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Combination of optical coherence tomography (OCT) and OCT
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Background: To assess the diagnostic efficacy of optical coherence tomography (OCT) and OCT
angiography (OCTA) in Parkinson’s disease (PD).

Methods: OCT was used to obtain macular parameters and peripapillary retinal nerve fiber layer (RNFL)
thickness. The macular superficial retinal vessel and foveal avascular zone (FAZ) were quantified with OCTA.
The area under the receiver operating characteristic curve (AUC) indicated the diagnostic efficacy of the
parameters.

Results: Thirty-five eyes from 35 PD patients and 35 eyes from 35 age-matched healthy subjects who
served as controls were evaluated. The mean RNFL thickness overall and the thicknesses of the other three
quadrants were similar in PD patients compared with controls (P>0.358). The RNFL thickness at the
temporal quadrant, total macular volume (TMV), macular retinal thickness (MRT), and ganglion cell-inner
plexiform layer complex (GCL-IPL) thickness were reduced in the eyes of PD patients (P<0.046). There was
no difference between the CMT of PD patients compared with control subjects (P=0.163). The vessel length
density (VLD) in the central, inner and full regions; vessel perfusion density (VPD) in all regions; and the
FAZ circularity index in PD patients were significantly lower than in controls (P<0.049). The AUC of the
VLD in PD in the central, inner and full regions were 0.712, 0.728, and 0.650, respectively; The VPD in the
central, inner and full region were 0.711, 0.756, and 0.682, respectively. The mean RNFL thickness in the
temporal quadrant, TMV and MRT revealed an AUC of 0.718, 0.693 and 0.699, respectively. The VPD in
the outer region, FAZ circularity and GCL-IPL thickness did not have diagnostic ability in distinguishing
PD from normal eyes (P>0.05). The AUCs of a combination of the VLD in the inner region and TMV, the
VLD in the inner region and MRT, the VPD in the inner region and TMV, and the VPD in the inner region
and MRT, were 0.843, 0.849, 0.849, and 0.848, respectively (P<0.001).

Conclusions: Decreased OCT and OCTA parameters were detected in the eyes of PD patients. Combined
non-invasive measurements of OCT and OCTA had better diagnostic ability than either alone, and may

provide an additional biomarker for PD progression.
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Introduction

Parkinson’s disease (PD) is a frequently observed
neurodegenerative disorder that features motor symptoms,
including bradykinesia, rest tremor, rigidity, and postural
instability, and non-motor symptoms, such as sleep
disorders, anosmia, depression, cognitive impairment and
vision deficits (1-3). The aggregation of misfolded protein
alpha-synuclein (mAS) is the main cause of injury to
dopaminergic (DA) neurons in the central nervous system (4).
Postmortem studies have documented the presence of
mAS in retinal cells and hypothesized the retinal structure
changes that meditate vision deficits including altered visual
acuity, decreased contrast sensitivity, photophobia, and
complex visual hallucinations (5,6).

Optical coherence tomography (OCT) has been used
for more than 10 years to detect and quantify changes
in the retina in PD (7). OCT assessment can assist with
delineating the pathogenesis and determining a diagnosis (8,9).
Interestingly, small vessel pathology has been described as a
key factor involved in the progression of PD and the retina
could be a window to the brain for examining microvascular
components (10). Thus, assessment of the retinal
microvasculature can generate a better understanding of the
pathogenesis of PD. OCT angiography (OCTA) is a rapidly
developing technology, and it has been used in various studies
of ophthalmic diseases such as glaucoma, diabetic retinopathy,
and epiretinal membranes (11-13). In addition to retinal vessel
density, OCTA-based foveal avascular zone (FAZ) metrics
is used to explore the perifoveal capillary network in disease
associated with vascular impairment. Some groups reported
macular vessel density (VD) and FAZ metrics could be
potential biomarkers in the clinical evaluation of diseases, such
as glaucoma, and diabetic retinopathy (14-16). Recently, several
studies have demonstrated reduced macular VD in patients
with PD and suggested OCTA with quantitative assessment
could be an additional biomarker for detecting vessel changes
in the early stages of PD (17,18). However, there are a few
studies that have reported the utility of OCT and OCTA
parameters. The purpose of our study was to evaluate the
diagnostic efficiency of OCT and OCTA parameters and
determine whether the combination of these measurements is
a useful detection method for PD progression.

