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Abstract

Purpose To characterize glaucoma progression
in early-stage patients with retinal nerve fiber layer
(RNFL) using the change analysis software (CAS),
which was utilized to track RNFL thinning.

Methods We retrospectively analyzed 92 eyes of
92 patients with early-stage glaucoma. Patients were
divided into two subgroups based on their diagnosis
of pseudoexfoliation glaucoma (PEG) and primary
open-angle glaucoma (POAG). A complete ophthal-
mologic examination was performed on all patients.
Additionally, automated perimetry was conducted
on each patient. Furthermore, Fourier-domain opti-
cal coherence tomography (OCT) was employed to
measure RNFL and central corneal thickness. Using
the OCT device’s CAS, we computed the annual rate
of total and glaucomatous RNFL thinning for each
patient.

Results A total of 44 PEG and 48 POAG patients
were included in the study. The right eye measure-
ments of these patients were analyzed and compared.
The two groups were not significantly different in age,
gender, and the number of visits per year (p>0.05,
for each). However, the difference between the mean
RNFL thickness at baseline (91.39+10.71 and
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96.9+£8.6 um) and at the last visit (85.2+15.76 um
and 91.56+9.58 um) was statistically significant
between the two groups (p =0.043, p=0.039, respec-
tively). Additionally, the difference in annual RNFL
thinning rates (1.43+0.81 um and 1.07 +£0.32 um)
between the two groups was statistically significant
(p=0.009).

Conclusion The annual rate of glaucomatous RNFL
loss in early-stage PEG patients (1.23 pm) was higher
than in POAG patients (0.87 um). However, despite
these loss rates, scotoma was not detected in the vis-
ual field tests of these patients. Therefore, using CAS
in the follow-up of early-stage glaucoma patients is a
useful alternative for monitoring glaucomatous pro-
gression. Furthermore, this method can be utilized
in future research for the diagnosis and follow-up
of glaucoma in special populations (e.g., those with
pathological myopia or high hyperopia) that are not
included in normative databases.

Keywords Change analysis software - Early-stage
glaucoma - Fourier-domain OCT - Monitoring the
glaucoma progression - Retinal nerve fiber layer

Introduction
Glaucoma is a chronic, progressive, neurodegenera-
tive optic neuropathy characterized by rapid visual

field (VF) loss, reduced peripapillary retinal nerve
fiber layer (RNFL) thickness, and loss of retinal
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ganglion cells (RGCs) [1]. Early diagnosis and moni-
toring of glaucoma and accurate assessment of its
progression are crucial in clinical practice [2]. There-
fore, functional and structural tests are used for early
recognition and tracking of glaucomatous damage
[3]. Standard automated perimetry (SAP), a func-
tional test, has been the gold standard test for assess-
ing the clinical progression of glaucomatous damage
for decades. However, Quigley et al. [4] reported
that 40% to 50% of the RNFL is lost even when vis-
ual field defects are first detected by SAP. In addi-
tion, some studies demonstrated that 25% or more of
RGCs are lost before abnormalities are detected by
automated perimetry [5, 6]. Thus, structural changes
in glaucoma commence before the development of
optic disc cupping and visual field loss [7]. Therefore,
in patients with early-stage glaucoma, VF testing may
not reveal any findings, and SAP may be inadequate
to diagnose glaucoma at an early stage and monitor
its progression. On the other hand, in patients with
advanced or late-stage glaucoma, SAP is more suc-
cessful in monitoring disease progression. In conclu-
sion, the ability to diagnose glaucoma and monitor its
progression with perimetry is significantly affected by
the stage of the disease [8].

