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Abstract

Purpose To investigate the vessel density (VD) of the radial peripapillary capillary (RPC) plexus in patients affected by pre-
perimetric glaucoma (PPG), amnestic mild cognitive impairment (aMCI) and in a healthy control group using optical coher-
ence tomography angiography (OCTA) in order to clarify the pathogenetic mechanisms of these neurodegenerative diseases.
Methods In this prospective study, we studied 54 eyes of 54 patients with PPG, 54 eyes of 54 patients with aMCI and 54
healthy controls. All subjects underwent structural spectral domain optical coherence tomography (SD)-OCT to assess the
ganglion cell complex (GCC) and the retinal nerve fibre layer (RNFL). OCTA was used to evaluate the VD of the RPC in
different regions (whole image, inside disc and peripapillary).

Results The PPG and aMCI groups showed a statistically significant reduction in SD-OCT and parameters with respect to
controls (p <0.001). No statistically significant difference was found in GCC and RNFL parameters between the two study
groups (p>0.05). At OCTA examination, PPG and aMCI patients exhibited a statistically significant reduction in the VD
of the RPC in whole image, inside and peripapillary regions compared to healthy controls (» <0.001). When comparing
the two study groups, the OCTA parameters were significantly impaired in PPG with respect to aMCI patients. Significant
correlations were found between structural OCT and OCTA parameters in PPG and aMCI groups (p < 0.05).

Conclusions RPC vessel density could represent a helpful and sensible biomarker to identify early retinal microvascular
changes in PPG and MCI in order to better understand the vascular pathophysiological mechanisms involved in these neu-
rodegenerative diseases.

Key messages

® Vascular involvement in the peripapillary region plays a crucial role in the etiopathogenesis of preperimetric glaucoma (P-
PG) and mild cognitive impairment (MCI).

® Optical coherence tomography angiography (OCTA) represents a non-invasive imaging technique that could
help to clarify, in detail, the vascular impairment of the radial peripapillary capillary (RPC) plexus in PPG
patients.

® In our results, the vessel density of RPC was significantly reduced in PPG patients with respect to MCI patie-
nts and healthy subjects.

® Quantitative analysis with OCTA could be a useful biomarker to highlight the vascular role in the etiopathogenesis
of these neurodegenerative diseases.
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Introduction

Primary open-angle glaucoma (POAG) is an optic neuropa-
thy that causes progressive damage to neuroretinal structures
(ganglion cell complex and retinal nerve fibre layer) as well
as visual field loss [1].

The prevalence of POAG increases with age, and the main
pathogenetic mechanisms are increased intraocular pressure
(IOP) and peripapillary microvascular impairment [2—4].

Preperimetric glaucoma (PPG) represents a stage char-
acterised by the presence of early structural and blood
flow damage to the optic disc before the appearance of
visual field defects [5], confirming the importance of the
vascular role in the pathophysiological mechanisms of this
disease.

Moreover, several studies have demonstrated an increased
prevalence of alterations in the central nervous system (CNS)
in glaucomatous patients, suggesting that POAG could be a
neurodegenerative disease [6, 7].

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disorder, causing dementia in the elderly. It is character-
ised by cerebral vascular damage [8, 9]. The ganglion cell
complex (GCC) and retinal nerve fibre layer (RNFL) loss in
these patients have been suggested to be potential biomarkers
of neuronal impairment in AD [10].

Mild cognitive impairment (MCI), in particular, is a condi-
tion of cognitive decline that does not completely compromise
daily functions [11, 12]. It features a significant loss of retinal
blood flow before the appearance of structural damages, dem-
onstrating the vascular role as an early and useful biomarker
in this neurodegenerative disorder [13]. Since the retinal and
cerebral small vessels show similar anatomical features, the
identification of retinal vascular changes in the early stages of
glaucoma and AD (namely, PPG and MCI, respectively) could
shed light on the pathogenesis of these diseases [14, 15].

Previous studies have focused on early blood flow changes
in the optic nerve head in PPG and MCI [16, 17] without com-
paring the degree of retinal vascular impairment between these
diseases.

