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A b s t r a c t

Introduction: The aim of the paper was to analyze the changes in the macular ganglion cell layer and inner plexiform 
layer (GCL-IPL) thickness in patients with Parkinson’s disease.
Material and methods: The study enrolled 46 patients with established diagnosis of Parkinson’s disease and 46 
healthy subjects. Both groups were age- and gender-matched. An OCT protocol, namely standardized Ganglion Cell 
Analysis algorithm was used to measure the thickness of the macular GCL-IPL layer. The average, minimum, and 
six sectoral (superotemporal, superior, superonasal, inferonasal, inferior, inferotemporal) GCL-IPL thicknesses were 
measured from the elliptical annulus centered on the fovea.
Results: The mean value of the clinical severity of Parkinson’s disease was between 2 and 3, according to the Hoehn 
and Yahr scale. Statistically significant thinning of the GCL-IPL layer was registered in average and minimum GCL-
IPL thickness, as well as in the sectoral layer thicknesses in patients with Parkinson’s disease in comparison to the 
controls. There was no correlation between structural changes in the retina and disease duration or severity. A sta-
tistically significant difference in thickness between the different stages of the disease was registered only in the 
inferior sector.
Conclusions: Parkinson’s disease is accompanied by thinning of the GCL-IPL complex of macula even in the earliest 
stages. This may indicate a possible retinal dopaminergic neurodegeneration. There is no correlation between dura-
tion or severity of Parkinson’s disease with thinning of the GCL-IPL complex.
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Introduction

Parkinson’s disease (PD) is a chronic, progressive 
neurodegenerative disorder mostly affecting the aging 

population. The most common type of presentation 
of the disease is idiopathic, although it may occur 
secondary to the tumor, injury or infection [14,17]. 
Basically, the disease is a movement disorder caused 
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by a decrease in a chemical substance, dopamine, in 
the part of the brain responsible for voluntary motor 
control (the basal ganglia) [11,24]. 

Dopaminergic neurons play key roles in the cen-
tral nervous system (CNS), mediating basic mecha-
nisms of vision, movement, motivation and mood. 
Dopamine as a  neurotransmitter presents in retinal 
amacrine cells. Dopamine is released by a unique set 
of amacrine cells and activates D1 and D2 dopamine 
receptors distributed throughout the retina [2,5,6]. 
Today’s research on the retina focuses a great deal of 
attention on neurotransmission between the neurons 
of the retina. Dopaminergic amacrine cells are one of 
the most sparsely distributed retinal nerve cell types 
found within the mammalian retina [30]. Amacrine 
cells are inhibitory neurons, and project their dendritic 
arbors to the inner plexiform layer (IPL), there interact-
ing with retinal ganglion cells and/or bipolar cells [9].

Amacrine cells operate at the IPL, the second syn-
aptic retinal layer where bipolar cells and retinal gan-
glion cells form synapses. There are at least 33 dif-
ferent subtypes of amacrine cells based just on their 
dendrite morphology and stratification. Each type of 
the amacrine cell releases one or several neurotrans-
mitters where it connects with other cells. They are 
often classified by the width of their field of connec-
tion, the layer(s) of the stratum in the IPL they are 
in, and by the neurotransmitter type [9,20]. There is 
still much to be discovered about all of the different 
functions of all of the different amacrine cells. 

Amacrine retinal cells located in IPL can be mea-
sured with the segmentation of the ganglion cell 
layer and inner plexiform layer (GCL-IPL) by the lat-
est version of Cirrus OCT [11]. Measurement of the 
GCL-IPL layer may prove to be of value in providing 
an objective criterion in diagnosis and/or monitoring 
progression of PD. There are previous works demon-
strating decreased visual acuity, contrast sensitivity 
and color vision defects among patients with PD [1], 
early-onset thinning of the inner retinal layers on 
OCT [3,31] and functional alterations observed in 
retinal ganglion cells [29] may strengthen authors’ 
rationale in conducting this study and can make the 
readers comprehend the aims of the study better.

