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Abstract: Purpose: To assess retinal structural changes in persons with mild cognitive impairment (MCI) and to correlate
these changes with the level of cognitive function. Material-methods: Using high-resolution spectral domain optical coherence
tomography (SD-OCT) in MCI and control subjects we assess peripapillary Retinal Nerve Fiber Layer (RNFL) thickness loss,
macular volume and macular thickness loss in all nine EDTRS (early treatment diabetic retinopathy study) areas, and macular
Ganglion Cell Complex (GCC) (inner plexiform + ganglion cell layer + retinal nerve fiber) thickness loss. We assessed
cognitive function using Mini Mental State Examination (MMSE) score. Results: In the study group there was found a
statistically significant decrease in RNFL overall (Mann-Whitney test, p: 0.009) and temporal thickness (T-test, p: 0.013) and
increased macular GCC Focal Volume Loss (FVL%) (Mann-Whitney test, p: 0.001) compared to the control group. In control
group was also found a statistically significant positive correlation between retinal structural parameters and MMSE score.
Conclusion: Our preliminary study results suggest that RNFL overall and temporal thickness in patients with MCI is
significantly decreased compared to normal controls. GCC FVL% is significantly increased in patients with MCI compared to
normal controls suggesting that there is macular focal loss of ganglion cells in MCI patients.
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experienced by AD patients have been attributed to cerebral
L. Purpose cortex dysfunction [9], [10]. Rizzo et al [11] concluded that
visual impairments in AD patients are probably related to
pathologic changes in the visual association area. Visual
fields defects in AD patients, more pronounced in the inferior
hemifield, were reported by Trick et al [12]. These visual
field data were compared to the pathological data collected
by Amstrong [13] who measured the density of plaques and
tangles in lingual and cuneal gyri (specific areas of the
primary visual cortex). In the cuneal gyrus was detected a

earliest complaints of patients with AD [1], [2]. Testing of greater density of plaques gnd tangles compared tf) the
visual function in AD patients has revealed abnormalities in lingual gyrus. "ljhese. pathploglcal findings co.uld explalr'l the
contrast sensitivity [3], [4] depth [5], motion [6], [7] and predominantly inferior visual field defects in AD patients
[13].

To assess retinal structural changes in patients with mild
cognitive impairment using high-resolution spectral domain
optical coherence tomography (SD-OCT).

2. Introduction

Mild cognitive impairment (MCI) is a pre-clinical stage of
Alzheimer’s disease. Visual symptoms are often among the

color perception [8]. In the past, visual impairments
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It still remains unknown whether visual field defects in
AD patients are related solely to the cortical disease or
whether the disease extends to the optic nerve and retina [14].
Several studies [15], [16], [17] have noted abnormalities in
pattern electroretinogram (PERG) consistent with retinal
ganglion cell dysfunction in AD patients.

A depletion of retinal ganglion cells and their axons has
been histologically observed in AD patients by Hinton et al
[18]. Hinton et al observed no retinal neurofibrillary
degeneration or amyloid angiopathy, which are typically seen
in the brains of patients with Alzheimer's disease. The
absence of these pathologic changes were confirmed later by
various other studies [19], [20], [21], [22]. Morphometric
analysis suggested that in many cases of Alzheimer's disease,
the optic nerve showed predominant loss of the largest class
of retinal ganglion cells (M-cells) that contribute large
caliber fibers to the optic nerve [20]. Blanks et al [21]
showed after detailed analyses of ganglion cell layer neurons
at various eccentricities from the foveola that the greatest
decrease in neuronal density (43% decrease) occurred in the
central 0-0.5 mm (foveal region), while at 0.5-1 mm and at 1-
1.5 mm eccentricities, neuronal loss amounted to 24 and 26%,
respectively. The temporal region of the central retina
appeared most severely affected, with up to 52% decrease in
neuronal density near the foveola (central 0-0.5 mm
eccentricity. Other pathologic studies did not confirm these
results [23], [24]. Curcio et al [23] found no evidence for loss
of ganglion cells within the central 43 degrees of vision in
patients with AD. Curcio et al [23] found that the density of
ganglion cells subserving the central 11 degrees of vision
was reduced by one-fourth in both AD and control eyes
compared with retinas from young adults, as was ganglion
cell density in a wedge of nasal retina. Davies et al [24]
found that there was no significant difference in the mean
cross sectional neural area of AD compared with control
optic nerves. Neither were there any significant differences
between myelinated axon surface density, total axon number,
or mean cross sectional axon area in AD compared with
control optic nerves.

