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Diagnostic criteria for detection of retinal nerve fibre
layer thickness and neuroretinal rim width

abnormalities in glaucoma
Feihui Zheng,"* Marco Yu,"* Christopher Kai-Shun Leung

ABSTRACT

Background/aims Although measurements of the
Bruch’s membrane opening minimum rim width (BMO-
MRW) and retinal nerve fibre layer thickness (RNFLT)
with optical coherence tomography (OCT) have been
widely adopted in the diagnostic evaluation of glaucoma,
there is no consensus on the diagnostic criteria to

define BMO-MRW and RNFLT abnormalities. This study
investigated the sensitivities and specificities of different
diagnostic criteria based on the OCT classification reports
for detection of glaucoma.

Methods 340 eyes of 137 patients with glaucoma and
87 healthy individuals, all with axial length <26mm, had
global and sectoral BMO-MRW and RNFLT measured
with Spectralis OCT (Heidelberg Engineering). Six
diagnostic criteria were examined: global measurement
below the fifth or the first percentile; =1 sector
measurement below the fifth or the first percentile;
superotemporal and/or inferotemporal measurement
below the fifth or the first percentile. The sensitivities
and specificities of BMO-MRW/RNFLT assessment

for detection of glaucoma (eyes with visual field (VF)
defects) were compared.

Results Among the six criteria examined,
superotemporal and/or inferotemporal measurement
below the fifth percentile showed the highest sensitivities
and specificities for glaucoma detection. Abnormal
superotemporal and/or inferotemporal RNFLT attained

a higher sensitivity than abnormal superotemporal and/
or inferotemporal BMO-MRW to detect mild glaucoma
(mean VF MD: —3.32+1.59dB) (97.9% and 88.4%,
respectively, p=0.006), and glaucoma (mean VF MD:
—9.36+8.31dB) (98.4% and 93.6%, respectively,
p=0.006), at the same specificity (96.1%).
Conclusions Superotemporal and/or inferotemporal
RNFLT/MRW below the fifth percentile yield the best
diagnostic performance for glaucoma detection with
RNFLT attains higher sensitivities than MRW at the same
specificity in eyes without high myopia.

Clinical diagnosis of glaucoma is predicated on
the detection of a thinned retinal nerve fibre layer
(RNFL) and a narrowed neuroretinal rim." While
the diagnostic performance of optical coherence
tomography (OCT) measurements of the RNFL
thickness (RNFLT) and the Bruch’s membrane
opening derived minimum rim width (BMO-MRW)
for detection of glaucoma has been previously
reported,”™ it remains unclear whether integrating
the assessment of RNFLT and BMO-MRW measure-
ments would improve the diagnostic sensitivity and

specificity. One barrier of integrating RNFLT and
BMO-MRW assessment is the lack of consensus
regarding the criteria to discriminate abnormal
from normal RNFLT/BMO-MRW measurements.
Previous studies reporting the sensitivity and spec-
ificity of RNFLT and BMO-MRW were largely
centred on the area under the receiver operating
characteristic (ROC) curve (AUC) analysis.”™ The
AUC represents a summary measure of a classifi-
er’s performance across a range of false-positive
rates, typically between 0% and 100%, against
the corresponding true-positive rates. Although
the AUC analysis is useful to compare the sensitiv-
ities between RNFLT and BMO-MRW at a fixed
specificity, detection of BMO-MRW and RNFLT
abnormalities in clinical practice rarely refers to the
thresholds derived from the ROC curves because
the distribution pattern of the ROC curve varies
with the demographics (eg, age, refractive errors)
and disease characteristics (eg, severity of glau-
coma) of the participants recruited in the individual
studies. Instead, clinical interpretation of RNFLT
and BMO-MRW abnormalities often relies on the
diagnostic classification report, which classifies
global and sectoral (ie, superotemporal, temporal,
inferotemporal, inferonasal, nasal and superonasal)
RNFLT and BMO-MRW measurements into three
categories: within normal limits (ie, within the
normal reference values), borderline (between the
first and the fifth percentile of the normal refer-
ence values) and outside the normal limits (below
the first percentile of the normal reference values),
taking reference from the proprietary normative
data installed in the OCT instrument. It is an open
question in which sector(s) and at what level of
statistical significance of RNFLT or BMO-MRW
measurements one should consider in the diag-
nostic evaluation of glaucoma. We set off to identify
the optimal criteria to interpret the OCT diagnostic
classification report.

