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Optical coherence tomography (OCT) has been evaluated as a tool to assess retinal changes in various neuro-
degenerative disorders. Parkinson's disease (PD), is a neurodegenerative disorder wherein dopaminergic defi-

ocT ciency results in some of the symptoms. As retina also has high concentration of dopamine, it would be of

Parkinson's disease
Atypical parkinsonian disorders

interest for both the clinician as well as the basic scientist to know if there is a correlation between the clinical
features and the retinal changes. The objective of this review is to critically evaluate the literature and study the

utility of OCT as a tool to evaluate retinal changes in PD.

1. Introduction

Parkinson's disease (PD) is a chronic, progressive neurodegenerative
disorder. The cardinal motor symptoms of PD include rest tremor, ri-
gidity, bradykinesia, and postural instability [1]. In addition, several
non-motor symptoms such as cognitive impairment, psychosis, de-
pression, visual disturbances, autonomic dysfunction, sleep dis-
turbances may emerge during the course of illness [2]. PD is the com-
monest cause of parkinsonism. Other Parkinsonian disorders include
Progressive supranuclear palsy (PSP), Multiple system atrophy (MSA),
dementia with Lewy bodies (DLB) and corticobasal degeneration (CBD).
The term ‘Atypical parkinsonism’ has been used for these non-PD par-
kinsonian disorders [3]. Diagnosis of the parkinsonian disorders is
usually based on clinical grounds and response to treatment. These
neurodegenerative disorders substantially worsen the quality of life of
the patients as well as their caregivers. Appropriate diagnosis and
management can alleviate the burden of care to some extent. Several
studies based on advanced neuroimaging, molecular genetics, neu-
ropsychological evaluation have been carried out to identify imaging/
genetic/clinical/cognitive biomarkers for the parkinsonian disorders.
However, at present, there are no reliable diagnostic or prognostic
biomarkers for these diseases.

Changes in the retinal morphology are well known in patients with
PD [4]. Retina, like the basal ganglia has a high concentration of do-
pamine especially the amacrine cells and the ganglion cells [5]. Hence,
alteration in retinal morphology may be used as a surrogate marker of
disease progression. Several studies have used Optical coherence to-
mography (OCT), a non invasive technique which enables in-vivo

imaging of the retina, to study the retinal histology in patients with PD
[6]. If early dopamine dysfunction could be detected by imaging of the
retina, OCT could serve as a potential biomarker for the early diagnosis
and prognosis in PD. OCT has been used to evaluate various parameters
corresponding to retinal morphology. In both ophthalmological and
neurological disorders such as Optic Neuritis, Multiple Sclerosis (MS),
Neuromyelitis Optica (NMO) etc., OCT has been used to assess thick-
ness of the retinal nerve fibre layer (RNFL), central macula, inner and
outer retinal layers, total and central macular volumes [7-11]. OCT has
also been used in the assessment of vascularity and perfusion of the
optic disc [12,13]. The results of the various studies of OCT in PD have
been inconclusive. Differences in methodology, lack of standardisation
in reporting, heterogeneous study populations and dearth of long-
itudinal studies are the various caveats in the interpretation of the re-
sults.

The objective of this article is to critically review various studies of
OCT in PD and other parkinsonian disorders, to consolidate the in-
formation, to understand the various mechanisms which lead to OCT
changes in PD and to identify areas which need further research.

2. Search strategy

We followed the pertinent criteria of the preferred reporting items
for systematic reviews and meta-analyses (PRISMA) and searched the
literature published in PUBMED database for the last 15 years using the
following key words- “Parkinson's disease AND Optical Coherence
Tomography”, “Progressive supranuclear palsy AND Optical Coherence
Tomography”, “Multiple system atrophy AND Optical Coherence
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Fig. 1. Flow chart depicting search strategy.

Abbreviations: PD- Parkinson's disease, PSP- Progressive Supranuclear palsy, MSA- Multiple System Atrophy, DLB- Dementia with Lewy Bodies.

Tomography” and “Corticobasal degeneration AND Optical Coherence
Tomography” (Fig. 1). The cross references from the articles were also
screened. Some of the studies, which were not relevant to the article,
were excluded after screening the titles, abstracts or full texts of articles
obtained from the database. Studies were considered for review if: (1)
they were either original or review articles, (2) full text was available in
English. A total of 73 articles were included for the review.