The aim of this observational study was to evaluate the
microvascular features of the papillary region using opti-
cal coherence tomography angiography (OCTA) in patients
affected by PPG and MCI in order to better understand the
pathophysiological mechanisms underlying these neurodegen-
erative disorders.

Methods

In this observational study, 162 eyes from 162 patients were
studied from January 2019 to January 2020 at the University
of Naples “Federico II”.
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Fifty-four eyes of 54 patients included in the study were
affected by preperimetric glaucoma (PPG), 54 eyes of 54
patients showed amnestic mild cognitive impairment (aMCI)
and 54 eyes of 54 healthy subjects represented the control
group.

All patients and controls underwent a complete ophthal-
mological examination, including the best-corrected visual
acuity (BCVA) evaluation, intraocular pressure (IOP) with
Goldmann applanation tonometry, biomicroscopy, gonios-
copy, central corneal thickness, fundus examination, visual
field (VF), spectral domain-optical coherence tomography
(SD-OCT) and OCT angiography (OCTA).

Moreover, an extensive neuropsychological battery,
including the mini-mental state evaluation (MMSE), was
performed by neurologists to examine each subject for aMCI
diagnosis [11, 18, 19].

PPG group presented optic nerve head changes such as
localised rim thinning, increased cupping and inter-eye cup
asymmetry >0.2. Moreover, VF showed normal glaucoma
hemifield test results, normal mean deviation (MD) and pat-
tern standard deviation (PSD) [20].

All PPG patients underwent topical medication with beta
blockers and showed values of IOP within the normal range.

The group affected by aMCI scored <27 points on MMSE
and exhibited a preservation of ability to complete daily life
activities.

Healthy controls showed no family history of glaucoma
or other ocular disease, IOP less than 21 mmHg, normal
visual field test, SD-OCT parameters within normal limits,
a normal score on MMSE (>27 points) and no cognitive
deficits at neuropsychological testing.

Exclusion criteria included the presence of congenital eye
disorders, myopia greater than 6 diopters, history of ocular
surgery, vitreoretinal disease, uveitis, diabetic retinopathy,
presence of significant lens opacities, history of other neu-
rological or psychiatric disorders and low-quality images
obtained with OCT.

Patients with a history of stroke, hypertension, diabetes,
depression and neurodegenerative disorders other than Alz-
heimer disease were also excluded.

During enrollment, all patients underwent systemic blood pres-
sure measurements that turned to be within the normal range.

The study was approved by the Institutional Review
Board of the University of Naples “Federico II”” (protocol
number: 142/19), and all investigations adhered to the tenets
of the Declaration of Helsinki. Signed informed consent was
obtained from each subject.

Visual field

Visual field was analysed by perimetry Humphrey field
analyzer with Swedish interactive thresholding algorithm
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(SITA) standard 30-2 test program (Carl Zeiss Meditec,
Dublin, CA, USA). Only reliable tests that showed fixation
losses less than 20%, false-positive and false-negative errors
less than 15%, were considered. The perimeter software also
calculated MD and PSD.

Spectral domain optical coherence tomography

Mean circumpapillary RNFL and GCC thickness were
evaluated after pupillary dilation by SD-OCT (software
RTVue XR version 2017.1.0.151, Optovue Inc., Fremont,
CA, USA). The optic nerve head map protocol evaluated the
circumpapillary RNFL on measurements obtained around a
circle 3.45 mm in diameter centred on the optic disc.

The GCC thickness was measured from the internal lim-
iting membrane to the outer boundary of the inner plexi-
form layer on a squared grid (7 mm X7 mm) on the central
macula, centred 1 mm temporal to the fovea [21]. Only high-
quality images, as defined by a signal strength index above
40, were accepted. The examiner rejected scans that had
motion artefacts, poor centration, incorrect segmentation or
poor focus.

OCT angiography

The XR Avanti AngioVue OCTA (software ReVue ver-
sion 2017.1.0.151, Optovue Inc., Fremont, CA, USA) is a
device based on a split-spectrum amplitude de-correlation
algorithm (SSADA) [22].

