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PURPOSE. To compare retinal nerve fiber layer (RNFL) defects’ angle measurements deter-
mined from the center of the optic disc and Bruch’s membrane opening (BMO), as a
function of myopia and open-angle glaucoma (OAG) subtypes.

METHODS. In total, 118 patients with OAG were grouped by axial length (AL; high myopia,
AL >26 mm; mild to moderate myopia, 24 ≤ AL ≤26 mm; nonmyopia, AL <24 mm) and
OAG subtype (normal-tension glaucoma [NTG], high-tension glaucoma [HTG]). The disc
and BMO centers were determined by a merged image of red-free fundus photography
and spectral-domain optical coherence tomography. The angular location of the RNFL
defect close to the fovea (angle α) was measured from the disc center and BMO center,
respectively (angle αdisc and angle αBMO). The difference between angle αdisc and αBMO

(�α), as well as the RNFL defect width (angle γ ), was evaluated.

RESULTS. Angle αdisc was smaller in myopic eyes and correlated significantly with AL (P =
0.001), whereas it did not differ among OAG subgroups. Angle αBMO and angle γ were
not different in the myopic and OAG subgroups. The � α was larger for eyes with higher
degree of myopia and had significant correlation with AL (P < 0.001) and was larger in
NTG eyes than in HTG eyes (P = 0.023).

CONCLUSIONS. The angular location of the RNFL defect measured from the disc center, but
not from the BMO center, was closer to the fovea for glaucomatous eyes with higher
values of AL. The present study may facilitate understanding of the characteristic loca-
tional pattern of the RNFL defect in myopic glaucomatous eyes.

Keywords: glaucoma, retinal nerve fiber layer defect, myopia, optic disc, Bruch’s
membrane opening

Glaucoma is a progressive optic neuropathy charac-
terized by degeneration of the retinal ganglion cells

(RGCs).1 The lamina cribrosa (LC) plays a critical role as
the main site of RGC damage in glaucoma pathogenesis.2,3

RGC-axonal injury clinically leads to structural changes of
the optic disc, retinal nerve fiber layer (RNFL) defects, and
functional loss of vision.1,4

The angular location of RNFL defects in glaucoma is
reported to have a spatial preponderance,2,5,6 while the
exact location might be determined by several factors.
Highly myopic eyes with open-angle glaucoma (OAG) are
reported to have defects closer to the fovea7–10 relative
to nonmyopic eyes. However, the mechanism linking the
locational pattern of the RNFL defect and myopia is not
clear. In addition, there are inconsistencies in the study
of OAG subtypes. Some reports have shown that local-
ized RNFL defects in normal-tension glaucoma (NTG) were
closer to the fovea than those in high-tension glaucoma
(HTG),11,12 while other studies have reported no differ-
ence in the spatial location of RNFL defects between NTG
and HTG.13–16 Therefore, the issue of which factor and

mechanism determine the spatial location of the RNFL
defect in OAG remains controversial. Although our current
understanding of OAG is that the arbitrary division of
NTG and HTG is an oversimplification, it nonetheless
continues to be used to classify them for purposes of
research.

The concept of assessing optic nerve head (ONH) struc-
ture based on the Bruch’s membrane opening (BMO) is
recently emerging.17 Sawada et al.18 studied optic disc
margin anatomic features in myopic eyes and reported
significant misalignment between the disc and the BMO
center. Also recently, in the Boramae Myopia Cohort Study,
we observed longitudinal ONH change and LC shift during
axial elongation along with a relatively stable posterior polar
retinal structure and BMO in young myopic children, result-
ing in the misalignment between the disc and the BMO
center.19–21 These changes have shown strong correlation
with the preferential site of the RNFL defect in NTG with
myopia.22 Therefore, we hypothesized that the angular loca-
tion of the RNFL defect in myopic OAG eyes may vary
between disc and BMO centers.
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In this study, we comparatively investigated the angu-
lar location of the RNFL defect relative to the disc and
BMO centers, respectively, in association with the degree
of myopia and OAG subtypes.

