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Purpose: To assess the retinal manifestations of Parkinson’s disease using optical coherence tomography. 
Methods: A prospective case‑control study comparing 30 eyes from 15 patients with Parkinson’s disease 
and 22 eyes from 11 healthy age‑matched controls. Total macular subfield thickness and the thickness of 
the ganglion cell layer, nerve fiber layer, and peripapillary retinal nerve fiber layer were measured with 
spectral‑domain optical coherence tomography  (SD‑OCT). Results: The mean age of PD patients was 
68.4  years  ±  10.64  (range: 46–82) and in the control group was 66.36  ±  5.22  (range: 64–68). The average 
disease duration in patients with PD was 6.7  ±  2.8  years  (range: 2–10  years). The mean best‑corrected 
visual acuity in PD was 20/26 and 20/20 in controls, with P =  0.0059, which was significant. Significant 
difference was also found in the contrast sensitivity between both groups. Structural differences in the 
central macular thickness (P = 0.0001), subfield thicknesses in the superior (P = 0.003), inferior (P = 0.001), 
nasal  (P = 0.004), and temporal subfields  (P = 0.017) was seen. Severe thinning of the ganglion cell layer 
was seen in PD patients (P = 0.000) as well as of the nerve fiber layer (P = 0.004). Peripapillary retinal nerve 
fiber thickness measured showed significant thinning in superotemporal (P = 0.000), superonasal (P = 0.04), 
inferonasal  (P = 0.000), inferotemporal  (P = 0.000), nasal  (P = 0.000), and temporal quadrants  (P = 0.000). 
Conclusion: Visual dysfunction was observed in patients with PD along with structural alterations on OCT, 
which included macular volumes, ganglion cell layer, and peripapillary retinal nerve fiber layer.
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The gold standard for Parkinson’s disease (PD) diagnosis is 
expert clinical evaluation, with special attention to cardinal 
features of bradykinesia, tremor, rigidity, and postural 
instability, as well as clinical response to dopaminergic 
therapy. Global estimates of the prevalence of PD are variable, 
though estimates suggest roughly 6000 cases per 100,000, with 
a burden of roughly 3000 daily‑adjusted life years (DALYs) 
per 100,000.[1]

Attempts to quantify disease burden such as the clinimetric 
assessment and the Movement Disorder Society‑Sponsored 
Revision of the Unified Parkinson’s Disease Rating 
Scale  (MDS‑UPDRS) are often used in clinical research.[2] 
However, early, reliable, objective biomarkers for Parkinson’s 
disease presence and severity remain to be elucidated.

Parkinson’s has a complex etiopathology influenced to 
varying degrees by genetics, exposures, and lifestyle factors, 
which complicate diagnostic clarity and epidemiologic 
studies.[3] In the past 20 years, alpha‑synuclein, a filamentous 
protein, was found to be the predominant component of Lewy 

Bodies and Lewy Neurites, the pathologic hallmarks of the 
disease.[4,5]

Misfolded and abnormal alpha‑synuclein is believed 
to underly neurotoxic sequelae in dopaminergic neurons, 
contributing to cell loss in PD.[6] The progression of neuronal 
lesions in PD follows a well‑studied progression beginning 
in the medulla oblongata and pontine tegmentum and 
progressing to the midbrain and higher cortical areas, which 
serves as the basis for post‑mortem staging.[7]

Interestingly, the retina utilizes dopaminergic signaling 
via D1 and D2 receptors, which helps explain visual 
phenomena in Parkinson’s disease.[8,9] While retinal 
neuro‑architecture dysfunction related to changes in 
dopaminergic neuro‑architecture has historically been explored 
via histologic analysis,[10] studies of living patients have not 
been possible until more recent, noninvasive optical coherence 
tomography  (OCT) technology.[11] OCT being noninvasive 
has been utilized to assess the retinal neuro‑architecture 
in  vivo. OCT studies have become very prevalent in the 
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literature, with varying degrees of evidence for changes in 
retinal nerve fiber layer  (RNFL) thickness,[12‑14] ganglion cell 
layer  (GCL) and plexiform layers,[15] and central macular 
thickness (CMT).[16] Despite the abundance of OCT studies in 
PD in various populations, the study of OCT changes in the 
Indian population is lacking.[17] Consequently, the investigation 
here sought to determine whether prior findings are replicable 
in the Indian population.

