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e PURPOSE: To explore the effects of deep optic nerve
head (ONH) structures on Bruch’s membrane opening
(BMO)-minimum rim width (MRW) and peripapillary
retinal nerve fiber layer thickness (pRNFLT) in healthy
eyes.

» DESIGN: Prospective cross-sectional study.

e METHODS: Two hundred five healthy eyes of 141 sub-
jects (mean =+ standard deviation of age and axial length
(AXL): 46.9 £ 10.0 years and 24.79 £ 1.15 mm) were
enrolled. Best fit multivariable linear mixed models iden-
tified factors associated with BMO-MRW and pRNFLT.
Explanatory variables included age, gender, AXL, BMO
and anterior scleral canal opening (ASCQO) area and oval-
ity, magnitude of BMO and ASCO shift, peripapillary
choroidal thickness, lamina cribrosa (LC) parameters,
prelaminar thickness, and peripapillary scleral (PPS) an-
gle.
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e RESULTS: Thinner BMO-MRW was associated with
older age, smaller ASCO/BMO offset magnitude, larger
BMO area, thinner prelaminar thickness, deeper LC,
and thinner pRNFLT (P = .011, <.001, .004, <.001,
<.001, <.001 respectively). Thinner pRNFLT was as-
sociated with shorter AXL, smaller ASCO area, a more
posteriorly bowed PPS, shallower LC and thinner BMO-
MRW. (P = .030, .002, .035, .012, <.001 respectively)
e CONCLUSIONS: BMO-MRW and pRNFLT were in-
fluenced by several deep ONH structures such as
BMO and ASCO position shift, BMO or ASCO area,
prelaminar thickness, PPS bowing and LC depth in
addition to patient characteristics such as age and
AXL. The degree and/or direction of associations var-
ied between deep ONH structures and BMO-MRW
or pRNFLT. Despite both BMO-MRW and pRNFLT
being surrogate parameters for RGC loss, a complex
relationship with ONH deep-layer morphology was
indicated. (Am ] Ophthalmol 2024;263: 99-108.
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( ] LAUCOMA IS A CHRONIC NEURODEGENERATIVE
disease in which apoptosis of retinal ganglion cells
(RGCs) lead to axonal loss and atrophy of reti-

nal nerve fiber layer (RNFL). Degeneration of RGCs ob-

served in histological studies in human eyes with glaucoma
is highly associated with the degree of visual field loss.!

Since glaucoma is an irreversible condition with extensive

visual function loss in its advanced stages, accurate assess-

ment of RGC function is essential in glaucoma manage-
ment. However, quantitatively evaluating the number of

RGC:s in vivo is currently not feasible in clinical practice.

Using surrogate methods instead to measure RGC loss is

widely used in glaucoma management.

Optical coherence tomography (OCT) is the preferred
imaging technology used to quantify neuroretinal rim and
peripapillary RNFL thickness (pRNFLT) thinning in glau-
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TABLE 1. Exclusion Criteria

Contraindication to Pupillary Dilation

Narrow angle (Shaffer grade < 2)
Glaucoma Hemifield Test “Outside normal limits” and/or PSD <1%

Unreliable HFA results (fixation loss or false negative > 20%, false positive > 15%)

Optic nerve or retinal abnormality including glaucoma

Pathologically myopic eyes or its suspects (ie, eyes with optic disc ovality > 1.33 upon fundus observation, inverted optic discs, posterior
staphyloma, focal and/or diffuse macular chorioretinal atrophy, intrachoroidal cavitation)

History of intraocular or refractive surgery
Family history of glaucoma

History of ocular or systemic diseases that could affect HFA/OCT results.

(ie, clinically significant cataract, diabetic retinopathy and/or maculopathy, age-related macular degeneration, epiretinal membrane)
History of systemic steroid or anticancer drugs, clinically significant hyper- or hypotension (hypertension: treated systolic blood pressure > 150
mm Hg and diastolic pressure > 95 mm Hg; hypotension: treated systolic blood pressure < 100 mm Hg)

HFA = Humphrey Field Analyzer; OCT = optical coherence tomography; PSD = pattern standard deviation.

coma. Bruch’s membrane opening (BMO) - minimum rim
width (MRW) and pRNFLT are two surrogate parameters
measuring RGC loss. BMO-MRW and pRNFLT values of
normal subjects have been applied as reference data in as-
sessing glaucomatous structural damage. However, both pa-
rameters are known to be influenced by patient character-
istics such as age,”* axial length (AXL),”" gender®’ and
disc sizet'91? and these determining factors must be taken
into consideration in optimizing our decision whether the
values indicate true abnormality when conducting inter-
group comparisons. Since glaucomatous optic nerve head
(ONH) structural remodeling is not limited to the rim and
RNFL but involves the whole ONH structure, including the
Bruch’s membrane (BM)!’ peripapillary sclera (PPS)!* and
lamina cribrosa (LC)," influence of these deep ONH struc-
tures adjacent to BMO-MRW and pRNFLT must also be
accounted for when evaluating these parameters.

