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1. INTRODUCTION
Myopia, a risk factor for the development of glaucoma,1–3 is 
highly prevalent in Asia,4–6 and the mean magnitude of myopic 
refraction in most Asian populations has escalated over the past 
few decades.7 Axial length (AL) is the primary determinant of 
non-syndromic myopia.8 However, the ability to distinguish 
early glaucomatous damage from a non-glaucomatous myopic 
change is often challenging in myopic eyes due to morpho-
logical abnormalities in ocular structures associated with AL 
elongation.

Many studies have demonstrated the usefulness of spectral 
domain optical coherence tomography (SD-OCT) in detecting 
glaucomatous damage. By comparing the thickness of circum-
papillary retinal nerve fiber layer (cpRNFL) and the macular 
ganglion cell complex (GCC) parameters in each eye to that of 
a built-in normative database, color codes indicating normal, 

suspect, or outside normal limits were shown in the summary 
report.9–15 However, several researchers have cautioned about 
the risk of misclassification if we solely rely on numerical values 
or color-coded flags of OCT findings in glaucoma assessment, 
particularly when dealing with highly myopic eyes.16–18 The 
high false-positive rate observed with SD-OCT assessments in 
myopia is probably due to the facts that high myopic eyes have 
variable disc morphologies,19–22 smaller disc sizes,23 thinner reti-
nal nerve fiber layers (RNFLs),24–26 and more temporally shifted 
retinal nerve fiber bundle distributions,27 compared with normal 
eyes without myopia.

The RS-3000 (Nidek, Gamagori, Aichi, Japan) is an SD-OCT 
device equipped with built-in software that adjusts for 
AL-associated ocular magnifications. In addition to the typical 
normative database for eyes with ALs <26 mm, this model is 
equipped with an optional database for eyes with ALs ≥26 mm. 
The present study aimed to investigate whether the RS-3000 
SD-OCT with the built-in software and long AL normative 
database (LAND) increases the accuracy in glaucoma assess-
ment for highly myopic eyes eyes when compared with another 
SD-OCT device not considering these AL-associated factors 
(Cirrus HD-OCT, software version 6.0; Carl Zeiss Meditec Inc, 
Dublin, CA).

2. METHODS
This prospective, comparative, cross-sectional study was 
approved by the Institutional Review Broad and the Ethics 
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Committee of Taipei Veterans General Hospital, Taiwan. We 
enrolled patients with high myopia, 20–59 years of age, with 
or without glaucoma. This age-range matched that of subjects 
who contributed to the normative database of the RS-3000. 
Written informed consent was obtained from participants 
before enrollment.

All subjects received comprehensive ocular examinations, 
including auto-refraction, intraocular pressure (IOP), central 
corneal thickness, AL measured with an IOLMaster (V.5.02, 
Carl Zeiss Meditec, Oberkochen, Germany), slitlamp biomicros-
copy, gonioscopy, fundoscopy with a hand-held lens, and fundus 
photography in various modes (color, red-free, and cobalt light). 
The SD-OCT evaluation was performed with a dilated pupil. 
A visual field (VF) test was performed with Humphrey auto-
mated perimetry with the Swedish Interactive thresholding algo-
rithm (SITA) standard (i750, Carl Zeiss Meditec, Oberkochen, 
Germany).

All enrollees had a best-corrected visual acuity of 20/30 or 
better, IOP < 21 mmHg, AL ≥ 26 mm, spherical equivalent ≤ −5 
D, astigmatism ≤ 3 D, and reliable SITA-Standard 24-2 VF test 
results within 4 months of the OCT imaging acquisition. A VF 
test with fixation loss ≤ 20%, false positives ≤ 15%, and false 
negatives ≤ 15% was regarded as reliable. Eyes were excluded 
when they had coexisting ocular disease (other than a refractive 
error or cataract); ocular inflammation; high myopia-related ret-
inal degeneration; other neurological diseases which may cause 
VF defect; history of ocular surgery within 3 months; or a his-
tory of refractive surgery or ocular trauma.

