Int Ophthalmol (2019) 39:1255-1262
https://doi.org/10.1007/s10792-018-0934-y

@ CrossMark

ORIGINAL PAPER

Functional and morphological assessment of ocular
structures and follow-up of patients with early-stage

Parkinson’s disease

Samir Hasanov - Elif Demirkilinc Biler - Ahmet Acarer - Cezmi AkKin -

Zafer Colakoglu - Onder Uretmen

Received: 6 March 2018/ Accepted: 21 April 2018/ Published online: 9 May 2018
© Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract

Purpose To evaluate and follow-up of functional
and morphological changes of the optic nerve and
ocular structures prospectively in patients with early-
stage Parkinson’s disease.

Materials and methods Nineteen patients with a
diagnosis of early-stage Parkinson’s disease and 19
age-matched healthy controls were included in the
study. All participants were examined minimum three
times at the intervals of at least 6 month following initial
examination. Pattern visually evoked potentials (VEP),
contrast sensitivity assessments at photopic conditions,
color vision tests with Ishihara cards and full-field visual
field tests were performed in addition to measurement of
retinal nerve fiber layer (RNFL) thickness of four
quadrants (top, bottom, nasal, temporal), central and
mean macular thickness and macular volumes.

Results Best corrected visual acuity was observed
significantly lower in study group within all three
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examinations. Contrast sensitivity values of the patient
group were significantly lower in all spatial frequencies.
P100 wave latency of VEP was significantly longer, and
amplitude was lower in patient group; however, signif-
icant deterioration was not observed during the follow-
up. Although average peripapillary RNFL thickness was
not significant between groups, RNFL thickness in the
upper quadrant was thinner in the patient group. While
there was no difference in terms of mean macular
thickness and total macular volume values between the
groups initially, a significant decrease occurred in the
patient group during the follow-up. During the initial
and follow-up process, a significant deterioration in
visual field was observed in the patient group.
Conclusion Structural and functional disorders
shown as electro-physiologically and morphologically
exist in different parts of visual pathways in early-
stage Parkinson’s disease.

Keywords Parkinson’s disease - Contrast
sensitivity - Color vision - Visual field analysis - VEP -
OCT - RNFL thickness - Macular thickness - Macular
volume

Introduction
Parkinson’s disease (PD) is an age-related neurode-

generative disease that manifests with progressive loss
of dopaminergic neurons in the substantia nigra [1].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10792-018-0934-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10792-018-0934-y&amp;domain=pdf
https://doi.org/10.1007/s10792-018-0934-y

1256

Int Ophthalmol (2019) 39:1255-1262

Apart from motor and non-motor manifestations,
visual symptoms are also common and may vary
widely from dry eye and reading difficulty, to complex
visual hallucinations [2-5]. Such visual symptoms and
hallucinations are major causes of morbidity and
mortality in PD [6]. Psychophysical, electrophysio-
logical, and morphological evidence demonstrates the
presence of structural and functional disruptions at
different stages of the visual pathway in PD. In
addition, the ‘higher’ (cortical) visual processes are
also affected. Both structural and functional changes
develop in the retina and optic nerve in PD. Reduced
visual acuity and contrast sensitivity, impaired color
vision, retinal nerve fiber layer (RNFL) thinning,
reduced macular thickness, altered electrophysiolog-
ical tests, and visual field and motor perception defects
have been reported in patients with PD [1].

The aim of this study was to evaluate and follow
functional and morphological changes in the optic
nerve and retina in patients with early-stage PD.

Materials and methods

The study was designed as a single-center, controlled,
randomized, perspective clinical study. Patients being
followed for early-stage PD (Hoehn and Yahr Stage 1
or 2) and age-matched healthy volunteers were
included in the study. Patients with high myopia
(> — 6.0 diopter) or astigmatism (> 3 diopter), glau-
coma, dense cataract (Grade 3 or higher on the LOCS
IITI classification), congenital or acquired macular or
optic nerve disease, history of any ocular surgery,
diabetes mellitus or hypertension were not included.
After the initial examination, patients and healthy
subjects were examined 3 times at intervals of at least
6 months. All patients underwent best corrected visual
acuity (BCVA) measurement using Snellen chart, slit-
lamp anterior and posterior segment examination, and
IOP measurement using Goldmann applanation
tonometry.

