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Reliability of retinal nerve fiber layer color codes of optical
coherence tomography in early diagnosis of glaucoma

Nilgun Solmaz'©®, Melih Ustaoglu’®, Feyza Onder’

ABSTRACT

Purpose: To investigate the reliability of retinal nerve fiber layer (RNFL) color codes of spectral-domain optical coherence tomography
(OCT) in early diagnosis of glaucoma using two different devices: the Copernicus and Cirrus.

Materials and Methods: Inter-device concordance was investigated using the intra-class correlation coefficient (ICC) for average and
four quadrants peripapillary RNFL thicknesses, and the mixed-design two-way analysis of variance for color-coded graphical formats.
The performance of RNFL thicknesses in discriminating early glaucoma from suspected glaucoma was assessed using the area under
the receiver operating characteristic (AUROC) curve analysis.

Results: Thirty eyes with suspected glaucoma (Group I) and 30 with early glaucoma (Group II) were enrolled in the study. All RNFL
measurements obtained by the Cirrus OCT were thicker than those obtained by the Copernicus OCT (p <0.001). On the 95% confidence
interval, the ICC assessed a “moderate to excellent” inter-device concordance for the average and inferior RNFL thicknesses in both
groups. Except for the temporal quadrant, the color code concordance ranged from 46.7% to 70% in Group I and from 30% to 40% in
Group II. The Cirrus OCT displayed more optimal color codes compare to the Copernicus. The values of AUROC for RNFL thickness
ranged from 0.586 to 0.682 (p< 0.05, for only the average RNFL) for the Cirrus and from 0.703 to 0.769 (p<0.05, for all) for the
Copernicus.

Conclusion: The Cirrus and Copernicus OCT yielded different peripapillary RNFL thickness measurements, and differences also

existed in their color code interpretations and diagnostic powers.
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INTRODUCTION

Glaucoma is a multifactorial, progressive, degenerative
type of optic neuropathy.' It is characterized by the death
of retinal ganglion cells and their axons.>® The current
gold standards for glaucoma diagnosis are the clinical
assessment of the peripapillary retinal nerve fiber layer
(RNFL) and optic disc for structural changes and the
achromatic perimetry to monitor functional changes.®
Visual field (VF) testing and clinical assessment of the
optic disc are subjective diagnostic methods; also, at least
30% ganglion cell loss is required for the detection of VF
defects.* Detecting structural damage in the RNFL before
detecting VF loss is critical in the early diagnosis and
management of glaucoma.

Optical coherence tomography (OCT) provides non-
invasive cross-sectional imaging of the retina and the optic
nerve, and it enables the evaluation and quantification of
the neural structures. With the introduction of spectral-
domain OCT (SD-OCT), the diagnostic value of OCT in
glaucoma cases has increased. It has become more popular
in the diagnosis of glaucoma, monitoring of the condition,
and quantification of structural damage.”!! SD-OCTs allow
for the evaluation of the optic nerve head, thickness of the
macular ganglion cell layer, and the peripapillary RNFL
thickness to facilitate the diagnosis and management
of glaucoma. However, peripapillary RNFL analysis
remains the most commonly used scanning protocol in the

management of glaucoma.!%!!
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There are numerous SD-OCT devices available, and each
device has its own diagnostic software and normative
database. Previous studies have shown that RNFL thickness
measurements differ among SD-OCT devices and cannot
be used interchangeably;'*!> however, the ability of these
devices in detecting glaucoma and evaluating its severity
is comparable.!®!6-18 OCT devices also provide information
on probable RNFL defects using four color codes that are
generated after comparison of the RNFL profile with an
internal age-matched normative database. Color coding
enables clinicians to quickly evaluate whether a particular
patient’s RNFL thicknesses are within normal limits.
Although numerous studies compared the diagnostic
abilities of different OCT devices using the values of the
area under the receiver operating characteristic (AUROC)
curve of RNFL parameters,'®'!® only few available
studies have evaluated the color code concordance
between OCT devices.'”? Furthermore, the sensitivity of
RNFL parameters in discriminating early glaucoma from
suspected glaucoma has not been investigated adequately.