2.1. Patients with primary open-angle glaucoma and 
myopia
Glaucoma was diagnosed based on characteristic changes in 
optic nerve head (ONH)/RNFL and corresponding VF loss. The 
ONH changes included neuroretinal rim thinning, notching, or 
excavation. A glaucomatous RNFL defect on fundus photogra-
phy was slit-, wedge-, or band-shaped, matching RNFL distribu-
tion pattern and were wider than adjacent vessels. Glaucomatous 
VF defect was defined as follows; (1) conformed to patterns of 
retinal nerve fiber distribution; (2) had ≥3 non-edge continuous 
points in the same with a pattern standard deviation value <0.05 
and one <0.01; and (3) with a glaucoma hemifield test classified 
as outside normal limits. When both eyes of one subject fulfilled 
all the criteria, we chose the eye with better VF for statistical 
analysis.

2.2. Myopic subjects without primary open-angle glaucoma
These participants served as the control group. All had normal 
IOPs (<21 mmHg), and unremarkable anterior segment and 
fundus findings, except for a tilted disc and peripapillary cho-
rioreinal atrophy which did not interfere with cpRNFL evalu-
ations with the SD-OCT. Subjects with general reductions in 
VF sensitivity or enlarged blind spots which corresponded to 
high myopic fundus changes were not excluded. When both eyes 
met the enrollment criteria, we chose the right eye for statistical 
analysis.

2.3. RS-3000 SD-OCT and Cirrus HD-OCT measurements
OCTs were performed with both the RS-3000 and the Cirrus 
HD in all participants in random order on the same day. These 
two devices differ in image acquisition time, retinal segmenta-
tion, and axial resolution, but their circular scan diameters for 
cpRNFL measurements are almost the same and their scanning 
center in GCC measurement is placed symmetrically on the 
fovea. In the RS-3000, the macular GCC was measured as the 
thickness from the internal limiting membrane to the inner plex-
iform layer; while in the Cirrus HD, it was measured from the 

retinal ganglion cells to the inner plexiform layer. Additionally, 
these two devices had different GCC map areas and partitions 
(Fig. 1). Images were excluded when they had signal strengths 
<7, poor imaging quality, vitreous opacity that affected image 
acquisition, marked chorioretinal degeneration, or displayed a 
mirroring effect, due to an extremely long AL.

2.4. Classification of abnormality
In the cpRNFL thickness analysis, the thickness was classi-
fied as abnormal when at least one of the clock-hour sectors 
on the map was color-coded either red (<1% of probability 
to be within normal range of an age-matched normal popula-
tion) or yellow (<5%).18,28,29 Similarly, the GCC was classified 
as abnormal when at least one of the sectors of the significance 
map was color-coded red or yellow. The false-positive rate of the 
control group and the false-negative rate of the primary open-
angle glaucoma (POAG) group were calculated and compared 
between the two OCT devices.

2.5. Statistical analysis
All analyses were performed with SPSS software, V20.0 (Chicago, 
IL). Descriptive data, cpRNFL parameters, and GCC parameters 
were compared between the POAG and control groups with the 
Mann-Whitney U test. The areas under the receiver operating 
characteristic curves (AUROCs) for individual cpRNFL and 
GCC parameters were compared between the two devices. We 
used two sample test of proportion to compare the false-positive 
rate and false-negative rate between these two devices.

3. RESULTS
In total, 41 high myopic eyes with POAG, and 40 high myopic 
eyes without glaucoma (controls) were included in the final 
analyses. Demographic and clinical characteristics of these par-
ticipants are shown in Table 1. The thickness of various cpRNFL 
and GCC parameters significantly differed between the control 
and POAG eyes, except for cpRNFL at clock-hours 3 and 4 of 
the RS-3000 and cpRNFL at clock-hours 12, 1, 3, 4, and 5 of 
the Cirrus HD-OCT.