The AngioVue disc mode automatically segmented the
vessel density (VD) of the radial peripapillary capillary
(RPC) analysing the superficial retinal layers from the inner
limiting membrane (ILM) to the RNFL posterior boundary.
The VD was defined as the percentage of the peripapillary
region occupied by blood vessels [23].

VD measurements of the RPC were automatically
obtained for the entire scanned area, the area inside the optic
disc and the peripapillary region. The whole image was eval-
uated over an area scan of 4.5x4.5 mm centred on the optic
disc. Inside disc refers to the area inside an ellipse fitted to
the optic disc boundary. Peripapillary region is measured in
a 0.75-mm-wide elliptical annulus extending outward from
the optic disc boundary [23].

OCT and OCTA protocols were performed by the exam-
iner that did not know the study group analysed. Images with
a signal strength index less than 40, residual motion arte-
facts, incorrect segmentation and low centration and focus
were excluded from each analysis.

Statistical analysis

Statistical analysis was performed with the Statistical Pack-
age for Social Sciences (Version 20.0 for Windows; SPSS

Inc., Chicago, Ill, USA). The chi-squared test was used to
determine differences in terms of sex. One-way analysis of
variance (ANOVA) followed by Bonferroni post hoc analysis
was used to evaluate separately differences for each OCT
and OCTA parameter among the study groups.

The relationship between the OCT and OCTA parameters
in glaucoma and aMCI groups was evaluated by Pearson’s
correlation. A p-value <0.05 was considered statistically
significant.

Results

A total of 162 eyes from 162 subjects, of whom 54 were PPG
patients (26 females, 28 males, mean age 72.29 +7.05 years),
54 were aMCI patients (30 females, 24 males, mean age
73 +6.6 years) and 54 were healthy subjects (29 females, 25
males, mean age 72.66 +7.05 years), were included in this
observational study. There were no statistically significant
differences in age (p =0.859) and sex (p=0.380) among
the groups. The MMSE score was significantly lower in
the aMCI group with respect to other groups (p <0.001).
Mean IOP did not differ among the study groups (p=0.111)
(Table 1).

As shown in Table 2, the structural SD-OCT for PPG
patients showed a statistically significant reduction in GCC
parameters with respect to controls (p <0.001) as well as in
RNFL parameters (p < 0.001).

A statistically significant reduction in SD-OCT param-
eters was also found in aMCI patients compared to controls

Table 1 Demographic and clinical characteristics of controls, preperi-
metric glaucoma patients and amnestic mild cognitive impairment

Controls PPG aMCI Anova
p
Eyes (n) 54 54 54
Age (years) 72.66+7.05 7229+7.05 73+6.6 0.859
Sex (female/ 29/25 26/28 30/24 0.380F
male)
BCVA (log- 0.09+0.09 0.11+0.09 0.1+0.09 0.604
MAR)
IOP (mmHg) 14.34+1.84 15.13+1.95 14.72+2.05 0.111
MD (dB) —-0.51+1.17 -03+14 0.19+1.24 0.763
PSD (dB) 2214038 2.14+0.72 2.04+0.55 0.829
MMSE 28.42+1.27 2820+1.40 26.51+1.8 <0.001
(points)

Data are expressed as mean+SD. PPG, preperimetric glaucoma;
aMClI, amnestic mild cognitive impairment; BCVA, best-corrected
visual acuity; logMAR, logarithm of the minimum angle of resolu-
tion; /OP, intraocular pressure; MD, mean deviation; PSD, pattern
standard deviation; dB, decibel; MMSE, mini-mental state examina-
tion. One-way analysis of variance (ANOVA) followed by Bonfer-
roni post hoc analysis, fchi-squared test. Statistical significance
P-value <0.05
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Table 2 Differences in each
structural SD-OCT among three
study groups (controls, amnestic
mild cognitive impairment

SD-OCT (um)

Control group

PPG aMCI P-value for
pair compari-

son

Anova
P-value

and preperimetric glaucoma

GCC average
patients)