In this study, we aimed to evaluate the reliability of RNFL
color codes of OCT devices in early diagnosis of glaucoma
by investigating the RNFL thickness and color code
concordance between two different SD-OCT devices.

MATERIAL AND METHODS

This was a prospective, cross-sectional study, conducted
in a tertiary glaucoma center between October 2016 and
March 2017. The study adhered to the tenets of Declaration
of Helsinki. It was approved by the Institutional Review
Board and informed consent was obtained from all patients.

The inclusion criteria for this study were: follow-up
duration of at least 12 months; suspected or early primary
open-angle glaucoma; best-corrected visual acuity
(BCVA) > 20/40; refractive error within + 5.00 D spherical
equivalent and + 3.00 D astigmatism; no evidence of a non-
glaucomatous optic nerve head, or history or evidence of
retinal diseases; no systemic treatments that may be toxic
to the retina or optic nerve; and no history of laser therapy
or ocular surgery. All subjects underwent a comprehensive
including BCVA, slit-
lamp biomicroscopy, Goldmann applanation tonometry,
dilated fundus
examination, VF testing, and retinal nerve fiber analysis via

ophthalmologic examination

gonioscopy, ultrasound pachymetry,

SD-OCT imaging, performed using both the Cirrus HD-
OCT 5000 device (Carl Zeiss Meditec, Dublin, CA, USA)
and Copernicus SD-OCT device (Optopol Technology

S.A., Zawiercie, Poland, Version 4.3 Software). If both
eyes of a patient met the inclusion criteria, only one eye
was randomly selected and included in this study.

The glaucoma suspects group (Group I) comprised
eyes with intraocular pressure (IOP) >21 mmHg, with a
healthy optic disc and normal VF results, or eyes with a
glaucomatous optic disc appearance and normal VF results.

The early glaucoma group (Group II) comprised eyes
with IOP >21 mmHg, open anterior chamber angle and
early glaucomatous defect according to Hodapp - Parrish
- Anderson criteria.?! Early glaucomatous defect was
determined as the presence of a cluster of 3 or more non-
edge points on the pattern standard deviation (PSD) plot,
all of those are depressed at a p<5% level and one of those
is depressed at a p<1% level or a PSD outside 95% normal
limits or a glaucoma hemifield test result outside normal
limits, and also the presence of these findings at least two
consecutive VF tests.?!

Visual Field Testing

VF examination was performed using the Swedish
Interactive Threshold Algorithm (Humphrey Field
Analyzer I1 740, 24-2 SITA Standard; Carl Zeiss Meditec).
The VF results were considered reliable if the fixation
loss was < 20%, and the false-positive and false-negative
response rates were < 15%. The VF testing and OCT scans
were performed on the same day, and only the patients
who had at least two consecutive reliable VF results were
enrolled in this study.

Optical Coherence Tomography Measurements

SD-OCT images were obtained using both the Cirrus HD-
OCT 5000 and Copernicus SD-OCT devices; all eyes were
dilated for the procedure. The OCT images were acquired
by the same operator on the same day, and only the images
with a signal strength of 6 or higher were included in the
study. Cirrus OCT was performed using the optic disc cube
200200 protocol that generates a cube of data through a
6-mm square grid by acquiring a series of 200 horizontal
scan lines, each composed of 200 A-scans. The device
measured the peripapillary RNFL thickness from the same
cube data along the circumference of a 3.4 mm diameter
circle centered at the optic disc. Copernicus OCT was
performed using the three-dimensional optic disc program
(70 B-scans, 500 A-scans per B-scan) that scans a 5-mm
square centered to the optic disc. The RNFL scanning ring
diameter was 2.4 mm, and ring thickness was 0.4 mm.
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Both OCTs provided an average and four quadrants
(superior, inferior, nasal, and temporal) RNFL thickness
measurements. The Cirrus OCT created four equal
quadrants of 90°, whereas the Copernicus OCT created
superior and inferior quadrants of 120°, a nasal quadrant
of 70°, and a temporal quadrant of 50°. The RNFL graphic
of the Copernicus OCT consisted of ten clock hour sectors,
whereas that of the Cirrus OCT device consisted of twelve
sectors.