METHODS

This cross-sectional study was based on patients with OAG
included in the Boramae Glaucoma Imaging Study, an ongo-
ing prospective study at Seoul National University Boramae
Medical Center (Seoul, Korea). Written informed consent to
participate was obtained from all patients. The study proto-
col was approved by the Seoul National University Boramae
Medical Center Institutional Review Board and conformed
to the tenets of the Declaration of Helsinki.

Study Participants

All of the participants underwent a full ophthalmologic
examination with best-corrected visual acuity (BCVA) assess-
ment, refraction, slit-lamp biomicroscopy, Goldmann appla-
nation tonometry, gonioscopy, dilated funduscopic examina-
tion, keratometry (RKT-7700; Nidek, Hiroshi, Japan), axial
length (AL) measurement (IOL Master version 5; Carl Zeiss
Meditec, Dublin, CA), disc photography and red-free fundus
photography (TRC-NW8; Topcon, Tokyo, Japan), spectral-
domain optical coherence tomography (SD-OCT; Spec-
tralis OCT, Heidelberg Engineering, Heidelberg, Germany),
and standard automated perimetry (SAP; Humphrey Field
Analyzer II 750, 24-2 Swedish Interactive Threshold Algo-
rithm; Carl Zeiss Meditec).

The inclusion criteria were OAG with localized the RNFL
defect. OAG diagnosis was defined as follows: the presence
of glaucomatous optic disc damage (e.g., focal notching,
thinning of rim, and the RNFL defect), a glaucomatous visual
field (VF) defect corresponding to structural damage, and an
open angle. Localized RNFL defect was defined as a well-
outlined, dark, wedge-shaped, and not spindle-like defect
touching the optic disc border.23 Glaucomatous VF defect
was defined as (1) outside-normal-limits glaucoma hemifield
test results or (2) three abnormal points, with a P value <5%
probability of being normal and one with a P value <1% by
pattern deviation or (3) pattern standard deviation of <5%.
Visual field defects were confirmed on two consecutive reli-
able tests (fixation loss rate of ≤20%, false-positive and false-
negative error rates of ≤25%).

The exclusion criteria were BCVA of <20/40, secondary
OAG (i.e., steroid induced glaucoma), pathologic myopic
changes that can deform the contour of the eyeball (e.g.
posterior staphyloma), a history of ocular surgery other than
cataract extraction or corneal refractive surgery, retinal or
neurologic disease that could cause visual field defect, and a
poor-quality image (i.e., quality score <15) of any section on
enhanced depth imaging (EDI) SD-OCT radial scans, when
the RNFL defect margin could not be delineated on red-free
fundus photography and/or mean deviation (MD) <–14 dB
in SAP to exclude advanced disease. If both eyes were eligi-
ble, one eye was randomly selected as the study eye.

Patients with OAG were categorized into NTG and HTG
according to the IOP values. Prior to the treatment, diurnal
IOP was measured repeatedly (typically five times) on the
same day or on different days. The average value, which was
defined as the baseline IOP, was used for the subsequent
analysis. Patients with IOP ≤21 mm Hg at any point before

or after treatment were defined as NTG patients, while the
others were defined as HTG patients. Further, all of the
patients were divided into three groups according to the
degree of myopia as classified by AL measurement24,25: (1)
high myopia with AL longer than 26 mm, (2) mild to moder-
ate myopia with AL between 24 and 26 mm, and (3) nonmy-
opia with AL shorter than 24 mm. We compared the RNFL
defect among subgroups by AL or between OAG subtypes.

Assessment of Red-Free Fundus Photographs

Throughout the study, the assessment of RNFL was
performed independently by two glaucoma specialists (EB,
KML) experienced in the RNFL defect evaluation. Red-free
fundus photographs were acquired using a digital fundus
camera system (TRC-NW8; Topcon, Tokyo, Japan) with a
green filter inserted to enhance the RNFL. The photographs
were obtained after dilation of the pupil. In each red-free
fundus photograph, the start point and end point of the
RNFL defect were traced manually. In cases of disagreement
resulting from very subtle difference on photography, the
final decision was made by a third observer (SHK) consulted
to achieve consensus.