Structural testing has become indispensable in
clinical practice with the invention of optical coher-
ence tomography (OCT), particularly with the tran-
sition from time-domain OCT to spectral-domain
optical coherence tomography (SDOCT) [9, 10]. In
particular, at the early stages of the disease, when
SAP was unable to detect any VF defects, the SDOCT
is of paramount importance for the diagnosis of glau-
coma and the monitoring of disease progression.
For instance, Gardiner and colleagues demonstrated
that the longitudinal signal-to-noise ratio of RNFL
measurements was superior to that of mean deviation
(MD) from SAP [11]. Another study suggested that
RNFL from SDOCT may provide a better measure
of change than SAP MD in the early stage of the dis-
ease [12]. Findings from the studies above, OCT can
detect small and true changes before VF testing in the
mild stage of glaucoma. OCT can also measure many
parameters, such as macular ganglion cell complex
(GCCO) thickness, RNFL thickness, and optic nerve
head (ONH). Additionally, many studies evaluated
the role of RNFL and GCC measurements in assess-
ing glaucoma progression using SDOCT [13-18].
Although both the RNFL and GCC are measured
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in micrometers, it is inappropriate to directly com-
pare rates of change between parameters because
the measurements differ in magnitude and range. To
overcome this problem, Hammel et al. calculated the
loss rates using a dynamic-range-based normalized
coefficient to compare loss rates between GCC and
RNFL. They also found that normalized RNFL thick-
ness decreased by 1.7% per year compared to a 1.3%
per year decrease in GCC thickness. These results
suggested that this 1.3-fold faster rate of RNFL thin-
ning than GCC indicates that RNFL may be a more
sensitive index of glaucomatous progression in early
and moderate-stage glaucoma [19].

Many commercially available OCT devices have
software developed to analyze glaucoma progression.
Two types of software are used in OCTs, based on
trend and event analysis methods [20]. In event analy-
sis, progression is defined when the difference of a
parameter of interest between the baseline and the
follow-up visits is greater than the test-retest variabil-
ity (or the reproducibility coefficient). In trend analy-
sis, progression is defined when a significant negative
slope is detected between the parameter of interest
and time using linear regression analysis. Further-
more, trend analysis is very useful in clinical practice
to determine both progression and rate of progres-
sion [21]. On the other hand, many studies in the lit-
erature using different OCT devices have found the
mean rate of change of RNFL with age to be between
—0.14 and —0.91 um/year. These data are essential
because the normal age-related loss of RNFL must be
considered when monitoring glaucoma progression.
Otherwise, glaucomatous progression will be found
as falsely higher than its actual value [15-18, 22, 23].

Currently, when SAP is insufficient for monitoring
glaucomatous progression in mild-stage glaucoma,
SDOCT becomes inevitable to monitor glaucoma
progression. While numerous OCT parameters are
available for this purpose, RNFL is the most appro-
priate one. Because the macula holds around 50% of
the RGCs in the retina, therefore, the health status of
all RGCs can only be monitored with the RNFL [24].
Moreover, RNFL is a more sensitive index than other
parameters for monitoring glaucoma progression
in the early and moderate stages of the disease [19].
Therefore, in the present study, we aimed to char-
acterize the progression of glaucoma in early-stage
patients with RNFL using change analysis software
(CAS).
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Methods

This longitudinal, retrospective cohort study was con-
ducted at the Diskapi Yildirim Beyazit Training and
Research Hospital, Ophthalmology Clinic. The Uni-
versity of Health Sciences ethics committee approved
the medical and health research ethics study under the
Declaration of Helsinki. All subjects were recruited
over 6 years between July 2017 and October 2023
from the Diskapi glaucoma clinic registry. This study
enrolled 102 patients diagnosed with early-stage
glaucoma. To ensure homogeneity in the follow-up
period, we utilized data collected within the first 5
years of the patients’ follow-up. Additionally, glau-
coma was diagnosed according to the guidelines of
the European Glaucoma Society (EGS) [25], and the
severity of glaucoma was also determined according
to the International Classification of Diseases (ICD-
9) [26] staging criteria, as described below;

Stage 1: Mild or early-stage glaucoma, defined as
optic nerve abnormalities consistent with glaucoma
but no visual field abnormalities on any visual field
test.

