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Optical coherence tomography angiography (OCT-A) is an ocular imaging technology that has emerged as a non-invasive tool to
evaluate retinal microvascular changes in neurodegenerative diseases including Parkinson’s disease (PD) and Alzheimer's disease.
While several studies have reported on the presence of pathologic retinal microvascular alterations in PD, the utility of OCT-A as a
biomarker for PD evaluation is still unclear. A systematic review and meta-analysis were performed to explore the current evidence
for the role of OCT-A in PD published up until June 2022. PubMed, Scopus, and Web of Science databases were used to
systematically identify relevant papers and a meta-analysis was conducted using Stata16 software according to the level of
heterogeneity applying a random- or fixed-effect model. Thirteen studies of 925 eyes in the PD group and 1501 eyes in the control
group assessing OCT-A findings in PD patients were included. The meta-analyses revealed that the foveal region of PD patients had
a significantly lower vessel density in the superficial capillary plexus (SCP) compared to healthy controls but that there were no
significant differences in the foveal avascular zone, the SCP in whole, parafoveal, and perifoveal regions, and deep capillary plexus.
OCT-A metrics may act as a potential biomarker for a more accurate and early PD diagnosis. Still, the OCT-A algorithms and
interchangeability between OCT-A devices require further standardization to draw clinical conclusions regarding their utility.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder with increasing prevalence worldwide that poses an
extensive economic and psychological burden to the healthcare
system [1, 2]. Abnormal accumulation of cytoplasmic a-synuclein
leads to loss of dopamine-producing cells within the substantia
nigra, which causes the cardinal signs of the disease, such as
resting tremor, bradykinesia, and rigidity. However, PD has a
widespread pathophysiology involving several cell types in the
neural network, leading to a variety of non-motor symptoms such
as cognitive impairment, autonomic dysfunction, sleep distur-
bances, and visual symptoms [3, 4].

Dopamine plays a pivotal role in regulating visual signal
transmission in retinal amacrine cells; thus, the dysregulation of
dopamine in PD can lead to a variety ocular structural and
functional alterations manifesting as visual acuity impairment,
diminished contrast sensitivity, and colour vision disturbances.
[5-8]. Postmortem and in vivo studies have confirmed retinal
accumulation of a-synuclein in PD patients, possibly causing
dopaminergic neuron loss [5-7].

Currently, there is no consensus over a biomarker for early
detection of PD, and definitive diagnosis is only possible through
histopathological examination. Recent studies have indicated that

relying on clinical diagnosis for PD may often be unreliable due to
other parkinsonian syndromes sharing similar motor symptoms
such as multiple system atrophy (MSA), corticobasal degeneration
(CBD), and progressive supranuclear palsy (PSP) (11, [8]). In addition,
several studies have suggested that the neurodegeneration in PD is
gradual and can begin years prior to onset of motor symptoms [9].
Therefore, a non-invasive and effective diagnostic test for early
detection of PD is crucial to prevent late disease complications.

The contribution of vascular components to the pathophysiol-
ogy of PD similar to other neurodegenerative conditions has been
shown [10, 11]. In a postmortem histopathological evaluation of
brain micro-vasculature, the capillaries in PD patients were
shortened and widened with less branching, indicating damage
to the capillary network, especially in the substantia nigra (SN)
[12]. Furthermore, a close link between cerebral small vessel
diseases and motor symptoms of PD has been found [13].

The brain and the retina share a common embryologic origin;
thus, the retina exhibits striking vascular and anatomical similarities
to the brain [14]. While neuroimaging is often expensive and
requires specialized techniques, optical coherence tomography
angiography (OCT-A) has emerged as a fast and non-invasive
imaging modality, providing high-resolution and depth-selective
images of the ocular vasculature [15, 16]. Due to the similarities
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between retinal and cerebral vasculature, several studies have
proposed OCT-A as a potential method for early and accurate
detection of various neurodegenerative diseases, e.g. Alzheimer’s
disease and Parkinson’s disease [17-20].

Several optical coherence tomography (OCT) studies showed
that the thickness of retinal nerve fibre layer (RNFL) and ganglion
cell layer (GCL), and inner plexiform layer (IPL) along with
choroidal parameters significantly decline in PD patients[21-23].
The retinal and choroidal degeneration have been linked to a-
synuclein deposition [6, 7]. Emerging evidence suggest that retinal
vasculopathy may contribute to PD pathology alongside retinal
neurodegeneration [19].