The values of the thinnest 1% of the normative database
are marked red and considered “outside normal limits.”
The values between 1% and 5% are marked yellow and
considered borderline/suspect. The values from >5% to
95% represent the wide range for normal values and are
marked green. The values >95% of the range are labeled
white and indicate the thickest range of the normative
database.”

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS, version 15.0, Inc.,
Chicago, IL, USA). Differences between the means of the
groups were tested using the Student’s t-test for independent
samples or using nonparametric Mann-Whitney U test
if the variables were not normally distributed. The inter-
device concordance between the two OCT devices was
assessed using the intra-class correlation coefficient (ICC)
and the Bland-Altman scatter plot for RNFL thickness
measurements, and the 2x2 mixed-design analysis of
variance (ANOVA) was used for color-coded graphical
formats. ICC estimates and their 95% confidence intervals

(Cls) were calculated using single-rating, consistency, and
a two-way mixed effects model. Furthermore, receiver
operating characteristics (ROC) curve analysis was
used to determine the diagnostic performances of RNFL
parameters. A P-value less than 0.05 was considered
statistically significant.

RESULTS

Sixty eyes of 60 patients, 30 with suspected glaucoma
(Group I) and 30 with early glaucoma (Group II), were
enrolled in this study. The demographic and clinical
characteristics of the subjects are shown in Table 1.

For both groups, all RNFL thickness measurements
obtained using the Cirrus OCT were significantly thicker
than those obtained using the Copernicus OCT (p<0.001,
for all) (Table 2). On the 95% confidence interval, the
ICC assessed a “moderate to excellent” inter-device
concordance for the average and inferior RNFL thicknesses
in both groups. The lowest inter-device concordance was
recorded in the superior and temporal quadrants in Group I
(ICC: 0.626 and 0.527, respectively), and in the nasal and
temporal quadrants in Group II (ICC: 0.632 and 0.548,

respectively).

The Bland-Altman plots showed a discrepancy in
the RNFL thickness
measurements obtained using the two devices. Based on
the 95% CI (p <0.001), the limit of concordance between
the devices was 22.0 (-6.6 — 15.4) um for average RNFL
thickness, 40.0 (-11.6 — 28.4) pm for that of the superior,
40.7(-7.8 — 32.9) um for the inferior, 39.1(-9.7 — 29.4) um
for the nasal, and 36.3 (-5.5 — 30.8) um for the temporal

concordance limits between

Table 1: Clinical and demographic characteristics of the patients.
Group I (Glaucoma Suspect) Group II (Early Glaucoma) p
Min-Max. Mean£SD Min-Max. Mean+SD
Age, years 38-69 54.5+£8.3 37-77 59.5+9.6 0.038
Sex: Male/Female 9/21 12/18 0.417
Eye: Right/Left 19/11 16/14 0.432
Cup/disk ratio 0.1-0.7 0.44+0.16 0.1-0.8 0.54+0.21 0.030
CCT (pm) 470 - 673 560.5+40.5 507 - 620 563.4+31.1 0.770
-5.57--0.67 -2.11£0.95 -6.01 —-1.37 -4.32+1.18 <0.001
Visual Field MD (dB) - -
(Median: -2.15) (Median: -4.43)
1.26 — 4.96 1.81+0.77 1.47-8.21 3.28+1.39
Visual Field PSD (dB) - - <0.001
(Median: 1.60) (Median:2.94)
MD: Mean deviation; PSD: Pattern standard deviation; CCT: Central corneal thickness
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Table 2: The Intraclass Correlation Coefficient of peripapillary RNFL measurements between Cirrus OCT and
Copernicus OCT.

