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Purpose: To compare the optic disc structure and peripapillary retinal function between
high myopes with and without glaucoma and to address the differential role of papillary
optical coherence tomography angiography (OCT-A) and circumpapillary microperimetry
(cpMP) on the diagnosis and prognosis of this patients.

Patients and Methods: It is a cross-sectional study including 30 high myopic patients (60
eyes), divided into 15 with (GG) and 15 without glaucoma (NGG). Demographic and clinical
data were collected from patient records. Papillary structure (peripapillary retinal nerve fiber
layer thickness, ppRNFLTs) and vascularization (small vessel densities, SVD’s) were
assessed with SD-OCT (RTVue XR Avanti, with AngioVue system, Optovue®). cpMP was
carried out with the MP-3 microperimeter (Nidek®).

Results: The GG were older, had lower best-corrected visual acuities and higher intraocular
pressures and axial lengths (p<0.001). The GG showed lower values in all ppRNFLTs
(p<0.05), lower values in all SVDs (p<0.001), except the SVD-inside disc (p=0.638) and
lower retinal sensitivities within all cpMPs (p<0.001). The adjusted analysis computing the
best two parameters per exam revealed that the anatomical model including the ppRNFLT-
inferior and ppRNFLT-temporal and the vascular model including SVD-inferior and SVD-
superior had the best discrimination power between groups, with cross-validated AUROCs of
0.9599 and 0.9921, respectively.

Conclusion: Despite the apparent superiority of the papillary vascular study, a multimodal
approach including the papillary anatomic and circumpapillary microperimetric assessments
can be the new way on the diagnosis and prognosis of glaucoma in high myopia.
Keywords: glaucoma, high myopia, peripapillary retinal nerve fiber layer thickness, optic
disc dysgenesis, papillary optical coherence tomography angiography, circumpapillary
microperimetry

Introduction
Myopia affects more than 1.4 billion people worldwide and its prevalence is
increasing.' In 2050, half of the population worldwide is estimated to have myopia,
with 9.8% presenting a severe form, high myopia (HM).' These facts highlight the
importance of preventive care against the progression of myopia and its associated
ocular complications, possibly leading to vision loss.

Biomechanical properties of the sclera and scleral lamina cribrosa determine the
biomechanical changes of the optic nerve head, and these changes are known to
play an important role in the pathologic process of retinal ganglion cells (RGC) loss
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and optic nerve damage.” Since both HM eyes and open-
angle glaucoma (OAG) eyes may present pathological
lamina cribosa,® it is not well established whether this
might be the main factor linking these two entities.
Although the pathophysiologic mechanisms underlying
the association between HM and OAG remain unclear,
a 2- to 3-fold increased risk of glaucoma has been reported
in eyes with HM.*

Evidence of abnormal peripapillary microvasculature
has been observed in HM individuals,” and axial length
has been shown to negatively correlate with the peripapil-
lary microvasculature, but not with the parafoveal retinal
flow index,® suggesting ocular elongation may lead to
decreased blood circulation and microvascular attenuation
in the optic nerve head. Previous investigations have
implicated vascular factors in the pathogenesis of OAG’
and have even demonstrated peripapillary microvascular
attenuation to a greater extent in OAG, when compared to
myopia.®

Despite the frequent alterations in peripapillary retinal
nerve fiber layer thickness (ppRNFLT) measurement, due
to the particular anatomy of the myopic optic disk,*"'°
a positive correlation between ppRNFLT and the peripa-
pillary retinal perfusion parameters has been reported.®

HM negatively influences macular retinal sensitivities,
which holds an important limitation to static automated
perimetry (SAP) measurements. Therefore, the assessment
of the functional evaluation of glaucoma and structure-
function correlation by means of a method capable of
avoiding the macular area would be of great clinical inter-
est. In this sense, circumpapillary microperimetry (cpMP)
is the latest focus regarding MP, and recent studies''"'?
have shown favourable diagnostic performance in OAG;
however, there is a lack of evidence concerning the role of
cpMP in HM.

This study aims to address the differential role from
a multimodal assessment, including Spectral-Domain
Optical Coherence Tomography (SD-OCT), OCT angio-
graphy (OCT-A) and MP, on the diagnosis and prognosis
of these patients.