The aim of the paper was to analyze the changes 
in macular GCL-IPL layer thickness in patients with 
early stages of PD in order to assess whether loss 
of dopaminergic neurons, i.e. amacrine cells, in the 
retina of patients with PD could be demonstrated 
as thinning of the respective retinal layers on OCT 

scans, and whether this thinning is correlated with 
disease severity and/or duration.

Material and methods

This was a  prospective, nonrandomized, obser-
vational study conducted between July 2014 and July 
2016 at the Neurology Clinic and Eye Clinic, Clini-
cal Center Niš, University of Niš, Serbia. The study 
followed the tenets of the Declaration of Helsinki. 
Informed consent was obtained from each patient 
after explanation of the nature of the study.

Patients with PD were consecutively enrolled as 
they presented at the Neurology Clinic. The diagno-
sis of PD was made according to the UK PD Brain 
Bank criteria [15]. All patients were evaluated by 
a neurologist who had no access to ophthalmologic 
findings. All enrolled patients were in a clinically sta-
ble phase using substitution therapies at doses of 
levodopa of 750 mg to 1000 mg per day, in divided 
doses. Patients who were under treatment for less 
than one year (6 months to a year) were included. 
Disease severity was evaluated according to the 
Hoehn and Yahr (HY) scale [14] which is widely used 
to categorize the progression of PD symptoms and 
quantify the patients according to 5 stages. 

Exclusion criteria comprised any ocular disease 
that may confound the assessment of the retina: 
AMD, diabetic retinopathy, glaucoma, retinal vessel 
occlusion, retinal dystrophies, uveitis. Patients with 
myopia and hypermetropia > 2.0 Dsph were exclud-
ed. Also patients with previous intraocular surgery 
were excluded from the study.

All patients underwent a  complete ophthalmic 
examination as follows: best corrected visual acuity 
(BCVA), intraocular pressure measurement by appla-
nation tonometry, gonioscopy, slit lamp examination 
of the anterior segment and fundus examination 
with a plus 90-diopter lens. The OCT protocol was 
performed according to the standardized operating 
procedures included in Cirrus SD-OCT device (mod-
el 4000, software version 6.0, Carl Zeiss Meditec, 
Inc.). The Ganglion Cell Analysis algorithm of the 
aforementioned device was used to process and 
measure the thickness of the macular GCL-IPL layer.  
The average (GCavg), minimum (GCmin), and six sec-
toral (superotemporal, superior, superonasal, infer-
onasal, inferior, inferotemporal) GCL-IPL thicknesses 
were measured from the elliptical annulus centered 
on the fovea. Demarcation of superior sectors was 
performed from nasal to temporal, thus the superior 
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nasal sector of GCL+IPL was marked as GC1, superior 
as GC2, superior-temporal as GC3, while demarca-
tion of inferior sectors was performed from temporal 
to nasal, marking inferior-temporal as GC4, inferior 
GC5 and inferior-nasal as GC6. Images with a signal 
power more than seven were used for analysis. 

A  sex- and age-matched normal control group 
was recruited from normal healthy population. Both 
eyes of healthy participants had to meet the follow-
ing criteria: (1) no history or evidence of retinal and 
eye pathology, (2) no history of ocular surgery, (3) 
IOP < 21 mm Hg, and (4) had to be free of optic nerve 
damage and without any systemic and neurological 
disease.

Statistical analysis 

Statistical analysis was done using the statisti-
cal package SPSS 22 for Windows (SPSS Inc., USA). 
Primary data obtained were analyzed by descrip-
tive statistical methods and methods for testing 
hypotheses. The following descriptive statistical 
methods were used: measures of central tendency 
(mean, median), rate variability (standard deviation 
and variation interval) and indicators of structure 
expressed in percentages. Kolmogorov-Smirnov and 
Shapiro-Wilk tests, skewness value (“skewing”) and 
kurtosis (“taper/flatness”) were used to determine 
the normality of distribution. The t test was used to 
test the difference of arithmetic mean between the 
groups. Analysis of variance (ANOVA) was used to 
test the difference between the stages of the dis-

ease. The conclusion was done at the level of a sta-
tistical significance of 0.05. Correlation analysis was 
performed by measuring the correlation of two vari-
ables. Spearman correlation coefficient of ranks was 
used to determine the direction and strength of the 
connection stages of PD with thickness of GC1-GC6 
as well as GCLavg and GCLmin.