RNFL Thickness | Cirrus OCT | Copernicus OCT | Difference ICC

Measurements Mean+SD Mean+SD Mean£SD P Mean | 95% CI (Min-Max) P
Group I

Average 97.4+9.4 94.2+8.3 3.2+4.4 <0.001 0.877 0.758 — 0.940 <0.001
Superior 110.6+13.6 105.1£9.8 5.5+10.3 <0.001 0.626 0.348 — 0.802 <0.001
Inferior 121.9£16.5 109.7+£12.5 12.2+8 <0.001 0.813 0.644 — 0.906 <0.001
Nasal 82.2+12.4 73.6x11.0 8.7+7.3 <0.001 0.807 0.633 —0.903 <0.001
Temporal 72.4+11.0 60.1£7.7 12.3£9.2 <0.001 0.527 0.211-0.743 0.001
Group IT

Average 89.6+14.9 84.0+12.1 5.7+6.4 <0.001 0.888 0.779 — 0.945 <0.001
Superior 104.1£18.7 92.8+14.0 11.349.4 <0.001 0.837 0.686 -0.919 <0.001
Inferior 111.2+25.0 98.0+17.6 12.9£11.8 <0.001 0.851 0.711 — 0.926 <0.001
Nasal 76.1£16.2 65.0+11.6 11.1+12.1 <0.001 0.632 0.356 — 0.806 <0.001
Temporal 67.5+11.5 54.5+8.0 12.949.4 <0.001 0.548 0.240 — 0.756 0.001
RNFL: Retinal nerve fiber layer; OCT: Optical coherence tomography; ICC: Intraclass Correlation Coefficient; CI: Confidential
interval SD: Standard deviation

quadrant. The Bland-Altman plot revealed that the bias
tended to be greater when the RNFL was thicker, a finding
that was more prominent in the inferior quadrant (Figure

).

The color-coded graphics of RNFL thicknesses, derived
from the Copernicus and Cirrus OCT, differed significantly
from each other (p <0.05, for all) (Table 3); the difference
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Figure 1: The Bland-Altman scatter plot revealed that the
differences in retinal nerve fiber layer (RNFL) thickness
measurements tended to be greater when the RNFL was
thick and this discrepancy was more prominent in the
inferior quadrant [the slope (R’ Linear): 0.249].

was more prominent in Group II (Figure 2). Except for
the temporal quadrant that had the highest color code
concordance (above 80%) in both groups, the color code
concordance between the two OCT devices from 46.7% to
70% in Group I and from 30% to 40% in Group II.

ROC curve analysis demonstrated differences between
the diagnostic powers of the devices in discriminating
early glaucoma from suspected glaucoma. The AUROC
values ranged from 0.586 to 0.682 for the Cirrus OCT and
from 0.703 to 0.769 for the Copernicus OCT. All RNFL
thickness measurements obtained by the Copernicus, and
only the average RNFL thickness obtained by the Cirrus,
had fair discrimination powers (p <0.05, for all) (Table 4).

DISCUSSION

In this study, we investigated the inter-device concordance
for peripapillary RNFL thickness measurements and color
codes and the diagnostic performance of two different
SD-OCT devices for the discrimination of early glaucoma
from suspected glaucoma. Our results demonstrated that
there are notable differences between the RNFL thickness
measurements, color code graphics, and diagnostic powers
of the Cirrus and Copernicus OCT. The inter-device
concordance was good for the average, inferior, and nasal
RNFL thicknesses (ICC: 0.877, 0.813, 0.807, respectively)
of Group I, and the average, superior, and inferior RNFL
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Table 3: The Color-code agreement between Cirrus and Copernicus OCT. Color-code was considered as white

>green>yellow>red.
Group I Group II
(Glaucoma Suspect) (Early Glaucoma)

