the H-Y grade and the longer the duration of PD, the lower the RNFL thickness and macular
thickness. Hasanov et al** followed 19 patients with PD for 12 months and did not find the average RNFL thickness to
decrease with the course of the disease. Jiménez et al*> used OCT to measure the RNFL thickness around the optic
papilla of patients with PD and proposed a regression equation to calculate the UPDRSIII score based on the RNFL
thickness and predict the deterioration of the motor function in these patients. However, this equation has not been
verified in a large sample population in the real world. Ma et al*® conducted a comparative study of 37 patients with PD
and 42 normal subjects and found that the RNFL of patients with PD gradually thinned, and the annual thinning rate was
much higher than that of normal subjects. The reason for the difference in the above results is that the sample size was
too small and that the disease stages of the patients with PD are different in different studies. Moreover, the loss of RGCs
is a part of normal retinal aging, so conducting a longitudinal follow-up study of normal people and patients with PD is
necessary. Satue et al>’ measured the RNFL thickness in 153 patients with PD using OCT and found that the RNFL
thickness was significantly negatively correlated with H-W grade. At the same time, the team followed up on 30 patients
with PD for five years and found that the RNFL thickness was progressively reduced in these patients; their study is also
the longest follow-up study.>® At present, few longitudinal studies on the follow-up of the RNFL thickness in patients
with PD have been conducted, and their conclusions are not the same. It is worth affirming that monitoring the dynamic
changes of the RNFL thickness and analyzing the severity of PD and the changes with the course of the disease are of
great significance for us to further understand the abnormal retinal structure in PD. To the best of our knowledge, this is
the first follow-up study of superficial retinal vascular density in patients with PD; however, we did not find a progressive
decrease in vascular density with the course of the disease.

Vascular factors are the initial link of PD onset and one of the important factors in disease progression.>’ Due to the
homology of embryonic development and the similarity of retinal and nervous system structures, retinal vascular injury
can reflect intracranial microvascular injury to some extent.*” Few studies on retinal vascular changes in PD, with
different evaluation indexes, have been conducted. The retinal capillary perfusion density is reduced,*' vascular space
increased,** blood flow index decreased,* and the total annular area of the superficial capillary plexus (the total area of
the measured macular area minus the area of the fovea without blood vessels) decreased** in patients with PD;
Increasingly, studies have used vascular length density and vascular perfusion density to evaluate retinal vascular injury.
Vascular length density is the ratio of the total vascular length in mm to the measurement area in mm? within the
measurement range. Depicting the linear length of the blood vessels in the measurement area can reflect the vascular
perfusion in the area with high accuracy and repeatability. Perfusion density is the ratio of the area (mm?) occupied by
blood vessels within the measurement range to the total area (mm?) of the measurement range. Depicting the diameter
and width of blood vessels in the area to reflect the coverage of blood vessels in the area can better reflect intravascular
perfusion. Compared with blood flow index, microvascular density and fractal dimension, vessel length density and
vessel density have higher repeatability and reproducibility and can more accurately reflect the blood perfusion in the
macular area.*> The area and size of FAZ reflect the size of the non-perfusion area in the macular region. Vascular
quantitative analysis can detect subtle changes in early retinal vascular circulation. A total of 2790 eyes were included in
26 clinical studies, among which 1343 eyes in the PD group and 1447 eyes in the control group were included in a meta-
analysis, which showed that PD had reduced retinal superficial vascular density.*® In 2015, Miri used fluorescein fundus
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angiography to examine the retinal vascular changes in PD patients, and found that the FAZ of the retina in PD patients
was significantly smaller than that in healthy controls,*’ but the study was conducted by manually depicting the area of
capillaries and the fovea vascular-free area and manually counting the number of capillary branches in the fovea direction
within the range of 3 mm, resulting in a large error. Further, since an invasive examination method was used, its clinical
application was limited. In this study, OCTA was used to evaluate the structural changes of the retina in patients with PD.
OCTA was developed based on OCT, and multiple scans were performed in the same plane. The changes of red blood
cell signal in blood vessels were used to reconstruct the structure of blood vessels, and three-dimensional imaging of
retinal blood vessels can be performed non-invasive without a contrast agent, avoiding the leakage of the contrast agent.
Further, the combination of angiography and tomography of retinal structure can identify deeper retinal blood vessels,
which fundus fluorescein angiography cannot achieve. This study showed that patients with PD had retinal vascular
damage, and the length density of blood vessels was significantly reduced compared with that obtained using normal
illumination. This is similar to the conclusions of the previous studies. Meanwhile, we also found that although the length
density of blood vessels in PD was significantly reduced compared to that in the control group, the decrease in perfusion
density was not obvious, suggesting that the length of blood vessels in PD was more susceptible to the disease than the
diameter. a-SYN deposition was found not only in the retina but also along the vascular wall in the PD animal model*®
and bound to vascular growth factors, resulting in reduced angiogenesis. Due to reduced blood vessel growth, there may
be compensatory thickening of the vessels to increase blood flow to improve the local blood supply. Experiments on
a mouse model of PD showed that the number of blood vessels in the retina did not decline linearly with the progression
of the disease. Dopamine drug treatment resulted in a transient increase in blood vessel density in young mice but
ultimately could not reverse blood vessel reduction.*” There are research reports that exosomes derived from the
mesenchymal stem cells can promote disease in PD mouse models by stimulating angiogenesis.’® May offer a new
way to cure Parkinson’s disease In this study, no correlation was found between retinal vascular parameters and disease
severity, which may indicate that the loss of dopamine cells and vascular injury are not synchronized or that drug therapy
alleviated retinal vascular injuries to some extent due to the short course of the disease.