GCC superior

GCC inferior

RNFL average

RNFL superior

RNFL inferior

98.59+£6.61

99.62+£6.53

96.38 £7.56

102.03£9.32

104.83+9.44

100.55+10.19

<0.001 A <0.001
$<0.001
©0.851
A <0.001
$<0.001
©0.978
A <0.001
$0.042
©0.477
A <0.001
$0.004
©0.846
A <0.001
$0.001
©0.965
A <0.001
$0.015
©0.399

90.16 £6.01 91.72+£9.46

91.75+7.31 92.38+9.68 <0.001

88.62+7.19 91.44+9.23 0.001

94.55+9.09 96.42 +8.58 <0.001

96.66+9.59 97.75+9 83 <0.001

92.64+9 30 95.38+8.72 <0.001

Data are expressed as mean+SD. GCC, ganglion cell complex; RNFL, retinal nerve fibre layer; PPG, pre-
perimetric glaucoma; aMClI, amnestic mild cognitive impairment. A Control vs PPG, {)control vs aMCI,
@PPG vs aMCI. One-way analysis of variance (ANOVA) followed by Bonferroni post hoc analysis. Statis-

tical significance P-value <0.05

(»<0.001, p=0.004 for GCC average and RNFL average,
respectively).

When comparing aMCI and PPG groups, there were
no statistically significant differences in GCC and RNFL
parameters (p > 0.05).

At OCTA examination, PPG patients exhibited a statisti-
cally significant decrease in the VD of RPC with respect
to controls in whole image, peripapillary region and inside
disc (p <0.001). Different behaviours were found in the VD
of RPC in aMCI eyes that revealed a reduction compared to
controls, although it was not significantly reduced in each
sector (p > 0.05).

The PPG group revealed a statistically significant
reduction in the VD of RPC compared to the aMCI
group in whole image (p =0.008), peripapillary region
(p=0.005) and in inside disc (p =0.007) (Table 3,
Fig. 1).

Finally, we evaluated the relationships between the
structural SD-OCT and OCTA parameters in PPG and
aMCI patients. We found a significant correlation between
GCC and RNFL average and the VD of RPC (whole
image and peripapillary region) in both groups (p <0.05)
(Table 4).
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Discussion

This study is the first to compare the structural and micro-
vascular changes in the papillary region between PPG and
aMCI patients in order to better understand the pathophysi-
ological mechanisms of these neurodegenerative diseases.

Our results demonstrated a significant GCC and RNFL
loss in both study groups with respect to controls, as con-
firmed by previous studies [9, 10], while no significant dif-
ference was found in the comparison between two groups,
supporting the hypothesis that PPG and aMCI could be
involved in similar neurodegenerative processes [15, 24, 25].

Several studies have hypothesised that the reduced cer-
ebrospinal fluid (CSF) pressure, common to both disease,
could be involved in neurodegenerative processes [26].
Indeed the cerebral choroid plexus, which is responsible
of the production of CSF within cerebral ventricles, would
determine a reduction in CSF when undergoing ageing [27,
28].

In glaucomatous patients, the low CSF pressure, together
with an increased IOP, would cause high translaminar pres-
sure [29-32]. Brain atrophy in AD patients would similarly
decrease the secretion of CSF [27]. These mechanisms,
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Table 3 Differences in each

OCT anei b A RPC VD (%) Control group PPG aMCI Anova P-value for
angiography vesse : .
density among three study P-value Is);r compart
groups (controls, amnestic
mild cognitive impairment Whole image 54.39+3.14 50.07+5.02  5252+4.11  <0.001 A <0.001
and preperimetric glaucoma
. ) 0.125
patients)
@0.008
Inside disc 50.88+3.05 44.11+£3.50 48.41+£3.34 <0.001 A <0.001
{0.336
@0.007
Peripapillary region 51.44+4.65 47.32+4.13 49.77+4.44 <0.001 A <0.001
{0.296
@0.005

Data are expressed as mean+SD. RPC VD, radial peripapillary capillary plexus vessel density; PPG, pre-
perimetric glaucoma; aMCI, amnestic mild cognitive impairment. A Control vs PPG, {)control vs aMCI,
@PPG vs aMCI. One-way analysis of variance (ANOVA) followed by Bonferroni post hoc analysis. Statis-

tical significance P-value <0.05

determining a reduction in optic nerve subarachnoid space
with lamina cribrosa damage of the optic disc [25, 26, 33], are

crucial in the pathogenesis and progression of these disorders.