Comparing OCT-A metrics between PD patients and healthy
controls in different studies showed mixed results, possibly due to
the low statistical power, variations in selection criteria, and
imaging quality. Hence, it is necessary to integrate and arrange
these findings for interpretation. Here, we conducted a systematic
review and meta-analysis to explore the application of OCT-A
imaging as a potential biomarker for PD.

METHODS

This systematic review and meta-analysis follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [24]. The study protocol was developed and
registered with the International Prospective Register of Systema-
tic Reviews (PROSPERO) (Registration Number: CRD42021293758).

Search strategy

We performed a systematic search of PubMed, Scopus, and Web
of Science databases from inception to June 3, 2022, and
identified relevant studies using the following combination of
key terms: (“Parkinson” OR “Parkinson’s Disease” OR “Idiopathic
Parkinson’s Disease” OR “Lewy Body Parkinson’s Disease”) AND
(“optical coherence tomography angiography” OR “OCT angio-
graphy” OR “OCTA” OR “optical coherence tomographic angio-
graphy”). No restrictions were applied regarding location of
presented studies. We also conducted a manual citation search
by screening the reference lists of the included studies.

Eligibility criteria

We included all published studies that used OCT-A to examine the
retinal microvasculature in Parkinson’s disease patients and met the
following inclusion criteria: (a) peer-reviewed original research; (b)
written in English; (c) PD diagnosis made based on established
criteria such as the Movement Disorder Society clinical criteria [25];
(d) inclusion of a control group. The exclusion criteria were: (a) non-
human research; (b) non-original research; (c) written in a non-
English language; (d) lack of control group. Three authors (AJ, SZ,
and SJ) independently screened the identified studies by title and
abstract. After removing duplicates and irrelevant studies, the
remaining articles underwent a detailed full-text review according
to the eligibility criteria. Disagreements were resolved by consulting
with a third author (MAS).

Data extraction

Three authors (AJ, SZ, and SJ) independently extracted the following
data: 1. first author and year of publication; 2. study design; 3.
diagnostic criteria for PD; 4. Hoehn and Yahr clinical stage (H-Y scale);
5. Unified Parkinson’s Disease Rating Scale (UPDRS) score; 6. number,
mean age, sex ratio, trait; 7. PD duration; 8. participant selection
criteria; 9. OCT-A model; 10. OCT-A parameters such as vessel density,
perfusion density, foveal avascular zone (FAZ), Any discrepancies
were resolved through discussion with a third author (SM).

Statistical analysis

OCT-A parameters (mean =+ standard deviation (SD)), were
combined for data analysis if reported in at least two unique
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studies using a similar OCT-A model and software algorithm. Meta-
analyses were conducted for all the continuous outcomes using the
Stata version 16 (StataCorp, College Station, TX). We reported the
effective sizes of difference in OCT-A parameters as mentioned
above between PD and control groups as mean difference (MD)
with a 95% confidence interval (Cl), with P-values less than 0.05
considered as significant. For assessing heterogeneity across the
studies, we used Higgin’s I test. If the heterogeneity was less than
40%, then the difference was considered insignificant, and a fixed-
effects model was used. However, if the heterogeneity level was
more than 40%, a random-effect model was used. If a variable was
reported in at least four studies, the effects of suspected
confounding factors were assessed by conducting subgroup
analysis and meta-regression.

Search Results

The systematic literature search yielded 624 results, of which 41
records were duplicates and removed. After a title and abstract
screening, 564 articles that did not meet the selection criteria were
removed. The remaining 19 studies underwent a detailed full-text
evaluation [7, 15, 23, 26-41]. Four studies were not original and
therefore were excluded [15, 27, 28, 31]. Another study was
excluded due to using similar data for PD cases in two different
publications [33]. A study that only assessed motion artifacts in
OCT-A imaging in PD was excluded [36]. Figure 1 summarizes the
study selection process. In total, thirteen observational studies
with a total of 925 eyes in PD cases and 1501 eyes in controls were
included in this meta-analysis.