The objective of this study was to explore the effects of
deep ONH structures as well as the influence of patient
characteristics on BMO-MRW and pRNFLT to better un-
derstand the attributes of these essential parameters in glau-
coma management.

METHODS

e PARTICIPANTS: All subjects were participants enrolled
in the Swept-Source OCT (SS-OCT) Myopia and Glau-
coma Study.”'® Healthy subjects were recruited using iden-
tical inclusion criteria from 8 institutions (Kanazawa Uni-
versity, Osaka University, Tajimi Iwase Eye Clinic, Toho
University Ohashi Medical Center, Tohoku University,
Seoul National University Bundang Hospital, University of
California San Diego and Hong Kong Eye Hospital). Study
protocols were approved by the institutional review board

of Kanto Central Hospital (R1-06—-005) and adhered to the
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tenets of the Declaration of Helsinki. All patients provided
written informed consent before participation in the study.

Self-reported 30 to 70 -year-old healthy volunteers
were included. Ocular examinations, including refraction
and corneal radius of curvature measurements (ARK-900;
NIDEK), best-corrected visual acuity (BCVA) measure-
ments with the 5-meter Landolt chart, AXL measurements
(IOL Master; Carl Zeiss Meditec, Inc.), slit-lamp examina-
tion, intraocular pressure (IOP) measurements with Gold-
mann applanation tonometry, dilated fundoscopy, fundus
photography, stereophotography and visual field testing
with Humphrey Field Analyzer (HFA) 24-2 Swedish Inter-
active Threshold Algorithm Standard program (Carl Zeiss
Meditec, Inc.) were performed at the first visit.

Inclusion criteria for of this study were (1) spherical
equivalence (SE) < +1D, astigmatism < 2D, (2) AXL < 28
mm, (3) BCVA >20/25, and (4) attainment of good quality
of OCT images (manufacturer recommended criteria of im-
age quality score > 40) and fundus photographs. A healthy
eye had no abnormal findings upon complete ophthalmo-
logic assessments, including slit-lamp and fundus examina-
tions, IOP < 21 mm Hg, an open angle, normal optic disc
appearance based on clinical stereoscopic examination and
fundus photographs (by MA, Al, GT, KOM) and no ab-
normal HFA results. Exclusion criteria are summarized in
Table 1. If one eye of a subject met the exclusion criteria,
both eyes were excluded from the study.

* SWEPT-SOURCE OCT MEASUREMENTS: Details of OCT
image acquisition and measurement of ONH structures
have been reported previously.” In brief, the ONH and mac-
ula of all subjects were imaged by a SS-OCT (DRI OCT
Triton; Topcon, Inc.). 6.0 x 6.0 mm ONH raster scans, 24-
line BMO-centered radial scans (8 B-scan averaging) and
12.0 x 9.0 mm wide raster scans including both the ONH
and macula were obtained for each subject. Magnification
corrections were made using a modified Littmann’s equa-
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tion'’ provided by the manufacturer based on refractive er-
ror, corneal radius, and AXL. pRNFLT and peripapillary
choroidal thickness (pChT) were measured upon a mag-
nification corrected 3.4 mm diameter BMO-centered an-
nulus. The retinal pigment epithelium (RPE) edge, BMO
and anterior scleral canal opening (ASCO) were manu-
ally segmented on radial scans reconstructed from raster
scans by two experienced examiners (HS, MK). BMO-
MRW was measured as the shortest distance between the
BMO and peripapillary inner limiting membrane upon each
reconstructed radial scan. The average of the 24 BMO-
MRW measurements were used for analysis. Other parame-
ters measured from the OCT scans were BMO area/ovality,
ASCO area/ovality, ASCO/BMO offset magnitude (repre-
senting the magnitude of ASCO centroid misalignment in
reference to the BMO centroid, Supplemental Figure 1),
ASCO/BMO offset direction (representing the direction of
misalignment of ASCO centroid in reference to the BMO
centroid, Supplemental Figure 1) and parapapillary zone
(PPZ)+Bruch’s membrane (BM)/-BM.