Fig. 1  Macular scanning areas, with grids denoting sectors of significance, 
in RS-3000 OCT and Cirrus HD-OCT. (Left) RS-3000 OCT uses an eight-
sectored circular map (G-chart), which comprises a 9 × 9 mm2 area, centered 
at the fovea (gray area, 1.5 mm diameter). There are four inner (4.5 mm 
diameter) and four outer (9 mm diameter) sectors. (Right) Cirrus HD-OCT 
uses a six-sectored elliptical map of GCIPL, which comprises a 4 × 4.8 mm2 
area, centered at the fovea. Number shown in each sectors represent GCC 
thicknesses in RS-3000, and GCIPL thicknesses in Cirrus HD. For both 
devices, the significance maps use three-level color coding to indicate 
whether the thickness of a given sector is within the normal range (green, 5 to 
95% probability), borderline (yellow, 1 to 5% probability), or outside the normal 
range (red, < 1% probability) compared with the corresponding sector in the 
normative database. GCC = ganglion cell complex.
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The AUROC of each cpRNFL parameter was compared 
between RS-3000 and Cirrus HD-OCT. The best cpRNFL 

parameter for glaucoma assessment was the average RNFL 
(AUROC = 0.899, 95% CI, 0.824–0.973) of the RS-3000, and 
the RNFL at clock-hour 7 (AUROC = 0.912, 95% CI, 0.850–
0.973) of the Cirrus HD, respectively. Regarding the GCC 
parameters, the best one to discriminate glaucoma form non-
glaucoma was the nasal-inferior outer sector (AUROC = 0.873) 
of the RS-3000, and the inferior-temporal sector (AUROC = 
0.840) of the Cirrus HD-OCT (Table 2).

Table  3 shows that in the control group, the false-positive 
rates tended to be lower in RS-3000 than in Cirrus HD-OCT, 
particularly for the GCC parameters. Overall speaking, both 
devices showed high sensitivity in the detection of glaucoma in 
eyes with high myopia, but Cirrus HD-OCT shower a lower 
specificity than RS-3000 (Table 4).

4. DISCUSSION
To the best of our knowledge, this was the first study to compare 
the RS-3000 and Cirrus HD in terms of the ability to diagnose 
glaucoma in highly myopic eyes with ALs ≥26 mm. We found 
that RS-3000 OCT with a LAND had good ability to diag-
nose glaucoma in these eyes with either the cpRNFL or GCC 

Table 1

Basic Clinical characteristics of the control and POAG groups

Control  
(n = 40)

POAG  
(n = 41) p

Age, y 39.9 ± 11.2 43.9 ± 9.5 0.086
BCVA 0.96 ± 0.14 0.92 ± 0.12 0.241
Spherical equivalent (D) −8.21 ± 4.70 −8.94 ± 3.03 0.414
Myopic refraction (D) −8.46 ± 3.12 −8.44 ± 2.98 0.958
Axial length 27.40 ± 1.29 27.51 ± 1.36 0.708
Central corneal thickness (μm) 565.9 ± 33.9 560.9 ± 35.1 0.514
Intraocular pressure (mmHg) 17.2 ± 2.6 15.0 ± 2.5 <0.001
Vertical C/D ratio 0.63 ± 0.18 0.81 ± 0.12 <0.001
Visual field mean deviation (dB) −1.17 ± 1.46 −5.09 ± 3.96 <0.001
Visual field pattern standard deviation 2.06 ± 0.91 5.98 ± 3.68 <0.001
Visual field index (%) 98.3 ± 2.0 88.1 ± 10.6 <0.001

POAG = primary open-angle glaucoma; BCVA = best-corrected visual acuity; D = diopter; C/D ratio 
= cup-to-disc ratio.