Color-Code Agreement N % P N % P

Cirrus = Copernicus 21 70.0 0.003 11 36.7 <0.001
Average RNFL Cirrus > Copernicus 9 30.0 19 63.3

Cirrus < Copernicus 0 0.0 0 0.0

Cirrus = Copernicus 19 63.3 <0.001 30.0 <0.001
Superior RNFL Cirrus > Copernicus 10 333 20 66.7

Cirrus < Copernicus 1 3.3 1 33

Cirrus = Copernicus 16 53.3 <0.001 12 40.0 <0.001
Inferior RNFL Cirrus > Copernicus 14 46.7 18 60.0

Cirrus < Copernicus 0 0.0 0 0.0

Cirrus = Copernicus 14 46.7 <0.001 12 40.0 <0.001
Nasal RNFL Cirrus > Copernicus 16 53.3 18 60.0

Cirrus < Copernicus 0 0.0 0 0.0

Cirrus = Copernicus 25 83.3 0.025 24 80.0 0.014
Temporal RNFL Cirrus > Copernicus 5 16.7 6 20.0

Cirrus < Copernicus 0 0.0 0 0.0

RNFL: Retinal nerve fiber layer; OCT: Optical coherence tomography
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Figure 2: Distribution of color-codes created by Cirrus and Copernicus optical

coherence tomographies in patients with glaucoma suspect (Group 1) and early

glaucoma (Group 1I)
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Table 4: The AUROC values of peripapillary RNFL
parameters of Cirrus and Copernicus OCTs for
discriminating early glaucoma from the glaucoma
suspect.

Glaucoma Suspect vs Early

Glaucoma

AUROC (95% CI) p
Cirrus OCT
RNFL Thicknesses
Average 0.682 (0.544 - 0.821) 0.015
Superior 0.586 (0.439 - 0.732) 0.255
Inferior 0.624 (0.476 - 0.773) 0.076
Nasal 0.641 (0.498 - 0.784) 0.060
Temporal 0.616 (0.472 - 0.759) 0.124
Copernicus OCT
RNFL Thicknesses
Average 0.769 (0.646 - 0.893) | <0.001
Superior 0.769 (0.644 - 0.894) | <0.001
Inferior 0.703 (0.570 - 0.837) 0.007
Nasal 0.715 (0.582 - 0.848) 0.004
Temporal 0.735 (0.606 - 0.864) 0.002
AUROC: Area under receiver operating characteristic;
RNFL: Retinal nerve fiber layer; OCT: Optical coherence
tomography

thicknesses (ICC: 0.888, 0.837, 0.851, respectively) of
Group II. Kim et al.” investigated the RNFL thickness
and color code concordance between Stratus time domain-
OCT and Cirrus HD-OCT, and they reported that for
glaucomatous eyes, the inter-device concordance was
excellent for average RNFL thickness and acceptable for
each quadrant, except the nasal. They also demonstrated
that when the RNFL was thin, Stratus OCT tended to
produce thinner RNFL thickness than those measured
by Cirrus OCT and thicker RNFL thickness than those
measured by the Cirrus OCT when the RNFL was thick.
This inconsistency between Cirrus and Stratus OCT has
been reported in previous studies as well.'*!> In the present
study, we also observed partially similar discrepancies in
the average and quadrant RNFL thickness measurements
(except for the nasal quadrant RNFL thickness). The
Bland-Altman scatter plot revealed that the bias of
RNFL thickness measurements between the Cirrus and
Copernicus OCT tended to be greater when the RNFL was
thick in all eyes (Figure 1).