Commercial artificial intelligence software, Reflectivity
(Abyss Processing, Singapore) was used for LC parameter
measurements. ' Segmentation errors were checked by
two experienced ophthalmologists (HS, NE) and eyes with
Bruch’s membrane, anterior LC surface or peripapillary an-
terior scleral surface segmentation errors and/or invisibility
were excluded from the study. LC depth was defined as the
distance between the BMO plane and anterior LC surface at
the BMO center. The LC global shape index (LC-GSI) is an
index with a numerical value between —1 and 1 quantifying
the global shape of the LC anterior boundary.'® Prelaminar
thickness was defined as the minimum distance between the
anterior surface of the prelaminar tissue to the anterior sur-
face of the LC. PPS angle is the angle between two extended
anterior scleral boundaries defined upon a single horizontal
B-scan in the nasal-temporal direction between 1200 um
and 1800 um from the BMO centroid. (Supplemental Fig-
ure 2) A larger angle represents a more posteriorly bowed
v-shaped PPS configuration.'# !

e STATISTICAL ANALYSIS: Statistical analyses were per-
formed with IBM SPSS statistics (version 27; Interna-
tional Business Machines [IBM] Corp.) and the statisti-
cal programming language “R” (R V.4.2.2; The Founda-
tion for Statistical Computing). Best fit multivariable lin-
ear mixed models taking inter-eye correlations into ac-
count were used to explore determinants of BMO-MRW
and pRNFLT. Considered explanatory variables were age,”*
gender (male/female),” AXL,”” BMO-MRW, pRNFLT,
BMO area,'”” BMO ovality, ASCO area, ASCO oval-
ity, ASCO/BMO offset magnitude, ASCO/BMO offset di-
rection, PPZ+BM, PPZ-BM, pChT, LC depth, LC-GSI,
prelaminar thickness and PPS angle. Mixed linear models
of all possible combinations of these 16 parameters (2'°—1
combinations in all) were generated and the model with
the best fit (lowest Akaike information criterion [AIC])
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was selected for discussion. Since ASCO/BMO offset mag-
nitude and PPZ-BM were strongly correlated with each
other (R = 0.800, P < .0001),” we created two models
with PPZ-BM excluded as an explanatory variable from
the model when ASCO/BMO offset magnitude was in-
cluded and vice versa to avoid multicollinearity.’’ Since the
best fit models including ASCO/BMO magnitude but not
PPZ-BM had lower AICs than models including PPZ-BM
but not ASCO/BMO magnitude, we present results from
the ASCO/BMO magnitude models as representative data.
Bonferroni’s correction by the number of included explana-
tory variables in the best fit models were conducted to ac-
count for multiple comparisons.

RESULTS

Data from 230 eyes of 155 healthy subjects were collected.
After excluding 25 eyes due to LC and anterior scleral seg-
mentation errors, 205 eyes of 141 subjects were enrolled
in the study. Baseline characteristics and results of the SS-
OCT derived ONH parameters of the healthy subjects are
presented in Table 2. Mean =+ standard deviation of age and
AXL were 46.9 & 10.0 years and 24.7941.15 mm, respec-
tively. About 96% of the subjects were of Eastern Asian de-
scent.

Table 3 presents the best fit linear mixed model re-
sults demonstrating the effects of patient characteristics
and deep ONH structures on BMO-MRW and pRNFLT of
healthy eyes. Thinner BMO-MRW of healthy eyes was as-
sociated with older age, smaller ASCO/BMO offset mag-
nitude, larger BMO area, thinner prelaminar thickness,
deeper LC, and thinner pRNFLT (P = .011, <.001, .004,
<.001, <.001, <.001 respectively). Thinner pRNFLT was
associated with shorter AXL, smaller ASCO area, a more
posteriorly bowed PPS configuration, shallower LC and
thinner BMO-MRW. (P = .030, .002, .035, .012, <.001 re-
spectively)

