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Abstract

Purpose

The retina has been found affected in Parkinson’s disease (PD). It is unclear if this is due to

neurodegeneration of local dopamine-dependent retinal cells, a result of central nervous

degeneration including the optic nerve or retinal small vessel disease. This study aimed to

detect changes of the retinal vasculature in PD patients compared to controls.

Methods

We examined 49 PD patients and 49 age- and sex-matched healthy controls by spectral

domain optical coherence tomography (SD-OCT) with a circular scan centred at the optic

disc. Vessels within the retinal nerve fibre layer were identified by an automated algorithm

and thereafter manually labelled as artery or vein. Layer segmentation, vessel lumen and

direct surrounding tissue were marked automatically with a grey value and the contrast

between both values in relation to the surrounding tissue was calculated. The differences in

these grey value ratios among subjects were determined and used as an indicator for differ-

ences in vessel morphology. Furthermore, the diameters of the veins and arteries were

measured and then compared between the groups.

Results

The contrast of retinal veins was significantly lower in PD patients compared to controls,

which indicates changes in vessel morphology in PD. The contrast of arteries was not signif-

icantly different. Disease duration, disease stage according to Hoehn and Yahr or age did

not influence the grey value ratios in PD patients. Vessel diameter in either veins or arteries

did not differ between subject groups. The contrast of retinal veins contralateral to the clini-

cally predominant and first affected side was significantly lower compared to the ipsilateral

side.
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Conclusion

Our data show a potential difference of the retinal vasculature in PD patients compared to

controls. Vascular changes in the retina of PD patients might contribute to vision-related

complaints in PD.

Introduction
Parkinson’s disease (PD) is the second common central neurodegenerative disorder and char-
acterised by the loss of dopaminergic neurones in the central nervous system [1]. Neurodegen-
eration and accumulation of proteinaceous cytoplasmic inclusions, so-called Lewy bodies, are
the main underlying histopathologies. Cell degeneration and dopamine depletion in PD cause
motor and non-motor symptoms, including impairment of the autonomic nervous system, the
olfactory system and the visual system [2,3]. The underlying aetiology of visual symptoms such
as reading difficulties, diplopia or changes in contrast vision, which are frequently reported by
PD patients [4], is still not well understood.

The retina possesses the unique advantage that vessels are directly visible and microcircula-
tion can be imaged in vivo. This provides the opportunity to detect and monitor ocular and sys-
temic diseases. An analysis of the retinal microvasculature provides information about both the
structure and the function of the vessels [5]. Several groups, including our own, have used optical
coherence tomography (OCT) [6–12] and scanning laser polarimetry (SLP) [12] to investigate
degenerative changes of the retina in PD patients. While some of these studies found reductions in
the retinal nerve fibre layer (RNFL) and the macular volume, as well as thinning of several retinal
layers and thickening of others, other groups have described unchanged findings in PD patients
compared to healthy controls [13,14]. Interestingly, as far as we know, retinal vasculature in PD
has not yet been examined although small vessel pathology has been found to play a role in PD in
the central [15–17] and peripheral nervous system [18–22]. Therefore, we investigated potential
changes in retinal vessel morphology in PD patients compared to controls. We used spectral
domain optical coherence tomography (SD-OCT), which is an established image-modality that
yields non-invasive high-resolution cross-sectional images of biological tissue [23]. This technology
is used in ophthalmology for diagnostic purposes as it allows the collection of in vivo information.
Since this technique permits the display of tiny details of the retinal structure [24], it has become
one of the most important imaging tools in diagnosing retinal diseases. The optical beam that is
partly reflected by the sub-surface features of the tissue is collected. Nevertheless, most of the light
is not reflected but scatters off the tissue at large angles. In SD-OCT the optical path lengths of
received photons are recorded and allow rejection of those photons that scatter multiple times
before detection. It is well known that tissue composition affects its light scattering properties [25].