Patients and Methods
Design

The observational cross-sectional study set in the

Ophthalmology Department, Centro Hospitalar

Universitario do Porto, Porto, Portugal, a tertiary center.
The study adhered to the tenets of the Declaration of

Helsinki and its latest amendment (Brazil, 2013).
Approval was obtained from the ‘Departamento de
Ensino, Formagdo e Investigagdo’ (DEFI), nr: 130-DEFI
-132-CE. The informed consent from the patients was
waived by the DEFI due to total anonymization and con-
fidentiality of the data and the absence of detailed indivi-

dual data.

Population

Two groups of high myopic eyes were created, one with
glaucoma diagnosis (GG) and another without glaucoma
(NGG). The GG eyes were selected from the database of
the glaucoma section outpatient clinic. The OAG diagnosis
was defined by an open anterior chamber angle on gonio-
scopy associated with a glaucomatous appearing optic
nerve (ie, neuroretinal rim thinning or notching) and the
need for intraocular pressure (IOP) lowering medication or
average ppRNFLT decrease on OCT greater than the 95%
CI of the mean. The NGG eyes were selected from the
database of the refractive surgery section outpatient clinic.
Inclusion criteria for the NGG were normal-appearing
optic discs, IOP of 21 mmHg or less, absence of IOP
lowering medication history, an open anterior chamber
angle on gonioscopy and no chronic ocular or systemic
corticosteroid use. Exclusion criteria for both groups were:
axial length (AL) <25.00 mm; concurrent optic nerve
diseases; myopic maculopathy according to the ATN
classification'® (Atrophy component >2; tractional compo-
nent >1; neovascular component >1); diabetes mellitus and
cardiovascular disease other than treated systemic hyper-
tension; previous ocular surgeries; impaired ability to per-
form tests due to media opacities, ocular motricity
problems or neurological and psychiatric status.

Data Gathering

Data were collected including age, gender, topical anti-
ocular hypertensive (anti-OHT) medications, and ophthal-
mic and systemic history. Comprehensive ophthalmic
examination data were analysed, including measurements
of best-corrected visual acuity (BCVA, Snellen), anterior
segment slit lamp biomicroscopy, IOP measurement using
Goldmann applanation tonometer (GAT-IOP) and adjusted
for the central corneal thickness (CCT) and dilated fundus
examination using a 90-diopter noncontact slit-lamp lens.
Pachymetry was obtained through the TRK-2P
(TOPCON®). AL was obtained by an optical biometer
with swept-source optical coherence tomography (SS-
OCT) technology (IOL Master 700, Zeiss™).
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OCT Imaging Protocols

Papillary structure and vascularization were assessed
with SD-OCT (RTVue XR Avanti, with AngioVue sys-
tem, Optovue™). Optic disc structural parameters were
evaluated using the traditional optic nerve head (ONH)
scan. It consists of 12 radial scans 3.4 mm in length and 6
concentric ring scans ranging from 2.5 to 4.0 mm in
diameter, all centred on the optic disc. The retinal pig-
ment epithelium (RPE) tips are automatically detected by
the software and are joined to delineate the optic disc
margin. After automated detection of the interior bound-
ary of the neural rim, the vertical cup-to-disc ratio (CDR)
and the Neurorretinal Rim Area (NRRA) are calculated.
The ppRNFLT measurements were automatically calcu-
lated using the retinal map protocol in the Avanti soft-
ware (full RNFL thickness defined by the algorithm as
the distance between the ILM and the middle of the
RPE). The total mean (ppRNFLT-TOTAL) values and
information by sectors (inferior, ppRNFLT-I; superior,
ppRNFLT-S; nasal, ppRNFLT-N; temporal, ppRNFLT-T)
were presented after an adjustment for the effect of ocular
magnification related to the axial length, made by

Angio Disc QuickVue

Cup/Disc Ares Ratio 014

Cup/Dise V. Ratio 0.40
Cup/Disc H. Ratio 036
Rim Area (mm”) 0.99
Disc Area (mm?) 115
Cup Volume (mm?) 0.013

RNFL Thickness (um) |
Peripapillary o

Scan Quality 6/10

Kang’s method.' The en-face papillary retinal small
vessel densities (SVDs, %), defined as the total length
of perfused vasculature per unit area in a region of
through the
AngioAnalytics™ technology for the entire 4.5 x

measurement, were obtained
4.5 mm image centred in the optic disc (whole image,
SVD-W), for the region inside the optic disc boundary
(inside disc, SVD-IN) and for the region of 750 pm-wide
elliptical annulus extending from the optic disc boundary
(peripapillary, SVD-PP). The SVD was further analysed
by sectors: inferior (SVD-I), superior (SVD-S), nasal
(SVD-N) and temporal (SVD-T). An example of the

print-out analysed is in Figure 1.