DISCUSSION

The results of our study reveal that BMO-MRW and pRN-
FLT of healthy eyes are influenced by several deep ONH
structures such as a shift in BMO and ASCO positions,
BMO or ASCO area, prelaminar thickness, PPS bowing
and LC depth in addition to previously reported patient
characteristics such as age’* and AXL.”7 Furthermore,
the degree and/or direction of associated ONH structures
were different between BMO-MRW and pRNFLT, indicat-
ing that consideration of deep ONH structure is indispens-
able in optimizing the interpretation of these parameters.
OCT based estimation of RGC count has traditionally
relied on pRNFLT assessment. Meanwhile, the possibility
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TABLE 2. Baseline Characteristics

205 Eyes of 141 Subjects

Age (years old)

Gender (M/F)

R/L

Spherical equivalent (diopter)
Axial length (mm)

Mean Deviation (dB)
BMO-MRW (um)

pRNFLT (um)

BMO area (mm?)

BMO ovality

ASCO area (mm?)

ASCO ovality

ASCO/BMO offset magnitude (um)
ASCO/BMO offset direction (°)
PPZ+BM (mm?)

PPZ-BM (mm?)

PChT (um)

LC depth (um)

LC-GSI

Prelaminar thickness (um)
PPS angle (°)

46.9 £+ 10.0 (30-71)
M: 66 F: 75
R: 106 L: 99
—3.09+2.41 (—9.13~+1.00)
24.79+1.15 (22.20-27.43)
—0.22+1.14 (—3.48~2.29)
290.8 + 49.8 (185.7-435.1)
106.0 + 9.1 (79.0-126.6)
2.16+0.55 (1.08-4.12)
1.124+0.07 (1.01-1.55)
2.81+0.58 (1.42-5.01)
1.15+0.11 (1.02-2.11)
230.8 + 154.4 (2.8-675.8)
162.6 + 45.7 (5.3-312.5)
0.74+0.55 (0.12-4.88)
0.2440.33 (0-1.68)
138.8 + 55.4 (54.0-341.4)
429.8 + 97.9 (115.3-712.8)
—0.79+0.21 (—1~0.28)
140.6 + 93.3 (20-440)
6.5 + 4.2 (—2.0~22.0)

Values shown as averageztstandard deviation; () range.

ASCO = anterior scleral canal opening; BM = Bruch’s membrane; BMO = Bruch’s membrane opening; F = female;
L = left; LC = lamina cribrosa; LC-GSI = LC global shape index; M = male; MRW = minimum rim width; pChT = peri-
papillary choroidal thickness; PPS = peripapillary sclera; PPZ = parapapillary zone; pRNFLT = peripapillary retinal nerve

fiber layer thickness; R = right.

that neuroretinal rim changes precede pPRNFLT thinning in
the earlier stages of glaucoma has been reported,’! suggest-
ing the usefulness of evaluating the rim structure as a more
direct method for quantifying RGC loss. The use of BMO-
MRW has been proposed as one such parameter based on
an OCT identified landmark.”” Although BMO- MRW and
pRNEFLT are theoretically both parameters assessing the vi-
ability of the same RGC axons, they are known to have
varying characteristics, indicating different representation
of the same structure.” " '%1%23 Qur study explored deter-
minants of these two parameters in detail by taking deep
ONH structures into consideration to better understand the
characteristics of these commonly used glaucoma diagnos-
tic parameters.

Older age was associated with thinner BMO-MRW in
agreement with previous reports.”’ Although age was not
selected as a determinant for pRNFLT in multivariable
analysis, univariable analysis revealed a similar trend. (non-
standardized regression coefficient —0.092, P = .226) This
weak trend was confirmatory of a stronger correlation be-
tween age and BMO-MRW in comparison with pRNFLT
from earlier reports”’ and may have been amplified because
of the exclusion of subjects older than 70 in our study co-
hort. Our results confirm the necessity of age correction of

BMO- MRW and pRNFLT and that BMO-MRW may be a
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more sensitive parameter to evaluate age-related RGC loss
in healthy eyes.