Stage 2: Moderate-stage glaucoma, characterized
by optic nerve abnormalities consistent with glau-
coma and glaucomatous visual field abnormalities in
1 hemifield, not within 5 degrees of fixation.

Stage 3: Severe-stage glaucoma, described as optic
nerve abnormalities consistent with glaucoma and
glaucomatous visual field abnormalities in both hemi-
fields or loss within 5 degrees of fixation in at least
one hemifield.

All patients were Caucasian and underwent a com-
prehensive ophthalmic examination including visual
acuity, slit-lamp biomicroscopy, intraocular pres-
sure (IOP) measurement by Goldmann applanation
tonometry (GAT), iridocorneal angle measurement
with Goldmann three-mirror lens, and dilated fun-
doscopy. Furthermore, automated perimetry meas-
urement was performed using Humphrey Field Ana-
lyzer (Carl Zeiss Meditec Inc.). In addition, RNFL
and central corneal thickness (CCT) measurements
using Fourier-domain OCT (RTVue-XR 100 Avanti,
software v. 18.1.0.33, Optovue, Inc. Fremont, CA,
USA) were performed for each patient. In order to
avoid potential impacts on the OCT and visual field
(VF) testing results due to the use of proparacaine
and fluorescein, GAT measurements were conducted
after the OCT and VF testing. Additionally, since the

24-2 test has limited ability to detect or accurately
identify central visual field loss, patients underwent
both the 24-2 Swedish Interactive Threshold Algo-
rithm (SITA)-Fast VF test and the 10-2 VF test annu-
ally [27, 28]. Furthermore, VFs with more than 20%
fixation loss or more than 33% false-negative or false-
positive errors were automatically excluded, and nor-
mal VFs were defined as those with a mean deviation
(MD) and pattern standard deviation (PSD) within
the 95% confidence limits and a glaucoma hemifield
test (GHT) result within normal limits.

Patients diagnosed with PEG and POAG according
to EGS guidelines were included in this study. In all
patients diagnosed with PEG and POAG, IOP meas-
ured by GAT was higher than 21 mmHg. Dilated fun-
doscopy revealed cup-to-disc ratios greater than 0.3.
Iridocorneal angle measurement was performed using
the Goldmann three-mirror lens. The angle width
was graded as 3 or 4 according to the Schafer angle
grading system, indicating that at least a scleral spur
structure was visible on examination in all patients.
Moreover, the Sampaolesi line was observed in some
of the PEG patients. Additionally, a slit-lamp biomi-
croscopic examination of patients diagnosed with
PEG revealed the accumulation of pseudoexfoliative
material on the anterior lens capsule. Furthermore,
some PEG patients experienced pigment loss from the
pupil margin, resulting in a moth-eaten appearance.
Other inclusion criteria were best-corrected visual
acuity (BCVA) of 20/40 or better, spherical refrac-
tion<5 diopters, and cylinder correction<3 diop-
ters. On the other hand, eyes that underwent ocular
surgery such as phacoemulsification, trabeculectomy,
and vitreoretinal surgery during the study period and
eyes that developed any macular pathology and any
glaucomatous VF defect during the follow-up period
were excluded.

Fourier-domain OCT

RTVue uses a super luminescent diode wavelength
of 840+ 10 nm to acquire high resolution images.
It is also capable of collecting 70,000 A-scans
per second with an axial resolution of 5 pm. All
patients underwent the ONH protocol with the
RTVue device. The ONH protocol consists of 12
radial scans of 3.4 mm in length, and 13 concentric
ring scans ranging from 1.3-4.9 mm in diameter,
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and all rings are centered on the optic disc and used
to generate an RNFL thickness map. In addition, the
RNFL thickness measurement is sampled relative to
the center of the disc, not the center of the 3.45 mm
diameter scanning beam, so that small distortions
of the center of the disc relative to the scanning
beam do not affect the measurement. Furthermore,
image quality was carefully checked after each
image acquisition. Only images of adequate qual-
ity were used in the study. Although, as defined by
the RTVue user manual guide [29], a signal strength
index (SSI)>28 was sufficient for image quality,
only images with SSI>40 were used. Finally, the
instrument includes software that uses a trend anal-
ysis method called change analysis. This software
can calculate the annual rate of change in RNFL,
95% confidence interval, and p-value. A minimum
of 3 measurements are required for the software to
perform this calculation. It can also evaluate up to
a maximum of 6 measurements. In the output of
change analysis, the data of all measurements are
available. In addition, the RNFL thickness results
from each measurement are displayed side by side