Methods
Subjects

This was a cross-sectional study and all research methods
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followed the Helsinki Declaration (as revised in 2013). After
approval by the Medical Ethics Committee of Xiangya
Hospital (No. 202002030), all subjects signed an informed
consent form according to the principles of ethics.

Patients with sporadic PD were recruited from the
outpatient neurology clinics of Xiangya Hospital and were
referred to the Department of Ophthalmology at Xiangya
Hospital. Each patient underwent a detailed clinical
interview and a complete neurological examination. PD was
diagnosed by two experienced neurologists according to
the United Kingdom PD Brain Bank Criteria (19). Disease
severity in PD patients was rated by one trained neurologist
using the Hoehn and Yahr (H&Y) scale (20).

A total of 35 eyes from 35 PD patients and 35 eyes from
35 age-matched healthy controls were selected randomly
and enrolled from January 2019 to December 2019 in
the Ophthalmology Department of Xiangya Hospital.
A complete ophthalmologic examination, including best
corrected visual acuity (BCVA), intraocular pressure
measurement, slit lamp microscopy, dilated fundus
examination with a 90-diopter lens, and OCT and OCTA
examinations, was performed after patients were diagnosed
with PD in the Neurology Department.

The subjects were excluded if they met the following
criteria: (I) BCVA less than 0.5 evaluated with a Snellen
chart; (II) ophthalmic diseases, such as glaucoma, fundus
diseases, and corneal diseases; (III) presence of retinal or
optic nerve diseases; (IV) diopter spherical power >6.00-
6.00 D and/or astigmatism >3.00-3.00 D; (V) intraocular
pressure higher than 21 mmHg; (VI) history of ocular
trauma or intraocular surgery, history of hypertension or
diabetes, and family history of glaucoma.

OCT measurements

SD-OCT (Cirrus; Carl Zeiss Meditec Inc., Dublin, CA,
USA) was used to obtain the macular parameters and
peripapillary RNFL in all subjects (8). A retinal area of
6.0 mm horizontal and 6.0 mm vertical were scanned in
a Macular Cube 512x128 mode to measure the central
macular thickness (CMT), macular retinal thickness
(MRT), total macular volume (TMV), and average
ganglion cell-inner plexiform layer complex (GCL-IPL)
with an automatic analysis algorithm. A 3.64-mm diameter
circle around the optic dis was scanned and the RNFL
protocol was used to measure the average peripapillary
RNFL thickness and the average RNFL thicknesses in the

temporal, nasal, superior and inferior quadrants.
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Figure 1 Macular area measurement map. The central area is the
center region. The inner, outer and full regions were calculated
separately at various distances from the fovea: inner (1-3 mm
diameter region), outer (3—6 mm diameter region) and full (6 mm

diameter region).

OCTA measurements

All subjects underwent SD-OCTA examination using the
AngioPlexTM OCTA system (Cirrus; Zeiss, Dublin, USA;
software version 10.0.0.14618) (21). OCTA obtained a 6x6 mm
volumetric macular superficial retinal vessel image that
consisted of vessels from the layer of the inner limiting
membrane (ILM) to the inner plexiform layer (IPL). Poor-
quality scans with a strength index less than seven were
excluded. The vessel length density (VLD, defined as the
total length of the perfused vasculature) and vessel perfusion
density (VPD, defined as the total area of the perfused
vasculature per unit area in a region of measurement) were
calculated separately at various distances from the fovea:
central (1 mm diameter region), inner (1-3 mm diameter
region), outer (3—6 mm diameter region) and full (6 mm
diameter region; Figure 1) (22). The FAZ indicators of the
macular area, including area, perimeter and circularity index,
were automatically calculated by the system software (Cirrus;
Zeiss, Dublin, USA; software version 10.0.0.14618). The
FAZ circularity index is a measure of the shape of the FAZ,
where 1 indicates a circular shape and 0 indicates an irregular
shape. By observing the parameters of FAZ, damage to the
capillaries in the macular arch area could be assessed (15).