RESULTS

Study Characteristics

Table 1 presents a summary of the key characteristics and results
of the included studies. All included studies were cross-sectional
[7, 23, 26, 29, 30, 32, 34, 35, 37-41]. Three studies also described a
prospective design [26, 36, 38], but no longitudinal studies had
been published at the time of our review. PD was diagnosed
according to either the Movement Disorder Society Criteria or the
PD United Kingdom Brain Bank Criteria [25]. The average age of
PD patients was 64.96 years (ranging from 55.9 to 71.7) and the
average disease duration was 5.10 years, ranging from 2.0 to 9.7
years. Eight studies only recruited early-stage PD patients
[26, 29, 30, 34, 38-41]. For assessing motor impairment severity,
some studies used the Unified Parkinson’s Disease Rating Scale
(UPDRS) [7, 32, 34, 35, 39-41], and some used the Hoehn and Yahr
(HY) scale [7, 23, 29, 30, 34, 38-41], but two studies did not report
either [26, 37]. Studies used varying exclusion criteria regarding
the ophthalmologic or general health conditions of participants.
These criteria are all summarized in Table 2 along with the eye
selection method and applied statistical adjustments. Regarding
OCT-A measurements, five studies used the Zeiss Cirrus 5000 (Carl
Zeiss Meditec, Inc., Dublin, CA) along with AngioPlex software
[30, 34, 35, 37, 38]. Five studies used the Optovue RTVue XR Avanti
(Optovue Inc, Fremont, CA) along with AngioVue software
[7, 26, 29, 40, 41]. One study used the Heidelberg Spectralis
OCT-A (Heidelberg Engineering, Heidelberg, Germany) along with
Heidelberg software [32]. Two studies used swept-source OCTA,
comprising of two different devices, the VG200 (SVision Imaging,
Ltd., Luoyang, China) along with VG200 software [39] and the
Triton plus (Topcon Corporation, Tokyo, Japan) [23].

Metrics and terminology

Different OCT-A devices applied various segmentation boundaries
for the retinal layers. It was only possible to compare the results of
studies that used the same OCT-A device and software; however, the
foveal avascular zone (FAZ) area is comparable across various OCT-A
platforms [42, 43]. Data from three studies that were not reported in
mean + SD format were not entered in the meta-analysis [30, 35, 41].
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Fig. 1

The terminology for the retinal layers was not unified across studies.
For simplicity in this review, we refer to the superficial vascular
complex or superficial (retinal) capillary plexus as the “superficial
capillary plexus” (SCP) and the deep vascular complex or deep
(retinal) capillary plexus as the “deep capillary plexus” (DCP);
however, the layer segmentation algorithm may vary across studies.
Table S1 presents the metrics, regions, and terminology applied by
the included studies.

There were two approaches for measuring vessel density: (1)
area-based (Optovue) and (2) length-based (Zeiss). The length-
based measurement is more sensitive since all vessels of different
lengths influence the result equally, whereas the area-based
measurement is more influenced by larger vessels that perfuse a
larger area. Studies that used the Zeiss device reported the
following metrics: FAZ area, circulatory index, and perimeter; a
length-based density measurement (vessel density), and an area-
based density measurement (perfusion density). Studies that used
the Optovue device reported the following metrics: FAZ area; an
area-based density measurement that we will refer to as “vessel
density”; retinal capillary skeleton density, and complexity. The
study that applied the Heidelberg device reported: FAZ area; an
area-based density measurement that we will call “vessel density”;
skeleton density; vessel perimeter index and vessel diameter;
fractal dimension; and lacunarity. The SS-OCTA study reported
flow density and flow ratio.

Foveal Avascular Zone (FAZ) area

Six studies measured the FAZ area [7, 30, 32, 34, 35, 37]. Robbins
et al. [37], Zhou et al. [34], and Zou et al. [30] used the Zeiss device
and found no significant difference in the FAZ area between
PD cases and controls (P-value = 0.29, 0.46, and 0.32, respectively).
Zou et al. [30] measured two other FAZ metrics (perimeter and
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N =41 duplicate records removed

N = 564 records excluded after a
title and abstract review

N = 6 studies excluded for the
following reasons: non-original (n =
4); irrelevant to the subject (n = 1);

using similar data for PD cases in two
publications (n = 1)

Study selection diagram. This flow diagram shows the study selection process of studies on optical coherence tomography angiography
on patients with Parkinson’s disease. N number, PD Parkinson’s disease.