We introduce a novel morphological method of using SD-OCT to analyse retinal vessel
architecture. The grey value (signal strength) within the vessel lumen in the RNFL (where the
vessel is located) is compared with its directly surrounding tissue in the same layer (see Fig 1).
This is done in PD patients and healthy controls in search of an indicator for differences in ves-
sel morphology separately for arteries and veins between the two groups.

Subjects and Methods

Subjects
We performed a prospective, cross-sectional study in 49 patients (mean age 64.1 years; age
range 46–77 years, 29 males and 20 females) suffering from Parkinson´s disease (PD)
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according to UK Brain Bank criteria [26] and who had been diagnosed by a specialist in move-
ment disorders (CB or UH) at the local neurological department. Disease severity was assessed
according to Hoehn and Yahr [27], and the dominant side of disease symptoms was docu-
mented. The median disease duration was 8.1 years (range 3–25 years). Patients with atypical
or other parkinsonian syndromes were excluded.

A total of 49 age- and sex-matched ophthalmologically and neurologically healthy subjects
(mean age 63.9 years; age range 45–77 years, 29 males and 20 females) served as controls.

The 49 patients and 49 matched controls were selected from a collective of 108 PD patients
and 165 healthy controls examined with spectral domain optical coherence tomography
(SD-OCT). The selection was based firstly on sufficient OCT RNFL thickness data, which were
available in 96 out of the 108 PD patients. Secondly, OCT scans had to fulfil consensus criteria
for retinal OCT quality assessment (OSCAR-IB) to improve comparability and quality man-
agement of OCT-images [28]. Forty-nine out of the 96 patients (51%) met these criteria and
were included in the study. As controls, 49 age- and sex-matched healthy subjects were chosen
from a collective described in 2 previous studies concerning retinal and RNFL thickness
[11,12]. The thickness of the RNFL around the optic nerve head was proven to be not different
between included PD patients and controls [11,12] by application of two different OCT devices
(Spectralis, Heidelberg Engineering and Cirrus, Zeiss).

Patients and controls were examined by an ophthalmic specialist (RK or BS) to exclude sub-
jects with current or past ophthalmological diseases, such as glaucoma, age-related macular
degeneration, diabetic or hypertensive retinopathy, ocular inflammation or patients who had
retinal surgery. Furthermore, subjects with conditions that could potentially affect the RNFL or
vessel morphology, such as normal tension glaucoma (NTG) or open-angle glaucoma, were
excluded from the study.

Patients underwent a series of ophthalmic examinations including (i) slit lamp-assisted bio-
microscopy of the anterior and posterior segment with non-dilated pupils to exclude ocular
pathologies, (ii) non-contact tonometry (Nidek Tonometer NT-530) to exclude non-detected
glaucoma, and (iii) SD-OCT image acquisition (SPECTRALIS; Heidelberg Engineering, 4th

Generation, Heidelberg, Germany, scan software version 1.7.0.0, analysis software version
5.4.6).

The research protocol followed the recommendations of the Declaration of Helsinki (Sev-
enth revision, 64th Meeting, Fortaleza, Brazil), Good Clinical Practice and was approved by the
ethics committee of the Hamburg Medical Council. Written informed consent was obtained
from each patient and control subjects before they were entered into the study.

Fig 1. Schematic illustration of the SD-OCT-based analysis. The approaching light is reflected and scattered by the vessels. The hypothesis is that the
characteristics of the change in contrast resemble the vessel morphology. In this image the simplified calculation of the change in grey value is achieved by
comparing the mean grey value of the blue boxes with that of the green box.