Statistical analysis

Statistical analyses were performed with SPSS version 22.0
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(IBM Corp, Armonk, NY, USA). The normal distribution
of the data was tested with the Kolmogorov-Smirnov test.
Therefore, the data were presented as the mean = standard
deviation (range) of the Gaussian distribution value and
the median (95% confidence interval) of the non-Gaussian
distribution. The comparisons of OCT parameters and
OCTA metrics between PD patients and healthy controls
were analyzed with an LSD z-test for Gaussian distribution
values and a Tamhane’s T2 test for non-Gaussian
distribution values. A P value less than 0.05 was considered
statistically significant. The area under the receiver
operating characteristic (AUC) was determined to evaluate
the discrimination capability of single OCT and OCTA
parameters, and combined OCT and OCTA parameters.

Results

This study comprised 35 eyes from 35 patients and 35 eyes
from 35 healthy control subjects. The clinical features and
ophthalmologic characteristic are listed in 7able 1. There
were no statistically significant differences in age, sex,
BCVA and IOP (P>0.263). The mean disease duration was
3.2+2.0 years, and the median H&Y stage was 2. Among
these patients, 16 patients were in H&Y stage 1, 15 patients
were H&Y in stage 2, and 4 patients were in H&Y stage 3.

Table 2 presents the OCT and OCTA parameters
for all subjects. Except for the RNFL thickness of the
temporal quadrant being thinner (P=0.002), the mean
RNFL thickness overall and the thicknesses of the other
three quadrants were similar in PD patients compared
with controls (P>0.358). The TMV, MRT and GCL-IPL
thicknesses were reduced in eyes with PD compared with
control eyes (P=0.005, P=0.008, and P=0.046, respectively).
There was no difference between the CMT of PD patients
compared with control subjects.

Regarding the macular microvascularity, most of the
OCTA parameters showed differences between the two
groups. Compared with the eyes of healthy controls, the
VLD of eyes in PD patients was significantly decreased
in the central, inner and full regions, with statistically
significant differences (P=0.002, P<0.001, and P=0.018);
However, there was no significant change in the outer
region (P=0.138). VPD in the eyes of PD patients was
significantly reduced in all regions compared to control
eyes, with statistically significant differences (P<0.049).
For the FAZ index, there were no differences in the FAZ
area and perimeter between the two groups (P=0.320, and
P=0.117, respectively). In the eyes of PD patients, the value
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Table 1 Clinical features and parameters of the participants

Variables Parkinson disease (n=35) Control (n=35) P
Sex (M/F) 16/19 20/15 0.339
Age (years) 61.86+5.46 60.20+6.75 0.263
Duration of PD (years) 3.2+2.0 N/A -
Hoehn-Yahr stage 20,2 N/A -

1, n (%) 16 (45.7)

2,n (%) 15 (42.9)

3, n (%) 4 (11.4)
BCVA 1.2[0.8, 1.5] 1.2[1.0,1.2] 0.388
I0P 16.85+2.03 16.74+2.82 0.846

PD, Parkinson’s disease; BCVA, best corrected visual acuity; IOP, intraocular pressure; N/A, not available; SD, standard deviation.

of the FAZ circularity index was lower than that of the
control eyes (P=0.037).

Different OCT and OCTA partition parameter values
were used to analyze the ROC curve and calculate the AUC
to evaluate the accuracy of detection. The AUC of the
VLD in PD in the central, inner and full regions were 0.712,
0.728, and 0.650, respectively (Table 3, Figure 24). The
VPD in the central, inner and full region were 0.711, 0.756,
and 0.682, respectively (Table 3, Figure 24). The mean
RNFL thickness in the temporal quadrant, TMV and MRT
revealed an AUC of 0.718, 0.693 and 0.699, respectively
(Table 3, Figure 2B). The VPD in the outer region, FAZ
circularity and GCL-IPL thickness did not have diagnostic
ability in distinguishing PD from normal eyes (P>0.05)
(Table 3).