Table 2

Area under the receiver operating characteristic curve for each cpRNFL and ganglion cell complex parameter, compared between 
RS-3000 SD-OCT and the Cirrus HD-OCT

AUROC parameter RS-3000 95% CI Cirrus 95% CI p

Main RNFL thickness 0.899 0.824–0.973 0.897 0.829–0.964 0.515
Average RNFL 0.814 0.718–0.910 0.734 0.622–0.847 0.856
Superior RNFL 0.673 0.554–0.792 0.652 0.530–0.774 0.595
Nasal RNFL 0.851 0.764–0.938 0.884 0.807–0.962 0.287
Inferior RNFL 0.801 0.706–0.896 0.826 0.735–0.917 0.353
Temporal RNFL      
Clock-hour 12 0.657 0.539–0.775 0.554 0.426–0.682 0.878
Clock-hour 1 0.686 0.571–0.801 0.571 0.446–0.696 0.907
Clock-hour 2 0.725 0.610–0.840 0.714 0.599–0.829 0.552
Clock-hour 3 0.605 0.481–0.730 0.586 0.457–0.714 0.582
Clock-hour 4 0.601 0.478–0.724 0.580 0.455–0.706 0.592
Clock-hour 5 0.670 0.550–0.791 0.583 0.457–0.708 0.837
Clock-hour 6 0.770 0.666–0.874 0.791 0.691–0.892 0.388
Clock-hour 7 0.856 0.768–0.945 0.912 0.850–0.973 0.153
Clock-hour 8 0.785 0.686–0.885 0.858 0.776–0.940 0.135
Clock-hour 9 0.666 0.548–0.784 0.740 0.692–0.851 0.186
Clock-hour 10 0.784 0.684–0.884 0.815 0.722–0.908 0.327
Clock-hour 11 0.805 0.701–0.909 0.816 0.717–0.914 0.440
G-chart (RS-3000) Nasal      
  Superior-inner 0.793 0.691–0.894 NA NA NA
  Superior-outer 0.869 0.793–0.945 NA NA NA
  Inferior-inner 0.826 0.731–0.921 NA NA NA
  Inferior-outer 0.873 0.795–0.951 NA NA NA
Temporal      
  Superior-inner 0.778 0.676–0.881 NA NA NA
  Superior-outer 0.821 0.723–0.920 NA NA NA
  Inferior-inner 0.846 0.753–0.938 NA NA NA
  Inferior-outer 0.805 0.708–0.902 NA NA NA
GCIPL thickness (Cirrus) NA NA 0.791 0.692–0.889 NA
Average GCIPL NA NA 0.739 0.628–0.850 NA
Superior NA NA 0.683 0.566–0.801 NA
Superior-nasal NA NA 0.737 0.626–0.848 NA
Inferior-nasal NA NA 0.774 0.665–0.884 NA
Inferior      
Inferior-temporal NA NA 0.840 0.750–0.930 NA
Superior-temporal NA NA 0.813 0.718–0.909 NA

AUROC = areas under the receiver operating characteristic; cpRNFL = circumpapillary retinal nerve fiber layer; GCIPL = ganglion cell inner plexiform layer; NA = not applicable; RNFL = retinal nerve fiber layer; 
SD-OCT = spectral domain optical coherence tomography.
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algorithm. The cpRNFL parameters of Cirrus HD-OCT also 
performed well in discriminating glaucoma from non-glaucoma, 
but it’s GCC parameters showed significantly higher false-posi-
tive rates than those of RS-3000.