Results

The study included 46 eyes of 46 patients suffer-
ing from PD. Out of the 46 patients, 20 were males 
and 26 were females. The mean age was 66.00 ± 9.67 
years. Average value of PD stage was 2.49. The con-
trol group was composed of 46 eyes of 46 patients, 
of which 21 were males and 25 were females with 
a mean age of 64.47 ± 11.33 years.

We analyzed GCL-IPL average thickness (GCavg), 
minimum thickness (GCmin) and thickness of all 
six sectors. There was a statistically significant dif-
ference between the mean values in the observed 
and the control groups with respect to all 6 sectors, 
GCavg and GCmin (Table I). 

There was no statistically significant difference in 
mean values of GC1, GC2, GC3, GC4, GC6, GCavg and 
GCmin between the stages of the disease. Only the 
mean GC5 value was statistically different (ANOVA, 
p = 0.041) between different PD stages (stages I and II,  
p = 0.046; stages II and III, p = 0.012) (Table II). 

Correlation analysis between the stages of dis-
ease and the value of GC1, GC2, GC3, GC4, GC5, GC6, 
GCLavg, GCLmin has shown that there was no sta-

Table I. Clinical characteristics and ganglion cell-inner plexiform layer measurements of Parkinson’s disease 
patients and healthy subjects

Patients with Parkinson’s disease 
(n = 46)

Control group  
(n = 46)

p

Age (mean ± SD) 66.00 ± 9.67 64.47 ± 11.33 0.081a

Gender (male/female) 20/26 21/25

GC1 72.45 ± 14.36 86.34 ± 2.52 < 0.001a

GC2 69.77 ± 15.64 86.55 ± 2.60 < 0.001a

GC3 71.28 ± 14.10 86.45 ± 2.58 < 0.001a

GC4 72.05 ± 14.23 86.12 ± 3.45 < 0.001a

GC5 70.97 ± 15.38 86.62 ± 2.60 < 0.001a

GC6 72.95 ± 14.23 86.31 ± 2.73 < 0.001a

GCavg 72.44 ± 13.18 86.01 ± 3.68 < 0.001a

GCmin 65.33 ± 19.01 82.49 ± 1.78 < 0.001a

a t-test  
GC1 – superonasal sector of the ganglion cell-inner plexiform layer, GC2 – superior sector of the ganglion cell-inner plexiform layer, GC3 – superotemporal 
sector of the ganglion cell-inner plexiform layer, GC4 – inferotemporal sector of the ganglion cell-inner plexiform layer, GC5 – inferior sector of the ganglion 
cell-inner plexiform layer, GC6 – inferonasal sector of the ganglion cell-inner plexiform layer, GCavg – ganglion cell-inner plexiform layer average thickness, 
GCmin – ganglion cell-inner plexiform layer minimum thickness
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tistically significant correlation between the stages 
of the disease and the thickness of GCL-IPL, as pre-
sented in Table III. 

Correlation analysis between disease duration 
and the value of GC1, GC2, GC3, GC5, GC6, GCLavg, 
GCLmin was not statistically significant. However, 
there was a significant positive correlation between 
the duration of the PD and the thickness of the infe-
rior (GC4) sector, as shown in Table IV.

Discussion

The most accessible dopaminergic neurons of the 
vertebrate CNS are the dopaminergic amacrine cells 
(DA cells) of the retina. Retinal dopamine has multi-

ple roles in vision [4,22,27]. Dopaminergic amacrine 
cells exhibit two classes of intrinsic bursting in the 
dark, shaped by inhibitory synaptic inputs, and two 
classes of light responses, ON-transient and ON-sus-
tained, as well as light-independent activity, tuned 
to mediate specific dopaminergic functions in vision. 
The functional heterogeneity revealed in dopaminer-
gic amacrine cells provides a  cellular basis for the 
multiple roles of dopaminergic amacrine neurons in 
vision and is likely a general property of dopaminer-
gic neurons throughout the CNS [2,5,12,23].