Contrast sensitivity was assessed at spatial fre-
quencies ranging from 0.4 to 15 cycles/degree in
photopic conditions using the MetroVision (Mono-
pack 3, France) instrument. Color vision was evalu-
ated using Ishihara pseudoisochromatic plates
(Optitech Eyecare, Allahabad, India) from a distance
of 75 cm at a 300-500 Ix artificial lighting with
presbyopic correction. Visual field testing was
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conducted by standard automated perimetry with a
white background at 10 cd/m® lumination and a
4 mm? stimulus size (equivalent to Goldmann perime-
ter size III target) using a 60° full-field 120 points
threshold test (Humphrey Field Analyzer II). Visual
field data from subjects with undetectable blind spot,
fixation loss, or high rates of false negative or false
positive results were not considered reliable and were
not included in the analysis. Two ophthalmologists
statistically analyzed each visual field output by
counting the number of unseen points in the full field
and each quadrant, as described in the literature [7, 8].

All subjects underwent pattern visual evoked
potential (VEP) testing under standard conditions
using the Metrovision (Monopack 3, France) electro-
physiology device. An alternating checkerboard pat-
tern was used as the pattern stimulus, and the visual
angle was set to 30 min of arc. The screen lumination
was 100 cd/m2, there was 99% contrast between the
black and white squares, the pattern alternation speed
was 2/s, and the duration of analysis was 300 ms. P100
latency and amplitude values were recorded for each
subject.

Optical coherence tomography (OCT) was done
using a 3D OCT-2000 (Topcon Inc., Japan). The
6.0 x 6.0 mm, 512 x 128 3D scan mode was used to
measure peripapillary RNFL and macular thickness.
RNFL thickness, mean macular thickness (MMT),
macular volume (MV) and central macular thickness
(CMT) were recorded for the total peripapillary area
and the four quadrants.

Statistical analysis was performed using Shapiro—
Wilk test, ¢ test, Wilcoxon test, Mann—Whitney test
and Chi-square test. SPSS version 18.0 (Statistical
Package for the Social Sciences, IBM, USA) was used
for all statistical analyses.

The study was approved by the Ege University
Faculty of Medicine ethics committee and was con-
ducted in accordance with the principles of the
Declaration of Helsinki. Informed consent forms were
obtained from all participants.

Results

The study included 38 eyes of 19 patients (Group 1)
being followed between July 2013 and August 2015 in
the Ege University Faculty of Medicine, Department
of Neurology for early-stage PD (Hoehn and Yahr
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Stage 1 or 2) and 38 eyes of 19 age-matched healthy
control subjects (Group 2). Mean age of the patients
was 54.39 £ 5.71 (range, 44-70) years; mean age of
the control group was 55.53 & 6.48 (range, 42-65)
years. Mean follow-up time was 19 £ 8.5 (range,
6-35) months and 15.15 =& 2.7 [12-20] months in the
patient and control groups, respectively (Mann—Whit-
ney U test, p = 0.191). Disease duration in Parkinson
group varied between 3 and 180 months, with a mean
of 47.21 £ 41.15 months. All patients were receiving
an anti-Parkinson drug (L-DOPA, Selegiline, Rasag-
iline, Pramipexole, Ropinirole) at initial examination
and during follow-up.

Mean BCVA was 0.90 & 0.14 (range, 0.4-1.0) at
initial examination, 0.86 £ 0.19 (range, 0.4-1.0) at
the second examination, and 0.85 & 0.22 (range,
0.4-1.0) at the third examination, declining signifi-
cantly in study group. The reduction in BCVA was due
to cataract formation in 6 eyes of 4 patients, and after
excluding these patients from the study group, there
were no statistical differences in BCVA in between-
group comparisons. Cataract surgery was recom-
mended in 3 eyes of 3 patients, and 2 eyes underwent
cataract surgery with improved visual acuity to 1.0
following operation. Within-group and between-group
statistical comparisons of BCVA are shown in
Table 1.