Longer AXL was not associated with BMO-MRW but
was associated with thicker pRNFLT in our study in ac-
cordance with prior reports including studies conducted on
normal Asian eyes.”'” Thickening of the temporal pRN-
FLT after correction for magnification error in normal eyes
with longer AXL is thought to be a result of temporal devi-
ation of the retinal vessels.””” Both BMO- MRW and pRN-
FLT consist of not only RNFL but of also retinal vascu-
lature and glial contents’!"** which may dilute their pre-
dictive ability for RGC axon degeneration. However, since
the average pRNFLT is approximately one third of that of
BMO-MRW, retinal vessels account for a higher percentage
in pRNFLT and its values are expected to be more strongly
influenced by retinal vessel positions.”” These results sug-
gests that BMO-MRW may have an advantage in quanti-
fying RGC loss in myopic eyes more likely to have vessel
position deviations. On the other hand, BMO-MRW val-
ues were strongly associated with the shift in BMO and
ASCO positions’ which is clinically equivalent to the pres-
ence of PPZ-BM (otherwise known as parapapillary gamma-
zone’®). This association can be partially explained by a
phenomenon termed as peripapillary nerve fiber elevation
(pNFE) which has been reported in cross-sectional studies
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TABLE 3. Best Fit Multivariable Linear Mixed Models With BMO-MRW and pRNFLT as Response Variables

BMO-MRW pRNFLT

Standardized  Nonstandardized Standard Error P-Value? Standardized  Nonstandardized Standard Error P-Value?®

Regression Regression Regression Regression

Coefficient Coefficient Coefficient Coefficient
Age —8.293 -0.827 0.248 .01
Axial length 2.162 1.8750 0.648 .030
ASCO/BMO offset 15.080 0.100 0.173 <.001
magnitude
BMO area -11.375 —20.652 5.702 .004 1.902 3.454 1.300 .058
ASCO area —8.818 —15.185 5.562 .069 2.813 4.844 1.288 .002
Prelaminar thickness 15.524 0.166 0.026 <.001
PPS angle -1.624 —0.389 0.137 .035
LC depth —20.117 —0.205 0.032 <.001 2.025 0.021 0.006 .012
BMO-MRW n/a 3.073 0.062 0.013 <.001
pRNFLT 10.254 1121 0.275 <.001 n/a
pChT 8.010 0.145 0.057 115
BMO ovality —-8.519 5.759 .990
ASCO/BMO offset direction 4.470 0.098 0.044 277
LC-GSI 2.635 12.483 8.008 .999

Bold letters: statistically significant P-values.

ASCO = anterior scleral canal opening; BMO = Bruch’s membrane opening; LC = lamina cribrosa; LC-GSI = LC global shape index;
MRW = minimum rim width; pChT = peripapillary choroidal thickness; PPS = peripapillary sclera; pRNFLT = peripapillary retinal nerve fiber

layer thickness.

2P-values after Bonferroni’s correction by the number of included explanatory variables.

27,28

of normal eyes with long AXL and large PPZs as well
as in a longitudinal study of healthy children developing
myopia.”’ As the temporal BM is shifted temporally in ref-
erence to the sclera with AXL elongation in eyes with PPZ-
BMs, the nasal neural canal opening becomes crowded and
deformed.”” This leads to an elevation of the nasal rim NFL
as can be seen in Figure. However, nasal pRNFLT was not
associated with AXL in a previous study.’ This is most likely
because pRNFLT values are measured at a farther distance
from the rim structure. Our results demonstrate that both
BMO- MRW and pRNFLT values need to be interpreted
with caution in myopic eyes because they are influenced by
different factors.

ONH size is another well-known influential factor on
BMO- MRW and pRNFLT values.* "> ONH size has tra-
ditionally been determined by the ONH margin deter-
mined on optic disc photographs. However, with the ad-
vancement of OCT technology, we now know that the
photographically-derived ONH margins do not have con-
sistent OCT determined anatomical foundations but are
rather a combination of BMO and ASCO borders.””»*
Based on this, we selected OCT defined BMO and ASCO
areas as surrogate parameters defining ONH size. pRNFLT
is generally known to become thinner in eyes with smaller
ONH.* Since pRNFLT decreases with distance from the
ONH edge,* pRNFLT of smaller ONHs are measured at
a farther distance from the ONH edge when using a fixed
measurement circumference from the disc (BMQO) center,
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resulting in smaller values. However, BMO-MRW, mea-
sured at the rim region demonstrates a reverse relation-
ship with ONH size.!>!" Assuming that the same amount
of RGC axons traverse the rim in ONHs with varying
size, rim tissue will be expected to be more crowded at
the rim region in small ONHs, resulting in thicker BMO-
MRW values. The inverse correlation between BMO-MRW
and BMO area was in agreement with previous findings."’
No study has reported on the direct relationship between
pRNFLT with ASCO area but the positive correlation
found in our results using OCT-defined structural parame-
ters were compatible with past reports exploring relation-
ships with photographically- determined ONH size.* Al-
though both parameters were influenced by ONH size,
BMO-MRW may be easier to correct for ONH size be-
cause the rate of pRNFLT thinning with distance from
disc edge is not uniform among sectors.” It is also impor-
tant that the relationships between ONH size and pRNFLT
and BMO-MRW in our study were considered taking other
confounding factors of ONH size such as AXL’ and LC
depth.’1