Methods
This was a prospective case‑control study conducted at the 
neuro‑ophthalmology and retina outpatient departments of a 
tertiary eye care hospital for a period of 1 year between January 
2018 and December 2019. The patients gave informed consent 
for the study. The study adhered to the tenets of the Declaration 
of Helsinki and was approved by the Ethics Committee of Kovai 
Medical College and Hospital affiliated to the Tamil Nadu 
Dr. MGR Medical University, Chennai. Fifteen patients with 
PD diagnosed using the Movement Disorder Society – Unified 
Parkinson’s Disease Rating Scale  (MDS  – UPDRS) were 
recruited from the Neurology department of an adjacent 
multispecialty hospital. Eleven age‑matched controls without 
PD as determined clinically were recruited for controls. 
Exclusion criteria included any preexisting ocular disorder, 
inability to follow instructions, presence of retinal pathology, or 
advanced motor dysfunction prohibiting OCT acquisition, and 
images with incomplete data. Patients received a comprehensive 
eye exam, including best‑corrected visual acuity  (BCVA), 
intraocular pressure with Goldman applanation tonometer, 
color vision (Ischihara) and contrast sensitivity (Mars contrast 
sensitivity test), central fields (Bjerrum screen), anterior and 
posterior segment evaluation by slit‑lamp biomicroscopy, and 
dilated fundus evaluation. There was no difference between 
the two groups with relation to any ocular disease such as 
corneal or lens‑related pathology or glaucomatous optic 
disc damage and even any systemic disease such as diabetes 
mellitus, hypertension, and lifestyle changes such as smoking. 
Spectral‑domain optical coherence tomography  (SD‑OCT) 
was done using Heidelberg Engineering, Spectralis HRA 
after dilation. The OCT machine obtained separate reflexes 
of the polarized single‑mode light from various layers of the 
retina, starting from the inner limiting membrane to the retinal 
pigment epithelial layer, analysis of which gave the thickness 
of the different retinal layers. The standard definition of the 
inner and outer retinal layers which has been stated by Hajee 
et al.[18] is clearly delineated by the standard color‑coding in any 
modern OCT machine; the same was used for this study. This 
study focused on the inner retinal layer that reflected the nerve 
fiber changes, which are of interest. The macular thickness was 
also studied in three concentric circles of 1 mm (central macula), 
3 mm, and 6 mm, respectively. The outer two circles were 
further divided into four sectors as superior (S), inferior (I), 
temporal (T), and nasal (N) by diagonal lines.

The total macular thickness from the central subfield as well 
as from the eight sectors was calculated. Using the segmentation 
software of the SD‑OCT individual thickness of the Ganglion 
cell complex  (GCC) and the nerve fiber layer  (NFL) were 
obtained from the central subfield as well as from the eight 
sectors. SD‑OCT was also done over the optic disc using the 
peripapillary retinal nerve fiber layer (RNFL) protocol, which 
utilized a circle grid composed of three circles of 1, 2.22, and 

3.45‑mm diameter centered on the optic disc. The circle grid 
allowed calculation of the retinal thickness at each diameter 
for the superior, inferior, temporal, and nasal sectors [Fig. 1]. 
Figure All SD‑OCT scans were obtained by the same operator 
who ensured that the scan quality, indicated by a horizontal 
bar turning red in the presence of poor signal strength, was 
always under acceptable limits during scan acquisition. For 
statistical analysis, Snellen’s BCVA was converted to logarithm 
of the minimum angle of resolution (log MAR). All the data 
was entered in an excel spreadsheet and statistical analysis 
was performed using SPSS 20.0 statistical software (SPSS Inc., 
Chicago Illinois, USA). Average values for each parameter 
were compared using Student’s t test and Mann–Whitney’s 
U test. Regional values not captured on OCT were excluded 
from the analysis.

Results
This prospective study included 30 eyes of 15 patients with 
PD  (11 males and 4  females), which constituted the cases, 
and 22 eyes of 11 normal patients  (7 male and 4  females), 
which were controls. The mean age in the PD group was 
68.4 years ± 10.64 (range: 46–82) and in the control group was 
66.36 ± 5.22  (range: 64–68). The average disease duration in 
patients with PD was 6.7 ± 2.8 years (range: 2–10 years). The 
mean best‑corrected visual acuity in PD was 20/26 and 20/20 
in controls  (P  =  0.0059). The anterior segment, intraocular 
pressure, and fundus appearance were within normal limits 
in both cases and controls. Nine patients in the PD group had 
impaired color vision as compared to controls where none 
of the patients had impaired color vision. The mean contrast 
sensitivity was significantly reduced in patients with PD as 
compared to controls (P = 0.012).

Central macular thickness
The mean central macular thickness in the PD group was 
221.6 ± 6.93µ  (range: 209–233 m), whereas in controls, it was 
255.86  ±  25.31 m  (range: 204–289 m), which was statistically 
significant (P = 0.0001).