In the patient group, IOP values at the second and
third examinations were significantly higher compared
to initial values (¢ test, p = 0.006 and p < 0.001,
respectively). There was no other significant differ-
ence in within-group and between-group comparisons
regarding IOP (¢ test, p > 0.05). No changes in color
vision or dyschromatopsia were observed during
follow-up in the patient or control groups.

Neither group showed any change in contrast
sensitivity function as measured with the MetroVision
system (¢ test, p > 0.05) in the follow-up period.
Contrast sensitivity values in Group 1 were generally
lower than those of the control group at all 3
examinations at all spatial frequencies. The detail is
given in Tables 2 and 3.

Compared to the control group, the patient group
had longer P100 latency ( test, p < 0.05) and lower
P100 amplitude (7 test, p < 0.05) at all examinations.
Neither group showed within-group differences in
P100 latency during follow-up (¢ test, p > 0.05). The
patient and control groups’ P100 latency and ampli-
tude values are shown in Table 4.

No significant between-group or within-group
differences emerged in average peripapillary RNFL
thickness (¢ test, p > 0.05). Neither group showed
within-group differences when quadrants were ana-
lyzed separately (¢ test, p > 0.05). In between-group
comparison, only the superior quadrant showed a
difference in all three examinations; peripapillary
RNFL thickness was significantly greater in the
controls than in the PD patients in the first, second
and third examinations (¢ test, p = 0.012, p = 0.016
and p = 0.036, respectively). Total and quadrantal
peripapillary RNFL values are shown in Table 5.

No significant differences in CMT and MMT were
observed within or between the groups (p > 0.05).
However, there was a significant difference in MMT
of patient group in third examination both in within-
group compared to the first and second examinations
(t test, p =0.035 and p = 0.002, respectively) and
between-group comparisons (¢ test, p = 0.006) espe-
cially in the inner nasal segment of the macula (7 test,
p < 0.001). The patient and control groups’ CMT and
MMT values are shown in Table 5. Total MV

Table 1 Statistical comparison of inter- and intragroup values according to BCVA

Intragroup evaluation (p values)

Intergroup evaluation (p values)

Study group Control group

E1-E2 E1-E3 E2-E3 E1-E2 E1-E3

E2-E3 El E2 E3

0.036* 0.017* 0.190%* 0.324%* 0.324*

0.324* 0.985%%* 0.000%* 0.033%*

BCVA Best corrected visual acuity, E/ first examination, E2 second examination, E£3 third examination

*Wilcoxon test
**Mann—Whitney U test
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Table 2 Contrast sensitivity values of both groups in different spatial frequencies

Spatial frequency (cycles per degree)

Mean contrast sensitivity (dB) mean + SD

Study group

Control group

El E2 E3 El E2 E3
0.4 1611 £ 13 1626 +£23 16.10£27 17.08 £2.1 1718+ 2.1 17.63 £2.1
0.8 1928 £1.8 1955+24 1940+24 201117 201616 2089 +1.7
1.6 20.17 £29 2061 £3.1 2070 £26 21.87+£16 2203+£17 2242+138
32 19.68 £3.1 1982 £39 2000+31 2192+18 2200+21 2221+1.6
6.4 16.89 £40 17.66 £50 1763 £44 1937+£29 19.66+32 20.61 £28
12.8 10.89 £49 11.13+£4.6 1093 £4.1 1242+42 1379£31 1339+28

E1 First examination, E2 second examination, E3 third examination, SD standard deviation, dB decibel

Table 3 Intragroup and intergroup comparison of contrast sensitivity values of in different spatial frequencies both in study and

control groups

Spatial frequency (cycles per degree)

Intragroup evaluation (p values)*

Intergroup evaluation (p values)