Assessment of Optic Disc Center

Measurements were made from the disc margins of red-free
fundus photography, defined as the inner border of the peri-
papillary scleral ring. The original image was applied to
the ImageJ software (V.1.48; developed by Wayne Rasband,
National Institutes of Health, Bethesda, MD). The clinically
visible optic disc margin was segmented independently by
two glaucoma specialists (EB and KML). Images were evalu-
ated in a masked fashion, without knowledge of the patients’
clinical diagnosis or of any other clinical information. Once
the margin was obtained, the optic disc center was deter-
mined by using the “centroid function” of ImageJ software.
This function averages the x and y coordinates of all of the
pixels in the selected margin and provides the x and y coor-
dinates of the center in pixels.26,27 The mean value of the
two measurements was determined as the optic disc center
and used for analysis. The distance between the optic disc
center and BMO center was also measured in pixels using
ImageJ software.

Assessment of SD-OCT

The deep ONH complex was evaluated by SD-OCT after
pupil dilation. During the acquisition of SD-OCT images,
patients were asked to fixate on the target, and images were
acquired with extra care for the forehead and chin stabi-
lized by the headrest without movement. The corneal curva-
ture of each eye was entered into the SD-OCT system before
performing SD-OCT scanning so as to compensate for poten-
tial magnification error. The Glaucoma Module Premium
Edition of the Spectralis machine enables detection of the
BMO. Based on 24 high-resolution radial scan images of the
ONH 15° apart from each other, each averaged from 24 indi-
vidual B-scans, SD-OCT automatically detected the margin
of the BMO. For each SD-OCT scan, one glaucoma specialist
(EB) checked the automated segmentation of BMO margin,
and it was corrected manually when necessary. Based on the
BMO margin, the internal software determined the center
of the BMO. The fovea was identified automatically aligned
with a foveal-BMO axis as a reference.
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FIGURE 1. Angular parameters of the RNFL photography. (Left) Red-free fundus photograph and infrared fundus image with delineated BMO
margin merged. The disc center (green dot), BMO center (red dot), BMO margin (orange dot line), and the RNFL defect margin (yellow dot
line) are marked. (Right) Magnified photograph. Two reference lines extend from the fovea to the disc center and BMO center, respectively,
(1) foveo-disc axis (a) and (2) foveo-BMO axis (b). The minimum angle between the reference line and a line from the center of the disc
or BMO to the margin of the RNFL defect (yellow dot) close to the fovea (angle α), and a line to the margin of the RNFL defect (yellow dot)
further from the fovea (angle β), was measured from the two reference lines: (1) angle αdisc and angle βdisc and (2) angle αBMO and angle
βBMO. Angle γ is the angular width of the RNFL defect, as calculated by the difference between angle βBMO and angle αBMO.

Measurement of Angular Parameters of RNFL
Defect

For the measurement, images of the infrared SD-OCT were
superimposed and aligned to red-free fundus photographs
according to retinal landmarks, such as central retinal vascu-
lature and central retinal vascular trunk, using a commer-
cially available software (Photoshop; Adobe, San Jose, CA).
To complete this process, images were enlarged and placed
as needed. The layers of OCT became transparent with opac-
ity set to 50%, so that the underlying images of photographs
showed through.

To quantify the angular extent of the RNFL defect, the
parameters were defined as follows (Fig. 1).

(1) Reference lines: two reference lines extending from
the fovea to the disc center and to the BMO center
(foveo-disc axis and foveo-BMO axis, respectively)

(2) Angle αdisc: the minimum angle between the reference
line of the foveo-disc axis and a line from the center
of the disc to the margin of the RNFL defect bordering
on the BMO close to the fovea

(3) Angle αBMO: the minimum angle between the refer-
ence line of the foveo-BMO axis and a line from the
center of the BMO to the margin of the RNFL defect
bordering on the BMO close to the fovea

(4) Angle β: the minimum angle between the reference
line and a line from the center of the disc or BMO to
the margin of the RNFL defect further from the fovea
(angle βdisc and angle βBMO, respectively)