Localization of amacrine cells is very important. 
Specifically, placed in the inner plexiform layer, the 
layer which, with the advent of the latest version of 

Table II. Thickness of the ganglion cell-inner plexiform layer in different stages of Parkinson’s disease

Stage I, n = 14 Stage II, n = 17 Stage III, n = 15 p

GC1 71.57 ± 15.45 71.42 ± 16.11 77.71 ± 6.02 0.358a

GC2 69.43 ± 14.96 68.13 ± 18.52 74.00 ± 7.50 0.503a

GC3 70.30 ± 14.04 70.95 ± 15.71 75.00 ± 8.51 0.585a

GC4 70.78 ± 15.34 70.29 ± 15.98 69.67 ± 8.74 0.621a

GC5 66.65 ± 17.51 69.42 ± 16.62 78.07 ± 5.73 0.041a

GC6 68.70 ± 16.74 71.71 ± 14.76 77.64 ± 4.25 0.183a

GCavg 69.48 ± 16.41 72.16 ± 13.94 76.07 ± 5.30 0.369a

GCmin 64.48 ± 20.91 65.89 ± 20.82 69.64 ± 8.86 0.727a

aANOVA
GC1 – superonasal sector of the ganglion cell-inner plexiform layer, GC2 – superior sector of the ganglion cell-inner plexiform layer, GC3 – superotemporal sector 
of the ganglion cell-inner plexiform layer, GC4 – inferotemporal sector of the ganglion cell-inner plexiform layer, GC5 – inferior sector of the ganglion cell-inner 
plexiform layer, GC6 – inferonasal sector of the ganglion cell-inner plexiform layer, GCavg – ganglion cell-inner plexiform layer average thickness, GCmin – gan-
glion cell-inner plexiform layer minimum thickness

Table III. Correlation with the stage of the disease 
(N = 46)

Correlation coefficient* p

GC1 0.152 0.192

GC2 0.098 0.403

GC3 0.129 0.269

GC4 0.098 0.401

GC5 0.203 0.081

GC6 0.209 0.071

GCavg 0.112 0.340

GCmin 0.058 0.619

*Spearman’s coefficient 
N – number of patients with Parkinson’s disease, GC1 – superonasal sector 
of the ganglion cell-inner plexiform layer, GC2 – superior sector of the gan-
glion cell-inner plexiform layer, GC3 – superotemporal sector of the ganglion 
cell-inner plexiform layer, GC4 – inferotemporal sector of the ganglion cell-in-
ner plexiform layer, GC5 – inferior sector of the ganglion cell-inner plexiform 
layer, GC6 – inferonasal sector of the ganglion cell-inner plexiform layer, 
GCavg – ganglion cell-inner plexiform layer average thickness, GCmin – gan-
glion cell-inner plexiform layer minimum thickness

Table IV. Correlation with duration of the disease 
(N = 46)

Correlation coefficient* p

GC1 0.228 0.252

GC2 0.042 0.834

GC3 0.341 0.082

GC4 0.436 0.023

GC5 0.338 0.084

GC6 0.338 0.084

GCavg 0.275 0.165

GCmin 0.037 0.854

*Spearman’s coefficient
N – number of patients with Parkinson’s disease, GC1 – superonasal sector 
of the ganglion cell-inner plexiform layer, GC2 – superior sector of the gan-
glion cell-inner plexiform layer, GC3 – superotemporal sector of the ganglion 
cell-inner plexiform layer, GC4 – inferotemporal sector of the ganglion cell-in-
ner plexiform layer, GC5 – inferior sector of the ganglion cell-inner plexiform 
layer, GC6 – inferonasal sector of the ganglion cell-inner plexiform layer, 
GCavg – ganglion cell-inner plexiform layer average thickness, GCmin – gan-
glion cell-inner plexiform layer minimum thickness
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the OCT and segmentation of retinal layers, can be 
measured together with the ganglion cell layer [8,19]. 
This made amacrine cells even more accessible. OCT 
technology might prove useful in the diagnosis and 
monitoring changes in patients with PD by monitor-
ing changes in the GCL-IPL layer.