Static Automated Perimetry (SAP)

Visual field (VF) function was assessed in the GG through
the Humphrey Visual Field Analyser 3 (Zeiss®). Values
from visual field index (VFI), mean deviation (MD) and
pattern standard deviation (PSD) measured using the 30.2
Swedish Interactive Threshold Algorithm (SITA) standard
protocol were evaluated. Only reliable scans were
included.
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Figure | Example of a print-out from the papillary anatomic and vascular assessments (RTVue XR Avanti, with AngioVue system, Optovue®).
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Circumpapillary Microperimetric
Assessment

cpMP was carried out with the MP-3 microperimeter
(Nidek™). The diameter of the measurement circle, which
was manually centred on the middle of the optic disk, was
3.45 mm, and 12 measurement sites were distributed evenly
around the circle (3.0° apart). The eye-tracking function was
used during the examinations, which were performed in
a dimly light room, after subjects’ pupils had been dilated
with eyedrops containing a combination of 0.5% pheny-
lephrine hydrochloride and 0.5% tropicamide. The stimulus
was equal in size to a Goldmann III stimulus. Background
luminance was set at 31.4 apostilbs, maximum luminance
was 10.000 apostilbs, the dynamic range of the stimulus was
set at 34 dB, and a single red cross at 1° was employed as
a fixation target. A 4-2 staircase-threshold strategy was used
to estimate visual sensitivity. Only stable-fixation test results
(ie, those for which the subject exhibited fixation control
within 1° of the centre of the fixation target in >75% of tests)
were included. Results are presented as the mean values of
retinal sensitivities (dB) from all the 12 measurement sites
(cpMP-TOTAL) and for each quadrant after the division of
the 12 sites by 4 equal sectors (inferior (cpMP-I), superior

IEANEN e 10 | 12 | 14 [ 16 | 18 [ 20 [T227

(cpMP-S), nasal (cpMP-N) and temporal (cpMP-T). An
example of the print-out analysed is in Figure 2.

Statistical Analysis

All analysis was performed using the SPSS® and Stata®
software. Normality of the data was tested with the Shapiro-
Wilk and Kolmogorov—Smirnov tests. When parametric
analysis could be applied, the Student’s #-test for indepen-
dent samples was used to compare groups. When nonpara-
metric tests were needed, the Wilcoxon rank-sum test was
applied. Logistic regression (LR) was performed in three
steps to find the best glaucoma predictors and the best model
per exam, namely: 1) unadjusted simple LR; 2) adjusted LR
for pachymetry and axial length including a single predic-
tor; 3) the best model per exam, adjusted for pachymetry and
axial length, considering the sample size. The areas under
receiving operating characteristic (ROC) curves (AUROCs)
were used to test the predictive value of each analysis.
Internal validation of the models was performed using the
cvauroc package for Stata.'> A 6-fold cross-validation was
performed to calculate the mean cross-validation AUROC
(cvAUROC), with 1994 as the random seed. The 95% con-
fidence interval (CI) of cvAUROC was computed by the
Bootstrap method. All values are shown as mean + standard
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Figure 2 Example of a print-out from the circumpapillary microperimetric assessment (MP-3 microperimeter, Nidek®).
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deviation unless otherwise specified. All p-values (p) were
2-sided, and p-values <0.05 were considered significant.

Results
A stepwise analysis through three steps was carried out in
the present study.

First Step

The first step was a direct comparison between the GG (VFI
68.9 + 24.4%; MD 13.3 + 7.7 dB; PSD 7.8 + 3.4 dB) and
NGG. Regarding clinical and demographic data, the GG
were older, had lower BCVA and higher mean values of
GAT-IOP and AL (p<0.001 in all). However, no differences
were found in the CCT between groups (p=0.890).
Analysing the optic disc anatomical data, the GG showed
lower values in all ppRNFLT’s (p<0.05 in all) but no differ-
ences in the CDR (p=0.077) and the NRRA (p=0.524).
Regarding the papillary small vessel density analysis, the
GG showed lower values in all SVDs (p<0.001), except the
SVD-IN (p=0.638). The cpMP assessment showed lower
retinal sensitivities within all cpMP parameters in the GG
(p<0.001 in all). All results are described in Table 1.