Two previous studies using RS-3000 SD-OCT have shown the 
advantages of LAND over non-myopic normative database for 
detecting early glaucomatous change in highly myopic eyes.30,31 

However, the diagnostic performance of RS-3000 with a LAND 
versus other widely available brands of SD-OCT without a 
LAND remains unknown. Our study first demonstrated that 
the best cpRNFL parameter from both RS-3000 with a LAND 
and Cirrus HD without a LAND performed comparably well in 
glaucoma diagnosis for highly myopic eyes. These findings were 
in line with previous studies that show good ability of cpRNFL 
parameters of Cirrus HD-OCT in glaucoma assessment, despite 
that RNFL measurements were not adjusted for long ALs.32

Ohno-Matsui et al33,34 employed high resolution 3D mag-
netic resonance imaging to analyze ocular topography of high 
myopic eyes. They showed that the globe protruded most along 
the central sagittal axis, in 78% of 86 eyes with pathological 
myopia. Furthermore, eyes with longer ALs had a high chance 
of displaying irregular curvature, with a temporally distorted 
shape. With Cirrus HD-OCT, no measurements were adjusted 
for AL. Consequently, the irregular curvature of the posterior 
pole within the relatively small macular scan area (4 × 4.8 mm2 
elliptical scan) may decrease the accuracy of macular GCC 
measurements with Cirrus HD-OCT in highly myopic eyes.

It is interesting to note that, in this study on eyes with high 
myopia, the cpRNFL parameters of both devices performed bet-
ter, in general, than the macular GCC parameters for glaucoma 
diagnosis. This finding was inconsistent with two prior studies 
that investigated the impact of high myopia on the performance 
of another SD-OCT machine, the RTVue-100 (version 4.0.0.143, 
model RT-100, Optovue, Fremont, CA).16,35,36 Those authors con-
cluded that, although all parameters performed well for discrimi-
nating glaucoma from normal, the GCC parameters were better 
than cpRNFL parameters for glaucoma assessment in eyes with 
high myopia. One possible explanation of their findings was that 
the center of the GCC scan was shifted temporally by 0.75 mm 
(not centered on the fovea) in RTVue-100 to increase sampling of 
the temporal periphery, and the GCC measurement of the device 
included the thickness of the RNFL as well.

This study had several limitations. First, the sample size was 
small, and the setting was a single tertiary referral medical 
center; therefore, a selection bias may have existed. Myopic eyes 
in which glaucoma assessment is not challenging might not be 
included in this study, which might underestimate the diagnostic 
performance of these two OCT devices. However, this may not 
significantly affect the study outcome of our study that com-
pared the diagnostic performance of different SD-OCT devices. 
Second, this cross-sectional study required a glaucomatous VF 
defect for making the diagnosis; therefore, the study results may 
not be generalized to patients with pre-perimetric glaucoma. 

Table 3

False-positive rate in the control group and false-negative rate 
in the POAG group for measurements with RS-3000 OCT and 
Cirrus HD-OCT

RS-3000 Cirrus HD p

False-positive rate    
  RNFL (Y+R)    
    Quadrant map 14/40 (35%) 23/40 (57.5%) 0.045
    Clock-hour map 26/40 (65%) 30/40 (75%) 0.332
  RNFL (R)    
    Quadrant map 7/40 (17.5%) 13/40(32.5%) 0.123
    Clock-hour map 12/40 (30%) 13/40 (32.5%) 0.811
  GCA (Y+R) 14/40 (35%) 35/40 (87.5%) <0.0001
  GCA (R) 7/40 (17.5%) 27/40 (67.5%) <0.0001
  GCA superior (Y+R) 9/40 (22.5%) 28/40 (70%) <0.0001
  GCA superior (R) 4/40 (10%) 13/40 (32.5%) 0.015
  GCA inferior (Y+R) 12/40 (30%) 35/40 (87.5%) <0.0001
  GCA inferior (R) 6/40 (15%) 24/40 (60%) <0.0001

