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Abstract
Objective—Neuroretinal rim assessment based on the clinical optic disc margin (DM) lacks a
sound anatomic basis for 2 reasons: (1) The DM is not reliable as the outer border of rim tissue
because of clinically and photographically invisible extensions of Bruch’s membrane (BM) inside
the DM and (2) nonaccountability of rim tissue orientation in the optic nerve head (ONH). The
BM opening-minimum rim width (BMO-MRW) is a parameter that quantifies the rim from its true
anatomic outer border, BMO, and accounts for its variable orientation. We report the diagnostic
capability of BMO-MRW.

Design—Case control.

Participants—Patients with open-angle glaucoma (n = 107) and healthy controls (n = 48).

Methods—Spectral-domain optical coherence tomography (SD-OCT) with 24 radial and 1
circumpapillary B-scans, centered on the ONH, and confocal scanning laser tomography (CSLT)
were performed. The internal limiting membrane (ILM) and BMO were manually segmented in
each radial B-scan. Three SD-OCT parameters were computed globally and sectorally: (1)
circumpapillary retinal nerve fiber layer thickness (RNFLT); (2) BMO-horizontal rim width
(BMO-HRW), the distance between BMO and ILM in the BMO reference plane; and (3) BMO-
MRW, the minimum distance between BMO and ILM. Moorfields Regression Analysis (MRA)
with CLST was performed globally and sectorally to yield MRA1 and MRA2, where “borderline”
was classified as normal and abnormal, respectively.

Main Outcome Measures—Sensitivity, specificity, and likelihood ratios (LRs) for positive and
negative test results (LR+/LR−).

Results—The median (interquartile range) age and mean deviation of patients and controls were
69.9 (64.3–76.9) and 65.0 (58.1–74.3) years and −3.92 (−7.87 to −1.62) and 0.33 (−0.32 to 0.98)
dB, respectively. Globally, BMO-MRW yielded better diagnostic performance than the other
parameters. At 95% specificity, the sensitivity of RNFLT, BMO-HRW, and BMO-MRW was
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70%, 51%, and 81%, respectively. The corresponding LR+/LR− was 14.0/0.3, 10.2/0.5, and
16.2/0.2. Sectorally, at 95% specificity, the sensitivity of RNFLT ranged from 31% to 59%, of
BMO-HRW ranged from 35% to 64%, and of BMO-MRW ranged from 54% to 79%. Globally
and in all sectors, BMO-MRW performed better than MRA1 or MRA2.

Conclusions—The higher sensitivity at 95% specificity in early glaucoma of BMO-MRW
compared with current BMO methods is significant, indicating a new structural marker for the
detection and risk profiling of glaucoma.

The clinically identified optic disc margin (DM) has conventionally been thought to
represent the inner edge of Elschnig’s ring or border tissue.1 Anatomically, border tissue is a
circular band of connective tissue that fuses the sclera to Bruch’s membrane (BM) forming
the blood–brain barrier to isolate the choroid from the retinal ganglion cell axons in the optic
nerve head (ONH). The clinical DM and optic disc cup are clinical constructs that are
thought to delineate the outer and inner borders of the neuroretinal rim, respectively, and are
critical components of the fundoscopic examination in individuals assessed for glaucoma.

We recently co-localized stereo optic disc photographs to spectral-domain optical coherence
tomography (SD-OCT) data such that we could precisely identify locations in an SD-OCT
radial B-scan that corresponded to features in the disc photograph.2,3 We reported 3 findings
that have a practical bearing on the accuracy of current neuroretinal rim assessment. First,
the clinically identified DM is rarely a single anatomic structure or an identifiable junction,
such as the inner edge of border tissue.2 In most eyes it corresponds variably to multiple
anatomic structures in SD-OCT images. Second, in some regions of all ONHs, BM extends
internally beyond the clinically identified DM (toward the center of the ONH) and is both
clinically and photographically invisible. Because the outer border of the rim is the
termination of BM in these areas and not the more external DM, the rim is narrower than
that with clinical or photographic evaluation. Third, because clinical, photographic, or
confocal scanning laser tomography (CSLT)-based rim width measurements are made in the
plane of the perceived DM without reference to the orientation of the rim tissue, for the
same number of axons, the rim width will be greater in cases where the orientation of the
rim tissue is more horizontal (e.g., in the temporal sector of tilted optic discs) compared with
when it is more perpendicular.3 The optic disc photographs and SD-OCT radial B-scans of
all 40 subjects analyzed illustrating these 3 findings are available online (http://
ophthalmology.medicine.dal.ca/research/onh.html, accessed May 26, 2012).