Our results revealed that a thinner prelaminar thickness
was associated with thinner BMO-MRW while a more pos-
teriorly bowed PPS configuration was associated with thin-
ner pRNFLT. Both thin prelaminar thickness and posteri-
orly bowed PPS angles have been reported to be observed
in glaucomatous eyes,'*?%* suggesting that the associa-
tion of these structural changes may be a sign of very early
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FIGURE. Peripapillary nerve fiber elevation (pNFE) in long axial length (AXL) eyes with parapapillary zone without Bruch’s
membrane (PPZ-BM). A. Emmetropic eye with AXL of 22.67 mm. No PPZ-BM is observed on the photograph and the disposition
of Bruch’s membrane opening (BMO; pink dots) and anterior scleral canal opening (ASCO; yellow dots) observed on the OCT
image is minimal. No irregularity observed in the nasal rim structure. B. Myopic eye with AXL of 27.27 mm. Typical PPZ-BM is
observed on the temporal edge of the optic nerve head photograph. (white arrow) BMO is dispositioned temporally in reference to
the ASCO in the PPZ-BM region on the OCT image. (red arrow) The highly elevated nasal rim is the pNFE (black arrow).

glaucomatous changes in otherwise healthy looking eyes or
that these changes are predispositions for glaucoma devel-
opment. However, the true nature of the relationship be-
tween these parameters needs to be explored in more detail
in future prospective studies.

A deeper LC depth was associated with thinner BMO-
MRW while a shallower LC depth was associated with
thinner pRNFLT, presenting conflicting results between
the two parameters. There are many histological’® and
OCT studies'” reporting that LC depth is deeper in glauco-
matous eyes. However, since this LC deepening is generally
associated with elevated IOP’*® or older age’’’® our
investigation of LC depth and BMO-MRW or pRNFLT in
a cohort of normal IOP healthy eyes may not demonstrate
analogous relationships with glaucomatous eyes. Further-
more, the relationship between LC position and glaucoma
is still controversial as can be seen from prior studies report-
ing variation in direction of LC position displacement dur-
ing longitudinal follow up and weak or no association with
the degree of VE pRNFLT or BMO-MRW progression.*®»*
Along with prior investigations, our results should be
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interpreted with caution. However, our results do indicate
that once again BMO-MRW and pRNFLT demonstrate
varying relationships with its surrounding ONH structures.
Other previously reported influential factors of BMO-
MRW and pRNFLT include gender, and arteriosclerotic
diseases such as hypertension and cerebral strokes.® 4042
Reports on association between gender and BMO-MRW
or pRNEFLT thickness have been inconsistent. Male gen-
der was associated with thinner pRNFLT in two studies.®”
However, after correcting for patient characteristics and
deep ONH structures, we found no association between sex
and BMO-MRW or pRNFLT supporting results from other
reports including a cohort of healthy Japanese eyes.*!?+4?
We were not able to assess the relationship between sys-
temic diseases and BMO-MRW or pRNFLT in our study due
to the exclusion of subjects with systemic diseases such as
clinically significant hypertension and hypotension.
Although BMO-MRW and pRNFLT were significantly
correlated with each other, their correlation was not neces-
sarily strong (R = 0.215, P = .011; Pearson’s correlation).
This result is reasonable considering the varying associa-
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TABLE 4. Summarization and Comments on Factors Associated With BMO-MRW and pRNFLT

BMO-MRW pRNFLT Comments
Age Thinning with older age No association BMO-MRW may be a better surrogate for quantification of
age-related RGC loss.
Sex No association No association
Axial length No association Thinner in eyes with Temporal shifting of retinal vessels may affect pRNFLT.
shorter AXL
ASCO/BMO offset Thicker in eyes with larger No association Nasally displaced retinal vessels in eyes with larger
magnitude shift of BMO and ASCO ASCO/BMO offset magnitude (clinically equivalent to larger
positions parapapillary gamma-zone) may lead to overestimation of rim
structure. (Figure)
BMO area Thinner in eyes with smaller BMO area, ASCO area as surrogate parameters for disc area.
BMO area BMO-MRW and pRNFLT are both associated with disc size
but in opposite directions.
BMO-MRW may be easier to correct for disc size because the
ASCO area Thinner in eyes with

larger ASCO area
No association

Prelaminar thickness  Thinner in eyes with thinner

prelaminar thickness

rate of pRNFLT thinning with distance from disc edge is not

uniform among sectors.
Possible representation of early glaucomatous changes of

healthy-looking eyes or indication of predilection to glaucoma.