Values of the AUC between 0.6 and 0.7 are considered to
indicate a weak predictive capacity, values between 0.71 and
0.8 have moderate predictive capacity, and values greater
than 0.8 have strong predictive capacity (23). Therefore, we
calculated and listed the high value, which was greater than
0.8, of the combinations of OCT and OCTA parameters
in Figure 2. The AUCs of the VLD in the inner region
combined with TMV and MRT were 0.843, and 0.849,
respectively (Figure 2C,D). The AUCs of a combination of
the VPD in the inner region, and TMV and the VPD in the
inner region and MRT to detect a PD diagnosis were 0.849,
and 0.848, respectively (Figure 2E,F).

Discussion

Recent studies have demonstrated retinal degeneration
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in PD, but there is a limited number of studies on the
diagnostic ability of the retinal structure related index.
In this study, we confirmed changes of the macular and
peripapillary retinal structure in patients with PD using
both OCT and OCTA. Subsequently, the utility of OCT
and OCTA parameters as diagnostic markers were explored
separately and in combination. In addition, we evidenced
the OCT-plus-OCTA combination could be a better
biomarker for detecting PD progression, over OCT or
OCTA alone.

OCT was applied to detect retinal structural changes
that were associated with PD for more than a decade, which
enabled capturing the in-vivo retinal image (9). Although
there were no standards for OCT parameter values in PD,
because of differences in methodology, OCT equipment,
ethnicity and the age of the population in different studies,
OCT examination was regarded as a potential tool for
early diagnosis and prognosis in PD (24). In our study, the
decline in the RNFL thickness in the temporal quadrant,
TMV, MRT and GCL-IPL thickness was consistent
with recent reports that were conducted with the same
SD-OCT devices (8,25,26). Ganglia cells are DA cells, and
increased apoptosis of ganglion cells with glutamate and
neurotrophin deprivation could lead to GCL-IPL thinning
in PD (27). The RNFL comprises axons of the ganglion cells,
and the thicknesses of the four quadrants are different (28).
Hence, the temporal quadrant was more sensitive to the
damage of DA cells in progressive PD, which may explain
how the RNFL thickness becomes thinner at the temporal
quadrants. As for the anatomy of the macular region, the
nerve fibers and ganglion cells are absent in the fovea (29).
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Table 2 OCT and OCTA parameters of the participants
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Examinations Parameters Parkinson disease (n=35) Control (n=35) P
OCT RNFL average (um) 103.00 (93.00, 109.00) 102.00 (93.00, 105.00) 0.358
S (um) 125.09+14.57 125.00+14.02 0.980
| (Lm) 133.80+19.40 135.60+18.78 0.695
T (um) 67.20+8.98 74.20+9.17 0.002
N (um) 68.51+12.74 70.14+11.92 0.583
CMT (um) 246.23+21.24 252.69+16.77 0.163
TMV (mm?) 10.00 (9.90, 10.20) 10.30 (9.90, 10.50) 0.005
MRT (um) 277.00 (274.00, 282.00) 286.00 (276.00, 290.00) 0.008
GCL-IPL (um) 82.00 (80.00, 85.00) 84.00 (80.00, 84.00) 0.046
OCTA VLD
Central 6.70+3.42 9.05+2.59 0.002
Inner 17.00 (14.70, 18.50) 18.70 (17.90, 19.00) <0.001
Outer 18.00 (16.90, 18.80) 18.60 (17.80, 18.80) 0.138
Full 17.40 (15.80, 18.30) 18.40 (17.40, 18.60) 0.018
VPD
Central 0.149+0.079 0.204+0.061 0.002
Inner 0.401 (0.347, 0.442) 0.447 (0.436, 0.455) <0.001
Outer 0.445 (0.416, 0.466) 0.462 (0.436, 0.471) 0.049
Full 0.426 (0.385, 0.450) 0.451 (0.423, 0.459) 0.007
FAZ
Area (mm?) 0.312+0.121 0.285+0.102 0.320
Perimeter (mm) 2.365+0.551 2.18+0.40 0.117
Circularity 0.72 (0.58, 0.77) 0.75(0.68, 0.78) 0.037