Taken together, these observations indicate that the basis of current rim measurements lacks
a solid anatomic foundation. We reasoned that the termination of BM, or Bruch’s membrane
opening (BMO), is a logical anatomic outer border of the rim. Although rim width
measurement based on BMO has been proposed,4–6 identification of BMO was performed
primarily for the automated detection of the DM and to derive a rim measurement that
mimics current clinical evaluation.4,7 Currently with SD-OCT, this measurement is made
along the BMO reference plane, which is approximately a horizontal planar surface. We
therefore termed this parameter “BMO-horizontal rim width” (BMO-HRW).3 In addition,
several investigators have recognized that measurements should account for the orientation
of the rim tissue relative to the point of measurement8–10 and have argued for measuring the
minimum distance from BMO to the internal limiting membrane (ILM). Although its
terminology has varied in past descriptions,8–10 in a recent report we adopted the term BMO
minimum rim width (BMO-MRW) for this parameter and provided a quantitative analysis
supporting the rationale for such a measurement.3

Rim width estimates based on the DM vary regionally and significantly from those based on
BMO.3 The purpose of this study was to determine whether SD-OCT rim parameters that
are based on BMO (i.e., BMO-HRW and BMO-MRW) can better identify patients with
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glaucoma from healthy subjects compared with ones based on the DM obtained with CLST.
Because SD-OCT circumpapillary retinal nerve fiber layer thickness (RNFLT)
measurements are made approximately perpendicular to the orientation of the axons (that is
where the RNFLT measurement is at a minimum), we also wanted to compare the ability of
RNFLT to BMO-MRW in distinguishing healthy eyes from those with early glaucoma.

Materials and Methods
Participants

Study participants included patients with open-angle glaucoma and healthy normal controls.
The subjects were recruited from 3 prospective longitudinal observational studies being
carried out at the Eye Care Centre, Queen Elizabeth II Health Sciences Centre, Halifax,
Nova Scotia, Canada. At each study visit, subjects had a variety of imaging and perimetric
tests performed. If both eyes were eligible, 1 eye was randomly selected as the study eye.
The study was approved by the Ethics Review Board of the QEII Health Sciences Centre. In
accordance with the Declaration of Helsinki, all subjects gave informed consent to
participate.

For patients, inclusion criteria were (1) diagnosis of open-angle glaucoma, including
primary, pseudoexfoliative, or pigmentary glaucoma; (2) previously documented evidence
of progressive ONH changes judged clinically with stereo-disc photography or previously
published criteria with CSLT in which the size and depth of clusters of pixels that have
undergone significant change from the baseline are evaluated;11,12 (3) a positive Glaucoma
Hemifield Test13 with standard automated perimetry (Swedish Interactive Thresholding
Algorithm14 program 24-2 of the Humphrey Field Analyzer [Carl Zeiss Meditec, Dublin,
CA]); and (4) best-corrected visual acuity ≥0.3 (20/40) logarithm minimum angle of
resolution in the study eye. Exclusion criteria were (1) concomitant ocular disease and
systemic medication known to affect the visual field and refractive error exceeding ±6.00
diopters sphere or ±3.00 diopters astigmatism.

For healthy controls, inclusion criteria were (1) normal eye examination with intraocular
pressure less than 21 mmHg; and (2) normal visual field, defined as a Glaucoma Hemifield
Test, mean deviation, and pattern standard deviation within normal limits. The exclusion
criterion was refractive error exceeding ±6.00 diopters sphere or ±3.00 diopters astigmatism.
Only reliable visual field examinations as judged by the perimetrist’s notes, which took into
account the automated reliability indices, were used.

Imaging
All subjects had their study eye imaged with both SD-OCT (Spectralis, Heidelberg
Engineering GmbH, Heidelberg, Germany) and CSLT (Heidelberg Retina Tomograph,
Heidelberg Engineering GmbH) on the same day.