METHODS

Subjects

A total of 340 eyes of 224 participants including
188 eyes from 137 patients with glaucoma and 152
eyes from 87 healthy individuals were prospectively
and consecutively recruited at the University Eye
Center, the Chinese University of Hong Kong and
Hong Kong Eye Hospital. All participants received
a comprehensive ocular examination and had
visual acuity, axial length (IOLMaster; Carl Zeiss
Meditec, Dublin, California, USA), refraction and
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intraocular pressure (IOP) (Goldmann applanation tonometry)
measured. The neuroretinal rim and the RNFL were imaged
by the Spectralis OCT (Heidelberg Engineering, Heidelberg,
Germany) with perimetry performed with the Humphrey Field
Analyzer 1I-i (Carl Zeiss Meditec) on the same day. Inclusion
criteria were visual acuity =20/40 and no history of macular
disease, neurological disease, refractive or retinal surgery at the
time of recruitment. High myopic eyes with an axial length of
>26 mm were excluded. Patients with glaucoma were consec-
utively enrolled from the glaucoma clinic. They had glaucoma
diagnosed by glaucoma specialists before study enrolment and
had visual field (VF) defects confirmed with at least two consec-
utive examinations in at least one eye. Only the eye with VF
defects would be included in the analysis. If both eyes had VF
defects, both eyes would be included. The levels of IOP and
the OCT measurements of BMO-MRW and RNFLT were not
considered as diagnostic criteria. Healthy individuals were
enrolled from the general eye clinic. They had no history of
IOP >21 mmHg and no other ocular abnormalities except for
mild cataract. The study was conducted in accordance with the
ethical standards stated in the 2013 Declaration of Helsinki and
approved by the Kowloon Central research ethics committee
with written informed consent obtained.

VF examination

Standard white-on-white automated perimetry (SITA standard
24-2 program) was performed by a masked technician with the
Humphrey Field Analyzer I1-i (Carl Zeiss Meditec). Included VF
tests had fixation losses <20% and false-positive errors <15%.
A VF defect had =3 non-edge contiguous locations with p value
<0.05 (at least one location with p<0.01) on the same side of
horizontal meridian in the pattern deviation plot confirmed with
at least two consecutive examinations.

Neuroretinal rim and RNFL imaging with OCT

The neuroretinal rim and the RNFL were imaged by a masked
technician using the Spectralis OCT (Heidelberg Engineering)
with the Glaucoma Module Premium Edition which comprised
24 equally spaced radial B-scans, each with 768 A-scans covering
a 15° region centred on the optic disc for measurement of BMO-
MRW, and a 3.5 mm diameter circle scan for measurement of
circumpapillary RNFLT. Twenty-five B-scans were captured and
automatically averaged for each B-scan location. All scans were
acquired with reference to the subject’s specific fovea~BMO
(FoBMO) axis. The BMO of each of the 48 meridians and the
segmentation of the internal limiting membrane and the poste-
rior boundary of the RNFL of the circle scan were checked and
corrected manually if necessary. After excluding 13 eyes with
indiscernible BMO for one or more meridians,® and 2 eyes with
adhering posterior hyaloid membrane at the optic nerve head
obscuring the measurement of BMO-MRW;, 188 eyes from 137
patients with glaucoma and 152 eyes from 87 healthy individuals
were included. All scans had signal quality =15.