3. Methods

RNFL thickness is measured around the optic disc at a diameter of

3.4 mm at temporal, nasal, superior and inferior quadrants (Fig. 2). The
inner and outer retinal layer thickness are measured at fixed distances
from the fovea in the temporal, nasal, superior and inferior quadrants.
The outer retinal thickness is measured between outer border of the
retinal pigment epithelium to the inner border of the outer plexiform
layer (OPL), to include the inner segments, outer segments and the
outer nuclear layer (ONL). The inner retinal layer (IRL) thickness is
measured from the vitreoretinal interface to the inner border of the
OPL. The OCT image of the macula with the retinal layers is depicted in
Fig. 3. Some recent studies also utilised the segmentation technique to
analyse the different layers of retina and automated software programs
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Fig. 2. Spectral Domain-OCT of the right eye of a patient showing normal RNFL values in all regions. A) Infrared image of the peripapillary region showing the
location of the circular scan (green circle) centered around the optic nerve (green cross). B) OCT image depicting the segmented RNFL (redline).C) RNFL thickness
measurement in each sector of the subject with the normative control values within brackets. The black arrow shows that the overall RNFL value is within normal
limits D) Plot showing the TSNIT (temporal, superior, nasal, inferior, temporal) graph (blackline) within normal limits.
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Fig. 3. Spectral Domain-OCT of the left eye of a patient showing normal macula. A) Infrared image of the macular region (red circle). B) Intra-retinal segmentation.
Intra-retinal segmentation as performed by the software for the SPECTRALIS SD-OCT in the eye of a patient with Parkinson's disease. Layers are labelled: a- retinal
never fibre layer (RNFL), b-ganglion cell layer (GCL), c- inner plexiform layer (IPL), d- inner nuclear layer (INL), e- outer plexiform layer (OPL), and f- outer nuclear

layer (ONL).

(Heidelberg Engineering Inc., Heidelberg, Germany, Carl Zeiss Meditec,
Inc., Dublin, CA, Cirrus 4000, Topcon, Tokyo, Japan), albeit different
ones were used in most of the studies. Stratus, Cirrus, RTVuel00, Zeiss
3000 unit and Spectralis were the various types of equipment used in
different studies.

4. Results: (Table 1)

4.1. Parkinson's disease

Several studies have reported RNFL thickness to be similar in patients
and controls [14-23]. On the contrary, several other studies have
shown decreased thickness of RNFL in PD [24-40]. Rohani et al. found
that the Akinetic rigid subgroup of patients had thinner RNFL as com-
pared to patients with tremor predominant type of PD [38]. The tem-
poral quadrant was found to be thinner in some studies [25-27,36]
which is also seen in some mitochondrial cytopathies.

Several groups have attempted correlation of RNFL with severity of
PD [16,18,24,28,39-41]. Thickness of RNFL was found to have a ne-
gative correlation with the severity of PD in terms of both Unified
Parkinson's disease Rating Scale (UPDRS) scores and Hoehn and Yahr