Two scanning patterns were used with SD-OCT. First, a radial pattern comprising 24
angularly equidistant high-resolution 15-degree B-scans was used to compute the
neuroretinal rim parameters. The scan pattern was centered on the ONH, and data for each
B-scan were averaged from 20 to 30 individual B-scans, with 768 A-scans per B-scan.
Second, a 12-degree circular scan was used to measure the circumpapillary RNFLT. The
scan comprised 1536 A-scans centered on the ONH, and data were averaged from 16
individual B-scans. The internal image registration and tracking software that significantly
reduces the effects of eye movements15 was used.

With CSLT, a 15-degree scan pattern comprising 16 confocal sections (with a transverse
sampling of 384×384 pixels) per millimeter of scan depth was used to image the ONH. The
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mean topography and reflectance images were automatically computed by the software from
3 respective individual images.

With each technique, the operator checked for image quality, including with SD-OCT
proper B-scan positioning in the image frame, centration on the ONH, and quality score >20.
When necessary, images were reacquired.

Image Segmentation
The SD-OCT raw data were imported into customized software based on the Visualization
Toolkit (VTK, Clifton Park, NY), which enables segmentation of ONH structures in the B-
scan with simultaneous projection in the infrared image.16,17 One trained observer (F.A.A.)
segmented the ILM and the 2 BMO points in each B-scan. The 3-dimensional coordinates of
these structures were then used to calculate the SD-OCT–based neuroretinal rim parameters
(see below). All data were transformed to right eye format.

The same observer segmented the optic DM in the CSLT reflectance image. In each case,
the infrared image with SD-OCT also was used as a guide to identify the DM in the CSLT
image. The DM was defined as the innermost border of reflective tissue that was internal to
any pigmented tissue (if present) and within which only neural tissue was present.

Neuroretinal Rim Parameters
The BMO-based neuroretinal rim parameters have been detailed by Reis et al3 and are
illustrated in Figure 1. Briefly, the 24 radial scans yielded 48 BMO points with 3-
dimensional coordinates through which were fitted (1) a spline to derive a closed curve
representing the BMO around the ONH from which BMO area was computed and (2) a best-
fit plane representing the BMO reference plane. The BMO-HRW was defined as the
distance between the projection of BMO to the BMO reference plane and the ILM, along the
BMO reference plane (Fig 1). The BMO-HRW is deliberately designed to be equivalent to
measurements recently described with SD-OCT.4–6 The BMO-MRW was defined as the
minimum distance between the BMO and the ILM. Both BMO-HRW and BMO-MRW were
computed at the 48 equally spaced angular positions around the BMO center.

Internal software (Heidelberg Eye Explorer, Heidelberg Engineering GmbH) was used to
generate the results of the Moorfields Regression Analysis (MRA)18 with CSLT. The MRA
uses the relationship between the optic disc area and the neuroretinal rim area in healthy
subjects and classifies the rim as being within normal limits (if the rim area is within the
95% prediction interval for the given disc area), borderline (if the rim area is within the 99%
prediction interval), and outside normal limits (if the rim area is outside the 99.9%
prediction interval).

Data Analysis
The SD-OCT neuroretinal rim parameters were computed as means globally and for the four
45-degree sectors (superonasal, inferonasal, inferotemporal, and superotemporal) and the
two 90-degree sectors (nasal and temporal). The circumpapillary RNFL was segmented
according to the internal software, checked for accuracy, and corrected when necessary. The
raw values were then extracted, and the global and sectoral circumpapillary RNFLT values
were computed. Finally, the respective global and sectoral MRA results from CSLT also
were extracted from the internal software.

The diagnostic performance of RNFLT, SD-OCT rim parameters, and MRA were compared
with receiver operating characteristic (ROC) analysis globally and sectorally. Because the
MRA yields a “borderline” classification, 2 MRA criteria were used: (1) conservative,
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MRA1, where the borderline cases were classified as normal; and (2) liberal, MRA2, where
borderline cases were classified as abnormal. Thus, there were 2 discrete points for the
MRA analysis on the ROC curve, whereas for the other parameters, the sensitivity and
specificity values were computed for all possible cutoff values of the respective parameters.