Fundus photographic methods have suggested that RNFL
defects occurs in AD patients [25], [26].

A reduction of peripapillary RNFL thickness was observed
using optical coherence tomography (OCT) in AD patients
[27], [17], [28], [14], [29], [30], [44], [45], [46]. A
correlation between total macular volume loss and level of
cognitive impairment was observed in AD patients by Iseri et
al [28].

Reduction of peripapillary RNFL thickness was observed
using confocal scanning laser ophthalmoscopy but these
results were not consistent with those of Kergoat et al [31]
using the same method.

Iseri et al [28] concluded that the loss of retinal ganglion
cell may be a primary process or a consequence of retrograde
neurodegeneration occurring in AD patients. Berisha et al [14]
studied retinal vein haemodynamic parameters and they
observed statistically significant reduction of retinal vein
blood column diameter and reduction of retinal blood flow

rate in early and moderate AD patients compared with age-
matched controls. Berisha et al [14] speculate that the
reduction of retinal blood flow has the same pathophysiology
with the reduction of blood flow observed in AD.

AD is characterized by B-amyloid deposition in the wall of
cerebral arteries and arterioles [32], [33], [34]. In AD patients
has been demonstrated deposition of collagen in the walls of
capillaries [35], [36] and veins [37], [38] resulting in
narrowed lamina and even vessel occlusion. Deposition and
accumulation of collagen type XVIII in the walls of cerebral
arteries, arterioles, capillaries, venules and veins in AD
patients was reported by Van Horssen et al [39]. They
speculated that deposition of collagen type XVIII is
associated with amyloid deposition in blood vessel walls.
Berisha et al [14] suggested that the mechanisms leading to
the reduced blood flow found in the retina in AD patients
may be related to the mechanisms producing decreased
cerebral blood flow in AD patients. Berisha et al [14] noted
no correlation between peripapillary RNFL thickness and
retinal vein flow rate in AD patients. Cerebral blood flow is
also reduced in MCI patients [40], [41]. Whether reduced
cerebral blood flow in MCI patients is accompanied or not by
reduced retinal blood flow must be clarified [14]. In addition
Berisha et al [14] observed that venous centerline speed was
not significantly decreased in comparison to this of control

group.

3. Methods and Material

Using high resolution SD-OCT (RTVue-100, Optovue) we
sought to assess peripapillary Retinal Nerve Fiber Layer
(RNFL) thickness loss, volume and thickness loss in all nine
EDTRS (early treatment diabetic retinopathy study) macular
areas, and macular Ganglion Cell Complex (inner plexiform
+ ganglion cell layer + retinal nerve fiber - GCC) thickness
loss, and to correlate these findings with the level of
cognitive impairment. We also sought to characterize a
specific pattern of peripapillary RNFL thickness loss and
macular EDTRS volume and thickness loss in order, if
possible, to facilitate early diagnosis and follow up in MCI
patients using high resolution SD-OCT.

Parameters measured in Retinal Nerve Fiber Layer (RNFL)
protocol scan are peripapillary RNFL overall thickness (um),
superior hemisphere peripapillary RNFL thickness (um),
inferior hemisphere peripapillary RNFL thickness (pm),
temporal, superior, nasal and inferior quadrant peripapillary
RNFL thickness (um). Parameters measured in MMS5
macular protocol scan are fovea, parafovea (superior and
inferior hemisphere, temporal, superior, nasal and inferior
quadrants), perifovea (superior and inferior hemisphere,
temporal, superior, nasal and inferior quadrants) thickness
(um) and volume (mm?®). Parameters measured in Ganglion
Cell Complex (GCC) scan are average, superior and inferior
GCC thickness (um), focal loss volume (%), and global loss
volume (%). During scaning, the examination eye was
constantly fixed on an internal target provided by the
equipment. An average of 3 measurements of RNFL
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thickness, MM5 macular scan parameters and GCC scan
parameters were reported.