OCT, optical coherence tomography; OCTA, optical coherence tomography angiography; RNFL, retinal nerve fiber layer; S, superior
quadrant; |, inferior quadrant; T, temporal quadrant; N, nasal quadrant; CMT, central macular thickness; TMV, total macular volume; MRT,
macular retinal thickness; GCL-IPL, ganglion cell-inner plexiform layer complex; VLD, vessel length density; VPD, vessel perfusion density;

FAZ, foveal avascular zone.

Thus, the reduction of retinal thickness appeared
unpronounced in the central region, while the TMV, MRT
were clearly thinner in PD.

There were a few researches focused on the changes
of vascular morphology in PD, and they reported the
increased string vessels, decreased and shorten capillaries in
multiple brain regions (30,31). As extensions of the brain,
the retinal and cerebral microvasculature share common
characteristics (32). Therefore, the retina provides a novel
direction method to study vascular degeneration which
is regarded as an important contributing factor to PD

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

progression. To date, a number of studies have indicated a
significant decrease in the retinal VD of neurodegenerative
diseases compared to normal controls, such as Alzheimer’s
disease, multiple sclerosis and PD, using OCTA (33).
Oxygen consumption in the macular is greater than in
other tissues in the body, and the vascular supply of the
macula is only a single-layered parafoveal capillary arcade (34).
These evidences imply us to pay attention to the macular
retinal VD because the macula is more sensitive to hypoxia
and ischemia (29). In addition to retinal vessel density,
OCTA-based FAZ metrics enabled exploration of the
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Table 3 The areas under the ROC curve for results

PD vs. Ctr
Parameters
AUC 95% ClI P

VLD central 0.712 0.589-0.835 0.002
VLD inner 0.728 0.607-0.849 0.001
VLD full 0.650 0.518-0.783 0.031
VPD central 0.711 0.587-0.834 0.002
VPD inner 0.756 0.638-0.873 <0.001
VPD outer 0.618 0.487-0.750 0.089
VPD full 0.682 0.557-0.808 0.009
FAZ circularity 0.636 0.506-0.766 0.050
RNFL temporal 0.718 0.597-0.838 0.002
T™MV 0.693 0.568-0.818 0.006
MRT 0.699 0.576-0.823 0.004
GCL-IPL 0.625 0.493-0.757 0.072

PD, Parkinson’s disease; Ctr, control; AUC, area under the ROC curve; ROC, receiver-operating characteristic; VLD, vessel length density;
VPD, vessel perfusion density; FAZ, foveal avascular zone; RNFL, retinal nerve fiber layer; TMV, total macular volume; MRT, macular retinal

thickness; GCL-IPL, ganglion cell-inner plexiform layer complex.

perifoveal capillary network in diseases associated with
vascular impairment (35). Recently, Kwapong et a/. (17)
reported impairment of the macular retinal microvascular
and suggested OCTA measurements of the retinal
microvascular could be an objective tool for early diagnosis
of PD. In our study, we observed the superficial retinal
vessels in different macular regions, including the fovea,
parafovea and perifovea vessels that were contained in the
central (I mm), inner (1-3 mm) and outer (3-6 mm) rings,
respectively (36). VD was described with different OCTA
metrics including VLD (37), the blood flow index (38),
micro vessel density (39) and fractal dimension (40) in
previous studies. Here, we propose use of VLD and VPD,
which have high repeatability and reproducibility (21,41),
would provide a more accurate reflection of macular
vascular perfusion status. The VLDs of the eyes in PD
patients were significantly decreased in the central, inner
and full regions, but not in the outer region. Although the
VPD:s in the eyes of PD patients were reduced in all regions
compared with control eyes, the differences in the perifovea
vessels were slight (P=0.049). As for the FAZ index, there
was no difference in the FAZ area and perimeter; however,
the value of FAZ circularity index was lower than that of
control eyes, which indicated injury of the alignment of
the parafoveal capillary arcade. Considering all results, we

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

hypothesize microcirculatory alterations in the eyes of PD
patients occurred in the fovea and parafovea, but not the
perifovea.