Study group

Control group

E1-E2 EI-E3 E2-E3 EI-E2 EI-E3 E2-E3 El E2 E3

0.4 0.749  0.067 0437 0.755 0.120 0.140  0.040 0.076 0.024
0.8 0.579 0368 0317 0863 0412 0324 0.114 0.211 0.009
1.6 0.825 0.795 0.299 0421 0.065 0.142 0.035 0.014 0.022
32 0.616 0515 0274 0772 0.160 0341 0.016 0.004 0.008
6.4 0.380 0920 0.139 0419 0.056 0.054 0.051 0.059 0.012
12.8 0.129 0443 0.126  0.133  0.244 0547  0.031 0.08 0.019
E1 First examination, E2 second examination, E3 third examination
*1 test
Table 4 P100 latency and amplitude values in both groups

Study group Control group

El E2 El E2 E3
P100 latency (msec) 1132 £ 11.5 117.1 £ 15.2 109.3 £+ 20.2 102.6 +£ 2.9 105.1 £ 7.5 104.04 £+ 4.8
P100 amplitude (mV) 7.03 £ 3.7 75+48 6.8 £5.7 88 +42 89 +32 8.7 £ 4.03

msec Millisecond, mV Millivolt, E first examination, £2 second examination, E3 third examination

measured in the third examination was also signifi-
cantly less in the patient group compared to the control
group (¢ test, p = 0.013).

Reliable visual field test results were obtained in
patient and control groups in 25 (65.8%) and 38
(100%) eyes in the first, 22 (57.9%) and 35 (92.1%)
eyes in the second, 26 (86.7%) and 38 (100%) eyes in
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the third examination, respectively. The total number
of unseen points in the visual field was significantly
higher in all quadrants in the patient group in the first
and third examinations (¢ test, p =0.021 and
p = 0.001, respectively). There was a significant
increase in unseen points in patient group in the third
examination when compared with the first and second
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Table 5 Peripapillary RNFL thickness, central and mean macular thickness values in study and control groups

Quadrants Peripapillary RNFL thickness (um) mean £+ SD

Study group Control group

El E2 E3 El E2 E3
Superior 112.97 £ 21.84 113.47 £ 17.25 11640 £ 1538 123.32 £ 15.05 122.97 £ 17.69 123.31 + 12.71
Inferior 118.61 £ 21.58 119.29 £ 17.05 120.00 £ 1491 119.82 £ 13.92 120.50 £ 13.34 119.73 £ 12.07
Nasal 83.13 £ 19.00 81.89 + 15.24 81.80 & 17.14 83.89 + 1394 8439 £+ 12.75 85.09 £ 10.65
Temporal 73.89 £ 12.86  72.84 £ 12.31 7197 £ 1143  70.32 + 7.46 72.50 £ 9.01 71.02 £+ 14.87
Total 96.89 £ 15.13  96.63 £ 11.73  98.23 £+ 10.18  98.63 £ 8.29 97.13 £ 8.51 97.07 £ 7.14
Central macular 219.6 £ 55.5 217.8 £ 53.6 2314 £ 415 2252 £29.2 221.7 £ 352 225.6 + 38.8

thickness

Mean macular 278.07 £ 17.9 280.9 + 18.7 270.7 £ 17.5 279.4 £+ 18.4 282.8 + 8.9 280.9 + 8.6

thickness

RNFL Retinal nerve fiber layer, um MicroMeter, E1 first examination, E2 second examination, E3 third examination, SD standard

deviation

examinations (¢ test, p = 0.035 and p = 0.027, respec-
tively) with the greatest deterioration in the superior
and nasal quadrants. Within-group and between-group
statistical comparisons of numbers of unseen points in
the visual field are shown in Table 6.

Discussion

PD is the second most common neurodegenerative
disease in developed countries, after Alzheimer’s
disease. Although it develops as a result of progressive
loss of dopaminergic neurons in the substantia nigra,
PD is a multisystemic pathology with both motor and
non-motor manifestations [9, 10] including visual

signs and symptoms due to structural and functional
anomalies in the retina, optic nerve, and visual cortex
[1].