Likelihood ratios (LRs) for positive (the odds that a positive result would be expected from a
patient with glaucoma compared with control) or negative (the odds that a negative result
would be expected from a patient with glaucoma compared with control) test results for
RNFLT, BMO-HRW, and BMO-MRW based on the sensitivity at a fixed specificity of 95%
were computed. The LRs were then used to derive posttest probability values based on
varying pretest probabilities.19 Because the MRA does not yield a range of possible cutoff
values to derive sensitivity at fixed specificity, only MRA1 was used.

Group variables were compared with the t test. Associations between variables were
examined with the Pearson correlation coefficient.

Results
There were 107 patients with glaucoma and 48 healthy controls in the study; their median
(interquartile range) ages were 70.3 years (64.3–76.9 years) and 65.0 years (58.1–74.3
years), respectively, and the mean deviations of the visual field obtained on the same day as
the imaging were −3.92 (−7.87 to −1.62) and 0.33 (−0.32 to 0.98) dB, respectively.
Summary SD-OCT parameters are shown in Table 1. There was a significant difference
between patients and controls for all the parameters investigated (P < 0.01).

In control subjects, global BMO-MRW was weakly associated with age, reaching borderline
significance (r = −0.26, P = 0.08). This association was stronger compared with that between
global BMO-HRW and age (r = −0.06, P = 0.70; Fig 2). Likewise, the relationship between
global BMO-MRW and BMO area was stronger (r = −0.46, P<0.01) compared with global
BMO-HRW and BMO area (r = −0.07, P = 0.65; Fig 2).

In global analyses, BMO-MRW yielded higher diagnostic performance than RNFLT or
BMO-HRW (area under the ROC 0.96 [95% confidence interval {CI}, 0.92–1.00], 0.92
[95% CI, 0.88–0.96], and 0.85 [95% CI, 0.78–0.91], respectively). At 95% specificity,
global RNFLT, BMO-HRW, and BMO-MRW yielded a sensitivity of 70%, 51%, and 81%,
respectively (Fig 3), indicating that global BMO-MRW had 1.2 times higher sensitivity than
global RNFLT and 1.6 times higher sensitivity than global BMO-HRW. The 2 CSLT indices
MRA1 and MR2 yielded sensitivity/specificity combinations of 56%/90% and 76%/71%,
respectively.

In sectoral analyses, at 95% specificity, the sensitivity of BMO-MRW was consistently
higher than either of the SD-OCT or CSLT indices (Fig 4), except the superonasal quadrant
where RNFLT had a higher sensitivity (59% compared with 54%). At 95% specificity, the
sensitivity of BMO-MRW varied from 54% (superonasal) to 79% (inferotemporal). The
corresponding figures for RNFLT and BMO-HRW were 31% (nasal) to 59% (superonasal
and inferotemporal) and 35% (superonasal and temporal) to 64% (superotemporal),
respectively. At 95% specificity, the sensitivity of BMO-MRW was between 0.9
(superonasal) and 2.1 (nasal) times that of RNFLT and 1.2 (superotemporal) and 1.7
(inferonasal) times that of BMO-HRW.

Examples of patients showing the significant discordance among MRA, BMO-HRW, and
BMO-MRW are shown in Figure 5. Sectorally DM-based MRA results within normal limits
can occur with BMO-HRW at borderline values in the normal distribution and with BMO-
MRW considerably outside normal values (Fig 5A). On the other hand, an abnormal MRA
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can occur with BMO-HRW and BMO-MRW within normal limits (Fig 5B). Finally, BMO-
MRW can be thin (at the 5th percentile of the normal distribution) with MRA and BMO-
HRW well within normal limits (Fig 5C).

The impact of a positive or negative test result based on a cutoff value yielding 95%
specificity with the SD-OCT indices is shown in Figure 6. Data for MRA1 (which yielded
specificity of 90%) are shown for comparison. The posttest probability after a positive
BMO-MRW increased substantially from pretest values. For example, for pretest
probabilities of 1% and 10%, the posttest probabilities increased to 14% and 64%,
respectively. The corresponding posttest probabilities for RNFLT, BMO-HRW, and MRA1
were 12% and 61%, 9% and 53%, and 5% and 38%, respectively. At 1% and 10% pretest
probabilities, a negative test result reduced the posttest values to 0% and 2% with BMO-
MRW, 0% and 3% with RNFLT, 1% and 5% with BMO-HRW, and 0% and 5% with
MRA1, respectively (Fig 6).