circulatory index) and revealed the FAZ circulatory index is
significantly lower in PD patients (P-value =0.037). Murueta-
Goyena [32] applied a Heidelberg device and showed a significant
reduction in the FAZ area both in the SCP and DCP (P-value = 0.004
and 0.014, respectively). However, they found that the FAZ
circulatory index was not significantly different between PD patients
and controls (P-value = 0.686); Meta-analysis of the five studies
[7, 30, 32, 34, 37] showed no significant differences in the FAZ area
between PD and controls (MD, —0.02; 95% Cl [-0.07 to 0.03];
P-value = 0.49; I°=88.35%) (Table 3). We assessed the effects of
suspected confounding variables on the FAZ area measurements by
conducting meta-regression and subgroup analysis. The univariate
meta-regression revealed that none of the following variables
including the number of participants, male percentage, age, and
disease duration, show a significant correlation with the effect sizes
(all P-values>0.05). Also, we conducted a subgroup analysis
according to the type of OCT-A device and software and found
that the studies using the Heidelberg OCT-A (with the Spectralis
software) or the RTVue XR Avanti OCT-A (with the AngioVue
software) tend to show significantly lower measurements in the FAZ
area (all P-values < 0.05). Studies using the Zeiss Cirrus OCT-A device
(with the AngioVue software) showed insignificant effects on the
FAZ area measurements (P-value > 0.05).

Density measurements in superficial capillary plexus

Five studies reported density measurements of the SCP in the
whole macular region [30, 34, 37, 39, 40]. Robbins et al. [37] (vessel
density, P-value =0.03; perfusion density, P-value =0.04), Zhou
et al. [34] (vessel density, P-value = 0.01), and Zou et al. [30] (vessel
density, P-value=0.018; perfusion density, P-value =0.007) all
used a Zeiss device and found a significant decrease in PD cases
independently. However, meta-analysis of two of these studies
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Table 4. Results of meta-analysis PD vs. control.
Variables Overall Effect
Mean Difference (95% Cl)
Optovue SCP VD
parafoveal -0.71 (-2.81 to 1.37)
Superior -0.78 (-3.77 to 2.20)
Inferior -0.72 (-4.50 to 3.06)
Foveal 0.56 (-1.26 to 2.39)
DCP VD
Parafoveal -0.61 (-1.78 to 0.56)
Superior -0.39 (-1.96 to 1.16)
Inferior -0.24 (-1.75 to 1.26)
Foveal 0.64 (-1.27 to 2.55)
RPC VD 0.61 (-0.04 to 1.27)
Zeiss SCP VD
Parafoveal -1.14 (-2.58 to 0.29)
Perifoveal -0.29 (-0.59 to 0.01)
Foveal -1.97 (-2.97 to -0.97)
Whole -1.01 (-2.59 to 0.57)
FAZ area -0.02 (-0.07 to 0.03)

Heterogeneity

P -value P Test, % Q Test (P)
0.50 77.56 0.008
0.60 79.170 0.02
0.70 87.37 0.004
0.54 0.00 0.73
0.30 0.00 0.75
0.61 0.00 0.64
0.74 0.00 0.53
0.51 0.00 0.85
0.06 0.00 0.74-
0.11 71.25 0.06
0.06 0.00 0.66
0.0001 0.00 0.46
0.21 78.58 0.03
0.49 88.35 0.002

SCP superficial capillary plexus, DCP deep capillary plexus, RPC radial peripapillary capillaries, FAZ foveal avascular zone, VD vessel density, PFD perfusion

density, CI confidence interval.
Boldface values indicate the significance of the 95% confidence limit.

[34, 37] did not show any significant difference between PD case
and control in the whole SCP (MD, —1.01; 95% CI [—-2.59 to 0.57];
P-value = 0.21; I?= 78.58%). One Optovue study measured whole
vessel density and did not find any significant changes in PD
compared to control (P-value = 0.5) [40]. Zhang et al. revealed that
PD cases had a significantly reduced flow density and flow ratio in
the whole SCP (P-value < 0.0001) [39].