UM | RNFLRatc Of Change =-0.83 pm/¥r  95%CI(-2.29,0.63) p=0.21

in eight quadrants (Fig. 1). This allows all measure-
ments to be viewed and evaluated together.

Statistical analysis

SPSS v.18.0 for Windows (SPSS Inc. IBM Corp.
Chicago. IL. USA) was used for statistical analysis
of the data. Descriptive statistics are presented as
mean + standard deviations. The Pearson chi-square
test was used for categorical data. A multifaceted
approach was employed to check the normal distri-
bution of the variables. Graphs and quantitative sta-
tistical tests were used to determine the normal dis-
tribution of the data. The Histogram and Q-Q plot
were used to visually assess whether the data are nor-
mally distributed. Skewness and kurtosis values were
evaluated afterwards. Lastly, the Shapiro—Wilk test
and the Kolmogorov—Smirnov test were applied to
assess the normal distribution of data. If the p-value
is greater than 0.05, it can be concluded that the data
is normally distributed. In this study, we determined
whether the data followed a normal distribution or

RNFL Analysis
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Fig.1 Change analysis output sample of Optovue optical
coherence tomography device. (All measured RNFL values for
the patient are displayed in a side-by-side format at the top of
the output page, along with the corresponding measurement
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dates. A graphical representation of these values in eight quad-
rants is also demonstrated at the bottom right. The age-RNFL
thickness graph and the annual RNFL loss rate calculated by
the CAS software are shown at the bottom left of the output)
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not by analyzing the graphs and statistical test results.
The Mann—Whitney U test was used to analyze data
that did not follow a normal distribution, while the
independent samples t-test was used to assess data
that did follow a normal distribution. Finally, statisti-
cal significance was set at p <0.05.

Results

One hundred and two patients were enrolled in this
study. The study cohort included 50 cases of pseudo-
exfoliation glaucoma (PEG) and 52 cases of primary
open-angle glaucoma (POAG). During the follow-
up period, six PEG patients were excluded from the
study for the following reasons: (One patient under-
went 5-FU trabeculectomy due to uncontrolled IOP
with topical treatment, while three patients under-
went phacoemulsification due to nuclear cataract,
and two other patients developed arcuate defects
on visual field testing). In the POAG patients, one
patient underwent 5-FU trabeculectomy, the other
two developed nasal step defects in the visual field,
and one patient underwent vitreoretinal surgery due

Table 1 Data of excluded patients by groups

Reasons for patient exclusion PEG POAG
Underwent 5-FU trabeculectomy 1 1
Underwent phacoemulsification 3

Developed VF defects 2 2
Underwent vitreoretinal surgery - 1
Total number of excluded patients 6 4

to traumatic vitreoretinal hemorrhage (Table 1).
For these reasons, four patients were excluded from
the study. Finally, a total of 44 PEG and 48 POAG
patients’ right eye measurements were analyzed in
this study.