Discussion
Current optic DM-based neuroretinal rim estimates assume that the clinically visible DM is
a true anatomic border of the rim tissue from which width, area, or volume measurements of
the rim can be made. We recently demonstrated that (1) the clinically visible DM is rarely a
consistent anatomic structure;2 (2) there are clinically and photographically invisible, but
SD-OCT detected, portions of BM and its termination that form the true outer border of rim
tissue;2 and (3) because of (1) and (2), significant errors are present in DM-based rim tissue
measurements in patients with glaucoma and healthy controls.3

We previously reasoned that BMO-MRW determined with SD-OCT overcomes the
limitations of the current quantification of the rim in 2 ways. First, it is a measurement from
an actual anatomic outer border, and second, it is a geometrically accurate measurement that
is independent of arbitrary reference planes that distinguish between rim and cup.3 In the
present study, we demonstrate for the first time that the anatomic accuracy of BMO-MRW
translates into significantly enhanced diagnostic capabilities.

Compared with DM-based assessment with CSLT, where rim parameters are derived
horizontally in the plane of the peripheral ILM surface at a fixed depth below a portion of
the DM, the diagnostic performance of BMO-MRW was substantially higher. The 2 CSLT-
based MRA indices yielded discrete sensitivity/specificity combinations of 56%/90%
(MRA1) and 76%/71% (MRA2) and not continuous values with which an entire ROC curve
could be derived. Matched for MRA1 and MRA2 specificity, BMO-MRW yielded
sensitivity of 85% and 98%, respectively, whereas matched for sensitivity, specificity was
98% and 98%, respectively.

It is important to note that BMO-HRW, the current manner in which the rim is assessed with
SD-OCT,4–6,20–22 had consistently poorer diagnostic capabilities compared with BMO-
MRW, both globally and sectorally. Thus, although BMO-HRW estimates rim width from
an anatomically accurate location, the geometric errors associated with not accounting for
the orientation of the overlying rim tissue at the point of measurement3 likely explains why
BMO-HRW performs relatively poorly compared with BMO-MRW.

The SD-OCT–based RNFLT measurements are made approximately perpendicular to the
ILM and are therefore geometrically accurate in a manner that is similar to BMO-MRW.
Therefore, the diagnostic capabilities of RNFLT would be expected to be comparable to
BMO-MRW. Our results show that performance of RNFLT measurements were in between
those of BMO-HRW and BMO-MRW (Figs 3 and 4). There are no unequivocal
explanations for why the performance of BMO-MRW and RNFLT was not more closely
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matched; however, there are at least 3 possibilities. First, the magnitude and mode of tissue
remodeling after neural loss may be different in the RNFL compared with the ONH where
neural loss could be more accurately represented. Second, BMO-MRW may be more
sensitive to ONH conformational changes that precede but do not directly correlate to RNFL
loss. Third, there is imprecision of the spatial correlation between the points of measurement
in the peripapillary retina and the ONH.23 This observation is supported by the presence of
overlapping and nonparallel trajectories of axon bundles at a given point of measurement in
the peripapillary retina24,25 that project to less localized points in the ONH. The latter
explanation may explain the large variation among the sectors in the relative diagnostic
performance of the SD-OCT indices. Data acquisition and most analyses currently assume
that the angle between the ONH center and the fovea is constant among all individuals.
Thus, analyses that use the same angular positions for the sectors without accounting for
interindividual anatomic variations may induce variably large errors when referring to
normative databases or when relating to visual field measures. Analyses strategies that
account for the variations in BMO center to fovea axis have recently been suggested;26

however, we propose additionally that all SD-OCT data acquisition should also occur with
reference to the BMO center to fovea axis. Such strategies are likely to decrease the
interindividual variation of normative databases, thereby potentially increasing the
diagnostic precision of all parameters.

Identification of glaucomatous optic nerve damage with photographic27,28 or modern
imaging28–32 techniques in isolation has inadequate diagnostic capability for effective
screening or case identification in primary eye care because of the high false-positive rate at
acceptable sensitivity. By assuming a glaucoma prevalence of 2%, the diagnostic merit of a
test is affected more by specificity than sensitivity. For example, at 80% specificity, the
likelihood of disease after a positive test result increases from 8% to only 9% when the
sensitivity increases from 80% to 99%. Therefore, in our analyses we referenced diagnostic
performance of the indices at a higher specificity value of 95% at which the sensitivity of
global RNFLT, BMO-HRW, and BMO-MRW was 70%, 51%, and 81%, respectively.