Density measurements in the parafoveal region were the most
measured SCP metrics [7, 26, 29, 30, 32, 34, 35, 37, 39, 40]. This
included four Zeiss studies [32, 36, 37, 39]; Robbins et al. [37]
(vessel density, P-value =0.003; perfusion density, P-value =
0.004), Zou et al. [30] (vessel density, P < 0.001; perfusion density,
P-value < 0.001), and Xu et al. [37] (vessel density, P-value = 0.005)
found a significantly decreased vessel density in PD patients. Zhou
et al. [34] observed a significantly lower VD only in the superior
sector of the parafoveal region when using a 6 X 6 mm scan;
however, in the 3 X 3mm scan protocol, the vessel density
appeared to be significantly lower in all sectors (P-value =0.03
and 0.01, respectively). The meta-analysis of two of these studies
[34, 37] did not show any significant differences comparing PD
patients and controls (MD, —1.14; 95% Cl [-2.58 to 0.29];
P-value =0.11; ’=71.25%). Seven studies reported foveal SCP
measurements [7, 30, 32, 34, 35, 39, 40]. Of these, three Zeiss
studies found a significantly reduced SCP vessel density and
perfusion density in the foveal region in PD (vessel density,
P-value =0.03 (Zou), 0.002 (Zhou), and <0.001(Xu); perfusion
density, P-value =0.002) [30, 34, 35]. Meta-analysis of two Zeiss
studies [30, 34] revealed that the SCP vessel density was
significantly reduced in PD patients (MD, —1.97; 95% ClI [—2.97 to
—0.97]; P-value < 0.001; I*=0.00%). In contrast, Rascuna et al. [40]
and Lin et al. [7] found no significant changes in foveal vessel
density in PD (both P-value =0.5); Meta-analysis on these two
Optovue studies also showed no significant changes (MD, 0.56; 95%
CI[—1.26 to 2.39]; P-value = 0.54; I = 0.00%). Murueta-Goyena et al.
[32] found a significantly greater perfusion density and skeleton
density in the foveal region in PD (both P-values < 0.05). Zhang et al.
[39] used swept-source OCTA and showed a significantly reduced

SPRINGER NATURE

flow density in the foveal region in PD (P-value = 0.001) (Table 3 and
Table 4). Five Optovue studies reported parafoveal SCP density
measurements [7, 26, 29, 40, 41]; Rascuna et al. [40] and Lin et al. [7]
found no significant changes in the parafoveal vessel density in PD
(P-value =04 and 0.5, respectively); however, Shi et al. [29] and
Kwapong et al. [26] and Li et al.[41] reported a significantly lower
perfusion and vessel density in the parafoveal zone in PD individuals
(all P-value < 0.05). Meta-analysis of three of these studies [7, 26, 40]
showed no significant difference in the parafoveal vessel density
comparing PD and controls (MD, —0.71; 95% Cl [—-2.81 to 1.37];
P-value = 0.5; I* = 77.56%). Shi et al. [29] also measured other retinal
capillary parameters, such as skeleton density and complexity,
which were both significantly lower in PD (P-value <0.001 and
0.009, respectively). Murueta-Goyena et al. [32] used a Heidelberg
device and measured lacunarity, fractal dimension, perfusion
density, and skeleton density; which did not show any significant
changes in the parafoveal region (all P-values > 0.05), except for
parafoveal lacunarity that was significantly decreased in PD patients
(P-value < 0.001). A recent study by Satue et al. [23] used swept-
source OCTA and found PD patients had no significant changes in
the SCP compared to controls (all P-values > 0.05).

Four Zeiss studies reported perifoveal SCP density measure-
ments [30, 34, 35, 37]. Two studies found that PD individuals had
a significantly lower perfusion density (both P-values=0.04)
but did not find any significant changes in vessel density
comparing PD and controls (P-values =0.08 and 0.13) [30, 37].
In contrast, Xu et al. [35] found a significantly lower perifoveal
vessel density in PD (P-value = 0.02). Meta-analysis of these two
studies [34, 37] showed no significant changes in the perifoveal
SCP in PD compared to controls (MD, —0.29; 95% Cl [-0.59 to
0.01]; P-value = 0.60; 1= 0.00%).