 RS-3000 Cirrus HD p
False-negative rate    
  RNFL (Y+R)    
    Quadrant map 4/41 (9.7%) 1/41 (2.4%) 0.168
    Clock-hour map 1/41 (2.4%) 0/41 (0%) 0.321
  RNFL (R)    
    Quadrant map 6/41 (14.6%) 5/41 (12.2%) 0.751
    Clock-hour map 5/41 (12.2%) 6/41 (14.6%) 0.751
  GCA (Y+R) 3/41 (7.3%) 0/41 (0%) 0.079
  GCA (R) 5/41 (12.2%) 3/41 (7.3%) 0.457
  GCA superior (Y+R) 7/41 (17%) 3/41 (7.3%) 0.182
  GCA superior (R) 11/41 (26.8%) 11/41 (26.8%) 1
  GCA inferior (Y+R) 7/41 (17%) 2/41 (4.9%) 0.081
  GCA inferior (R) 9/41 (21.9%) 4/41 (9.8%) 0.136

GCA = ganglion cell analysis; POAG = primary open-angle glaucoma; R = red-coded color, <1% of 
probability to be within normal range of an age-matched normal population; RNFL = retinal nerve 
fiber layer; Y=yellow-coded color, <5% of probability to be within normal range of an age-matched 
normal population.

Table 4

Overall sensitivity and specificity of each parameters of RS-3000 and Cirrus HD-OCT for glaucoma detection

 

RS-3000 Cirrus HD 

Sensitivity, % Specificity, % Sensitivity, % Specificity, %

RNFL (Y+R)     
  Quadrant map 90.2 (76.9–97.3) 65.0 (48.3–79.4) 97.6 (87.1–99.9) 42.5 (27.0–59.1)
  Clock-hour map 97.6 (87.1–99.9) 35.0 (20.6–51.7) 100 (91.4–100) 25.0 (12.7–41.2)
RNFL (R)     
  Quadrant map 85.3 (70.8–94.4) 82.5 (67.2–92.7) 87.8 (73.8–95.9) 67.5 (50.9–81.4)
  Clock-hour map 87.8 (73.8–95.9) 70.0 (53.5–83.4) 85.4 (70.8–94.4) 67.5 (50.9–81.4)
GCA (Y+R) 92.7 (80.1–98.5) 65.0 (48.3–79.4) 100 (91.4–100) 12.5 (4.19–26.8)
GCA (R) 87.8 (73.8–95.9) 82.5 (67.2–92.7) 92.7 (80.1–98.5) 32.5 (18.6–49.1)
GCA superior (Y+R) 82.9 (67.9–92.9) 77.5 (61.6–89.2) 92.7 (80.2–98.5) 30.0 (16.6–46.5)
GCA superior (R) 73.2 (57.1–85.8) 90.0 (76.3–97.2) 73.2 (57.1–85.8) 67.5 (50.9–81.4)
GCA inferior (Y+R) 70.7 (54.5–83.9) 70.0 (53.5–83.4) 95.1 (83.5–99.4) 12.5 (4.2–26.8)
GCA inferior (R) 78.1 (62.4–89.4) 85.0 (70.2–94.3) 90.2 (76.9–97.3) 40.0 (24.9–56.7)

GCA = ganglion cell analysis; R = red-coded color, <1% of probability to be within normal range of an age-matched normal population; RNFL = retinal nerve fiber layer; Y = yellow-coded color, <5% of prob-
ability to be within normal range of an age-matched normal population.
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Third, we tried to include eyes with as long AL as possible, but 
it turned out to be very difficult to obtain qualified OCT images 
from eyes with ALs >29 mm. Since RS-3000 is not widely avail-
able globally, our study provides useful information which aids 
clinical judgment while using Cirrus HD-OCT as a supplement 
in glaucoma assessment for highly myopic eyes.

In conclusion, the cpRNFL algorithms for both RS-3000 
and Cirrus HD-OCT performed equally well for discriminat-
ing between glaucoma and non-glaucoma in highly myopic 
eyes, but the RS-3000 outperformed the Cirrus HD in terms of 
macular GCC parameters. The built-in software and database 
of RS-3000 SD-OCT which takes AL into consideration could 
reduce the rate of over-diagnosis of glaucoma in highly myopic 
eyes.
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