All data from the two groups are demonstrated
in Table 2. The mean age was 68.5+8.9 years in
the PEG group and 64.2+10.3 years in the POAG
group. There were 20 females and 24 males in the
PEG group and 26 females and 22 males in the
POAG group. There were no statistically significant
differences in age and gender between the groups
(»p=0.064 and 0.078, respectively). In addition, the
difference between the two groups in the number of
visits per year (1.88+0.76 and 1.6+0.42) was not
statistically significant (p > 0.05). However, the differ-
ence between the mean RNFL thickness at baseline
(91.39+10.71 and 96.9 + 8.6 um) and at the last visit
(85.24+15.76 ym and 91.56+9.58 um) was statisti-
cally significant between the two groups (p=0.043,
p=0.039, respectively). Furthermore, the difference
in annual RNFL thinning rates (1.43+0.81 ym and
1.07+0.32 um) between the two groups was statis-
tically significant (p=0.009). In addition, the mean
CCT was 518.52+34.16 ym in the PEG patients
and 540.27 +32.13 um in the POAG patients. POAG
group had significantly thicker CCT (p=0.002).
Finally, the mean IOP in five years (the arithmetic
mean of each patient’s IOP measurements at each
visit over five years) was 15.12+2.12 mm Hg in the
PEG group and 17.37+2.2 mm Hg in the POAG
group. There was a statistically significant difference
in mean IOP between the two groups (p<0.001).
Finally, the initial cup/disc ratio was 0.46+0.08 in the

Table 2 Values of two

Data PEG POAG P values
groups
Age 68.5+8.9 64.2+10.3 0.064"
Sex (female/male) 20/24 26/22 0.078"
Visits per year 1.88+0.76 1.6+0.42 0.18"
CCT, Central corneal Baseline average RNFL (um) 91.39+10.71 96.9+8.6 0.043™"
thiCkaESS; RNFL, Retinal Average RNFL at the final visit (um) 85.2+15.76 91.56+9.58 0.039™
nerve fiber layer thickness; RNFL thinning 1.4320.81 1074032 0.009°
IOP, Intraocular pressure;
um, micrometer per year (um)
P* ’Inde endent-Samples CCT (um) 518.52+34.16 540.27 £32.13 0.002"
et T P Mean IOP (mmHg) 15122212 17.37422 <0.001"
- . in 5 years
P : Pearson Chi-Square test . . . -
. Initial Cup/Disc Ratio 0.46+0.08 0.45+0.1 0.217

P Mann Whitney-U test
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PEG group and 0.45+0.1 in the POAG group. There
was no statistically significant difference between the
two groups (p=0.217).

Discussion

In the study, we analyzed the glaucomatous progres-
sion in early-stage PEG and POAG patients by cal-
culating the annual rate of RNFL thinning using the
CAS of RTVue SDOCT. The CAS establishes the
initial two RNFL measurements as baseline data and
compares subsequent measurements to this baseline
data to determine the annual rate of RNFL change
[29]. Notably, the results in the CAS are not linked
to data obtained from the normative database. This
approach prevents any errors caused by anatomical
variations, refractive errors, race, or age-related dif-
ferences, ensuring that the results are specific to the
patient being examined. However, to this very useful
advantage for clinical use, the CAS also has some dis-
advantages because it uses simple regression analysis.
For example, an eye with an RNFL thickness of 90
microns and a real annual glaucomatous thinning rate
of —1 um/year, if monitored annually for five years,
the RNFL thickness is mathematically expected to
decrease by 1 micron per measurement, from 90 to
85 microns, in the form of 90 pm—89 pm—_88 pm
—87 um—_86 pm—=_85 um. However, in real clini-
cal conditions, the annual change in RNFL thickness
in patients does not exactly follow this mathematical
expectation and may be observed as 90 um—91 p
m—_89 um—_87 um—_86 um—_85 um—_86 um [30].
This was taken into account in our study.