Inzelberg et al. showed a reduction in the infero-
temporal peripapillary retinal nerve fiber layer (RNFL) 
thickness and pointed out that changes in the level 
of internal layers of the retina can be of importance 
for the monitoring PD progression for the first time 
[17]. Some subsequent studies reported also evi-
dence of peripapillary RNFL thinning in patients with 
PD [5,21]. RNFL thickness in patients with PD was 
also monitored by Lee et al. who proved the pres-
ence of statistically significant thinning of the RNFL 
and its association with duration and severity of dis-
ease. Lee was among the first ones who questioned 
whether retina could be a biomarker for disease pro-
gression [21]. Kaur et al. were among the first ones 
who in addition to RNFL also monitored the changes 
in the level of GCL-IPL concluding that GCL-IPL com-
plex may be a  more reliable parameter than RNFL 
thickness for structural alterations at the retina of 
patients with PD [18].

Currently there are not much data in the liter-
ature on the thickness of the GCL-IPL layer in PD. 
The loss of dopaminergic amacrine cells, i.e. failure 
of stimulation of metabotropic receptors with dopa-
mine and subsequent failure in transition from sco-
topic to photopic vision by setting the gain of the 
retina in PD has been demonstrated [13]. The retinal 
thickness as a  biomarker for PD has been investi-
gated in some previous studies [26] and is currently 
under investigation in a clinical trial (https://clinical-
trials.gov/ct2/show/NCT02443779). 

Our results indicate a  statistically significant 
thinning of not only average and minimum GCL-IPL 
in PD, but also in all 6 sectors. Our results are simi-
lar to the results of Bayhan et al. who also pointed 
out thinning but unlike us they monitored ganglion 
cell complex on SD-OCT (RTVue-100), which includes 
the RNFL [7]. Cirrus SD-OCT device (model 4000 
software version 6.0, Carl Zeiss Meditec, Inc.) used 
in our study can perform segmentation by subtract-
ing RNFL from the complex, making the sole moni-
toring of GCL-IPL layer possible. We used ganglion 
cell analysis algorithm, which can automatically 
segment macular GCL-IPL thickness with excellent 
intervisit reproducibility [7,19,25]. Previous studies 

have evaluated GCL or IPL using different segmen-
tation algorithms with similar results [10]. Sari et al. 
also indicated that the retinal dopaminergic neuro-
degeneration in patients with PD can be detected 
with GCL-IPL macular thickness measurements [28]. 
Our results are however not fully consistent with 
the results of Sari, who got a statistically significant 
correlation between the duration and severity of 
PD and the GCL-IPL thinning. Their conclusion was 
that GCL-IPL may be used to follow disease progres-
sion and the efficacy of neuroprotective treatment 
in patients with PD. Unlike their results, our study 
did not confirm the correlation between thickness 
of GCL-IPL, PD severity and duration. We found only 
a  focal positive correlation between disease dura-
tion and the thinning of the GC4 sector.

There was no statistically significant difference 
in values for GC1, GC2, GC3, GC4, GC6, GCavg and 
GCmin between the stages of the disease. The only 
statistically significant differences registered were 
between stages I  and II (p = 0.046), and stages II 
and III (p = 0.012) at sector GC5. These results lead 
to the thinking whether lower sectors were more 
sensitive to dopaminergic neurodegeneration, i.e. 
whether amacrine cells located at lower sectors are 
more prone to the progression of the disease. Addi-
tional studies are necessary to follow progression of 
PD using thickness of GCL-IPL complex. 

Even in the earliest stages, PD is accompanied by 
changes in the internal layers of the macula in the 
form of decreased GCL-IPL layer thickness. This may 
indicate a possible retinal dopaminergic neurodegen-
eration. There is no correlation between duration or 
severity of PD with thinning of the GCL-IPL complex. 
The inferior sector is the only sector where a statisti-
cally significant difference was registered in thickness 
values between the different stages of the disease. To 
assess the significance of the findings in the context 
of their role as a surrogate biomarker for disease pro-
gression, further studies are required, which would 
include a  larger number of patients in all stages of 
the disease.
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