Cognitive impairment level is assessed by MMSE (Mini
Mental State Examination) [42], FRSSD (Functional Rating
Scale for Symptoms of Dementia), and GDS (Geriatric
Depression Scale).

Patients with MCI, according to the criteria described in
the Diagnostic and Statistical Manual of Mental Disorders
(DSM - TII) (American Psychiatric Association), were
included in the study.

In the study were enrolled 59 eyes of 31 MCI patients
(mean age 64.08 +- 8.8 years) and 20 eyes of 10 age-matched
controls (mean age 60.1 +- 4 years). The general inclusion
criteria for MCI patients and controls were no evidence of
vascular dementia, no dismetabolic diseases, no psychiatric
disorders, no psychotropic therapy, no other neurological
diseases, no arterial hypertension, no history of alcohol abuse
and no heart disease or other serious chronic conditions.

A complete ophthalmic examination including best-

corrected distance visual acuity, intraocular pressure (IOP)
measured by Goldmann applanation tonometer, and pupil-
dilated slit-lamp fundus biomicroscopy was performed in
both eyes. Ocular inclusion criteria were best corrected visual
acuity >8/10 with refractive error between +/- 3sph,
intraocular pressure <18mmHg, absence of glaucoma, retinal
detachment, absence or previous history of optic media
opacity, cataract or early lens opacity, retinal vascular
diseases, early age-related macular degeneration or other
maculopathies and optic neuropathy.

4. Results

In the study group there was found a statistically
significant decrease in overall RNFL thickness (Mann-
Whitney test, p: 0.009) and temporal RNFL thickness (T-test,
p: 0.013) and increased macular Ganglion Cell Complex
Focal Volume Loss (FVL%) (Mann-Whitney test, p: 0.001)
compared to the control group (Table 1, Fig 1-4).

Table 1. RNFL overall thickness, RNFL temporal thickness, and MMSE (bold letters) were found significantly decreased in study group compared to control
group. GCC FVL% (bold letters) was found significantly increased in patients compared to control group.