A

Fig.1 Top row: left eye of a 63-year-old female healthy subject
shows normal thickness in ganglion cell complex (GCC) (A) and in
retinal nerve fibre layer (RNFL) (B) at structural OCT (SD-OCT).
Optical coherence tomography angiography (OCTA) reveals nor-
mal vessel density in the radial peripapillary capillary (RPC) plexus
(C). Second row: left eye of a 65-year-old male patient with amnes-
tic mild cognitive impairment (aMCI) reveals focal reduction in GCC

Previous studies reported in MCI the role of the cerebral
amyloid angiopathy in the hypoperfusion. f-amyloid deposi-
tion around retinal vascular walls may damage endothelial

and RNFL at SD-OCT (Al, B1) and in vessel density of the RPC
plexus (C1) at OCTA with respect to the healthy subject. Bottom
row: left eye of a 66-year-old female patient with preperimetric glau-
coma shows focal reduction in GCC (A2) and RNFL (B2). On OCTA
examination, the vessel density of the RPC plexus (C2) was revealed
to be decreased with respect to the aMCI subject and healthy control

@ Springer
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Table 4 Pearson correlation coefficient between SD-OCT and OCTA
parameters in amnestic mild cognitive impairment and preperimetric
glaucoma patients

PPG aMCI

r p r p
GCC — whole VD 0.435  0.015 0268  0.042
GCC — inside disc VD 0.047 0523  0.028  0.840
GCC — peripapillary VD 0.371 0.038  0.193  0.043
RNFL — whole VD 0.351 0.027 0337  0.013
RNFL — inside disc VD 0.128  0.651 0.047  0.737
RNFL — peripapillary VD 0.372 0.012 0.325 0.016

RPC VD, radial peripapillary capillary plexus vessel density; PPG,
preperimetric glaucoma; aMCI, amnestic mild cognitive impairment;

R, Pearson’s correlation coefficient. Statistical significance P <0.05

cells reducing the vascular lumen and then the vascular per-
fusion [34, 35].

Also the glaucomatous pathogenesis supported a vas-
cular theory according to which this optic neuropathy is a
consequence of reduced ocular blood flow due to vascular
dysregulation, local vasospasm, hypertension and noctur-
nal hypotension that lead to axonal ischemia [4, 36-38].

Moreover, the increased IOP would influence the optic
nerve perfusion, determining direct effects on laminar
microvascular occlusion and indirect effects decreasing
the diffusion of axonal nutrients [39].

Our results confirmed the reduced vessel density in
papillary region in PPG and MCI by OCTA with respect
to controls, as reported by previous studies [13, 40—43].

Regarding the correlation studies, we found a signifi-
cant relationship between reduced papillary blood flow
and retinal structural loss in PPG and MCI, which can be
explained by the fact the RPC plexus is located in peripap-
illary RNFL and contributes to the metabolic demand of
the ganglion cells and retinal axonal layers [44]. Therefore,
the retinal structural loss, occurring in these disorders,
with concomitant reduced metabolic demand would deter-
mine the impaired papillary blood flow.

Interesting results have been found in the comparison
between two study groups that showed a significant loss in
VD of the RPC in PPG with respect to aMCI.

These findings would demonstrate the retinal vascular
component loss in the pathogenesis of glaucoma disease,
confirming the vascular theory [45, 46].

In conclusion, PPG and MCI are two neurodegenera-
tive diseases with different clinical features presenting
a retinal vascular reduction with respect to control. This
VD impairment was more evident in glaucoma disease
respect to MCI. RPC vessel density could be a help-
ful and sensible biomarker for identifying early retinal
microvascular changes in order to better understand the
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pathophysiological mechanisms involved in these neuro-
degenerative diseases.

This study has several limitations including the relatively
small sample size of each group and the single-blind design
of the study. Further longitudinal studies with larger sample
sizes are required to obtain more evidence on usefulness of
OCTA in following up and to compare the retinal vascular
changes in these neurodegenerative disorders.
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