doi:10.1371/journal.pone.0161136.g001
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Spectral Domain Optical Coherence Tomography (SD-OCT)
The RNFL scans around the optic nerve head were obtained applying non-contact frames in
high resolution of the RNFL. The device is a combination of conventional OCT technology
and cSLO. A superluminescent diode was used to emit a light beam with a wavelength of 870
nm. A reference image was taken with cSLO, linked and saved to the SD-OCT scan with an eye
tracking system (TrueTrackTM, Heidelberg Engineering, Heidelberg, Germany). The automatic
real-time averaging mode (ART) where multiple images of SD-OCT frames were averaged
resulted in achieving even higher quality. In this study, only high-quality data with a total of at
least 18 frames were used to provide images with low noise (high-resolution mode). Due to
high-resolution scans, the individual layer of the RNFL was discriminable even in the absence
of pupil dilatation. We first positioned the scan perfectly centred around the optic disc (3.4mm
ring scan, RNFL-Nsite) and enabled the ART mode. To minimise variability, a single observer
obtained three high-resolution scans for each patient. All images had to meet the following cri-
teria of quality to be included in the study: (i) a clear fundus before and during image acquisi-
tion, (ii) absent scan and algorithm failures, (iii) consistent grey scale saturation of each RNFL
with the retinal pigment epithelium showing maximal shading, and (iv) no discontinuity of the
scanned layer. For vessel analysis, only peripapillary scans were used. This led to the standard-
ised acquisition of as many vessels as possible in one scan and good comparability.

Vessel Analysis
To investigate retinal vessels in PD patients and controls, we have introduced a new morpho-
logical method using SD-OCT for retinal vessel analysis. The position of vessels was detectable
with high reliability in the SD-OCT scan. The grey value inside the vessel lumen (signal
strength) was measured and compared to the grey of its direct surrounding tissue (compare
Fig 1).

The SD-OCT-based vessel analysis was completed automatically to ensure reproducibility
and facilitate independence from observer bias (except for vessel labelling). It was completed in
several steps:

(1). Detection of retinal vessels in the SD-OCT image. The retinal blood vessels were
detected based on the observation that the blood vessel sections were usually much
brighter than the neighbouring non-vessel sections. The blood vessel sections within OCT
images could thus be located through an iterative polynomial smoothing procedure pro-
posed by Lu et al. [29]. Vessels diameters were recorded in pixels.

(2). Manual labelling of retinal vessels in the cSLO. A discrimination between arteries and
veins increases the validity of detecting vascular differences between healthy subjects and
patients. We (RK) labelled the automatically detected vessels from the SD-OCT scan
using the accompanying cSLO image by applying the criteria proposed by Motte et al.
[30]. All labelling was done using the implemented graphical interface.

(3). Layer segmentation of the SD-OCT image.We used the proposed consensus nomencla-
ture of the International Nomenclature for Optical Coherence Tomography [IN_OCT]
Panel [31] to classify the retinal layers and bands of a normal eye visible on SD-OCT
images. Two boundaries were detected: the internal limiting membrane (ILM) and the
boundary between the RNFL and ganglion cell layer (GCL). It was, therefore, possible to
identify the innermost layer, the RNFL, as the vessels are located within this layer.

We chose a median filter for noise suppression—adopted from Herzog et al. [32]—due to
its simplicity and its property of preserving the important macrostructure of the image. This
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suppressed most of the speckle and homogenised the retina and choroid by destroying the
underlying microstructure. The pixel value of the resulting gradient image was not normalised.
Therefore, all pixel values were linearly re-mapped to the range 0 to 1, leading to a shade-cor-
rected image with reduced background intensity variations and enhanced contrast.

The ILM was detected when analysing each column of the image matrix, supposing that r is
a vector containing the position of white pixels in ascending order. We applied the following
difference operation on r to calculate r0, where i = 1,2,. . .,length(r) − 1.

r0ðiÞ ¼ rðiþ 1Þ � rðiÞ

In this setting, index i was considered to be the position of the ILM layer boundary. The
RNFL/GCL was detected the same way when searching for the next change in pixel value
below the ILM. The described calculation was repeated for each column of the image matrix,
resulting in a curve for the ILM.

The SD-OCT images contained a significant amount of noise; therefore, the curve contains
many local minima and maxima. Curve fitting-based regularisation, modified from Yang et al.
[33], was used to smooth the curves.