4.1.1. Peripapillary RNFL (H & Y) stage. Contrary to this finding, several studies
The studies of RNFL thickness in PD have yielded conflicting results.
Table 1
Studies using optical coherence tomography in Parkinson's Disease.
Inzelberg et al. [44] P-10, C-10 57 + 11 7+ 4 NS | in Inf and Tem NS NS NS NS
Atlintas et al. [54] P-17, C-11 59.3 + 128 4.6 = 09 24.2 + 35 | Sup and Nas ND | | Sup | Tem Inf,Nas,
Hajee et al. [55] P-24, C-17 63.5 = 10.7 2.9 NS NS NS NS | Sup Inf ND
Moschos et al. [30] P-16,C-20 57 = 11 7 3 NS | Inf Tem NS NS NS NS
Aeker et al. [15] P-9, C-16 64 NA NS ND ND NS ND NS
Cubo et al. [42] P-9, C9 64.1 = 12 84 + 1.9 NS NS | NS NS NS
Archibald et al. [14] P-32, C-14 71 £ 7.8 89 = 5.6 25.7 + 125 ND ND ND NS NS
Albrecht et al. [16] P-40, C-35 61.2 = 2 8.1 += 0.8 35.7 £ 3.3 ND ND ND NA NA
Tsironi et al. [19] P-24, C-24 66.6 = 10.2 5.3 + 3.5 ND NS NS NS NS NS
Shrier et al. [50] P-23, C-18 64.6 = 7.5 NA NA NS ND | NA NA
Rohani et al. [38] P-27, C- 25 54.6 = 10.4 69 = 4 NA | (all 4 quadrants) NS NS NS NS
Satue et al. [25] P-100, C-100 64 5.25 NS | supra and inferoTem | NA | Inf and Tem | Inf
Kirbas et al. [26] P- 42, C-40 59.3 = 4.9 NA NS | Tem NS NS NS NS
Adam et al. [56] P-14, C-14 68.6 = 6.4 NA NA NS NS NS | (Sup) NS
La Morgia et al. [27] P-43, C-86 65.6 = 8.4 9.1 = 6.5 259 + 124 | Tem NS NS NS NS
Garcia Martin et al. [24] P-46, C-33 70.7 = 79 7.7 NS | Tem Nas | NS | Tem Inf | Inf Nas
Jimenez et al. [41] P-52, C-50 67.8 = 8.2 80 = 6.8 23.0 £ 7.6 | NS NS NS NS
Mailankody et al. [18] P-30, C-30 53.4 + 10.6 53 * 4.1 30.5 + 14.8 ND | Increased ND | Inf Nas
Roth et al. [4] P-97, C-32 68.8 = 8.1 7.2 19 = 10 ND NA ND ND | ONL + PRL
Jagan Pillai et al. [17] P-20,C-34 62.6 = 9.5 NA 23 = 10.6 ND NA ND NA NA
Chorostecki et al. [23] P-52, C-24 65.8 + 10.6 6.4 NA ND NA | | IPL INL Higher OPL vol
Lee et al. [22] P-61,C-30 69.6 = 7.1 NA 26.4 = 13.5 ND ND ND | INL ND
Bambo et al. [13] P-155,C-91 67.33 2-19 NA | Inf NS NS NS NS
Ucak et al. [46] P-30,C-30 68.5 = 7.63 4.87 = 4.07 15.26 = 4.10 | Sup Inf ND ND | GCL NA IPL
Sari et al. [32] P-54,C-54 66.62 + 8.71 5.12 NA | Inf temp NA NA | GCL-PL NA
Bayhan et al. [31] P-20,C-30 NA NA NA | Nas NA NA | GCL NA
Bittersohl et al. [20] P-108,C-165 NA NA NA ND | ND NS NS
Pilat et al. [43] P-25,C-25 60.79 = 9.24 NA NA | NA NA ND Increased OPL | ONL PRL
Aydin et al. [34] P-25,C-29 70 4 24 | Global NS NA NA NA
LJMa et al. [37] P-37,C-42 6043 = 84 3 21.54 = 11.49 | (Avg) NS | NA NA
Gulmez et al. [35] P-41,C-35 59.64 = 994 4 NA | (Avg) NA NA NA NA
Unlu et al. [36] P-58,C-30 NA NA NA | Tem SuperoTem NS NS | High OPL Vol
Yavas et al. [33] P-44,C-21 NA NA NA | NA NA NA NA
Matlach et al. [39] P-30,C-40 64.1 = 8.3 9.8 = 6.9 41.0 £ 99 | Sup NA NA NS NA
Moschos et al. [40] P-31,C-25 67.8 =+ 3.9 NA NA | Sup Tem NA NA | NA
Ahn et al. [57] P-49, C-54 68.9 = 9.1 NA NA NA NA NA |NFL, GCLIPL NS
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[16,27,28,34,39,40,42-45] found no correlation with the duration,
severity or stage of the disease.

Moreno Ramos and Ucak et al. found RNFL to correlate with the
Mini Mental Status Examination (MMSE) scores [46,48]. Lee et al.
found that patients with hallucinations had a thinner RNFL as com-
pared to patients without [22]. On the contrary, Kopal et al. found no
difference between patients with and without visual hallucinations
[49].

Shrier et al. suggested interocular asymmetry in the retina of pa-
tients with PD [50]. Some studies [27,42,43] revealed thinner RNFL on
the side contralateral to the more affected side. On the contrary, Ma-
tlach, et al. found thinner RNFL on the side ipsilateral to the affected
side [39].