Numerous studies have demonstrated that PD
patients have lower BCVA compared to healthy
individuals of the same age [11-13]. However, there
are also studies reporting no difference in visual acuity
between PD patients and control groups [14-16]. In
the present study, PD patients had significantly lower
visual acuity than the control group, but cataract
development and progression was shown to be mainly
responsible for this difference. Similar to our study,
Nowacka et al. [13] found that nuclear and posterior
subcapsular lens opacities were more frequent among
PD patients than control subjects. Oxidative stress,

Table 6 Intragroup and intergroup comparison of total number of unseen points in visual field analysis both in study and control

groups
Quadrants Intragroup evaluation (p values)* Intergroup evaluation (p values)

Study group Control group

E1-E2 E1-E3 E2-E3 E1-E2 E1-E3 E2-E3 El E2 E3
Superior 0.712 0.060 0.551 0.963 0.859 0.964 0.013 0.364 0.000
Inferior 0.981 0.002 0.007 0.318 0.113 0.084 0.077 0.691 0.004
Nasal 0.856 0.007 0.053 0.507 0.127 0.618 0.018 0.304 0.001
Temporal 0.681 0.007 0.048 0.830 0.314 0.165 0.086 0.705 0.003

E1 first examination, E2 second examination, E3 third examination

*t test
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which is also an important factor in the pathogenesis of
PD, has been implicated in cataract development and
has been reported that oxidation of the lens DNA,
proteins and lipids causes opacification of the lens
[17]. This may explain the increased prevalence of
cataract among PD patients. There have been no
reports in the literature of cataractogenic side effects
from the drugs used in PD treatment.

There are very few large, community-based studies
investigating the link between primary open-angle
glaucoma and PD. It was postulated that PD patients
were at high risk for both normal tension and primary
open-angle glaucoma [13]. On the other hand, various
studies have reported no differences in IOP between
PD patients and control subjects [11, 14, 15, 18-20].
Our results corroborate these studies, as we observed
no differences in IOP between PD patients and
controls in any of the three examinations and found
no signs of glaucomatous optic nerve damage in
ophthalmoscopic examination or peripapillary RNFL
measurements.

Previous studies have documented glaucoma-like
visual field defects in PD patients with no other signs
of glaucoma [18, 19]. Apoptosis of retinal ganglion
cells death mimics the ganglion cell death that occurs
in glaucomatous optic neuropathy, thus causing the
glaucoma-like visual field defects seen in such neu-
rodegenerative diseases [21]. In our study, PD
patients’ visual field results were significantly worse
than the control group in the first and third examina-
tions, and as a first in the literature, we documented
significant progression of visual field defects during
follow-up; however, consistent with Tsironi et al.’s
study [18], we found that these defects were not
accompanied by RNFL losses. There was no statisti-
cally significant relationship between visual field
defects and disease stage or laterality.

Numerous studies using various contrast sensitivity
charts have demonstrated that the contrast sensitivity
of PD patients is reduced at different spatial frequen-
cies [12, 13, 22-24] and the reduction has been shown
to be greatest at medium and high spatial frequencies
[25, 26]. Reduced contrast sensitivity is associated
with low levels of retinal dopamine and treatment with
L-dopa results in improved contrast sensitivity at all
spatial frequencies [27]. In the present study, we found
that contrast sensitivity values of the PD patients were
generally lower than those of the control group at all 3
examinations at low, medium, and high spatial
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frequencies. Comparisons between studies are diffi-
cult due to differences between contrast sensitivity
tests used in the studies and failure to determine
patient-related factors which may influence the test
results. We observed no significant changes in contrast
sensitivity over the course of follow-up in our study,
making ours the first study in the literature in which
contrast sensitivity remained stable during follow-up.