Statistics p Patients Controls

Age Mann-Whitney U Test (Median/Interquantile range) 0,099 65,00 13,00 59,00 6,00
EMMS, central subfield thickness (pm) Mann-Whitney U Test (Median/Interquantile range) 0,506 251,17 19,38 245,50 13,35
EMMS, inner superior quadrant (um) Independent t-test (Mean/SD) 0.513 311,39 14,44 314,32 12,13
EMMS inner nasal quadrant (um) Independent t-test (Mean/SD) 0.739 313,63 16,04 315,28 13,34
EMMS inner inferior quadrant (pm) Independent t-test (Mean/SD) 0.717 309,26 15,26 310,94 10,08
EMMS inner temporal quadrant (um) Mann-Whitney U Test (Median/Interquantile range) 0,397 300,00 19,16 301,82 15,77
EMMS outer superior quadrant (pm) Mann-Whitney U Test (Median/Interquantile range) 0,958 275,50 18,66 275,60 6,20
EMMS outer nasal quadrant (um) Mann-Whitney U Test (Median/Interquantile range) 0,571 290,33 22,87 292,50 15,20
EMMS outer inferior quadrant (pm) Mann-Whitney U Test (Median/Interquantile range) 0,988 270,66 20,74 272,00 7,02
EMMS outer temporal quadrant (um) Independent t-test (Mean/SD) 0,630 271,39 14,71 270,08 6,63
EMMS foveal volume (mm3) Mann-Whitney U Test (Median/Interquantile range) 0,423 0,190 0,018 0,192 0,014
a“ml\g)s e DTN e e Independent t-test (Mean/SD) 0,602 0,469 0,024 0473 0,016
EMMS parafoveal volume superior Independent t-test (Mean/SD) 0,522 0,488 0,022 0,493 0,019
EMMS parafoveal volume nasal (mm3) Independent t-test (Mean/SD) 0,695 0,491 0,025 0,494 0,021
EMMS parafoveal volume inferior (mm3) Independent t-test (Mean/SD) 0,711 0,485 0,240 0,488 0,015
fxxi pedioresioluncicpe Independent t-test (Mean/SD) 0738 0,852 0,046 0,848 0,020
fng perifoveal volume superior Mann-Whitney U Test (Median/Interquantile range) 0,774 0,865 0,060 0,868 0,019
EMMS perifoveal volume nasal (mm3) Mann-Whitney U Test (Median/Interquantile range) 0,586 0,912 0,072 0,919 0,048
EMMS perifoveal volume inferior (mm3)  Mann-Whitney U Test (Median/Interquantile range) 0,922 0,850 0,065 0,854 0,023
RNFL overall(um) Mann-Whitney U Test (Median/Interquantile range) 0,009 99,83 9,10 106,50 7,85
RNFL temporal(pum) Independent t-test (Mean/SD) 0,013 74,11 11,37 82,15 8,74
RNFL superior(um) Mann-Whitney U Test (Median/Interquantile range) 0,233 125,83 15,25 127,30 12,75
RNFL nasal (um) Independent t-test (Mean/SD) 0,484 75,25 11,12 77,59 6,38
RNFL inferior (um) Mann-Whitney U Test (Median/Interquantile range) 0,120 132,48 20,21 140,30 10,97
GCC average (um) Mann-Whitney U Test (Median/Interquantile range) 0,264 90,29 6,88 91,81 4,01
GCC superior (um) Mann-Whitney U Test (Median/Interquantile range) 0,546 89,43 7,87 91,12 6,24
GCC inferior (um) Mann-Whitney U Test (Median/Interquantile range) 0,204 90,64 7,62 92,44 4,24
GCC FVL% Mann-Whitney U Test (Median/Interquantile range) 0,001 0,587 0,930 0,181 0,153
GCC GVL% Mann-Whitney U Test (Median/Interquantile range) 0,304 6,014 5,682 4,820 2,896
MMSE Mann-Whitney U Test (Median/Interquantile range) 0,001 28 3 30 1
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Figure 1. RNFL overall thickness box-plot graphic of patients group
compared to control group (patients present decreased median compared to
controls, p: 0.009)
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Figure 2. RNFL temporal thickness box-plot graphic of patients group
compared to control group (patients present decreased median compared to
controls, p: 0.013)
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Figure 3. GCC FVL% box-plot graphic of patient group compared to
control group (patients present increased Ganglion Cell Complex Focal
Volume Loss compared to controls, p: 0.001)
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Figure 4. MMSE box-plot graphic of patient group compared to control
group (patients present decreased MMSE score compared to controls p:
0.001)

There was also found a positive correlation between inner
superior, inner nasal, inner inferior and inner temporal
quadrant thickness, outer superior and outer temporal
quadrant thickness, parafoveal volume of temporal, superior,
nasal and inferior quadrant, perifoveal volume of temporal
and superior quadrant, RNFL temporal quadrant thickness,
GCC average thickness, GCC superior thickness and GCC
Global Volume Loss (GVL%) and level of MMSE score in
control group (Spearman’s rho). In MCI patients there was
not found a positive correlation between those retinal
structural parameters and level of MMSE score (Spearman’s
rho).

5. Statistical Analysis

A database was created with the use of the Statistical
Program for Social Sciences (SPSS®™ verl2). Descriptive
Statistics were utilized to find means, medians, standard
deviations and interquantile ranges. Statistical significance
was set to 95%. Independent t-tests were used to compare
means between patients and control group when variables
reached normal distribution. Mann-Whitney U test was used
to compare medians between patients and control group
when variables did not reach normal distribution.