Second Step

The second step included the calculation of ROC curves
and the respective AUROCS in order to address the dis-
criminatory power of each variable between the GG and
the NGG. Table 2 presents the univariable (unadjusted)
and multivariable (adjusted for CCT and AL) logistic
regression models, including cvAUROC:s.

Regarding the univariable analysis, all factors (p<0.05 in
all) but CCT (p=0.887), CDR (p=0.083), NRRA (p=0.51)
and SVD-IN (p=0.63) were significantly different between
groups, displaying AUROCsS for discrimination above 0.75.
After adjusting for CCT and AL, only NRRA (p=0.14), SVD-
in (p=0.345), cpMP-I (p=0.058) and cpMP-S (p=0.057) were
not different between groups, with all other variables (p<0.05
in all) displaying cvAUROC:s for discrimination above 0.85.
Unadjusted AUROC: higher than 0.9 were found only within
papillary small vessel density analysis, for the SVD-W, SVD-
PP, SVD-I, SVD-S and SVD-N. On the other hand, adjusted
cvAUROC:s higher than 0.9 were found in the same SVDs
plus ppRNFLT-TOTAL and ppRNFLT-T.

Third Step

The third step included the construction of the best multi-
variable regression models to discriminate both groups by
each approach: the anatomical, the vascular and the

microperimetric. The adjusted analysis computing the
best two parameters per exam revealed that the models
including the ppRNFLT-I (0.008) and ppRNFLT-T
(p=0.012) — for the anatomical model — and the SVD-I
(p=0.049) and SVD-S (p=0.048) — for the vascular
model — had the best discrimination power between
groups, with AUROCs of 0.9599 (Figure 3) and 0.9921
(Figure 4), respectively. The cvAUROCs with 95% CI
were 0.9472 (0.8609-1.0) for the anatomical model and
0.9896 (0.8889—1.0) for the vascular model. For the micro-
perimetry analysis, no model was made due to high
collinearity.

Discussion

Papillary Anatomic Assessment

The idea of a loss in ppRNFLT with age is not consensual,
since the steadiness of this structure was studied in a report
of 298 eyes with Fourier domain Optovue OCT.'® The
same report showed significant thinning in both the aver-
age and in superior and inferior sectors, along with
increasing AL.'® This is in line with the results of the
present study, as the ppRNFLT-S and ppRNFLT-1 were
the anatomic parameters presenting the greatest absolute
differences between GG and NGG, minimizing the impact
of potential bias resulting from the older ages in the GG
group.

Differences found in the ppRNFLT between normal
and HM eyes, measured by OCT, should be considered.
First, due to the described ocular magnification effect,17 in
longer eyes, the scan circle of ppRNFLT measurements
can be larger, given values from a zone further away from
the optic disc and, thus, erroneously lower. To overcome
this bias, all the presented RNFLT values are adjusted by
Kang’s method.'* Additionally, the tilted disc configura-
tion and peripapillary atrophy — which are highly prevalent
optic disc findings in eyes with HM — often obscure reli-
able assessments of the neuroretinal rim configuration and
optic disc excavation. Although OCT may afford reprodu-
cible measurements of the ppRNFLT,'® detection of
abnormalities in these eyes is complicated by high rates
of false-positive errors. This is possibly due to the lack of
individuals with high myopia being included in the nor-
mative databases of many OCT instruments,'*?° and it
can, therefore, be less useful than ONH analysis.?

Previous studies have shown that myopic eyes present
lower mean ppRNFLT measurements in OCT, when com-
pared to emmetropic eyes.”'®**?* Additionally, myopia
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Table | Overall and per Group Analysis