In the literature, there were only three studies
investigating glaucoma progression with the Optovue
SDOCT. First, Iverson et al. [16] found a mean RNFL
thinning of 1.15 um/year in a total of 74 patients with
suspected glaucoma and preperimetric glaucoma
who were followed up for an average of 43 months
and a mean age-related RNFL thinning of 0.91 pum/
year in 23 healthy participants. In this study, these
results were obtained by comparing outside normal
limits using a method similar to event analysis. Sec-
ond, Naghizadeh et al. [17] revealed a mean RNFL
thinning of 0.33 um/year and 0.24 pm/year in 51
perimetric glaucoma patients and 17 healthy sub-
jects followed up for 1.5-3 years, respectively. How-
ever, if we carefully analyzed these two studies, we
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realized that the groups are very asymmetric and that
the patient group is almost three times larger than
the healthy group. In addition, the RTVue SDOCT
devices used in the two studies described above do
not include an eye tracking system, so even small sac-
cadic eye movements may have affected the RNFL
measurement outcomes. On the other hand, Hollo
et al. [18] found a mean RNFL loss of 0.33, 0.44,
and 0.69 um/year in 17 healthy subjects, 17 patients
with treated ocular hypertension, and 67 patients
with POAG, respectively, with a mean follow-up of
5 years. However, it is unclear that trend analysis
software was used to calculate the annual loss rate,
although it was available on the OCT device used in
this study. The study method states that the new soft-
ware (version 6.12) of the Avanti RTVue-XR OCT
device was used to calculate the annual loss rate. In
this study, as in the previous two studies, the groups
were very asymmetrical in number, which affected
the statistical calculations. In addition, the group of
glaucoma patients was not divided according to the
severity of the disease. It is possible that early, mod-
erate, and advanced-stage patients were all evaluated
in the same group. Therefore, while the mean RNFL
loss rate in the POAG group was 0.69 pm/year, there
were patients with a high thinning rate of 4.35 pm/
year. In contrast to the three studies discussed above,
our study used the CAS to calculate the annual RNFL
loss rate. In addition, the RTVue-XR 100 Avanti soft-
ware v. 18.1.0.33 SDOCT device we used in our study
has an eye tracking system, and the age-related loss
rate, which was found to be different in many studies
[15-18, 22, 23], is available in the CAS as 0.2 um/
year [29]. Therefore, a control group of healthy sub-
jects was not included in the present study to calcu-
late the rate of age-related loss. Moreover, all our
patients were at the same glaucoma stage and were
evaluated according to their clinical glaucoma type.
The present study is the first in the literature to dem-
onstrate that the annual rate of glaucomatous RNFL
thinning is higher in early-stage PEG patients than in
POAG patients and that the clinical type of glaucoma
affects the annual rate of RNFL thinning. These are
the strengths of our study compared to the three stud-
ies mentioned above.

In the existing literature, apart from the Optovue
SDOCT device, studies examining the annual change
of RNFL in glaucoma patients were performed with
the Cirrus OCT (Carl Zeiss Meditec, Dublin, CA)
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and Spectralis OCT (Heidelberg Engineering, GmbH,
Dossenheim, Germany) devices. The Spectralis OCT
does not include any analysis software, while the
Cirrus OCT includes both trend and event analy-
sis software. When evaluating the literature studies
conducted with Cirrus OCT device, in their study
Leung et al. [15] evaluated 150 eyes of 90 glaucoma
patients. They found that 41 eyes exhibited glaucoma-
tous progression over an average follow-up period of
45 months. The mean annual RNFL thinning in these
eyes was 1.53 um/year. However, the clinical glau-
coma types and stages of the glaucoma patients in the
study were not specified. Hammel and colleagues [19]
analyzed 97 open-angle glaucoma patients. The mean
annual RNFL loss in these patients was 0.98 pum/year.
The glaucoma stages of the patients in this study were
not specified. Na et al. [31] observed an annual RNFL
loss of 0.62 um/year in 87 eyes with pre-perimetric
glaucoma. In 40 patients with perimetric glaucoma,
the annual RNFL loss was 0.69 pm/year. The clini-
cal glaucoma types of the patients in this study were
not specified. In all three studies described above, the
annual RNFL loss rates were calculated using sta-
tistical linear mixed-effect modeling, rather than the
trend analysis software of the Cirrus OCT device.
Finally, Yu and colleagues [32] prospectively fol-
lowed 240 eyes of 139 POAG patients for 5 years and
determined annual RNFL thinning using trend analy-
sis software. In the study, glaucomatous progression
was identified in 117 of the 240 eyes in the study. The
annual RNFL thinning in these progressing eyes was
0.72 um/year. It should be noted that the glaucoma
stages of the patients were not specified in this study.
Conversely, when examining the literature studies
conducted with the Spectralis OCT device, Wessel
et al. [23] examined 38 eyes with POAG. Glaucoma-
tous progression was observed in 13 of the 38 eyes,
with an annual RNFL loss of 2.12 um/year. In the 25
eyes without glaucomatous progression, this rate was
1.18 pm/year. In the study by Miki and colleagues
[33] 454 eyes of 294 OHT patients were examined.
The annual RNFL thinning of 40 eyes that developed
VF defects was found to be 2.02 um/year. In the 414
eyes without glaucomatous progression, this rate
was 0.82 um/year. In these two studies with Spec-
tralis OCT, annual RNFL loss rates were calculated
using statistical linear mixed-effect modeling. This is
because Spectralis OCT does not include analytical
software for trend or event analysis. Consequently, a