Based on the measurement of thickness of RNFL in levodopa users
and non-users, several studies proposed a protective role for levodopa
[21,51,52]. Yavas et al. assessed the optic nerve head in addition to the
RNFL thickness [33]. Thickness of the RNFL, rim area and volume of
the optic nerve head were greater in patients on treatment with levo-
dopa as compared to patients on treatment with dopamine agonist.
They concluded that levodopa was more protective than dopamine
agonist [33].

The progressive decrease in the thickness of RNFL has been de-
monstrated in some recent longitudinal studies [37,53]. Progressive
thinning of RNFL, especially in the superotemporal and the temporal
sectors, was accompanied by progressive visual dysfunction in patients
with PD as compared to age matched controls [53].

4.1.2. Central macular thickness (CMT)

Patients with PD had decreased CMT as compared to the control
group [18,24,25,37,42]. However, many other studies did not find any
significant difference in the CMT when they compared patients with
healthy controls [36,44,50,54,55]. Atlintas et al. and Mailankody et al.
found a significant negative correlation between CMT and UPDRS
motor score [18,54].

4.1.3. Total macular volume (TMV)

Studies on TMV in patients with PD have yielded contradictory
findings. Some groups reported a significantly lower mean TMV in
patients as compared to controls [23,37,50,54]. Certain other studies
have found the macular volumes to be comparable between the patients
and controls [14,16,17,20,22,45,46]. On the contrary, Mailankody
et al. found TMV to be higher in the patients as compared to the con-
trols. Authors hypothesised that this could represent cell swelling which
is seen in early stage of cell death [18].

4.1.4. Retinal thickness

Thickness of the IRL was significantly decreased in patients with PD
as compared to controls in some of the studies [24,25,54-56] whereas it
was not significantly different from those of controls in some other
studies [15,18,39,45]. The Ganglion cell layer and inner plexiform
layer (IPL) were found to be thinner in patients as compared to healthy
controls [32,46,57]. Bayhan et al. found thinning of macular Ganglion
cell complex in patients with PD [31].

Altintas et al. reported a correlation between IRL thickness and
disease severity in PD according to the UPDRS scale [55]. Ahn et al.
found a negative correlation between the inner retinal layer thickness
and the H & Y stage [57].

In a study of 40 patients with PD and 35 healthy controls, Albrecht
et al. found that the inner nuclear layer (INL), which is a component of
the IRL, was thicker in patients with PD as compared to controls [16].
Contradictory to Albrecht et al., Chorostecki et al. reported a thicker
OPL and thinner INL in their study [23]. Higher volume of OPL was also
found by Unlu et al. [36]. They proposed that the thicker OPL was due
to accumulation of alpha synuclein in that layer with support of animal
studies [23,36,58]. ONL and Photoreceptor layers showed significant
thinning in patients with PD as compared to healthy controls [45].

70

Journal of the Neurological Sciences 403 (2019) 67-74

The zone around foveola at a distance of 0.75 to 1.5 mm was found
to be remodelled in patients with PD as compared to healthy controls by
Spund et al. [59]. As the zone is devoid of nerve fibre layer and has an
overlap with the avascular foveal zone, oxidative mechanisms have
been suggested as the cause for the remodelling. The same study group
also proposed a mathematical model based on the shape and volume,
symmetry and asymmetry, size and thickness of the fovea for dis-
criminating patients with PD from healthy controls [60]. Pilat et al. also
found foveal remodelling in the form of thickening of the central OPL
and thinning of the nasal retinal pigment epithelium (RPE) [43].
Thinning of RPE was a novel finding reported for the first time in this
study.

Mailankody et al. and Satue et al. found thinning of outer macula
[18,25]. Trans synaptic degeneration of the cells in the ONL due to
impaired dopaminergic transmission was proposed to explain the same
[18,25].

The changes in the retina in patients with PD suggest vascular and
dopaminergic mechanisms. Nevertheless, most of the studies are cross
sectional and the results lack reproducibility.