(5) Angle γ : the angular width of the RNFL defect
measured from the BMO center (angle βBMO–angle
αBMO)

(6) �α: the difference of angle α as measured from the
disc and BMO centers (angle αBMO–angle αdisc)

The angles were measured using ImageJ software version
1.51 (National Institutes of Health). All of the measurements
were obtained by the two glaucoma specialists (EB, KML)
respectively blinded to information on the patients’ clinical
history. We used the average of the two measurements for
each parameter. When there were multiple RNFL defects, the

defect closest to the reference line was analyzed for angular
location. The total width was calculated by summing all of
the defects of the eye.

Statistical Analyses

The categorical variables were compared with chi-squared
tests. The continuous variables were compared with t-tests
and ANOVA tests that had been corrected for multiple
comparisons according to the Bonferroni method. Interob-
server reproducibility for disc center determination was eval-
uated by the pixel values of the x and y coordinates obtained
by two independent observers (EB and KML). The stan-
dard deviation of difference and coefficient of variation were
calculated. Intraobserver reproducibility was assessed based
on two measurements by one observer (EB), at intervals of
at least 1 week. Pearson correlation coefficient (r) and linear
regression analysis were used. A univariate logistic regres-
sion analysis was performed to evaluate the factors associ-
ated with the difference of angle α as measured from the disc
and BMO centers, respectively. The variables that retained
significance at P < 0.10 were included in a subsequent
multivariate model. Statistical analyses were performed with
the Statistical Package for Social Sciences version 21.0 for
Windows (SPSS, Inc., Chicago, IL). A P value <0.05 was
considered to represent statistical significance.

RESULTS

A total of 141 eyes of 141 patients with OAG with localized
RNFL defect were initially enrolled. Of these, 23 patients
were excluded: 5 eyes with posterior staphyloma, 2 eyes
diagnosed as steroid-induced glaucoma, 9 eyes with poor
quality of RNFL photography, and 7 eyes with low-signal-
strength OCT images, including one eye with difficulty in
identifying the BMO. The final study patients included 118
patients with 118 eyes. The patients’ demographic and base-
line ocular characteristics are presented in Tables 1 and 2.
By classifying patients according to the degree of myopia,
40 eyes with high myopia, 42 eyes with mild to moder-
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TABLE 1. Demographic Data and Angle Parameters of Groups Based on Myopia

Variable
High Myopia (A)

(n= 40)
Mild-to-Moderate

Myopia (B) (n= 42)
Nonmyopia (C)

(n= 36) P Value
Post Hoc
Analysis

Demographics
Glaucoma subtype

NTG 26 (65.0) 22 (52.4) 16 (44.4) 0.19 NS
HTG 14 (35.0) 20 (47.6) 20 (55.6)

Age, y 46.2 ± 13.6 53.4 ± 10.4 63.6 ± 10.1 <0.001 A<B<C
Male 36 (90.0) 26 (61.9) 22 (61.1) 0.006 A<B, C
MD, dB –6.10 ± 4.80 –5.59 ± 4.62 –4.90 ± 5.48 0.30 NS

Angle Parameters, deg
Angle α-disc 30.1 ± 13.3 39.3 ± 13.3 43.8 ± 16.2 0.001 A<B, C
Angle α-BMO 38.2 ± 18.8 44.2 ± 18.6 44.7 ± 19.3 0.19 NS
Angle α difference 8.4 ± 5.8 6.7 ± 5.2 3.2 ± 2.2 <0.001 A<B, C
Angle γ 50.1 ± 18.1 47.8 ± 15.2 44.2 ± 19.9 0.37 NS

Comparison was performed using one-way ANOVA with post hoc Bonferroni correction for multiple comparisons. Values with statistical
significance are shown in bold.

NTG = normal-tension glaucoma; HTG = high-tension glaucoma; MD = mean deviation; dB = decibel; BMO = Bruch’s membrane
opening.