The LR of a positive diagnostic test based on BMO-MRW was more than 16, indicating a
large effect on disease likelihood with a positive test result.33 If the pretest probability of
glaucomatous optic neuropathy were 2%, the posttest probability would increase to 25%. If
clinical history and risk factors increase the pretest probability to 5% or 10%, the likelihood
of glaucoma would increase to 46% and 64%, respectively, after a positive test result. The
LR of a negative test result based on BMO-MRW was 0.2, indicating a moderate effect33 on
ruling out glaucoma. The posttest probability with a negative test result at pretest probability
of 2%, 5%, and 10% was 0%, 1%, and 2%, respectively.

This study has some limitations. The comparison of BMO-MRW with conventional DM-
based rim measurement was performed with CLST and not stereo disc photographs. From
the perspective of diagnostic precision, comparable results with disc photography and MRA
have been reported,34,35 although other studies have suggested MRA to be poorer.36

Healthy controls were on average 5 years younger than the patients, possibly resulting in a
more favorable diagnostic performance of the indices evaluated. However, the age
difference would not affect the relative comparison of the indices. The cutoff values used to
achieve 95% specificity at which comparison of the SD-OCT indices were made were
obtained in the same sample, whereas the MRA cutoffs were derived from an independent
population. Thus, again, although the relative comparison of the SD-OCT indices is valid,
the cutoffs from this study applied to other populations may result in different diagnostic
performances.
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Segmentation of BMO and the ILM was performed manually. Although the mean
reproducibility of BMO-MRW calculations in preliminary analyses is high (yielding an
average paired difference of 0.7%), the manual segmentations are time-consuming.
Investigators have described automated segmentation of several structures in the SD-OCT
B-scan;4,5 however, we are unaware of systematic verification of these methods. Recent
work suggests that a newly developed automated algorithm for BMO and ILM
segmentation, and BMO-MRW calculation is accurate (AlMobarak FA, O’Leary N, Sharpe
GP, et al. Invest Ophthalmol Vis Sci 2012;53:E-abstract 691); therefore, it is possible for the
analyses described in this study to be incorporated into current acquisition and analysis
software.