(4). Analysis of vessel contrasts with their surrounding tissue. The grey value vessel analysis
was calculated as the quotient (ratio) of the difference of grey values of the lumen of the
vessel and the surrounding tissue (contrast, depicted as green boxes in Fig 2) and the grey
value of the surrounding tissue (represented as blue boxes in Fig 2).

vessel contrast analysis %½ � ¼ grey valueðvesselÞ � grey valueðsurrounding tissueÞ
grey valueðsurrounding tissueÞ � 100

Fig 2. SD-OCT-based vessel analysis. The red line symbolises the detected vessels; the line drops when there is a vessel in the
SD-OCT scan. The grey value of the vessel is measured, and depicted as the green box. This is compared to the grey value of the
surrounding tissue, represented as blue boxes.

doi:10.1371/journal.pone.0161136.g002
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The resulting value is the change in contrast between the vessels and the surrounding tissue.
It is necessary to build a ratio between contrast difference and surrounding grey vessel value
since absolute values cannot be compared between patients owing to the varying contrast
between differences (due to lens density, vitreous body density, eye axial length and internal
scan processing). The intensity of a pixel is expressed within a given range between a minimum
and a maximum, inclusive. This range is represented in an abstract way as a range from 0 (total
absence, black) to 1 (total presence, white) with fractional values in between; higher values rep-
resent brighter pixels. Higher values in the analysis of the vessel contrast ratio, therefore, imply
brighter vessels, a bigger difference between RNFL and vessels (RNFL is dark, compare Fig 2)
and stronger scattering properties of the vessels.

Vessels were excluded where the mean grey value difference between left and right sur-
rounding tissues was bigger than the change in brightness of the grey value of the vessel. By
doing this, vessels that lie close to each other could be rejected to avoid their scattering proper-
ties interfering with each other. Further, manual correction was not performed. The mean ves-
sel contrast for a vessel type (arteries or veins) was only calculated when at least two arteries or
two veins were detected per scan.

All algorithms were implemented in MATLAB (version R2015b, The MathWorks Inc.,
Natick, Massachusetts, 2015) along with a graphical user interface.

Statistical Analysis
Statistical analysis was performed using a commercially available software package (Prism 6 for
Mac OSX; GraphPad Software, Version 6.0e). The means and standard deviations are pre-
sented. The p-values were corrected according to the Bonferroni method to correct for the per-
formance of multiple statistical analyses. Paired parametric t-tests were used with two-tailed p-
values. A p-value< 0.05 was considered to indicate statistical significance. The correlation was
performed using Pearson correlation calculations, as the values sampled from the populations
followed an approximate Gaussian distribution. The correlation coefficient is indicated by r.
Presented box- and whiskers plots are mean values with 10–90% percentile lines. A single eye
from each participant was randomly selected (using RAND function of Microsoft1 Excel) and
used for statistical analysis (phenotype). Patients and controls were compared in a matched
pair analysis to control for possible influences of age and sex distribution. We also compared
the inter-individual values of PD patients according to their dominant and non-dominant side
of the disease. To look for possible correlations, the influence of age, disease duration and dis-
ease severity (assessed according to Hoehn and Yahr [27]) were also analysed.

Results
Our approach generated three averaged values for every vessel type: the grey value vessel ratio
(grey contrast) as a parameter for vessel morphology—comparing the grey value within the
lumen of the vessels to its surrounding tissue—, the mean vessel diameter and the number of
detected vessels. Using a paired t-test, PD patients had a significantly lower grey value contrast
for veins compared to controls (mean of differences = -3.877±4.464; p-value<0.0001; see Fig
3). The grey value contrast for arteries was not different between the groups (mean of differ-
ences = -0.7227±4.173; p-value = 0.2926; see Fig 3). The number of detected vessels (arteries or
veins) was not different between the two groups as well (number of arteries: p-value = 0.0801;
number of veins: p-value = 0.7072) which shows a comparable quality of the cSLO and OCT
images in both groups, but we could detect slightly more veins than arteries, especially in the
PD group (control patients: mean of differences = 0.4444±1.307; p-value = 0.0274; PD patients:
mean of differences = 0.8936±1.165; p-value<0.0001).
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The vessel width (in pixels) was significantly different between the arteries and veins (con-
trol patients: mean of differences = 2.276±1.632; p-value<0.0001; PD patients: mean of differ-
ences = 2.158±1.637; p-value<0.0001), however, it was not different between PD and control
patients (arteries: mean of differences = -0.0679±1.649; p-value = 0.7766; veins: mean of differ-
ences = -0.2047±2.073; p-value = 0.5111).