TABLE 2. Demographic Data and Angle Parameters of Groups
Based on Open-Angle Glaucoma

NTG HTG
Variable (n = 64) (n = 54) P Value

Demographics
Myopia

High myopia 26 (40.6) 14 (25.9) 0.07
Mild to moderate myopia 22 (34.3) 20 (37.0)
Nonmyopia 16 (25.0) 20 (37.0)
Age, y 52.7 ± 13.4 55.8 ± 13.4 0.17
Male 45 (70.3) 39 (72.2) 0.82
Axial length, mm 25.55 ± 1.89 24.99 ± 1.73 0.70
MD, dB –5.53 ± 4.26 –5.58 ± 5.70 0.55

Angle parameters, deg
Angle α-disc 37.2 ± 16.2 35.4 ± 17.6 0.52
Angle α-BMO 44.3 ± 19.7 37.3 ± 17.1 0.25
Angle α difference 7.2 ± 3.6 4.1 ± 2.4 0.023
Angle γ 47.5 ± 16.8 48.5 ± 18.3 0.92

Values are presented as number (%) or mean ± SD. Comparison
was performed using an independent t test. Values with statistical
significance are shown in bold.

ate myopia, and 36 nonmyopic eyes were reviewed. The
average AL was 27.41 ± 1.07 (range, 26.5–30.9) in high
myopia, 24.97 ± 0.51 (range, 24.0–25.9) in mild to moder-
ate myopia, and 23.32 ± 0.59 (range, 21.9–23.9) in nonmy-
opic eye (P < 0.001). Patients in the nonmyopia group were
significantly older than those in the other, myopia groups
(P < 0.001). Based on the classification of patients with
OAG, there were 64 NTG eyes and 54 HTG eyes. Mean age,
sex, AL, and baseline MD showed no significant intergroup
differences.

Reproducibility of Determined Optic Disc Center

The reproducibility of the optic disc center was evaluated
based on the x and y coordinate values of the pixels obtained
by two independent observers (Supplementary Figure S1).28

The interobserver reliability was excellent (x-axis: standard
deviation of difference = 5.339 pixels, y-axis: standard devi-
ation of difference = 6.508 pixels). Coefficient of variation
was estimated using the one-way ANOVA random-effects

model: 0.370% along the x-axis and 0.345% along the y-
axis. The intraobserver reliability was also excellent (x-axis:
standard deviation of difference = 3.470 pixels, y-axis: stan-
dard deviation of difference = 3.618 pixels). Coefficient of
variation was estimated using the one-way ANOVA random-
effects model: 0.254% along the x-axis and 0.189% along
the y-axis. Supplementary Table S1 provides the inter- and
intraobserver reliabilities of the optic disc center and the
distance between the disc and BMO centers in subgroups
according to the degree of myopia.

Subgroups Based on Myopia

Angle αdisc showed significant differences among the three
groups with RNFL defects close to the fovea in highly myopic
eyes: 30.1° ± 13.3° in high myopia, 39.3° ± 13.3° in mild to
moderate myopia, and 43.8° ± 16.2° in nonmyopia (Table 1,
P = 0.001). Bonferroni’s post hoc analysis revealed that
patients with highly myopic eyes had a significantly smaller
angle αdisc than did those with mild to moderate or nonmy-
opic eyes. A significant correlation between angle αdisc and
AL (r = –0.327, P = 0.001) (Fig. 2A) was identified. However,
angle αBMO showed no significant differences among the
three myopia groups by ANOVA: 38.2° ± 18.8° in high
myopia, 44.2° ± 18.6° in mild to moderate myopia, and
44.7° ± 19.3° in nonmyopia (Table 1, P = 0.19). Angle αBMO

presented no significant association with AL (r = –0.080, P
= 0.39) (Fig. 2B). The angle α difference (�α) was signifi-
cantly larger in highly myopic eyes than in mild to moder-
ate or nonmyopic eyes by ANOVA with post hoc analysis
(Table 1, P < 0.001 for all). Mild to moderately myopic eyes
showed marginally significantly larger �α relative to nonmy-
opic eyes (P = 0.07). There was a significant correlation
between �α and AL (r = 0.471, P < 0.001) (Fig. 2C). The
width of the RNFL defect (angle γ ) showed no differences
among the myopic subgroups. Representative cases classi-
fied by myopia are presented in Figure 3.