Another pathology that has been reported in PD
patients is color vision disorders [23, 28, 29]. Dopa-
mine acts as a neurotransmitter in amacrine cells,
interplexiform neurons, the neurons of the lateral
geniculate nucleus and visual cortex influencing the
activity of cones [30, 31]. Red—green color vision
defects are more common in PD patients than blue—
yellow color vision defects which predominate with
aging and retinal diseases [32, 33]. We did not detect
significant red—green color vision defects in our PD
patients or controls, which is in concordance with the
results of other studies that evaluated color vision with
Ishihara pseudoisochromatic cards [11, 16]. Ours is
the first study in the literature to follow color vision in
PD patients. The fact that all of our patients had early-
stage PD and were taking anti-Parkinson drugs may
explain why we did not detect any color vision
dysfunction during follow-up. However, we did not
use sensitive tests like the FM and D-15, which may
also explain the difference between our results and
those of other studies.

Longer VEP latency and reduced amplitude have
been observed in PD patients [34]. Some studies have
shown no significant difference between PD patients
and control groups in terms of VEP latency [35]. There
are also studies reporting that dopaminergic drugs
eliminated the VEP delay [36]. In our study, PD
patients exhibited longer VEP latency and smaller
amplitudes at all three examinations but showed no
significant changes in P100 latency and amplitude
over the course of follow-up.

Many studies reported RNFL thinning in PD
patients [11, 37-42], though there are also studies
reporting no change in RNFL thickness
[13, 18, 43-45]. These discrepancies between studies
may be due to differences in the age of patients
studied, disease stage, and OCT device used. We
found no significant difference in peripapillary RNFL
thickness between the PD patients and controls.
Separate analysis of the peripapillary quadrants in
our study revealed that RNFL thickness in the superior
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hemisphere was significantly thinner in the patient
group at all three examinations. Reduced MV in PD
patients has been documented in the literature
[11,41, 45, 46], and this decrease in macular thickness
is reported to be predominantly from the inner retinal
layers [18, 41, 47, 48]. Although we did not observe a
significant difference in CMT, the patient group had
significantly lower MMT and total MV values in the
third examination, and the reduction in MMT was
mainly in the inner and outer nasal macular segments.
We were unable to detect any correlation between MV
and disease stage, however, signs of RNFL and
macular thinning may be useful in detecting PD in
its early stages and evaluating disease progression and
treatment response.

In brief, there are structural and functional defects
in various stages of the visual pathway in PD.
Awareness of these changes is beneficial both in
monitoring progression and in reducing morbidity of
patients with PD.

Compliance with ethical standards

Conflict of interest The authors declare that they have no
conflict of interest.

Ethical approval Written informed consent was obtained
from the subjects, and the study was conducted according to the
tenets of the Declaration of Helsinki.

References

1. Archibald NK, Clarke MP, Mosimann UP et al (2009) The
retina in Parkinson’s disease. Brain 132:1128-1145

2. Repka MX, Claro MC, Loupe DN et al (1996) Ocular
motility in Parkinson’s disease. J Pediatr Ophthalmol Stra-
bismus 33:144-147

3. Barnes J, David AS (2001) Visual hallucinations in
Parkinson’s disease: a review and phenomenological sur-
vey. J Neurol Neurosurg Psychiatry 70:727-733

4. Biousse V, Skibell BC, Watts RL et al (2004) Ophthalmo-
logic features of Parkinson’s disease [see comment]. Neu-
rology 62:177-180

5. Sari ES, Koc R, Yazici A, Sahin G, Cakmak H, Kocaturk T,
Ermis SS (2015) Tear osmolarity, break-up time and
Schirmer’s scores in Parkinson’s disease. Turk J Ophthal-
mol 45:142-145

6. Goetz CG, Fan W, Leurgans S et al (2006) The malignant
course of ‘benign hallucinations’ in Parkinson disease. Arch
Neurol 63:713-716

7. Manuchehri K, Goodman S, Siviter L et al (2000) A con-
trolled study of vigabatrin and visual abnormalities. Br J
Ophthalmol 84:499-505