Evaluation of diagnostic classification of BMO-MRW and
RNFLT for glaucoma detection

The BMO-MRW and RNFLT were analysed as global and
sectoral means, which included the superotemporal (41°—80°),
superonasal  (81°—120°), nasal (121°-230°), inferonasal
(231°=270°), inferotemporal (271°-310°) and temporal
(311°—40°) sectors, according to the FoOBMO axis. The global
and sectoral BMO-MRW and RNFLT measurements were
compared with the OCT built-in normative data and classified

into within the normal reference range, between the first and the
fifth percentile of the normal reference values, or below the first
percentile of the normal reference values. Six diagnostic criteria
were examined to compare the sensitivities and specificities of
BMO-MRW assessment and RNFLT assessment for detection
of glaucoma: (1) global measurement below the fifth percen-
tile; (2) global measurement below the first percentile; (3) =1
sector of measurement below the fifth percentile; (4) =1 sector
of measurement below the first percentile; (5) superotemporal
and/or inferotemporal measurement below the fifth percentile;
(6) superotemporal and/or inferotemporal measurement below
the first percentile. The integration of RNFLT assessment and
BMO-MRW assessment was performed with an ‘or’ or ‘and’
condition on the criterion that showed the highest sensitivity
and specificity combination. The sensitivities, as determined by
the proportion of eyes meeting a specific diagnostic criterion in
the glaucoma group, and the specificities, as determined by the
proportion of eyes not meeting a specific diagnostic criterion in
the normal group, between RNFLT assessment and BMO-MRW
assessment were compared in each of the six diagnostic criteria.
The sensitivities and specificities were also compared between
integrating RNFLT/BMO-MRW assessment (with an ‘or’ or ‘and’
condition) and assessment of RNFLT or BMO-MRW alone.

Statistical analysis

Statistical analyses were performed with Stata V.14.0 (StataCorp,
College Station, Texas, USA). The sensitivities and specifici-
ties for discrimination of glaucomatous eyes from normal eyes
between BMO-MRW and RNFLT diagnostic classification
analyses were compared with the modified Obuchowski’s test,
which provides adjustment of McNemar’s test in the analysis of
clustered binary matched-pair data.”® The areas under the ROC
curve of global and sectoral BMO-MRW and RNFLT measure-
ments were compared with parametric ROC regression after
controlling for covariates including age, axial length and BMO
area, as well as correlation between fellow eyes. The parametric
ROC curve regression model was a probit model, which was a
normal cumulative distribution function with input of a linear
polynomial in the corresponding quantile function invoked on
a false-positive rate.” ' The constant intercept of the polyno-
mial was dependent on the covariates. With an estimated sum of
target discordant proportions of 0.1, the current sample size had
a power of 80% to detect a difference of 0.071, 0.064 and 0.090
in the discordant proportions in the normal group, the glaucoma
group and the mild glaucoma group, respectively. Comparisons
of biometric parameters between the normal group and the glau-
coma group were performed with linear mixed modelling with
adjustment of correlation between fellow eyes. P value <0.05
was considered statistically significant.

RESULTS

A total of 340 eyes of 224 participants including 152 eyes of
87 healthy individuals and 188 eyes of 137 patients with glau-
coma were included in the study. In the glaucoma group, 95 eyes
(50.5%) had mild VF defects (VF MD=—-6 dB), and 93 eyes
(49.5%) had moderate to advanced VF defects (VF MD<—6
dB). Patients with glaucoma were older (58.1+13.5 years) and
had larger BMO area (2.50%0.56 mm?) than healthy individ-
uals (53.4+14.4 years and 2.31+0.52 mm?, respectively), but
the axial length and spherical equivalent were not significantly
different between the groups (p=0.160) (online supplemen-
tary table 1). Online supplementary figure 1 shows the sectoral
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Table 1 Sensitivities and specificities of abnormal global BMO-MRW/RNFLT for detection of glaucoma
Global BMO-MRW below the fifth percentile Global RNFLT below the fifth percentile  Difference in sensitivities/specificities P value
95% CI 95% CI 95% CI
Sensitivity 78.72% 72.10% to 85.34% 88.83% 83.69% t0 93.97% -10.11% —15.83% to —4.39% <0.001
Specificity 99.34% 98.05% to 100% 98.68% 96.88% to 100% 0.66% —1.58% to0 2.90% 0.565
Global BMO-MRW below the first percentile Global RNFLT below the first percentile  Difference in sensitivities/specificities
95% CI 95% CI 95% CI
Sensitivity 56.91% 49.27% to 64.56% 76.06% 69.61% to 82.52% -19.15% —26.09% to -12.21% <0.001
Specificity 100.00% NA 99.34% 98.05% to 100% 0.66% —0.63% to 1.95% 0.318