Disease duration, disease severity according to Hoehn and Yahr or age did not correlate
with the grey contrast between vessels and the surrounding tissue (p-value>0.05, see Fig 4).

The inter-individual comparison in PD patients between the clinical dominant and non-dominant
side showed a highly significant difference of the grey value vessel ratio for veins (p-value = 0.0060):
The non-dominant side showed a lower contrast in veins compared to the dominant side. The
arteries showed no significant difference for this comparison (p-value>0.05) (Fig 5).

Discussion
In this study, we assessed retinal vessel morphology in PD patients using a novel technique of
spectral domain—optical coherence tomography (SD-OCT) application which allows

Fig 3. Comparison of the SD-OCT-based vessel analysis between patients with Parkinson’s disease
(PD) and healthy control patients.Using a paired t-test, PD patients had a significantly lower grey value
contrast for veins compared to controls (mean of differences = -3.877±4.464; p-value<0.0001). The grey
value contrast for arteries was not different between the groups (p-value = 0.2926).

doi:10.1371/journal.pone.0161136.g003

Fig 4. Correlation of the vessel contrast change in patients with PD with parameters of disease progression and age. (A) Disease duration did not
correlate with the vessel contrast (p-value>0.05). (B) The clinical progression chart Hoehn and Yahr did not correlate with the vessel contrast (p-value>0.05).
(C) The age of the patients did not correlate with the vessel contrast (p-value>0.05).

doi:10.1371/journal.pone.0161136.g004
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investigating the signal strength of grey values and vessel diameter as parameters for changes
in vessel morphology. Our data indicates altered retinal vasculature in PD patients compared
to controls mainly due to changes of retinal veins. In PD patients the similarity between the
grey value within the venous lumen and its surrounding tissue (smaller grey vessel contrast)
could be the result of reduced perfusion, but changes in the vessel walls or blood velocity are
also possible causes.

There is increasing interest in vessel analysis in neurological disorders. Retinal imaging
modalities other than OCT have been used to study especially small vessel disease (SVD) due
to both cerebrovascular diseases and systemic disorders such as hypertension, cerebral hypo-
perfusion, inflammation, and vascular dementia [34]. Small vessel pathology also seems to play
a role in primary neurodegenerative disorders and co-occurrence of central neurodegenerative
and vascular pathologies with SVD have been found on a regular basis histopathologically in
late-onset Alzheimer’s Disease (AD) [35].

In recent years OCT has been increasingly applied to assess structural retinal changes as a
result of tissue damage, retinal dysfunction or degenerative changes in neurological diseases.
OCT allows in vivo imaging of tissue morphology with much higher resolution than other
imaging techniques such as MRI or ultrasound [14]. It has been used in multiple sclerosis,
neuro-ophthalmic diseases, and latterly in central neurodegenerative diseases such as PD,
amyotrophic lateral sclerosis, and AD [36].

SD-OCT as further development of OCT has been used recently to detect SVD in cerebral
autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADA-
SIL) [37] and might become a diagnostic and prognostic complementary tool in the future to
assess retinal vessel changes in patients suffering from cerebral small-vessel diseases (SVD)
such as vascular cognitive impairment.