Macular subfield thickness
Statistically significant reduced mean subfield thickness 
was found in the superior  (311  ±  9.69 m vs. 327  ±  21.19 m; 
P = 0.003) inferior (306 ± 12.97 m vs. 328 ± 23.06 m; P = 0.001), 
nasal (318.86 ± 14.58 m vs. 331.5 ± 21.0 m; P = 0.004), and temporal 
subfields (304.33 ± 21.5 m vs. 321.40 ± 17.84 m; P = 0.0172) in the 
PD group as compared to normal subjects.

Ganglion cell thickness
Significant differences in the mean ganglion cell thickness 
in the central (10.06 ± 1.48 m vs. 13.09 ± 1.54 m; P = 0.000) as 
well as superior (42.06 ± 3.01 m vs. 48.09 ± 5.63 m; P = 0.000), 
inferior  (42.46  ±  4.59  m vs. 47.59  ±  6.14  m; P  =  0.008), 
nasal (42.36 ± 1.71 m vs. 48.77 ± 3.72 m; P = 0.000), and temporal 
subfields (38.7 ± 4.22 m vs. 44.59 ± 4.64 m; P = 0.000) were seen 
between both groups with significantly less thickness in the 
PD group.

Nerve fiber layer thickness
Significant differences in the mean nerve fiber layer 
thickness in the central  (9.9  ±  1.84 m vs. 11.86  ±  2.86 m; 
P = 0.004) as well as superior (20.13 ± 2.01 m vs. 22.68 ± 1.78 m; 
P = 0.000), inferior (42.46 ± 4.59 m vs. 47.59 ± 6.14 m; P = 0.008), 
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nasal (21.93 ± 3.05 m vs. 24.72 ± 4.69 m; P = 0.005) and temporal 
subfields (16.06 ± 1.63 m vs. 19.31 ± 4.35 m; P = 0.001) were seen 
between both groups with significantly less thickness in the 
PD group.

Peripapillary retinal nerve fiber layer thickness
RNFL thickness over the optic disc was measured in the 
temporal, nasal, superotemporal, superonasal, inferonasal, and 
inferotemporal quadrants. An average RNFL thickness was also 
obtained. Significant differences in the mean RNFL thickness in 
the superotemporal (113 ± 12.31 m vs. 141.59 ± 11.41 m; P = 0.000) as 
well as superonasal (108.3 ± 15.03 m vs. 116.18 ± 10.35 m; P = 0.04), 
inferotemporal (106.96 ± 3.62 m vs. 130.04 ± 15.66 m; P = 0.000), 
inferonasal  (104.8  ±  13.68 m vs. 121.59 ±  10.99 m; P = 0.000), 
temporal RNFL (62.53 ± 5.68 m vs. 82.81 ± 9.45 m; P = 0.000) 
and nasal RNFL (67.76 ± 5.27 µ vs. 82.68 ± 9.13 m; P = 0.000) were 
seen to be significantly of less thickness in the PD group. The 
average RNFL thickness was significantly reduced in the PD 
group (95.5 ± 7.04 m vs. 106.6 ± 6.28 m; P = 0.000) as compared 
to normal subjects.

Discussion
OCT has become a fast and noninvasive tool for generating 
cross‑sectional images of the retina in  vivo, is reliable for 
quantitative assessment of the peripapillary RNFL thickness, 
and has been used for diagnosing as well as following up 
patients with various neurodegenerative diseases such as 
optic neuritis, multiple sclerosis, migraine, and Alzheimer’s 

disease.[12] Reduced RNFL thickness on OCT could act as a 
valuable biomarker for evaluating progressive RNFL thinning 
over time in these neurodegenerative disorders.[12]

PD is a commonly encountered disease among the aging 
population, with the accuracy of clinical diagnosis being 
limited. With the value of RNFL examination as a method 
of detecting neurodegenerative disease progression and 
facilitating diagnosis of disease, the aim of our study was to 
evaluate functional and structural OCT changes in PD patients. 
Strong differences between PD and healthy controls were 
identified in this minimally powered study.

In our study, patients with PD had reduced visual acuity 
and contrast sensitivity as compared to controls, which could 
not be attributed to any other ocular cause. This was similar 
to previous reports which showed declining visual acuity in 
patients with increased severity of the disease.[19] Deficits in 
visual acuity, color, and contrast sensitivity are at least partly 
due to retinal dopamine deficiency in patients with PD as they 
have reduced dopamine innervations around the fovea.[20] In 
a study by Kaur et al.[21] there was no significant difference in 
visual acuity in patients with PD; however, they found contrast 
sensitivity to be significantly reduced in PD patients. Our 
study found significantly reduced central macular thickness as 
well as of the four macular subfields and in the peripapillary 
RNFL. Additionally, GCL and NFL were analyzed using the 
segmentation protocol of our Heidelberg Spectralis SD‑OCT 
and we found significantly reduced thickness for the same. 