BMO-MRW, Bruch’s membrane opening-minimum rim width; RNFLT, retinal nerve fibre layer thickness.

BMO-MRW and RNFLT measurements of the glaucoma and the
normal groups.

Sensitivities and specificities of BMO-MRW and RNFLT for
detection of glaucoma

Among the six criteria examined (tables 1-3), superotemporal
and/or inferotemporal BMO-MRW (table 3, left panel) and
superotemporal and/or inferotemporal RNFLT (table 3, middle
panel) below the fifth percentile yielded the highest sensitivities
and specificities to discriminate glaucomatous eyes (n=188 eyes)
(mean VF MD: —9.36+8.31 dB) from normal eyes (n=152
eyes). The superotemporal and/or inferotemporal RNFLT below
the fifth percentile had a sensitivity of 98.4% (95% CI 96.6%
to 100%) for the discrimination, which was significantly higher
than that of superotemporal and/or inferotemporal BMO-MRW
below the fifth percentile (93.6%; 95% CI 90.1% to 97.1%)
(p=0.006) at the same specificity 96.1%(table 3). Online
supplementary figure 2 shows the Venn diagrams comparing the
RNFLT and BMO-MRW assessment.

Sensitivities and specificities of BMO-MRW and RNFLT for
detection of mild glaucoma

We repeated the analyses including eyes with early glaucoma
(mean VF MD: —3.32%1.59 dB) (n=95) and normal eyes
(n=152) (online supplementary table 2) using the same sets of
diagnostic criteria (online supplementary tables 3-5). Like the
analysis including all glaucomatous eyes, the superotemporal
and/or inferotemporal RNFLT below the fifth percentile showed
the highest sensitivity (97.9%, 95% CI 95.0% to 100.0%) and
specificity (96.1%, 95% CI 92.1% to 100.0%) combination
(online supplementary table 5) to detect mild glaucoma among
the six criteria examined. The superotemporal and/or infero-
temporal BMO-MRW below the fifth percentile had a signifi-
cantly lower sensitivity (88.4%, 95% CI 81.9% to 95.0%)
than the superotemporal and/or inferotemporal RNFLT below

the fifth percentile to detect mild glaucoma at the same spec-
ificity. Figure 1 shows two case examples illustrating RNFLT
assessment can detect glaucomatous damage missed by BMO-
MRW assessment. Both patients had inferonasal VF defects with
corresponding superotemporal RNFL abnormalities but normal
global and sectoral BMO-MRW measurements as shown in the
OCT diagnostic classification report.