direct comparison between the results of the six stud-
ies discussed in this paragraph and the results of our
study is not possible. This is due to the fact that the
clinical glaucoma types, glaucoma stages, refraction
values, and races of the patients in the studies were
not homogeneous. Furthermore, trend analysis soft-
ware was not used in five of the studies. Finally, the
normative database utilized to obtain RNFL thickness
values differs between these studies.

The current investigation offers novel findings on
the rate of annual RNFL thinning in early-stage PEG
and POAG patients. To our knowledge, this is the first
study utilizing the CAS. Our results indicate that the
average annual RNFL thinning was 1.43+0.81 pm/
year in PEG patients and 1.074+0.32 um/year in
POAG patients after the five-year follow-up period.
Although IOP was under control in both groups, it
is an expected finding that annual RNFL thinning is
faster in PEG patients than in POAG patients, and the
reasons are as follows: First, diurnal IOP fluctuations
are higher in PEG than in POAG [34]. Second, dys-
regulated expression of the lysyl oxidase-like 1 gene
decreases tissue resistance in the lamina cribrosa,
leading to glaucomatous optic atrophy even when
IOP is in the normal range [35]. Third, dysfunction
in intracellular autophagy processes and mitochon-
drial abnormalities have been demonstrated in Ten-
on’s capsule-derived fibroblasts from patients with
PEG. As in age-related macular degeneration, this
autophagy disorder and decreased lysosomal activ-
ity lead to the accumulation of intracellular waste
products, that affect the functions of retinal ganglion
cells and cause neurodegeneration [36]. For the rea-
sons described above, we propose three recommen-
dations for the treatment and follow-up of early-stage
PEG patients. First, the EGS guideline recommends
an IOP level of 18 to 20 mmHg with at least a 20%
reduction in IOP as the target IOP for early-stage
glaucoma patients. However, in our study, although
the mean IOP of PEG patients was 15.12 mmHg,
the annual thinning of the RNFL was higher than in
POAG patients. Therefore, it can be concluded that
maintaining a target IOP level below the IOP level
recommended in the EGS guideline during the fol-
low-up of early-stage PEG patients will be beneficial
in slowing RNFL thinning. Our second recommen-
dation, although the level of evidence is low, is that
neuroprotective agents such as brimonidine and coen-
zyme Q10 can be added to topical treatment [37, 38].
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Our third recommendation is that early-stage PEG
patients should be followed more closely, with more
visits than POAG patients.