Figure 1: Image showing the acquisition of central and subfield retinal thickness as well as retinal nerve fiber layer (RNFL) thickness using 
spectral‑domain optical coherence tomography (SD‑OCT) (a) Measurement of the central macular thickness as well as the subfield thickness; (b) 
Measurement of nerve fiber layer (NFL) thickness centrally at the fovea as well as macular subfield; (c) Measurement of ganglion cell layer (GCL) 
thickness centrally at the fovea as well as macular subfield; (d) RNFL thickness measurement using optic disc scan protocol
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Multiple other studies have similarly analyzed the structural 
parameters of OCT.

Sengupta et al.[17] studied 34 patients with PD and 50 healthy 
age‑match controls with OCT, finding significantly thinner 
RNFL thickness in PD patients, and diminished macular 
volumes correlating with disease severity. Hajee et  al.[18] 
demonstrated thinning of the inner ganglion complex  (as 
defined by the specific OCT manufacturer) in PD patients 
using autosegmentation OCT scans. Altintaş et al.[22] in their 
study examined 17 PD and 11 controls and reported reduced 
mean RNFL thicknesses in all quadrants except at the 8 
o’clock position in comparison to control subjects. Kirbas 
et al.[23] studied 42 PD patients and found similar differential 
hemiretinal thinning of the temporal retina. Moschos et al.[24] 
had corroborative findings in their study on 16 PD patients; 
however, in addition to the temporal hemiretina, they found 
differential thinning in the inferior quadrant too. These findings 
were corroborated despite unclear medication effects and the 
small patient cohort with heterogeneous disease severity. Aaker 
et al.[16] in their study on patients found significant differences 
in three of the nine macular subfields but no changes in the 
inner retinal layer and peripapillary RNFL thickness. Kaur 
et al.[21] in their study found that GCL‑IPL alterations were a 
sensitive indicator of structural alterations in patients with 
PD. A meta‑analysis done on patients with PD showed a 
generalized RNFL thinning in all quadrants similar to our 
study.[12] Shrier et  al.[25] also reported foveal thinning in PD 
patients which was more apparent at an annular zone between 
0.5 mm and 2 mm from the fovea. Our study also showed 
central macular thinning in PD as compared to controls.

Dopamine has been postulated to control the efficiency 
of some neurochemical systems such as glutamate, 
gamma‑aminobutyric acid  (GABA), and glycine in the 
retino‑optic pathway, including amacrine cells in the retina, 
lateral geniculate body, and the occipital cortex.[12] Dysfunction 
that results from dopamine depletion which is controlled by 
amacrine cells is affected in PD and this, in turn, may cause 
long‑term complex synaptic effects.[17] The RNFL represents 
axons of the ganglion cells and impoverished dopaminergic 
input to the ganglion cells contributes to abnormal glutamate 
production, which leads to atrophy of these selected fibers, 
which reflects as RNFL thinning. This could explain the 
reduced GCL and RNFL thickness seen in our study.

Visual deficits are common in patients with PD and 
include abnormal contrast sensitivity, motion perception 
abnormalities, impaired visual acuity and color vision, and 
visual hallucinations; however, the exact loci of impairment 
remain unclear.[12] Our cohort of PD patients had reduced 
vision as well as a reduced contrast as compared to normal 
subjects. Visual impairment in PD has also been postulated due 
to dopaminergic loss in the retina. Retinal dopamine deficiency 
alters visual processing by modification of receptive‑field 
properties of ganglion cells. Ultimately, this study allows for 
interesting hypothesis generation regarding OCT findings in 
Parkinsonism.

Some of the limitations of our study include small sample 
size, lack of inclusion of PD severity, effects of anti‑Parkinson 
drugs and Parkinson‑like syndromes as well as adjunct 
investigations such as Humphery visual field perimetry, pattern 
visual evoked potentials, or multifocal electroretinography, 

which can help in augmenting the predictive power of OCT 
biomarkers for neurodegeneration. In addition, patients with 
severe disease for whom an OCT acquisition was difficult were 
excluded and hence this study may not really reflect the OCT 
changes in all patients with PD.

Conclusion
In conclusion, the results of our study showed a reduction in 
macular thickness, GCL, NFL, and peripapillary RNFL in all 
quadrants as compared to healthy controls. In view of these 
results and the noninvasive nature of OCT, we recommend 
the use of OCT for detecting PD as well as evaluating disease 
progression.
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