In conclusion, we have previously reasoned that the foundation of current optic DM-based
neuroretinal rim assessment lacks a justifiable anatomic and geometric rationale.2,3 The
BMO-MRW is a measurement from an anatomically accurate border of the rim that also
takes into account its varying trajectory relative to the point of measurement. In this study,
we showed that BMO-MRW also has better diagnostic performance compared with current
CSLT or SD-OCT–-based ONH and RNFLT parameters. Further studies are now necessary
to incorporate this parameter with other clinical markers to enhance the detection and risk
profiling of glaucoma, and to evaluate its performance in the detection of progression.
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Figure 1.
Neuroretinal rim parameters measured with spectral-domain optical coherence tomography
(SD-OCT). A, Portion of a radial B-scan illustrating Bruch’s membrane (BM) and internal
limiting membrane (ILM). B, Same portion of the B-scan illustrating Bruch’s membrane
opening (BMO), BMO-horizontal rim width (BMO-HRW), the distance from BMO to the
ILM along the BMO reference plane, and Bruch’s membrane opening-minimum rim width
(BMO-MRW), the minimum distance from BMO to the ILM.
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Figure 2.
Relationship between the 2 Bruch’s membrane opening (BMO)–based parameters, Bruch’s
membrane opening-horizontal rim width (BMO-HRW) and Bruch’s membrane opening-
minimum rim width (BMO-MRW), and age (A) and BMO area (B) in healthy control
subjects.
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Figure 3.
The receiver operating characteristic (ROC) curves illustrating the diagnostic performance
of retinal nerve fiber layer thickness (RNFLT), Bruch’s membrane opening-horizontal rim
width (BMO-HRW), and Bruch’s membrane opening-minimum rim width (BMO-MRW)
computed globally. Also shown are the 2 discrete points of the global Moorfields Regression
Analysis (MRA) from confocal scanning laser tomography (CSLT), MRA1 where
“borderline” cases were classified as normal, and MRA2 where “borderline” cases were
classified as abnormal. Dashed vertical line indicates specificity of 95%.
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Figure 4.
The confocal scanning laser tomography (ROC) curves illustrating the diagnostic
performance of retinal nerve fiber layer thickness (RNFLT), Bruch’s membrane opening-
horizontal rim width (BMO-HRW), and Bruch’s membrane opening-minimum rim width
(BMO-MRW) computed for the 6 sectors. Also shown are the 2 discrete points of the
sectoral Moorfields Regression Analysis (MRA) from confocal scanning laser tomography
(CSLT), conservative Moorfields Regression Analysis (MRA1) where “borderline” cases
were classified as normal, and liberal Moorfields Regression Analysis (MRA2) where
“borderline” cases were classified as abnormal. Dashed vertical line indicates specificity of
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95%. IN = inferonasal; IT = inferotemporal; N = nasal; SN = superonasal; ST =
superotemporal; T = temporal.
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Figure 5.
Examples of patients with glaucoma illustrating the significant discordance between results
of confocal scanning laser tomography (CSLT) and spectral-domain optical coherence
tomography (SD-OCT). CSLT, pseudocolor optic nerve head (ONH) image; Moorfields
Regression Analysis (MRA), results from the MRA where the closed green shape represents
the clinical optic disc margin (DM). The MRA results indicate “within normal limits”
(check mark), “borderline” (exclamation mark), and “outside normal limits” (cross) for each
of the 6 sectors and globally. Infrared (IR) image from SD-OCT where the dotted white line
indicates the position of the radial B-scan (shown in the next column). B-scan, portion of the
B-scan (indicated by the solid yellow line in the previous column). Red dot shows BMO, red
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line shows Bruch’s membrane opening-horizontal rim width (BMO-HRW), and green line
shows Bruch’s membrane opening-minimum rim width (BMO-MRW). Bottom: distribution
of temporal BMO-HRW (left) and temoporal BMO-MRW (right) in healthy control
subjects. A, Right ONH of a patient with MRA within normal limits in the temporal sector.
The mean temporal BMO-HRW is less than the 5th percentile of the normal distribution
(arrow), whereas the BMO-MRW value is less than half of the lowest value in the normal
distribution. B, Right ONH of a patient with MRA outside normal limits in the temporal
sector. The mean temporal BMO-HRW and BMO-MRW are approximately the 10th
percentile of the normal distribution. C, Left ONH of a patient with MRA within normal
limits in the temporal sector. The mean temporal BMO-HRW is approximately the 85th
percentile of the normal distribution, but the mean temporal BMO-MRW is approximately
the 5th percentile of the normal distribution.
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Figure 6.
Pre- and posttest probability of the various global parameters based on cutoff values yielding
95% specificity. Data comparing circumpapillary retinal nerve fiber layer thickness
(RNFLT), Bruch’s membrane opening-horizontal rim width (BMO-HRW), and Bruch’s
membrane opening-minimum rim width (BMO-MRW) and the more conservative
conservative Moorfields Regression Analysis (MRA) cutoff (MRA1), which yields 90%
specificity, are shown. Posttest probabilities for both positive (+) and negative (−) test
results are indicated. The likelihood ratio (LRs) for positive and negative test results are
shown. Solid black line indicates equal pre- and posttest probability.
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Table 1

Summary of Spectral-Domain Optical Coherence Tomography Parameters in Patients with Glaucoma and
Healthy Controls*

Patients with
Glaucoma

Healthy
Controls

BMO area (mm2) 1.8 (1.6–2.1) 1.7 (1.4–1.9)

Circumpapillary RNFLT (µm) 70.0 (63.2–80.0) 95.9 (91.1–103.5)

Global BMO-HRW (µm) 253.1 (189.5–352.1) 461.7 (392.8–623.1)

Global BMO-MRW (µm) 182.7 (142.2–217.7) 316.5 (275.4–361.7)

BMO = Bruch’s membrane opening; BMO-HRW = Bruch’s membrane opening-horizontal rim width; BMO-MRW = Bruch’s membrane opening-
minimum rim width; RNFLT = retinal nerve fiber layer thickness.

*
Values shown are medians (interquartile range).
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