Density measurements in deep capillary plexus

The most common DCP measurement was in the parafoveal
region [7, 26, 29, 32, 39-41]. Lin et al. [7] and Li et al.[41]
found a significantly lower parafoveal DCP vessel density in
PD patients (P-value =0.03). In contrast, Rascuna et al. [40] and
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Kwapong et al. [26] found no significant changes in the parafoveal
DCP (P-value = 0.9 and 0.53, respectively). Meta-analysis of these
two studies (26,40) also did not reveal any significant changes
(MD, —0.61; 95% Cl [—1.78 to 0.56]; P-value = 0.30; = 0.00). Two
studies [7, 40] measured foveal DCP vessel density and found no
significant differences between PD patients and controls (both
P-values > 0.05). Meta-analysis of these studies also did not show
any significant changes (MD, 0.064; 95% Cl [-1.27 to 2.55];
P-value = 0.51; = 0.00). Shi et al. [29] and Murueta-Goyena et al.
[32] compared the DCP perfusion density of the parafoveal region
in PD and controls which did not reveal any significant differences
(all P-values > 0.05). Using an Optovue device, Shi et al. [29] also
measured the parafoveal retinal capillary complexity and skeleton
density in DCP and found a significantly lower skeleton
density and complexity in most sectors of the parafoveal DCP in
PD (all P-values < 0.05). Murueta-Goyena et al. [32] revealed that
the parafoveal DCP lacunarity in PD patients was significantly
greater than that of controls (P-value < 0.001), but there were no
significant changes in the skeleton density and perfusion density
(both P-values > 0.05) (Tables 3 and 4)

Optic Disc Area

Four Optovue studies measured vessel density in the peripapillary
region [7, 35, 40, 41]. Xu et al. [35] and Rascuna et al. [40], and Li
et al. [41] found no significant changes in peripapillary vessel
density (all P-value > 0.05). Lin et al. [7] discovered vessel density
in the radial peripapillary capillaries is significantly lower in
moderate-stage PD patients compared to early-stage patients.
Meta-analysis of these studies [7, 40, 41] did not show any
significant changes in PD individuals compared to controls (MD,
0.61; 95% Cl [-0.04 to 1.27]; P-value = 0.06; I*=0.00). The Zeiss
study by Robbins et al. [38] discovered a significantly greater
perfusion density in the average, temporal, and nasal sectors of
the peripapillary region in PD cases (all P-values <0.001); The
capillary flux index of PD cases also appeared significantly greater
in all peripapillary sectors (all P-values <0.05) except for the
inferior sector (P-value = 0.1) (Table 3).

DISCUSSION

While deposition of a-synuclein and dopaminergic neuron loss in
the SN is the characteristic pathological event in PD, recently there
has been a growing appreciation that vascular alternations also
contribute to the pathological process of PD and impact the disease
onset and progression [44]. Reduced vessel length and branching
along with a damaged capillary network and significantly decreased
vessel density in the substantial nigra have been observed by direct
examination of PD brains [12]. As retinal and cerebral vasculature
share a common origin and features, evidence suggests that the a-
synuclein accumulation is also present in the vessel walls of the
retinal microvasculature in PD eyes, leading to vascular alternations
and neuron loss in the retina causing visual disturbances [45].

In this study, we reviewed thirteen observational studies that
used OCT-A to measure retinal microvascular parameters in PD
patients, and we conducted a meta-analysis of their pooled results
where possible. SCP was the most measured vascular layer using
OCT-A. The results of the meta-analysis on two studies [30, 34] that
used the same OCT-A device and software revealed that PD
patients had a significantly lower vessel density in the foveal
region. However, according to the pooled data, there were no
significant differences in the density measurements of the
parafoveal and perifoveal regions between PD and controls.
Similarly, no significant changes in the FAZ area were observed in
PD individuals. Our results suggest that while retinal microvascular
alternations may exist in PD patients, these changes are more
distinct in the foveal region.