All Sample Glaucoma Non-Glaucoma p (Between Groups)
N= 60 N= 30 N=30

Age (years) 479 + 142 58.0 = 129 378 £ 6.0 <0.001
BCVA (Snellen) 0.74 £ 0.33 0.54 + 0.34 0.94 £ 0.12 <0.001
GAT-IOP (mmHg) 1495 + 2.7 16.25 + 2.8 1373+ 1.8 <0.001
CCT (um) 540.3 + 36.9 539.57 + 40.8 540.93 + 33.6 0.890
AL (mm) 2799 £ 26 29.74 £ 2.7 264 %12 <0.001
Optic disc anatomical data
Total mean ppRNFLT (um) 1243 + 16.9 107.29 + 19.8 141.31 139 <0.001
Inferior ppRNFLT (um) 143.22 + 22.0 121.76 + 34.6 164.68 = 18.9 <0.001
Superior ppRNFLT (um) 146.47 + 25.5 120.80 + 37.3 172.14 + 24.1 <0.001
Nasal ppRNFLT (um) 100.31 = 19.2 8841 £314 112.20 = 145 <0.001
Temporal ppRNFLT (um) 106.85 = 17.6 95.71 £29.2 117.99 + 204 0.002
CDR 0.38 0.2 043 0.2 03302 0.077
NRRA (mm?) 1.24 £ 0.6 1.18 £ 0.7 1.29 + 0.4 0.524
Papillary retinal small vessel density (SVD, %)
Whole image 41.47 + 80 3435+ 54 4746 = 39 <0.001
Inside disc 5522 £ 6.0 55.69 £ 7.0 5483 £52 0.638
Peripapillary 41.95 % 109 322272 50.07 £ 49 <0.001
Inferior 42.80 = 13.0 31.81 £ 105 5204 £57 <0.001
Superior 39.89 £ 145 27.10 £ 9.3 51.08 £ 68 <0.001
Nasal 3991 £ 111 30.70 £ 8.7 47.28 6.1 <0.001
Temporal 4498 + 9.7 392+94 50.26 + 6.4 <0.001
Circumpapillary microperimetric assessment (cpMP, dB)
Total mean 2444 £ 83 18.39 + 85 298 24 <0.001
Inferior quadrant 24.52 £ 82 1931 £93 29.14 £ 2.6 <0.001
Superior quadrant 24.96 + 8.4 19.23 £ 9.2 30.02 £ 2.0 <0.001
Nasal quadrant 2389 +£97 17.087 + 10.2 29.90 £ 2.7 <0.001
Temporal quadrant 2435 +92 17.87 £ 9.6 30.08 + 2.9 <0.001
Static Automated Perimetry
Visual Field Index (%) 689 + 244
Mean deviation (dB) 13377
Pattern Standard Deviation (dB) 78 34

Note: Statistical significance at p<0.05.

Abbreviations: BCVA, best corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; GAT-IOP, pachymetry-adjusted Goldmann applanation
intraocular pressure; CCT, central corneal thickness; AL, axial length; ppRNFLT, peripapillary retinal nerve fiber layer thickness; CDR, cup-to-disc ratio; NRRA, neuroretinal

rim area.

has also been shown to affect the distribution pattern of
ppRNFLT around the optic disc,”* with superotemporal
and inferotemporal RNFL bundles tending to converge
temporally with increasing severity of myopia.*** In
fact, a different pattern presenting thicker measurements
in the temporal sector in non-glaucomatous high myopic

eyes was reported with three different OCT software’s, in

comparison with non-glaucomatous non-myopic eyes;>
however, in the same study, glaucomatous high-myopic
eyes showed the lowest values in all sectors, with all
three software, including the RTVue-100®. The present
study showed significant differences between GG and
NGG in all sectors. In GG, the values found on both the
average and nasal sector were greater, whereas the values
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Figure 3 Best 2-variable papillary anatomic model to predict the presence of glaucoma in eyes with high myopia, including the peripapillary retinal nerve fiber layer thickness
of the temporal and inferior sectors.
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Figure 4 Best 2-variable papillary vessel density model to predict the presence of glaucoma in eyes with high myopia, including the en-face papillary retinal small vessel
densities of the inferior and superior sectors.

from inferior, superior and temporal quadrants were lower  yo) and had lower AL (26.8 mm), in comparison with our
than those reported by Akashi et al,”® who studied 52 early ~ population (58yo and 29.7 mm, respectively). After adjust-
glaucomatous high myopic eyes that were younger (47.9 ment for CCT and AL, the ppRNFLT-TOTAL and
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ppRNFLT-T showed a cvAUROC higher than 0.9 for the
discrimination between GG and NGG; however, the best
2-variable anatomic model to predict the presence of glau-
coma in the high myopic population of the present study
was the one including ppRNFLT-I and ppRNFLT-T, dis-
playing a cvAUROC of 0.9472. This is consistent with the
higher AUROC showed in these same parameters mea-
sured with RTVue-100® and the Topcon 3D OCT®,
reported by Akashi et al.>* In a previous study, no associa-
tion was found between CDR and the degree of myopia,*®
whereas in this study, both CDR and NRRA showed
a lower value in the prediction of glaucoma risk in HM.