The most commonly utilized test pattern for the
detection of glaucomatous damage in SAP is 24-2.
This pattern is frequently selected for its capacity to
reduce the test duration and eliminate frame artifacts.
However, with this test, only four points in the cen-
tral 8-degree retinal region are evaluated. Addition-
ally, this test scans 54 points in a central retinal area
of 27 degrees nasally and 21 degrees temporally at
6-degree intervals. The 10-2 test pattern, which scans
the central 10 degrees at 2 degree intervals, tests 68
points in this region and is more effective at detect-
ing central scotomas than the 24-2 test pattern [28].
However, if glaucomatous damage has occurred in
the RGCs between these scanned points, SAP will not
be able to detect it. There is also considerable redun-
dancy in the visual system. A stimulus projected to
a particular retinal location affects many RGCs at
that location. Therefore, even if some RGCs at that
location are dead, other RGCs serving the same area
can still perceive the stimulus [27]. For the reasons
described above, SAP can only detect glaucoma-
tous damage in early stage glaucoma patients with
50% RNFL loss and 25% RGC loss [5-7]. For clini-
cal practice, SDOCT is essential for diagnosis and
follow-up of early glaucoma when SAP was insuffi-
cient. Finally, based on the results of our study, we
recommend that clinicians utilize new software such
as CAS, especially for monitoring the progression of
early-stage glaucoma.

CCT is considered an important variable in glau-
coma. Despite its effect on IOP measurement, lit-
erature has highlighted its impact on glaucoma pro-
gression. Patients with advanced damage are more
likely to have a thin CCT [39]. In addition, ocular
hypertension (OHT) patients with thin corneas had
thinner RNFL measurements compared with ocular
hypertensives with thick corneas [40]. Moreover, the
widely accepted results are from the multicentre Ocu-
lar Hypertension Study (OHTS) which revealed that
the risk for the development of POAG from OHT is
greater in eyes with thinner CCT and lower in eyes
with thicker CCT [41]. Some literature studies have
found a significant correlation between CCT and
RNFL in POAG patients [42, 43], while other stud-
ies have not found a significant correlation between
these two variables in POAG patients [44, 45]. PEG
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patients have been reported to have thinner CCT com-
pared with normal controls [39, 46, 47]. In accord-
ance with the existing literature, our study found that
patients with PEG had a thinner CCT than those with
POAG. OHTS also highlighted that a thin CCT is a
risc factor for glaucoma development, independent
of IOP. Therefore, the thinner CCT value observed
in PEG patients may have contributed to their higher
glaucomatous progression rate compared to POAG
patients.

Nonetheless, our study has several limitations.
First and most importantly, the CAS uses only simple
regression. Second, this study is limited by its retro-
spective design. Retrospective studies use data that
were collected in the past for another objective, which
means that investigators lack control over the collec-
tion of data. Additionally, it is difficult to measure
and control the outcome, predictor, and confounding
variables in retrospective studies. Third, we cannot
draw conclusions for other races because the study
included only Caucasian patients. Finally, since we
included patients between —5 and+5 D, the data we
found cannot be used in advanced myopic and hyper-
opic patients. Due to the aforementioned limitations
of the study, in order to compare and generalize the
annual RNFL loss data obtained in the present study
with that obtained in other studies, it is necessary that
the groups in the studies to be compared be homoge-
neous in many aspects (age, race, gender, refractive
error, clinical glaucoma type and stage). Otherwise,
the data obtained can only be generalized for the stud-
ied patient group.

In conclusion, to the best of our knowledge, the
present study reported the annual rate of glauco-
matous RNFL loss in early-stage PEG and POAG
patients using CAS for the first time in the litera-
ture. This rate was found to be 1.23+0.81 pum/year
and 0.87+0.32 pm/year in PEG and POAG patients,
respectively, when age-related loss of 0.2 um/year
was subtracted from the annual RNFL thinning rate of
patients. However, despite this level of glaucomatous
damage, scotoma was not detected in the visual field
tests of these patients for five years. Ultimately, we
believe that this approach will be valuable in monitor-
ing early-stage glaucoma patients and we recommend
its use. Furthermore, the data obtained with CAS are
independent of the normative database of the OCT
device. Consequently, this method can be employed
in future research for the diagnosis and follow-up of
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glaucoma in special populations (pathologic myopia,
high hyperopia, etc.) that are not included in norma-
tive databases.
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