Subgroups Based on OAG Diagnosis

A comparison of the angle parameters between the two OAG
groups is provided in Table 2. The �α was statistically larger
in the NTG group than in the HTG group (7.2° ± 3.6° vs. 4.1°
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FIGURE 2. Scatterplots presenting the association with axial length
and angular parameters by linear regression analysis. Black lines
indicate the best-fit linear regression line. r = correlation coeffi-
cient from the fitted linear regression model. (A) Angle αdisc had
significant correlation with axial length (r = –0.327, P = 0.001). (B)
No significant correlation was demonstrated between angle αBMO
and axial length (r = –0.080, P = 0.39). (C) Angle α difference had
significant correlation with axial length (r = 0.471, P < 0.001). BMO
= Bruch’s membrane opening.

± 2.4°, P = 0.023). None of the other parameters differed
with statistical significance.

FIGURE 3. Representative cases of RNFL defect compared for disc
center and BMO center in eyes with nonmyopia, mild to moderate
myopia, and high myopia. RNFL photographs merged with spectral-
domain optical coherence tomography images locating the disc
center (green dot), the BMO margin (red dotted line), the BMO
center (red dot), and the RNFL defect (yellow dotted line). Note the
position of the disc center relative to the BMO center. (A) Left eye of
a 62-year-old man with nonmyopia and AL of 23.6 mm. He was diag-
nosed with HTG, and the baseline MD was –2.25 dB (angle αdisc:
43.3°, angle αBMO: 45.7°, �α: 2.3°, angle γ : 39.4°). (B) Left eye of a
46-year-old woman with mild to moderate myopia and AL of 24.99
mm. She had previously been diagnosed with HTG, and the base-
line MD was –4.32 dB (angle αdisc: 39.7°, angle αBMO: 45.9°, �α:
5.2°, angle γ : 45.1°). (C) Left eye of a 64-year-old man with high
myopia and AL of 26.7 mm. He was diagnosed with normal-tension
glaucoma, and the baseline MD was –5.54 dB (angle αdisc: 34.5°,
angle αBMO: 43.4°, �α: 8.9°, angle γ : 40.5°).

Factors Associated With Angle α Difference

The factors associated with �α were determined by univari-
ate and multivariate logistic regression analyses (Table 3).
By the multivariate analysis, AL and NTG diagnoses were
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TABLE 3. Factors Associated With Angle α Difference

Univariate Analysis Multivariate Analysis*

Variable Coefficient 95% CI P Value Coefficient 95% CI P Value

Age, y –0.136 (–0.203 to –0.072) <0.001 –0.069 (–0.139 to 0.001) 0.10
Male 0.840 (–1.181 to 2.849) 0.48
Axial length, mm 1.183 (0.758 to 1.644) <0.001 0.899 (0.323 to 1.343) 0.002
Glaucoma subtype –2.513 (–4.514 to –0.981) 0.010 –2.053 (–3.616 to –0.454) 0.021

*Adjusted for all variables with P < 0.1 in a univariable regression model. Values with statistical significance are shown in bold.

significantly associated with �α (P = 0.002, 0.021, respec-
tively).

DISCUSSION

In the present study, we investigated the angular location of
the RNFL defect in OAG as related to myopia and glaucoma
subtypes. The RNFL defect was closer to the fovea when
measured from the disc as opposed to the BMO center in
myopic eyes, while the angular location of the RNFL defect
did not differ between the OAG subtypes.