The differences in RNFL thickness are explained based
on the differences in the scan paths and retinal layer
segmentation algorithms of the devices. All OCT devices
identify the vitreoretinal interface as the inner retinal
border. Nevertheless, the identification of the outer retinal
border significantly differs among devices. The spectral
OCT systems typically image the outer retinal layers as
three hyperreflective bands. The bands may correspond
to the external limiting membrane, the junction of the
outer and inner segments of the photoreceptor layer, and
the retinal pigment epithelium. The Cirrus OCT uses the
outermost hyperreflective band as the outer border of the
retina, whereas the Copernicus OCT identifies the second
inner reflective band as the outer border of the retina.®>-*
However, we could not find any data to explain how this
difference affects the RNFL thickness measurement, and
why segmentation algorithms do not work in the same
way, regardless of the thickness of the RNFL.

Kim et al.!” reported that the concordance of RNFL color
code also ranged from fair to good (K:0.288-0.887)
using Cohen’s Kappa test, except for the nasal quadrant,
1 to 4, and the 9 o’clock sectors in all glaucoma groups
and normal eyes. However, the color code concordance
for the four colors was not evaluated in their study; they
classified the color codes in only two groups (white and
green colors were normal, and yellow and red colors were
abnormal). We believe that this method does not reflect
the actual concordance, as each color code (red, yellow,
green, and white) has a different significance regarding the
severity of glaucoma, particularly in cases of glaucoma
suspect and early glaucoma. Therefore, we investigated the
concordance for the four color codes using a 2x2 mixed-
design ANOVA and found that the color code concordance
was lower than that reported by Kim et al.”” For average
RNFL thickness, the color code concordance was 70%
in Group I and 36.7% in Group II. The Cirrus OCT
yielded more optimal color code findings for the average
and quadrant RNFL thicknesses than the Copernicus;
this discrepancy was more prominent in Group II. The
frequency of the more optimal color code interpretation
of the Cirrus for average and quadrant RNFL thicknesses
(except the temporal) ranged from 60% to 70% in Group II
and from 30% to 53% in Group L.

In another study, Rebolleda et al.* found a fair color code
discordance and a substantial discrepancy between RNFL
thickness measurements obtained using the Stratus, Cirrus,
and Spectralis OCT in patients with relapsing-remitting
multiple sclerosis with and without optic neuritis (ON).
The discordance rate was higher for the eyes with ON than
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for those without the condition (23.52% vs. 13.2%). They
explained that higher color code discordance occurs in
advanced glaucoma, and that the ON may be responsible
for the higher frequency of abnormal codes. Green color
codes represent a wide range of RNFL thicknesses (from
the fifth to the 95th percentiles), whereas abnormal color
codes represent narrower range (less than a fifth percentile).
As a result of this, red and yellow color codes are more
likely to disaccord between two devices than green color
code.!*? We also find this interpretation plausible.

In the present study, the AUROC values of RNFL
thicknesses, measured with the Cirrus OCT, were lower
than those measured with the Copernicus. Previous studies
have demonstrated that disease severity has a significant
effect on the diagnostic performance of OCT devices.!825-%7
Silverman et al.?® investigated the diagnostic accuracy
of Cirrus and Spectralis OCT for eyes with suspected
glaucoma and reported that according to the normative
database for progressor eyes that developed VF damage,
the sensitivity of the average RNFL thickness outside
normal limits was 23.5% for the Cirrus and 32.4% for the
Spectralis; the sensitivity increased to about 50% for both
devices, if at least one RNFL sector was outside normal
limits. Unfortunately, we could not evaluate sector RNFL
thicknesses and color codes because of proportional
differences. Furthermore, the Copernicus OCT is not
commonly used, and to the best of our knowledge, no
other study, except for our previous study, has investigated
its discriminatory power or sensitivity for glaucoma
diagnosis. In our previous study, we found that the RNFL
parameters, measured with the Copernicus, had favorable
AUROC values in the discrimination of early glaucoma
from ocular hypertension. However, the sample size of
that study was small, and color code sensitivity was not
investigated in that study.”

We believe that the rate of the inconsistency of RNFL
measurements in the current study may not be enough
to explain the low color code concordance. This may
highlight a normative database discrepancy in addition to
the software and hardware differences between the Cirrus
and Copernicus OCT.