5. Atypical parkinsonian disorders
5.1. Multiple system atrophy (MSA)

Thickness of RNFL in patients with MSA was found to be decreased
in some studies [29,61,62] and was found to be similar to that of
control by some other groups [16,63] Mendoza et al. performed cross
sectional and longitudinal evaluation of 24 visually asymptomatic pa-
tients with MSA and found progressive thinning of global as well as
inferior quadrant of RNFL which correlated with the disease severity.
They also found progressive thinning of the ganglion cell complex in the
macular region of patients with MSA. Patients with MSA have normal
visual acuity and colour vision as compared to patients with PD. This
difference in symptomatology could be due to the differential in-
volvement of the Magnocellular (M)- ganglion cells in MSA and Par-
vocellular (P)- ganglion cells in PD. P cells which are seen pre-
dominantly in the macular region relay colour discrimination and
visual acuity whereas the M cells which are seen around the optic nerve
transmit motion detection and achromatic vision [64]. The findings of
this study highlighted the difference in the pathophysiological retinal
changes in MSA as compared to that of PD. The authors also noted the
average annual thinning of RNFL and ganglion cell layer in patients
with MSA [29]. The same group carried out autopsy studies on three
patients and found that there was diffuse loss of ganglion cells in the
eyes of patients compared to controls [65]. Both thickness of RNFL and
perifoveal retina were found to be lower in patients with MSA P as
compared to MSA C by Ahn et al. The perifoveal thickness also had a
significant negative correlation with the severity of the disease [62].
The perifoveal macula was found to be thinner in patients with MSA
compared to controls [16,63]. Schneider et al. reported that patients
with MSA had thicker OPL and thinner ONL as compared to controls
[47].

5.2. Progressive supranuclear palsy (PSP)

OCT studies in 15 patients with PSP, 40 patients with PD and 35 age
matched controls revealed that the mean RNFL did not differ sig-
nificantly between groups [16]. A study of 22 patients with PSP found
that RNFL thickness was reduced in the inferior nasal and inferior
temporal areas as compared to controls [66]. A significant reduction of
the superior RNFL was found in patients with PSP as compared to pa-
tients with PD by another group [52]. The macular volume as well as
the thickness of the macular sectors were found to be significantly de-
creased in the patients [52]. Due to the lack of correlation of the retinal
findings with disease duration and severity, authors suggested that OCT
could be used in the early diagnosis and in differentiation from PD [66].
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In patients with PSP, the complex of retinal ganglion cell- and inner
plexiform layer (IPL), the ONL and the mean paramacular thickness and
volume were reduced. The ratio between the ONL and the OPL was
found to be useful in differentiation of PSP from PD [16]. Thicker ONL
was also found by Schneider et al. [47].

5.3. Dementia with Lewy bodies (DLB)

Moreno-Ramos et al. evaluated patients with Dementia with Lewy
bodies, Alzheimer's disease, dementia associated with PD and cogni-
tively normal controls (10 in each group). Thinner RNFL in patients
with DLB as compared to patients in other groups was not statistically
significant. However, there was significant correlation of RNFL with
mental status examination [48].

5.4. Functional correlates of OCT parameters

Contrast sensitivity, pattern electroretinogram and Visual evoked
potential were the functional assessments performed in different stu-
dies. Atlintas et al. found VEP latency to be inversely correlated with
macular volume [54]. Kopal et al. reported that structural and func-
tional changes in the retina had no role in genesis of visual hallucina-
tions contradictory to the finding by Lee et al. [22,49]. A significant
correlation between the structural changes of the retina and function
was found by several groups [36,43,53,54,67,68]. Contrast sensitivity
was found to have no correlation with IRL in one earlier study [56].
Nevertheless, contrast sensitivity was found to have the best correlation
with the structural changes in a recent study by Polo et al. [69]. The
latter study had a greater number of patients and controls when com-
pared to the former one. The authors concluded that ganglion cell layer
could be a reliable indicator for the functional alterations in PD
[69-70].

6. Discussion

It has been more than 10 years since Inzelberg first applied OCT in
patients with PD [44]. In spite of more than a decade of research, there
is lack of consistency and reproducibility with regard to OCT data in
PD. There are several unresolved challenges in the interpretation of
OCT (Table 2). Nevertheless, OCT studies have contributed significantly
to the understanding of pathophysiology of PD (Table 3).