The above results of our study showed that retinal structural damage existed in PD, including thinning of the RNFL
and reduction of the superficial blood vessels, and the RNFL thickness was negatively correlated with disease severity.
This study did not find a correlation between vascular density parameters and disease severity. Since most patients were
treated with drugs, a subgroup analysis was not performed. The influence of drug therapy on the study results cannot be
ruled out. In future studies, more newly diagnosed and untreated patients will be included for further verification, and the
damage to visual pathways will be further studied in combination with brain functional imaging. Moreover, fewer
patients completed follow-up in this study, and the 1-year follow-up time was shorter than the overall disease course of
PD, so the follow-up sample size and follow-up time need to be expanded. OCTA can be used to quantitatively analyze
retinal layer thickness and retinal blood vessels in a rapid and non-invasive manner and has made great progress
compared to previous artificial measurements. The RNFL thickness and retinal blood vessel density are highly potential
indicators for predicting the progression of PD and evaluating the severity of the disease. This study has the following
limitations: first, the included patients have been treated with drugs, and although there is no effect on the thickness of
RNFL, the effect of drugs on the retinal vascular layer cannot be completely excluded. In the following study, we will
continue to follow up and try our best to include newly diagnosed and untreated patients with PD for a comparative
study. Second, this study did not include the visual conduction pathway examination in patients. Although retinal
vascular injury was found in patients with PD, whether it affected visual conduction remains to be determined. In
subsequent studies, we will conduct visual stimulation of patients with PD under magnetic resonance functional imaging
to further explore the damage mechanism of the visual system in PD.

Conclusion

Patients with PD exhibited retinal structural damage such as RNFL thinning and superficial vascular injury. RNFL
thickness in the macular area of patients with PD was negatively correlated with the UPDRSIII score but not related to
the disease duration. RNFL thickness may have a certain reference value for evaluating the severity of PD dyskinesia and

International Journal of General Medicine 2023:16 heeps: 3709

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tu et al Dove

monitoring the progression of PD. The thickness of RNFL and the superficial vascular density did not progressively
decrease with the course of the disease.
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