PPS angle No association Thinner in eyes with
posteriorly bowed PPS
LC depth Thinner in eyes with deeper Thinner in eyes with

LC shallower LC

BMO-MRW and pRNFLT are both associated with LC depth
but in opposite directions.
Previous literature on the relationship between LC depth and
glaucoma are inconsistent and current results also need to be
interpreted with caution.

ASCO = anterior scleral canal opening; BMO = Bruch’s membrane opening; LC = lamina cribrosa; MRW = minimum rim width; PPS = peri-
papillary sclera; pPRNFLT = peripapillary retinal nerve fiber layer thickness; RGC = retinal ganglion cell.

tions of the two parameters observed in our results with
age, ONH size and other adjacent deep ONH structures.
Our results were in concordance with previous studies re-
porting mild association between the two parameters’ and
the discrepancy may have been even more pronounced in
our healthy cohort due to the inclusion of a wide range of
AXL which affects both BMO-MRW and pRNFLT but in
different ways. Although diagnostic ability and structure-
function relationship have been reported to be similar'®-#’
or slightly superior with BMO-MRW** in comparison to
pRNEFLT, our results demonstrated that the two parameters
represent RGC counts in different manners when the ef-
fects of deep ONH structures are considered. Knowledge
of the influential factors revealed in our study should cre-
ate a basis for choosing the optimal parameter to evaluate
glaucoma depending on the characteristics of each individ-
ual eye. A summarization and comparison of the results for
BMO-MRW and pRNFLT are presented in Table 4.

Some limitations of our study are (1) the cross-sectional
nature of our study, (2) the use of LC depth referenced
on the BMO plane, (3) the exclusion of highly hyper-
opic eyes (SE> +1D) and extremely highly myopic eyes
(AL > 28 mm) and (4) our study population being mostly
Asian. Investigation of determinant factors of a certain pa-
rameter from cross-sectional data may not necessarily re-
flect true temporal structure changes. However, we con-
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sider the robustness of data range in cross-sectional studies
can be a strength in determining associated changes. BMO-
based LC depth is known to be more affected by choroidal
thickness in comparison to anterior scleral-based measure-
ments.”” Our analysis considered effects of both age and
pChT to determine the best-fit model, but the possibility
that our method of LC depth measurement led to the dis-
crepant results between BMO-MRW and pRNFLT remains
as a possibility. Hyperopic eyes with moderately elongated
AXL may have been overlooked and thus may have intro-
duced a somewhat biased AXL distribution in the current
dataset in comparison to that of the general population.
However, since the prevalence of strongly hyperopic eyes
is relatively low in the Japanese population,*” and the inci-
dence of myopia-like ONHs in hyperopic eyes is very rare,
we anticipate that the impact on our study is small. Eyes
with AXL > 28 mm were excluded in our current study
to avoid confoundment with pathologically myopic eyes.
Finally, pRNFLT and BMO-MRW values as well as their
decay rate with age have been reported to differ among
races.***14 We need to note that over 95% of our study
subjects were of Eastern Asian descent, leaving the possi-
bility that our results cannot be generalized with healthy
cohorts of other races.

In conclusion, our current results indicate that BMO-
MRW and pRNEFLT are mildly associated with each other,
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but that they often have varying associations with its in-
fluencing patient characteristics and deep ONH structures.
Age, AXL, a shift between BMO and ASCO positions,
BMO and ASCO area, prelaminar thickness, PPS bow-
ing and LC depth were associated with either or both
BMO-MRW and pRNFLT but the degree or direction of
association was discrepant. Despite both BMO-MRW and
pRNFLT quantifying the integrity of RGC, our study re-
vealed that they have different characteristics as well as
strengths and weaknesses. Although further confirmation
of these results is awaited from future longitudinal stud-
ies, our current results emphasize the necessity of taking
influential deep ONH structures into consideration when
interpreting the results of these parameters in glaucoma-
tous eyes to determine the magnitude of RGC damage.
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