Although major studies have supported OCT and OCTA
as methods that can provide new parameters to consider
in a PD diagnosis, sufficient data are lacking to describe
the utility of retinal structure and vascularity factors in
the progression of PD. In our study, the AUCs of mean
RNFL thickness in the temporal quadrant, TMV and
MRT were 0.718, 0.693 and 0.699, while the AUCs of the
VLD and VPD in the central, inner and full regions were
0.712, 0.711, 0.728, 0.756, 0.650, and 0.682, respectively.
We found the diagnostic ability of OCT and OCTA
parameters to be comparable. The moderate diagnostic
capacities of these parameters drove us to identify a more
effective combination index. Interestingly, higher values
for the AUC could be achieved through the combination
of VLD in the inner region and TMV or MRT, and VPD
in the inner region and TMV or MRT. OCT and OCTA
parameters were closely associated with the progression of
pathology in PD, and they are more convenient to obtain
than neuroimaging indicators. Diagnosis of PD is now
based on the appearance of typical symptoms, and the
diagnostic accuracy of the criterion is 82% (42). Therefore,
the combination of ophthalmic indicators will be of value in
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Figure 2 ROC curve analysis of the OCT and OCTA parameters for discriminating PD patients from healthy controls. (A) ROC curve
analysis of single OCTA parameters; (B) ROC curve analysis of single OCT parameters; (C) ROC curve of the combined assessment of
VLD inner and TMV was 0.843 (95% CI: 0.750-0.936); (D) ROC curve of the combined assessment of VLD inner and MRT was 0.849 (95%
CI: 0.757-0.941); (E) ROC curve of the combined assessment of VPD inner and TMV was 0.849 (95% CI: 0.759-0.939); (F) ROC curve of
the combined assessment of VPD inner and MRT was 0.848 (95% CI: 0.757-0.940). OCT, optical coherence tomography; OCTA, OCT
angiography; PD, Parkinson’s disease; AUC, area under the ROC curve; ROC, receiver-operating characteristic; VLD, vessel length density;

VPD, vessel perfusion density; RNFL, retinal nerve fiber layer; GCL-IPL, ganglion cell-inner plexiform layer complex; TMV, total macular

volume; MRT, macular retinal thickness.

practical applications for the diagnosis of PD.

There are some limitations in our study. First, this was
a retrospective study and each group had a relatively small
sample of 35 eyes. Most PD patients recruited for our study

were in the early stage of disease development. Further
studies with larger sample sizes and patients in all stages are
needed to explore the diagnostic value of OCT and OCTA
indicators for PD. Second, we did not evaluate the visual
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functions of our PD patients. Past researches suggested
abnormal results of VEP which measure the integrity of the
visual pathway, insensitive electrical activity of multifocal
electroretinography (ERG) which is specific for measuring
retinal function, and decreased contrast sensitivity in PD (26).
Thus, the visual acuity being similar between PD and
controls does not indicate visual functional is unimpaired.
Besides, Huang et al. (43) reported the AUC of combined
amplitude density of P1 with macular volume was 0.901.
Therefore, in the further study we would evaluate visual
functions that may serve as additional indices for ophthalmic
combination indicators. Third, some PD patients had been
treated with levodopa and the influence from this medicine
is unknown.

Conclusions

The eyes of PD patients showed a progressive reduction
in the RNFL thickness, GCL-IPL thickness, TMV, MRT,
macular VD, as well as the FAZ circularity index. These
indicators had a weak-moderate diagnostic capacity, but
the combined use of OCT and OCTA indicators improved
both sensitivity and specificity. Hence, non-invasive OCT
and OCTA technology could provide a more accurate
combination clinical diagnostic biomarker in the assessment
of PD progression.
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