Comparisons of AUC

As age, axial length and BMO area are potential confounders of
BMO-MRW and RNFLT,"" !* parametric ROC regression anal-
ysis was performed to evaluate the diagnostic performance of
global and sectoral BMO-MRW and RNFLT measurements after
controlling for these covariates. Global BMO-MRW showed the
greatest AUC (0.978, 95% CI 0.961 to 0.990) among all the
BMO-MRW measurements (the AUC of sectoral BMO-MRW
ranged between 0.946 (95% CI 0.923 to 0.976) (the nasal BMO-
MRW) and 0.969 (95% CI 0.946 to 0.985) (the inferotemporal
sector)). Likewise, global RNFLT showed the greatest AUC
(0.984, 95% CI 0.966 to 0.995) among all the RNFLT measure-
ments (the AUC of sectoral RNFLT ranged between 0.866 (95%
CI 0.811 to 0.911) (the temporal RNFLT) and 0.970 (95% CI
0.944 to 0.987) (the inferotemporal RNFLT)). Whereas there
was no significant difference in the AUC between global RNFLT
(0.984, 95% CI 0.966 to 0.995) and global BMO-MRW (0.978,
95% CI 0.961 to 0.990) for detection of glaucoma (p=0.454),
the relative difference in sensitivities between the two classifiers
increased with increasing specificity (online supplementary figure
3). The sensitivities of global BMO-MRW and global RNFLT
thickness for detection of glaucoma were 94.3% (95% CI 89.2%
to 97.8%) and 96.4% (95% CI 92.8% to 99.0%), respectively,
at 90.0% specificity; 88.7% (95% CI 80% to 95.4%) and 95.2%
(95% CI 87.1% to 98.9%), respectively, at 95.0% specificity;
and 69.9% (95% CI 50.3% to 88.5%) and 91.8% (95% CI
64.9% to 98.6%), respectively, at 99.0% specificity (table 4).

Table 2 Sensitivities and specificities of =1 sector of abnormal BMO-MRW/RNFLT for detection of glaucoma

>1 sector of BMO-MRW below the fifth

percentile =1 sector of RNFLT below the fifth percentile Difference in sensitivities/specificities P value
95% CI 95% CI 95% CI
Sensitivity 95.21% 92.14% to 98.28% 98.40% 96.60% to 100% -3.19% —-6.11% to -0.27% 0.033
Specificity 94.74% 90.78% to 98.69% 87.50% 81.26% t0 93.74% 7.24% 0.66% to 13.82% 0.033
=1 sector of BMO-MRW below the first =1 sector of RNFLT below the first percentile Difference in sensitivities/specificities
percentile
95% Cl 95% Cl 95% Cl
Sensitivity 83.51% 78.10% to 88.92% 95.21% 92.13% to 98.30% -11.70% —17.06% to —6.34%  <0.001
Specificity 99.34% 98.05% to 100% 96.71% 93.35% to 100% 2.63% 0.09% t0 5.17% 0.044

BMO-MRW, Bruch’s membrane opening-minimum rim width; RNFLT, retinal nerve fibre layer thickness.
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Table 3 Sensitivities and specificities of abnormal superotemporal and/or inferotemporal BMO-MRW/RNFLT for detection of glaucoma

ST/IT BMO-MRW below the fifth percentile ST/IT RNFLT below the fifth percentile Difference in sensitivities/specificities P value
95% ClI 95% CI 95% CI
Sensitivity 93.62% 90.10% to 97.13% 98.40% 96.60% to 100% —4.79% -8.18% to —1.39% 0.006
Specificity 96.05% 92.48% t0 99.62% 96.05% 92.06% to 100% 0 —3.67% t0 3.67% 1
ST/IT BMO-MRW below the first percentile  ST/IT RNFLT below the first percentile Difference in sensitivities/specificities
95% Cl 95% CI 95% Cl
Sensitivity 78.19% 71.96% to 84.43% 93.62% 90.09% to 97.15% —15.43% —21.56% to —9.30% <0.001
Specificity 99.34% 98.05% to 100% 98.03% 95.16% to 100% 1.32% —0.49% t0 3.12% 0.157

BMO-MRW, Bruch’s membrane opening-minimum rim width; IT, inferotemporal; RNFLT, retinal nerve fibre layer thicknessST, superotemporal.