In this study, we observed that the fovea is more sensitive to
vessel density changes in PD, specifically in the SCP. Our results
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are in line with other studies that discovered significantly lower
measurements of SCP vessel density in the fovea of PD patients
[30, 34, 35]. Similarly, Murueta-Goyena et al. showed that the
alternations in the retinal microvasculature appear more specifi-
cally in the foveal region. Though, they found that these
microvascular parameters such as perfusion and skeleton density,
lacunarity of capillaries, and fractal dimension are greater in PD
[32]. In contrast, Rascuna et al. did not report any significant
changes in the foveal SCP. However, they found an association
between intraretinal layers thickness and SCP vessel density which
was present only in the foveal region in PD patients that were at
an early stage [40]. Recent evidence has suggested that the
vascular changes in PD are dynamic and depend on the stage of
the disease; in the early stages of the disease, angiogenesis plays a
more important role whereas in later stages vascular degeneration
is more evident [44, 46]. A study by Xu et al. showed that the
reduction in the SCP density was correlated with higher disease
duration, H-Y score, and UPDRS score which highlights the stage-
dependent nature of the microvascular changes in PD retina
[35, 41]. In addition, they found no significant changes in the SCP
vessel density in the early-stage PD group that had a lower H-Y
score and disease duration [35]. Another study by Lin et al. found
lower microvascular densities in moderate-stage PD patients
compared to early-stage cases and suggested a link between
disease severity and vessel density changes. However this
correlation was only observed in the DCP and radial peripapillary
capillaries [7].

The fovea contains the most cortical neurons per unit area
compared to other retinal regions, and the fovea accommodates
the highest concentration of retinal photoreceptors, which allows
to mediate the highest contrast sensitivity [47]. Dysfunction of
foveal vision and remodelling has been previously described in PD
[47, 48]. Several studies have reported an association between
intra-retinal neuron loss and vessel density changes, particularly in
the fovea of individuals with PD, which is present even in the early
stages[26, 32, 40]. OCT studies suggest that the whole thickness of
central retina as well as the thickness of GCL and RNFL are
significantly lower in the foveal region of PD patients[49]. How the
dopamine depletion processes in each PD stage manifest in the
retinal structure and vessels remains unclear. Some studies
reported alternations in both the retinal thickness and vasculature
of PD patients [23]. They suggest that reduction in the thicknesses
of retinal layers happens primarily and the retinal microvascu-
lature would regress in response to the retinal thinning [39, 50].
This is in line with the findings of Chen et al, which demonstrated
that the RNFL loss preceded the decrease in vessel density in optic
neuropathies rather than being a consequent of this phenomenon
[50]. Chen and colleagues hypothesized that OCT-A in the current
form only detects areas of no RBC flow in the capillaries and is not
able to detect any degree of decrease in the flow until there is
absolutely no flow in the capillaries. According to this binary point
of view, the authors emphasized that the decrease in capillary
density occurs secondarily to the atrophy of the nerve tissue, and
does not precede it [50]. In contrast, some studies failed to find
any detectable changes in the thickness of retinal layers in PD,
despite the vascular alternations [37, 38]. Robbins et al. found that
in early-stage PD patients, RNFL changes may not reach a
detectable threshold on OCT imaging, while OCT-A markers may
be more useful even in PD patients with mild symptomology [38].
The accumulation of a-synuclein in the retina and around retinal
vessels and subsequent neuroinflammation could provoke a
retinal inflammatory response similar to the CNS, which could
lead to apoptosis at the early stages of the disease; the vessel
density changes may reflect the retinal neurodegeneration earlier
and encompass better diagnostic ability compared to the retinal
thinning [37, 39, 45].

Our analysis did not show any significant changes in the vessel
density of the parafoveal region, which were in line with the

SPRINGER NATURE



M.A. Salehi et al.

results of the studies by Rascuna et al. [40], Murueta-Goyena et al.
[32], and Satue et al. [23]. In contrast to our results, Kwapong et al.
[26] found that PD causes a reduction in parafoveal vessel density
in the early stages. This contradicting result could be due to a lack
of control for inter-eye correlations in their statistical analysis that
could increase the false-positive results in the parafovea. In
addition, due to the differences in the segmentation boundaries
between different OCT-A algorithms, we were unable to pool the
results of all the studies that measured parafoveal vessel density,
which limited the chances of comparing their results.

In addition to OCT-A metrics, studies have shown that
alternations in OCT parameters could serve as PD biomarkers
[21, 23, 30, 51]. Several studies suggest that the thicknesses of the
macula, RNFL, and GCL-IPL decline in PD patients [21-23, 30]. The
choriocapillaris flow density, choroidal vascular index, and
choroidal vascular volume significantly decrease in early-stage
PD [22]. Powel et al. [52] found that the RNFL thickness negatively
correlates with PD severity and duration, suggesting OCT is a
valuable tool for monitoring the gradual morphological changes
in PD retinas. Similarly, Garcia et al. [53] discovered a negative
correlation between GCL thickness and the severity of PD. The
macula consumes the greatest amount of oxygen than any other
tissue in the body, while only a single-layered capillary arcade in
the parafovea supplies it; therefore, the macula is highly
susceptible to hypoxia [54]. Accumulation of a-synuclein around
retinal arteries in PD subjects implies that microvascular degen-
eration (appeared as reduced VD and FAZ metrics) may reflect the
retinal degeneration processes [45, 55]. The SCP parameters might
even be a more sensitive and earlier PD indicator compared to
RNFL [22]. OCT and OCT-A findings are both closely associated
with PD progression, a combination of their findings improves the
diagnostic accuracy more than OCT or OCT-A alone [30].