6. Discussion

In various studies using SD-OCT to measure RNFL
thickness in MCI and AD patients, the results about a
characteristic pattern of RNFL thickness loss in these patients
are inconsistent [27], [17], [28], [14]. Parisi et al [17] using
SD-OCT in AD patients observed significantly reduced
RNFL thickness in each, separate quadrant (inferior, superior,
nasal, temporal) and a significantly reduced, generalized,
overall RNFL thickness, compared to control subjects. Iseri
et al [28] using SD-OCT observed that RNFL differences
between AD patients and control subjects were statistically
significant except in the temporal quadrant, 8:00 and 9:00
positions. They also noted that retinal thickness in all
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ETDRS macular areas of AD patients was decreased
compared to control subjects. They observed that decreased
thickness was prominent in the nasal, temporal and inferior
macular quadrants. Iseri et al [28] correlated the reduction of
retinal volume in the ETDRS macular regions with the
severity of AD. In AD patients macular volume was
decreased compared to control subjects in all macular regions
except the foveal minimum [28]. The reduction in macular
volume of AD patients was statistically significant except in
the nasal and inferior inner quadrants and temporal and
superior outer quadrants of the macula and mean total
macular volume was significantly reduced compared to
control subjects [28].

Berisha et al [14] studying RNFL thickness loss with SD-
OCT in patients with early and moderate AD observed that a
statistically significant RNFL thinning was noted in the
superior quadrant compared to the control subjects. They also
observed that there were no significant differences in the
inferior, temporal and nasal quadrants compared to control
subjects and the correlation between superior RNFL
thickness loss and retinal blood flow was not statistically
significant. Berisha et al [14] speculate that the different
pattern of RNFL thickness loss that they described is
different from Parisi et al and Iseri et al because the two
latter studies concluded patients with more advanced stage
disease rather than early and moderate AD patients. In
addition, Berisha et al [14] pretend that these differences
suggest that the earliest retinal damage due to AD may be
localized to the superior RNFL quadrant. They also pretend
that their results are consistent with the inferior hemifield

visual field defects detected by Trick et al [12] in AD patients.

Berisha et al [14] refer that superior RNFL thinning suggests
that field defects in AD patients may also be related to
neuronal degeneration in the retina.

Yan Lu et al [29] using SD-OCT in early and moderate AD
patients observed that RNFL thickness was significantly
decreased in the superior and inferior RNFL quadrant
compared to control subjects. RNFL thickness in the nasal
and temporal quadrant was found decreased, but not
significantly compared to control subjects [29]. Chi Y et al
[30] using SD-OCT in AD patients observed statistically
significant RNFL thickness loss in the superior quadrant, as
Berisha et al [14]. They also noted that RNFL thickness loss
is correlated positively to the severity of dementia in counter
to Parisi et al [17] who noticed no correlation between RNFL
thickness loss and severity of dementia.

Paquet et al [27] studying MCI and AD of early, moderate
and advanced stage patients observed with the use of SD-
OCT that RNFL thickness is significantly reduced in all
stages of AD patients and also they did not observe
statistically significant difference in RNFL thickness between
MCI patients and early AD patients.

Kesler et al [44] studying retinal thickness in MCI and AD
patients with SD —OCT found a decrease in RNFL thickness
in MCI and AD patients compared to controls. In MCI cases
significant RNFL decrease was observed in the inferior
quadrant while the superior quadrant were significantly

thinner only in AD.

Moschos et al [45] studying structural and functional
impairment of the retina and optic nerve in AD with the use
of SD-OCT found a decrease in macular thickness and a
decrease in superior and inferior RNFL thickness, as well as
a decrease of the electrical activity of the macula, compared
to controls.

Kirbas et al [46] studying retinal nerve fiber layer
thickness in early untreated patients with AD using SD-OCT
found a decrease in superior quadrant RNFL thickness,
compared to controls.

Our preliminary study results suggest that overall and
temporal RNFL thickness in patients with MCI is
significantly decreased compared to normal controls. GCC
FVL% 1is significantly increased in patients with MCI
compared to normal controls suggesting that there is focal
loss of ganglion cells in MCI patients. The pattern of RNFL
thickness loss from our preliminary results is not consistent
with any of the variety of patterns described from earlier
studies probably because in this preliminary study we studied
exclusively MCI and no early AD patients.

To our knowledge there is no other published study
describing GCC layer changes in MCI and AD patients.
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