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Moreno MC, Giagante B, Saidon P et al (2005) Visual

defects associated iiith vigabatrin: a study of epileptic
Argentine patients. Can J Neurol Sci 32:459-464

.De Lau LM, Breteler MM (2006) Epidemiology of

Parkinson’s disease. Lancet Neurol 5:525-535

De Rijk MC, Breteler MM, Graveland GA et al (1995)
Prevalence of Parkinson’s disease in the elderly: the Rot-
terdam study. Neurology 45:2143-2146

Satue M, Garcia-Martin E, Fuertes I et al (2013) Use of
Fourier-domain OCT to detect retinal nerve fiber layer
degeneration in Parkinson’s disease patients. Eye (Lond)
27:507-514

Archibald NK, Clarke MP, Mosimann UP et al (2011)
Visual symptoms in Parkinson’s disease and Parkinson’s
disease dementia. Mov Disord 26:2387-2395

Nowacka B, Lubinski W, Honczarenko K et al (2014)
Ophthalmological features of Parkinson disease. Med Sci
Monit 20:2243-2249

Stemplewitz B, Keserii M, Bittersohl D et al (2015) Scan-
ning laser polarimetry and sprctral domain optical coher-
ence tomography for the detection of retinal changes in
Parkinson’s disease. Acta Ophthalmol 93:672-677

Sari ES, Koc R, Yazici A et al (2015) Ganglion cell-inner
plexiform layer thickness in patients with Parkinson disease
and association wiht disease severity and duration. J Neu-
roophthalmol 35:117-121

Kaur M, Saxena R, Singh D et al (2015) Correlation
between structural and functional retinal changes in
Parkinson disease. J Neuroophthalmol 35:254-258

Sacca SC, Bolognesi C, Battistella A et al (2009) Gene-
environment interactions in ocular diseases. Mutat Res
66:98-117

Tsironi EE, Dastiridou A, Katsanos A et al (2012) Peri-
metric and retinal nerve fiber layer findings in patients with
Parkinson’s disease. BMC Ophthalmol 12:54

Bayer AU, Keller ON, Ferrari F et al (2002) Association of
glaucoma with neurodegenerative diseases with apoptotic
cell death: Alzheimer’s disease and Parkinson’s disease.
Am J Ophthalmol 133:135-137

Yenice O, Onal S, Midi I et al (2008) Visual field analysis in
patients with Parkinson’s disease. Parkinsonism Relat Dis-
ord 14:193-198

McKinnon SJ (1997) Glaucoma, apoptosis, and neuropro-
tection. Curr Opin Ophthalmol 8:28-37

Langheinrich T, Tebartz van Elst L, Lagreze WA et al
(2000) Visual contrast response functions in Parkinson’s
disease: evidence from electroretinograms, visually evoked
potentials and psychophysics. Clin Neurophysiol 111:66-74
Pieri V, Diederich NJ, Raman R et al (2000) Decreased
colour discrimination and contrast sensitivity in Parkinson’s
disease. J Neurol Sci 172:7-11

Miri S, Glazman S, Mylin L et al (2016) A combination of
retinal morphology and visual electrophysiology testing
increases diagnostic yield in Parkinson’s disease. Parkin-
sonism Relat Disord 22(Suppl 1):134-137

Kupersmith MJ, Shakin E, Siegel IM et al (1982) Visual
system abnormalities in patients with Parkinson’s disease.
Arch Neurol 39:284-286

Hutton JT, Morris JL, Elias JW et al (1991) Spatial contrast
sensitivity is reduced bilaterally in Parkinson’s disease.
Neurology 41:1200-1202

@ Springer



1262

Int Ophthalmol (2019) 39:1255-1262

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Buttner T, Muller T, Kuhn W (2000) Effects of apomor-
phine on visual functions in Parkinson’s disease. J Neural
Transm 107:87-94

Birch J, Kolle RU, Kunkel M et al (1998) Acquired colour
deficiency in patients with Parkinson’s disease. Vis Res
38:3421-3426