Ahn et al. for the first time demonstrated an association of retinal
thinning with nigral dopaminergic depletion with the help of Dopamine
transporter Positron Emission Tomography (PET) [57]. Nevertheless,
RNFL thickness and thickness of the macular layers have been found to
be decreased in other neurological diseases such as Alzheimer's disease,
Wilson's disease, Huntington's disease, Multiple sclerosis (MS) and
Neuromyelitis Optica (NMO) [7-10,71-74]. So, thinning of RNFL and
macular layer in PD appears to be a non-specific marker of degeneration
rather than a finding specific for PD. Attributing it to dopaminergic loss
may not be justified as loss of RNFL and macular thickness also happens
in other diseases where dopaminergic loss does not occur.

The finding that a specific region around the fovea is remodelled in

Table 2
Challenges in the interpretation of OCT.

Differences in the instruments used
Racial differences
Cross sectional studies
Heterogeneity of the study population with respect to age of the patients,
duration and severity of the disease
Concomitant ocular pathologies may have been missed
The contribution of blood vessels to the thickness of Retinal nerve fibre layer not
assessed
Lack of sufficient data regarding the effect of drug on retina
Lack of consistent and reproducible results across different studies
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PD and that has overlap with the avascular zone suggests vascular
mechanisms in the genesis of these changes. The same group quantified
the capillary remodelling in the retina of patients with PD [75]. The
decreased thickness of the choroid was found in patients with PD by
Eraslan et al. and Moschos et al. [40,76]. Garcia Martin et al. found that
thickness of the peripapillary choroid was greater in patients with PD in
all zones as compared to that of controls [77]. Using a different OCT
device with better accuracy for measurements of choroidal thickness
and a larger sample size of 40 patients were the reasons cited by the
authors for the difference in the results as compared to the study by
Eraslan et al. Nevertheless, both studies support the concept of vascular
disturbances in the pathogenesis of OCT changes as choroid is a highly
vascular structure [40,76,77]. Kromer et al. found changes in the ret-
inal vasculature especially the retinal veins in patients with PD using
OCT [12]. On the contrary, Gulmez et al. found that the retinal vessel
diameter in patients with PD was not different compared to that of
controls [35]. Optic disc in patients with PD was found to have lower
mean haemoglobin as compared to that of healthy controls [13].

Differential involvement of the retinal layers in PD and MSA found
by Mendoza et al. suggest a difference in the mechanisms involved in
the pathogenesis of these disorders [29]. The clinical finding of im-
paired contrast sensitivity and colour vision in PD as opposed to MSA
support the possible involvement of metabolically active P ganglion
cells in PD and inactive M ganglion cells in MSA. Involvement of
temporal RNFL in PD which receives inputs from the P ganglion cells
further supports the hypothesis [29,78,79]. Nevertheless, these findings
need to be confirmed with larger and longer studies. The thicker ONL in
patients with PSP and thicker OPL in patients with MSA could become a
diagnostic feature if it is validated in larger groups of patients.

Deposition of alpha synuclein in inner layers of retina has been
demonstrated by clinicopathological studies [80,81]. Animal studies
have revealed alpha synuclein deposition in the OPL as well as IPL [58].
The involvement of temporal RNFL is a pattern which is also seen in
mitochondrial optic neuropathies. (27). Alpha synuclein can lead to
impairment of mitochondrial function. [82].

There is ambiguity and uncertainty regarding the correlation be-
tween OCT parameters and severity of the disease across different
studies. Albrecht et al. hypothesised that lack of correlation suggests
that retinal changes occur early in the disease and hence do not show
correlation with progression of the disease [16]. This may help in the
early differential diagnosis of the disease. Longitudinal study by Satue
et al. does provide evidence for progression of OCT changes due to the
disease [53]. Correlation of the OCT parameters with the stage and
severity of the disease as found by several groups needs to be evaluated
by more longitudinal studies. A recent study by Normando et al. de-
monstrated that rosiglitazone had a protective effect on the retinal
ganglion cells in the rotenone induced rodent model of PD. The retinal
layers were found to be thicker on day 20 after the rotenone adminis-
tration and by an in vivo imaging technique called DARC (detection of
apoptosing retinal cells), it was found that the thicker retinal layers
corresponded with the increased apoptosis of retinal ganglion cells.
Administration of liposome encapsulated rosiglitazone was found to
produce retained dopaminergic cells in the substantia nigra in the ro-
dent models. Changes in the OCT parameters preceded the histo-
pathological changes of the striatum and substantia nigra. Objective
demonstration of improvement with the drug using OCT suggests a
potential role for the use of retinal imaging with OCT as a biomarker for
future studies in PD [83].