In this study, we introduce a novel technical application using SD-OCT to analyse retinal
vessel morphology in PD patients. Parkinson´s disease is supposed to be primarily a neurode-
generative disease. However, despite inconclusive data results of the majority of neuropatho-
logical studies suggest that PD patients possibly have an increased risk of developing comorbid
cerebrovascular disease compared with the general population [15]. Striatal lacunar infarction
was found to be 3 times more common than cortical infarction in pathologically confirmed PD
[38] suggesting small vessel disease (SVD) as predominant stroke subtype in PD [16]. A recent
prospective study using different magnetic resonance imaging (MRI) and diffusion tensor
imaging (DTI) measurements showed cerebral SVD to be associated with incident parkinson-
ism, suggesting a role of SVD in the aetiology of parkinsonism [17].

Furthermore, there is some argument that SVD in PD patients potentially is related to
chronic levodopa therapy. It is known that after a disease duration of 4 to 5 years, 66 to 72% of
PD patients who initially start therapy without levodopa, add or change to levodopa treatment
[39,40]. Levodopa therapy is associated with increased plasma levels of homocysteine [41],
which is known to correlate with generalised SVD [42] including cerebral SVD [42,43]. There-
fore, SVD might be the underlying neurotoxic pathology for polyneuropathy in PD patients
with chronic levodopa therapy [18–22]. However, hyperhomocysteinemia is assumed to be a
risk factor not only for vascular and neurodegenerative diseases but also ocular diseases such as
retinopathy, pseudoexfoliative glaucoma, maculopathy, cataract, optic atrophy and retinal ves-
sel atherosclerosis due to impaired vascular endothelial function [44]. Patients in our study had
a relatively long disease duration [median 8 years; range 2–24 years] and most patients were

Fig 5. Comparison of the vessel contrast change between the dominant and non-dominant side of PD
patients. The grey value vessel ratio for veins was significantly different (p-value = 0.0060), while arteries
showed no significant difference (p-value>0.05).

doi:10.1371/journal.pone.0161136.g005

Retinal Vessels in Parkinson's Disease

PLOS ONE | DOI:10.1371/journal.pone.0161136 August 15, 2016 10 / 15

http://www.dict.cc/englisch-deutsch/on.html
http://www.dict.cc/englisch-deutsch/a.html
http://www.dict.cc/englisch-deutsch/regular.html
http://www.dict.cc/englisch-deutsch/basis.html


treated with levodopa. Therefore, SVD might be causal for our findings of a reduced grey value
vessel ratio in PD.

However, we found retinal veins but not arteries being responsible for the lower grey vessel
value contrast in PD patients compared to controls. This was unexpected and seems to be
somewhat surprisingly at first sight because SVD in PD likely is related to arteries more than to
veins. On the other hand, it is well known that venous retinal pathology results from arterio-
sclerotic diseases such as arterial hypertension, diabetes mellitus or hyperlipidemia in patients
with retinal vein occlusions (branch and central retinal vein occlusions) [45]. It is widely
accepted that arterial rigidity and turbulent flows affect the retinal vein lying next to the artery
and the capillary network. Vein and artery often share the adventitial sheath and the thicker
and stiffer arterial wall can compromise the venous lumen und blood flow [46]. So in retinal
vein occlusion, retinal venous changes are a result of preceding changes in the arterial branch
of circulation. We suspect this to be the case in our PD patients, too. It is possible that veins are
an even more sensitive parameter for SVD in PD than arterial retinal pathology. It is also con-
ceivable that our method yields better and more precise results in the venous branch of circula-
tion because first, we were able to detect more veins per PD patient or control in the OCT
scans and second veins could be measured more easily because of their relatively three times
bigger lumen compared to arteries.

Further studies should investigate the relevance of arterial and venous retinal changes in PD
and also assess a potential relationship between cumulative levodopa doses, homocysteine
plasma levels and grey value arterial and venous vessel ratio in PD patients.

We found retinal vessel changes to be more prominent contralateral to the clinically pre-
dominantly affected body side in the PD patients. This is in line with the characteristic asym-
metric neurodegenerative process in PD patients with higher nigrostriatal dopaminergic deficit
contralateral to the predominantly motor-impaired body side [47,48] and also with the recent
finding of olfactory asymmetric dysfunction in early PD patients with the unilateral disorder
[49].