Previous studies on highly myopic eyes in OAG have
reported the location of the RNFL defect to be close to the
fovea.7–9 It has been posited that mechanical stress on the
sclera during axial elongation may generate tensile stretch
on the temporal edge of the LC and RGC axons, leading
to RFNL defects close to the fovea.9,29,30 However, none of
the relevant reports could clearly explain the mechanism
of RNFL defects’ locational pattern associated with myopia.
In the present study, we were able to suggest the mecha-
nism of the locational pattern of the RNFL defect in myopic
glaucomatous eyes. Recently, in the Boramae Myopia Cohort
Study, we found that the inner retinal structure of the poste-
rior polar area, including the BMO, was relatively preserved
during axial elongation, while the outer loadbearing struc-
ture expanded.19–21 This expansion of the sclera and conse-
quent shift of the LC from the preserved BMO results in the
change of ONH shape that is seen in myopia: border-tissue
rotation from the internally oblique to the externally oblique
direction and expansion of the temporal externally oblique
border and sclera. In line with Sawada et al.18 that in most
myopic eyes, the clinical disc margin was the BMO in the
nasal half and the anterior scleral opening in the tempo-
ral half of the optic disc, these ONH changes during axial
elongation induced a nasal shift of the ONH center from the
relatively preserved BMO center. As the posterior polar reti-
nal structures including RNFL bundle trajectories remained
relatively stable during axial elongation19–21 and as the RNFL
defect began in the vulnerable area of the LC (Fig. 4), we
assumed that the RNFL defect presents locational difference
relative to (1) the disc center, which changes nasally, or (2)
the BMO center, which is a relatively stable structure. In
our study, the angular location of the RNFL defect measured
from the disc center was smaller than when measured from
the BMO for eyes with longer AL. Therefore, we may deduce
that funduscopically visualized optic disc margin change
associated with axial elongation might influence the charac-
teristic features of the RNFL defect in myopic glaucomatous
eyes.

On the other hand, the angular location of the RNFL
defect as measured from the BMO center was independent
of AL. Also, the angular difference as measured from the disc
and BMO centers was notably significant in highly myopic

eyes. Although mild to moderate myopia also had a greater
angular difference compared with nonmyopia, it did not
attain statistical significance. This can be explicated by the
relatively small disc displacement from the BMO center in
mild to moderate myopia eyes as compared with the wide
extent of disc displacement in highly myopic eyes (Fig. 3).

To date, the angular location of the RNFL defect in
OAG subtypes has been investigated but seems uncertain
with discordant data. Previous reports presenting no differ-
ence in the spatial pattern of RNFL defects between NTG
and HTG suggested that they undergo the same pathologic
process.13–16 Conversely, other studies have reported posi-
tive differences with the RNFL defect closer to the fovea
in NTG.11,12 They suggested that there may be more than
one pathogenic mechanism in the development of RNFL
defects in NTG and explained these findings in relation to
enlargement of the optic disc in the papillomacular bundle
area or distortion of the LC, which is prominent in NTG.
Unfortunately, one of the above-noted studies did not eval-
uate the patients’ myopic degree.11 In our study, the angu-
lar location of the RNFL defect did not differ between NTG
and HTG, both measured from the disc and BMO center.
However, remarkably, the difference in angle measured from
the center of the disc and BMO was greater in NTG than in
HTG. An angle α difference stands for the offset between the
BMO and optic disc margin. A possible explanation is that
NTG eyes were exposed to a larger offset during the same
amount of axial elongation, which makes it more vulnerable
to the IOP-associated damage. Additionally, in our previous
report on myopic NTG, there was a large extent of LC shift
associated with AL.22 However, other selection biases may
have occurred, and a larger population-based study would
be necessary to elucidate this issue.

The width of the RNFL defect is associated with visual
field sensitivity abnormality.31 In our study, no marked differ-
ence in baseline MD values or width of the RNFL defect
among the subgroups of myopia and glaucoma was appar-
ent. Also, Kimura et al.9 reported no difference in width
of the RNFL defect between high myopia and nonhigh
myopia after adjusting the MD value. By contrast, however,
Kim et al.7 reported that highly myopic patients with OAG
presented wider RNFL defects compared with non–highly
myopic patients. The authors, however, enrolled highly
myopic patients with significantly reduced MD values rela-
tive to the low to moderate myopia and emmetropia groups.
The different baseline values of MD might have led to a
conclusion that highly myopic eyes have wider defects.