Most of the studies did not report detailed ophthalmological as-
sessments. The patients included in these studies were over the age of
50 years (Table 1). Meticulous ophthalmological evaluation would be
required to diagnose concomitant ocular pathologies like glaucoma, age
related macular degeneration, hypertensive retinopathy etc. which are
common in the elderly population and could have been missed or
overlooked.

The devices used were different in the various studies. There are
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Table 3
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Pathophysiological changes in the retinal layers in Parkinson's disease: Insight from OCT studies.

Observation

Interpretation

Thinning of the inner retinal layers which contain the dopaminergic amacrine cells [22-25,31,32,36,40,46,54-57]

Thicker outer plexiform layer [23,36,43]
Thinner outer nuclear layer and photoreceptor layer [45]
Decreased thickness of temporal RNFL [25-27,36]
Changes in the thickness of choroid and retinal vessel diameter [12,40,75-77]

Dopaminergic depletion [5]

Alpha synuclein deposition [80,81]
Dopamine deficiency
Mitochondrial toxicity [27]
Vascular disturbances

many studies which have compared the measurements of RNFL and
macular thickness among different OCT instruments [84-87]. The study
by Bock et al. found significant differences in absolute retinal nerve
fibre layer measurements between the Stratus time domain OCT and
Cirrus spectral domain OCT. [88]. They concluded that the instruments
cannot be used interchangeably. Though Matlach et al. found a high
degree of repeatability and consistency of measurements between
RTVue 100 and Cirrus OCT devices, authors did report that the macular
ganglion cell layer and RNFL were thicker when measured in RTVue
[85]. Hence, difference in the instruments and their OCT specifications
may act like confounders across the studies.

The various OCT parameters may also have certain racial differ-
ences. Knight et al. evaluated 284 subjects in a cross sectional ob-
servational study and found that significant racial differences exist in
the RNFL thickness [89]. This reinforces that, the racial differences in
the OCT parameters have to be considered and appropriate matching
has to be done while recruiting the healthy controls.

An expert task force validated the OSCAR- IB quality control criteria
for use of OCT in MS research and clinical trials. The criteria deal with
the quality of the image, signal strength, fundus illumination and can
pick up inaccuracies in the procedure if any [90,91]. Quality control of
source data was not reported in most studies in PD.

An attempt has been made towards the standardisation in reporting
OCT studies by International Multiple Sclerosis Visual (IMVISUAL)
consortium in 2015 [92]. Advised Protocol for OCT Study Terminology
and Elements recommendations (APOSTEL recommendations) have
been developed to outline core information that should be provided
when reporting quantitative OCT studies [92].

7. Lessons from OCT studies in NMO spectrum disorders

OCT studies in patients with NMO Spectrum Disorders with and
without Optic neuritis led to the recognition of a novel retinal target in
the pathophysiology of NMO spectrum disorder [93]. The contribution
of blood vessels to the thickness of RNFL has also been identified by
another elegant study in NMO spectrum disorder [94]. The caution
required in the interpretation of ‘thin RNFL’ has been highlighted in this
study and may be applicable to OCT research in other disorders as well.
The contribution of blood vessel to RNFL thickness was not analysed in
any of the studies in PD to the best of our knowledge.

8. Conclusion

The evidence from the various studies suggest a definite involve-
ment of the retina in parkinsonian disorders. Nevertheless, the lack of
consistent and reproducible results across different studies with respect
to RNFL, CMT, IRL thickness suggest that the potential for retinal
imaging with OCT to become a biomarker needs further exploration.
With the current evidence, utility of OCT in Parkinsonian disorders is
only in a research context and not in the bedside. Assessment of the
thickness of the retina and its layers with histopathological confirma-
tion will help in delineating the pathogenesis of various disorders.

9. Future directions

Selective and differential involvement of the different layers of the
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retina in PD and other parkinsonian disorders suggest that the focus of
research should include the layers of retina around the macula in ad-
dition to the peripapillary RNFL. Longitudinal studies with large sample
sizes are essential for attaining reliable and reproducible results.
Histopathological analysis of the retinal layers will help not only to
confirm the results, but also to elucidate the possible mechanisms
which lead to these changes. This in turn may explain the pathogenesis
of the various parkinsonian disorders.
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