The normative database for the Cirrus OCT was developed
from the data of 284 healthy individuals of different
ethnicities; except for Caucasians, only a small number of
subjects were included from other ethnicities.*® Previous
studies had reported that RNFL thickness was influenced by
age, ethnicity, axial length, refractive power and optic disc
size.?*32 The normative data of the Cirrus OCT are stratified

by age, but adjustments for race and refractive power are not
available.’ It has been reported that Asians have a greater
RNFL thickness than that in the Cirrus normative database
and this caused a poor color code concordance between the
original and adjusted database in Korean and Vietnamese
populations.®*** In another study, Peres et al.35 showed
that the RNFL measurements of the Caucasians were
significantly thinner than those of the Chinese population,
and after applying the ethnicity-specific normative
database, the RNFL abnormal color-code color code
rate decreased significantly in the Caucasian population,
but there was no significant change in the Chinese.
They hypothesized that the RNFL measurements of the
Caucasian were thinner than the RTVue built-in normative
database that includes 18.35% Caucasian subjects, while
other ethnicities such as Chinese, Hispanic and African-
Americans comprise the rest. Similarly, myopic normative
data adjustment has improved the diagnostic sensitivity of
color codes as well. 367

In the present study, the Cirrus OCT frequently displayed
white color code (hyper normal), especially for the average
and nasal quadrant measures, whereas the Copernicus
did not display any white color code. Since there was
no control group in the study, we could not evaluate
the color code rates in the healthy subjects. Bulam et
al.® reported that the RNFL thickness of the Turkish
population in the average, superior, inferior, nasal and
temporal quadrants were 95.01, 117.93, 123.80, 71.80 and
66.56 um., respectively. Giir Glingor et al.*? also reported
similar measurements (94.35, 117.90, 123.76, 67.79 and
68.66 mm., respectively), except the nasal and temporal
quadrants. In the two study, all RNFL thicknesses, except
the nasal quadrant, are significantly thicker than those of
the European descent in the Cirrus database (90.1, 113.0,
115.9,70.1 and 61.2 um., respectively).** We think that the
frequent white color coding of Cirrus OCT may be due
to the fact that the European descent makes up 43% of
the normative data. However, we do not know exactly the
normal range of the population-level variations stratified
by age, and how Cirrus proprietary algorithm gives color
probability codes. On the other hand, although the company
proclaimed that the Copernicus has a normative database of
more than 3000 patients, no detailed information has been
disclosed yet.** We do not know how the RNFL database
of the Copernicus is stratified according to age, ethnicity,
and refractive power either. We believe that the lack of
standardization of the normative databases can limit the
value of the color code graphics in the early diagnosis of
glaucoma. Serial scans are more useful than a single scan
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in making diagnosis or treatment decisions, particularly for
patients with suspected glaucoma or early glaucoma.

OCT normative databases must accurately represent the
populations to which they are applied. Otherwise, they
may lead to incorrect assessments.

Study Limitations

Our study has some limitations. First, the sample sizes
of both groups were small. Second, there was no control
group that comprised non-glaucomatous eyes. As a result,
the inter-device concordance for the normal eyes of the
Turkish population could not be tested. In addition, we
could not investigate sector defects, which occur before
quadrant changes in patients suspected of having glaucoma
and patients with early-stage glaucoma, because of the
sectional partitioning difference between the Cirrus and
Copernicus OCT. New prospective studies with larger
sample sizes and control groups that comprise the non-
glaucomatous eye may be required to better investigate
the differences of RNFL thickness measurements and their

color codes among OCT devices.

CONCLUSION

The peripapillary RNFL thicknesses obtained via two
different OCT devices used in the present study differed
from each other. The OCT devices not only yielded
various RNFL thickness measurements, but differences
existed in their color code interpretations. We suggest that
the software and normative database differences between
devices as well as individual features of patients are
considered when evaluating OCT scans, particularly in the
diagnosis of early glaucoma.
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