As a novel diagnostic tool, OCT-A technology is now of great
use in clinical practice as well as research to visualize ocular
microvasculature [56]. Several studies have reported on the
interchangeability of OCT-A parameters across devices, yielding
inconsistent results [56-58]. The results of most of these
quantitative studies agree vessel density measurements in both
SCP and DCP aren’t comparable across devices [56, 58]. Each OCT-
A device utilizes a different algorithm and a unique set point for
retinal layers segmentation which could lead to variability across
devices [56]. Similarly, scanning speed and the number of B-scans
in each field of view could alter the image resolution and act as a
source of variation in vessel detection [56]. Several studies suggest
FAZ area measurements are consistent across OCT-A devices
[42, 56, 59]; however, Corvi et al. suggested none of the FAZ
metrics or vessel density measurements are interchangeable
between different devices [58]. In this study, the subgroup analysis
showed, that the Heidelberg Spectralis and RTVue XR Avanti (with
AngioVue software) OCT-A devices, tend to show significantly
lower measures for the FAZ area. As OCT-A incorporation in daily
practice is growing, these controversial results highlight the
necessity of standardizing OCT-A metrics across devices for better
clinical interpretation and research purposes.

Studies reported inconsistent results regarding FAZ measure-
ments. Most of them observed no significant changes in the FAZ
area in PD, and our analysis confirms their data. In contrast, Xu
et al. [35] suggested the FAZ area as a sensitive biomarker for PD
as they found a significant decline even in early-stage patients.
They suggested that foveal dopaminergic neuron loss promotes
vasculogenesis and leads to a smaller FAZ area accompanied by
decreased foveal vessel density.

The limitation of our study was diversity in the OCT-A device
model and software applied by the included studies prevented a
complete comparison between their results. We were only able to
analyse the studies that used the same OCT-A software and model
because segmentation algorithms for retinal microvascular layers
vary immensely between devices. Therefore, it is necessary to
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standardize the defined retinal boundaries among different
devices. Furthermore, OCT-A imaging is prone to motion artifacts
in PD cases with longer disease duration and severe motor
disabilities [36, 60]. In severe PD cases these artifacts appear to be
higher, which could lower the image quality and make it
challenging to obtain artifact-free images from patients. This
could explain why most of the included studies only recruited
early-stage PD patients [36]. Another source of heterogeneity was
the different fields of view that studies employed (6 X 6 mm or 3 x
3 mm). These scan protocols both provide good reproducibility for
FAZ area and density measurements; however, a recent study
showed that a direct comparison is not possible between them,
especially the FAZ metrics, since different scan densities may
produce quantitative differences in the microvascular measure-
ments [61]. The 3 X 3 mm scan protocol reflects a more detailed
evaluation of the microvasculature and is more useful for the early
assessment of retinal microvascular biomarkers in PD [34]. The
fields of view utilized in our included studies can be found in
Table S2. Our literature search did not yield any longitudinal
studies and since it is necessary to examine the dynamics of
retinal vascular changes over time of PD progression, we
recommend that future studies apply a longitudinal design.

In this systematic review and meta-analysis, we observed that
clinically diagnosed PD patients had a significantly lower vessel
density in the SCP, which is more distinct in the foveal region.
OCT-A provides a non-invasive evaluation of PD effects on the
retinal microvasculature and could potentially offer a reliable
biomarker for more accurate and early PD detection and
monitoring. Our study highlights the need for standardization of
the OCT-A algorithms between devices to increase the compar-
ability of their data. Longitudinal studies and recruiting higher
populations of PD individuals from all disease stages are necessary
to distinguish between disease effects on retinal microvasculature
during each stage of the disease course.
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