We did not find the dependence of disease duration or disease severity with retinal vessel
changes. This is in line with results of some previous OCT measures, showing no association of
RNFL, total macular volume, or intra-retinal layer segmentation with disease severity or dura-
tion [50] but not with other RFNL studies in PD [51]. Large studies with a greater sample size
are needed to obtain statistically reliable associations regarding changes of retinal vessel archi-
tecture and clinical features of PD patients.

Noteworthy, vascular pathology as underlying contributive etiopathogenetic process has
been well accepted for normal tension glaucoma (NTG) as another primarily neurodegenera-
tive ocular disease. There are several similarities of changes in patients with normal tension
glaucoma (NTG) and PD. First, as known for NTG [52], progressive neurodegeneration of the
RNFL has also been described in PD [12]. Second, optic neuropathy is the disease-defining fac-
tor in NTG and is suspected to play a role in PD [53,54]. Third, perfusion of the optic disc is
grossly reduced in NTG [55] and likely also in PD patients, because the optic nerve in PD
patients has been found to show increased paleness as a result of decreased haemoglobin levels
[56]. Finally, variations in circadian blood pressure with either a missing (“non-dipper”) or an
enhanced (“over-dipper”) physiologic dip during the night are common in NTG [57] and PD
patients [58]. Therefore, it is possible that vascular changes play a role in the degenerative pro-
cesses within the retina and clinical visual symptoms in both NTG and PD.

Our method of high-resolution SD-OCT-based vessel analysis works semi-automatically,
enables results that are mainly independent of the observer and yields the possibility of near
histological representation of tissue. The specific grey value within the vessel lumen of each
patient is likely influenced by the flow speed of the blood, the viscosity of the blood and by

Retinal Vessels in Parkinson's Disease

PLOS ONE | DOI:10.1371/journal.pone.0161136 August 15, 2016 11 / 15



changes in the vessel walls. The grey value can be measured precisely for each vessel and aver-
aged for the patient. Influences of optic media opacities or image brightness are not relevant
because the grey value is compared to the directly surrounding tissue and not to an absolute
value. However, due to different scattering properties of the tissue, it might appear different
than under the microscope. In contrast, other current methods for evaluating retinal vascula-
ture, such as manual or automatic analysis of visible vessels in fundus photography [59,60] and
confocal scanning laser ophthalmoscopy (cSLO) [30] often do not allow evaluation of retinal
vessel morphology in great detail. They are also more observer dependent and therefore show a
large inter-observer variability in assessing the retinal vasculature. For these reasons, our
method might better fulfil the demand for an objective measurement of retinal vessel morphol-
ogy [61].

Our study has some limitations: First, we were not able to differentiate between arteries and
veins completely automatically. Automatic labelling vessels in SD-OCT seems to be more com-
plicated compared to conventional fundus photography and is still under discussion [30]. Sec-
ond, we did not record the cumulative levodopa dose and the homocysteine plasma levels and
therefore could not correlate findings of retinal vessel morphology with these parameters,
potentially influencing vascular retinal morphology.

The strengths of our study are (i) a comparably large sample size, (ii) a standardised manu-
facturer-proposed acquisition technique, and (iii) the use of a semi-automated approach with
quality control. As far as we know, a comparison of PD patients to healthy controls concerning
retinal perfusion has not been previously published.

In summary, we have demonstrated that it is possible to assess retinal vasculature using
standardised and non-invasive SD-OCT technology. Our findings demonstrate that there
might be changes in retinal venous vessel morphology and perfusion in PD patients compared
with age- and sex-matched healthy controls, potentially as a result of small vessel disease in
PD. Altered retinal vasculature in PD might contribute to a degenerative process within the ret-
ina and to clinical symptoms, such as reading difficulties, diminished colour or contrast vision
or diplopia. Longitudinal studies with larger sample sizes are needed to assess the ability of our
approach to providing a new biomarker of neurodegeneration and vasculopathy in PD and
other neurodegenerative diseases.
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