Oh YS, Kim JS, Chunq SW et al (2011) Color vision in
Parkinson‘s disease and essential tremor. Eur J Neurol
18:577-583

Reader TA, Quesney LF (1986) Dopamine in the visual
cortex of the cat. Experientia 42:1242-1244

Dowling JE (1990) Functional and pharmacological orga-
nization of the retina: dopamine, interplexiform cells, and
neuromodulation. In: Cohen B, Bodis-Wollner 1 (eds)
Vision and the brain: the organization of the central visual
system. Raven Press, New York, pp 1-18

Castelo-Branco M, Faria P, Forjaz V et al (2004) Simulta-
neous comparison of relative damage to chromatic path-
ways in ocular hypertension and glaucoma: correlation with
clinical measures. Investig Ophthalmol Vis Sci 45:499-505
Campos SH, Forjaz V, Kozak LR et al (2005) Quantitative
phenotyping of chromati dysfunction in best macular dys-
trophy. Arch Ophthalmol 123:944-949

Buttner TH, Kuhn W, Miiller TH et al (1996) Chromatic and
achromatic visual evoked potentials in Parkinson’s disease.
Electroenceph Clin Neurophysiol 100:443-447

Dinner DS, Liiders H, Hanson M et al (1985) Pattern evoked
potentials (PEPS) in Parkinson’s disease. Neurology
35:610-613

Barbato L, Rinalduzzi S, Laurenti M et al (1994) Color
VEPs in Parkinson’s disease. Electroenceph Clin Neuro-
physiol 92:169-172

Altintas O, Iseri P, Ozkan B et al (2008) Correlation
between retinal morphological and functional findings and
clinical severity in Parkinson’s disease. Doc Ophthalmol
1116:137-146

Moschos MM, Tagaris G, Markopoulos I et al (2010)
Morphologic changes and functional retinal impairment in

@ Springer

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

patients with Parkinson disease without visual loss. Eur J
Ophthalmol 21:24-29

Garcia-Martin E, Satue M, Fuertes I et al (2012) Ability and
reproducibility of Fourier-domain optical coherence
tomography to detect retinal nerve fiber layer atrophy in
Parkinson’s disease. Ophthalmology 119:2161-2167
Kirbas S, Turkyilmaz K, Tufekci A et al (2013) Retinal
nerve fiber layer thickness in Parkinson disease. J Neu-
roophthalmol 33:62-65

Garcia-Martin E, Rodrigues-Mena D, Satue M et al (2014)
Electrophysiology and optical coherence tomography to
evaluate Parkinson disease severity. Investig Ophthalmol
Vis Sci 55:696-705

Yu JG, Feng YF, Xiang Y et al (2014) Retinal nerve fiber
layer thickness changes in Parkinson disease: a meta-
analysis. PLoS ONE 9(1):e85718

Aaker GD, Myung JS, Ehrlich JR et al (2010) Detection of
retinal changes in Parkinson’s disease with spectral-domain
optical  coherence  tomography. Clin  Ophthalmol
4:1427-1432

Archibald NK, Clarke MP, Mosimann UP et al (2011)
Retinal thickness in Parkinson’s disease. Parkinsonism
Relat Disord 17:431-436

Albrecht P, Muller AK, Sudmeyer M et al (2012) Optical
coherence tomography in parkinsonian syndromes. PLoS
ONE 7:e34891

Shrier EM, Adam CR, Spund B et al (2012) Interocular
asymmetry of foveal thickness in Parkinson disease.
J Ophthalmol 2012:728457

Hajee M, March W, Lazzaro D et al (2009) Inner retinal
layer thinning in Parkinson disease. Arch Ophthalmol
127:737-741

Adam C, Shrier E, Bodis-Wollner I et al (2013) Correlation
of inner retinal thickness evaluated by spectral-domain
optical coherence tomography and contrast sensitivity in
Parkinson disease. J Neuroophthalmol 33:137-142



	Functional and morphological assessment of ocular structures and follow-up of patients with early-stage Parkinson’s disease
	Abstract
	Purpose
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	References