Papillary Vascular Assessment
Regarding papillary vessel density analysis, first, one
should bear in mind that image artefacts are not uncom-
mon in OCT angiography, and must be taken into account
for suitable interpretation.”” Additionally, analyses in HM
eyes are more prone to present artefacts due to higher rates
of fixation problems, chorioretinal anatomic alterations
and vitreous opacities, when compared to normal eyes.
In a previous study, the Optovue® software has shown to
produce the highest proportion of eligible scans, in com-
parison to other OCT-A devices.”® Within the myopia
subset, the deep papillary vascular microvascular density
was shown to be more affected by myopic optic disc
morphology, such as ovality index and optic disc rotation,
than by the degree of myopia. On the other hand, the
superficial papillary vascular microvascular density was
more associated with myopia degree, whereas its reduction
was related to higher IOP, longer AL and lower ppRNFLT,
but not with age.’® These data are congruent with the
results obtained in the present study, since GG had sig-
nificantly higher AL and GAT-IOP, and lower ppRNFLT,
neglecting the potential bias caused by older ages in the
same group.

There is consistent evidence of the association between
and ppRNFLT
glaucoma.?”*° Lower values in all vessel density para-

papillary SVD loss changes in
meters were reported with the RTVue XR™ both in eyes
with myopia with the spherical equivalent of more than
-3D® and pathologic myopia (spherical equivalent of more
than -6D and AL >26.5 mm),*' in comparison with emme-
tropic eyes. Lower values in all parameters were reported
in eyes with primary OAG in association with disease
severity, and the superior quadrant was described as the
most accurate to diagnose mild glaucoma.* A recent study

including 248 patients showed lower SVD values

measured with the RTVue XR®, in both non-myopic glau-
comatous eyes and non-glaucomatous myopic eyes, when
compared to controls, with a similar pattern of greater
differences in the and nasal sectors.
Additionally, the lowest values in all the SVD were

found in the group with HM and glaucoma, which pre-

superior

sented the same pattern of differences.®

In the present study, the only parameter that did not
differ significantly between GG and NGG was the
SVD-IN, which is in line with the thought that the
complex composition of the vessels inside the disc
may render it less sensitive in detecting differences
among groups.’’ Additionally, the measurement of
SVD-IN contains prelaminar tissue and lamina cribrosa
which are supplied by the choroidal circulation, mean-
ing that this parameter not only measures the super-
ficial retinal vasculature on the optic disc but also the
microvascular component at the peripapillary
choroid.?® Despite the fact that only the cvAUROC
from SVD-IN and SVD-T were under 0.9, the best
2-variable papillary vessel density model to predict
the presence of glaucoma in the high myopic popula-
tion of the present study was the model including
SVD-I and SVD-S, displaying a cvAUROC of 0.9896,
higher than the one achieved with the anatomic model.

Circumpapillary Microperimetric
Assessment

In glaucoma research, cpMP offers a useful new way to
study retinal function, particularly when the macular func-
tion is negatively influenced by other diseases, such as in
most of the HM eyes. Data available are still scarce, but an
encouraging diagnostic performance was reported in pri-
mary OAG with a strong structure—function relationship
with ppRNFLT, particularly for the superotemporal and
inferotemporal areas,'' and with other peripapillary thick-
ness measures, including the ganglion-cell-complex or the
total retina, predominantly for the inferotemporal area.'?
On the other hand, despite the theoretical benefit of over-
coming the limitations found in macular SAP assessment
in HM eyes, there are no previous reports in this subset. In
the present study, besides the lower values found in the
GG in all cpMP measurements, none of the cvAUROCs
were above 0.9 for the discrimination between groups.
Due to high collinearity, it was not possible to elaborate

a model combining the best two parameters.
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Limitations
This
a particular group of patients. One limitation concerns

study presents a comprehensive approach for
the age disparity between groups as most of the high
myopic subjects develop glaucoma during the course of
the disease at a later age. Therefore, it is very difficult to
find HM
However, as discussed, most of the findings in this study

age-matched non-glaucomatous controls.
may be attributed to myopia severity, instead of age.
Another limitation is related to the sample size which
hinders the elaboration of more complex models; however,
given the nature of the disease and the exploratory aim of
this study, our sample is considered adequate for the

purpose.

Conclusion

The glaucomatous damage is prevalent in high myopic
patients but is difficult to distinguish from the myopic-
associated optic disc dysgenesis and the standard structural
and functional analysis with commonly fail in this differ-
entiation. Despite the apparent superiority of the papillary
vascular study, a multimodal approach including the papil-
lary anatomic and circumpapillary microperimetric assess-
ments can be the new way on the diagnosis and prognosis
of glaucoma in HM.
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