The present study has some limitations. First, it was
performed according to a cross-sectional design, and so,
assessment of the changes of the measured parameters
was impossible. Second, the sample size was relatively
small in a single hospital, and all patients were Korean. A
potential selection bias might have influenced the results
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FIGURE 4. Schematic summary of the anatomic change with lamina cribrosa shift (LC): (A-1) Before LC shift. (Top row) High viewpoint
tilted diagonally. (Middle row) High viewpoint straight down. The overlying layer consists of a healthy RNFL (bright yellow), RNFL defect
(dark brown), and the BMO (orange plane). The underlying layer consists of the LC (light-brown plane). *The funduscopically visible disc
margin is marked by a dotted line, which does not always consistent with the BMO. (A-2) After LC shift in myopia. (Top row) High viewpoint
tilted diagonally. (Middle row) High viewpoint straight down. During axial elongation, the underlying initial LC (light-brown plane) shifts
in the red-arrow direction (hatched light-brown plane), which induces a shift (gray arrow) of the vulnerable LC area. Contrastingly, the
location of RNFL bundle trajectories relative to the BMO remains relatively stable. The optic disc is indicated as the oval bright orange plane
with a dotted line. *The optic disc margin is marked by a dotted line, as it does not correspond to a unique anatomical structure but to
a complex interaction of structures.18,33 Reference lines extending from the fovea (transversal gray dotted lines) to the disc center (green
dot) and BMO center (red dot) are lined up with the margin of the RNFL defect close to the fovea, respectively. Note the angular location
of the RNFL defect (angle α) compared from the disc and BMO center; angle αdisc (green angle) versus angle αBMO (red angle). As the
LC shifts during axial elongation, the angle αdisc gets smaller, compared to the stable angle αBMO. The red line passes over the clinically
identified optic disc margin (black dotted line). (B, C) Schematic representation of changes occurring on border tissue configuration during
LC shift. (B) Border tissue structure before LC shift: internally oblique relative to the underlying sclera. (C) Border tissue structure after
LC shift: externally oblique relative to the underlying sclera. Modified from the figure previously published in Reis ASC, Sharpe GP, Yang
H, et al. Optic disc margin anatomy in patients with glaucoma and normal controls with spectral domain optical coherence tomography.
Ophthalmology. 2012;119:738–747.

and rendered the present findings ungeneralizable to other
ethnic groups. Further, follow-up studies with large sample
sizes representative of other ethnic groups are required.
Third, the margin of the RNFL defect was traced from the
boundary of the BMO for all angle α measurements. Trac-
ing the margin from the boundary of the optic disc is not
possible in patients with large peripapillary atrophy (Fig. 3).
Extending the margin of the RNFL defect bordering on
the BMO boundary toward the disc boundary could have
incurred inaccuracies, leading to measurement error. Fourth,
when identifying the disc margin anatomy, the complexity
of the disc margin and subjectivity of its location accord-
ing to the examiner should be considered. The disc margin
does not correspond to a unique anatomical structure but
to a complex interaction of structures (i.e., border tissue,
anterior scleral opening, and BMO).18,32 Different exam-

iners may have different impressions on the disc margin
location, which may produce somewhat different results.
However, the center of optic disc, obtained by two indepen-
dent observers, showed excellent reliability. We speculated
that the center of the optic disc would be affected to a lesser
degree than the exact margin of it. Fifth, the present study
focused on the structural location of the RNFL defect as asso-
ciated with myopia, while the pattern of VF defect was not
evaluated. Previous studies have reported on high myopia
as associated with a distinct pattern of VF defect.9 Further
studies exploring the patterns of VF defect associated with
myopia will be necessary in order to elucidate that associa-
tion.

In conclusion, we compared the angular location of the
RNFL defect in myopic OAG, acquired from the disc and
BMO center. The RNFL defect measured from the disc center,
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as associated with longer AL, was closer to the fovea, while
no association was found from the BMO center. There was
no locational difference between OAG subtypes. These find-
ings may facilitate understanding of the characteristic loca-
tional pattern of the RNFL defect in myopic glaucomatous
eyes.
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