Integrating RNFLT/BMO-MRW assessment for detection of
glaucoma and mild glaucoma

We then examined whether integrating RNFLT and BMO-MRW
assessment with reference to the criterion superotemporal and/
or inferotemporal measurement below the fifth percentile would
improve the diagnostic performance to detect glaucoma and mild
glaucoma. Integrating RNFLT and BMO-MRW assessment with
an ‘or’ condition did not change the sensitivity and specificity
of RNFLT assessment for detection of glaucoma (online supple-
mentary table 6) or mild glaucoma (online supplementary table
7) but increased the sensitivity of BMO-MRW assessment from
93.6% to 98.9% (p=0.001) for detection of glaucoma (online
supplementary table 8), and from 88.4% to 99.0% (p=0.001)
for detection of mild glaucoma (online supplementary table 9),
without compromising the specificity. Integrating BMO-MRW
and RNFLT assessment with an ‘and’ condition did not change
the sensitivity and specificity of BMO-MRW assessment for
detection of glaucoma (online supplementary table 8) or mild

(a)

M= 2.37dB
PsD=372d8
VFi= 95%

Patiern Deviation

® g

MD= 2.69d8
PSD=3.21dB
VFI=93%

Pattern Deviation

Figure 1  Case examples illustrating diagnostic classification
analysis of the retinal nerve fibre layer thickness (RNFLT) can detect
glaucomatous damage missed by Bruch’s membrane opening-minimum
rim width (BMO-MRW). A 51-year-old patient with glaucoma with left
inferonasal visual field defects and RNFLT below the first percentile

at the superotemporal sector (A), and a 71-year-old patient with
glaucoma with right inferonasal visual field defects and RNFLT below
the first percentile at the superotemporal sector (B) had global and
sectoral BMO-MRW measurements within normal limits. MD, mean
deviation; PSD, pattern SD; VFI, visual field index. IN, inferonasal;

IT, inferotemporal; N, nasal; SN, superonasal; ST, superotemporal; T,
temporal.

glaucoma (online supplementary table 9) but decreased the sensi-
tivity of RNFL assessment from 98.4% to 93.1% (p=0.001) for
detection of glaucoma (online supplementary table 6), and from
97.9% to 87.4% (p=0.001) for detection of mild glaucoma
(online supplementary table 7), without changing the specificity.

DISCUSSION

To our knowledge, this study provides the first account inves-
tigating the criteria to interpret the OCT diagnostic classifica-
tion reports for detection of glaucoma. Among the six diagnostic
criteria examined, superotemporal and/or inferotemporal
RNFLT below the fifth percentile exhibited the highest sensi-
tivity and specificity combination to detect glaucoma and mild
glaucoma. Surprisingly, BMO-MRW assessment could fail to
reveal abnormality even in eyes with confirmed VF defects and
RNFL abnormalities (figure 1). Integrating RNFLT assessment to
BMO-MRW assessment increased the sensitivity of BMO-MRW
assessment without compromising the specificities whereas inte-
grating BMO-MRW assessment to RNFLT assessment did not
augment the diagnostic performance. Our finding underscores
the importance of RNFL imaging and measurement in the diag-
nostic evaluation of glaucoma.

Whereas detection of abnormal neuroretinal rim and RNFL
measurements in clinical practice frequently relies on OCT diag-
nostic classification reports, current understanding of the diag-
nostic performance of BMO-MRW and RNFLT for glaucoma
detection is largely derived from the analysis of the ROC curves
constructed with reference to the global or sectoral BMO-MRW
and RNFLT measurements.”” In a study comparing the diag-
nostic performance between BMO-MRW and RNFLT in 50 eyes
with preperimetric glaucoma, 50 eyes with perimetric glaucoma
and 40 normal eyes, Gmeiner and colleagues showed the AUC
to be similar between global BMO-MRW and global RNFLT for
discrimination of preperimetric glaucoma (0.821 and 0.839,
respectively), and perimetric glaucoma (0.929 and 0.954, respec-
tively) from normal eyes.®> They concluded BMO-MRW and
RNFLT to be equally useful for glaucoma detection. In the study
by Malik and colleagues examining 74 myopic normal controls
and 56 myopic patients with glaucoma, there was no significant
difference in AUC between global BMO-MRW (0.900) and
global RNFLT (0.897) for the discrimination.” These studies
suggest the diagnostic performance of BMO-MRW and RNFLT
for detection of glaucoma is comparable. And yet, when we
analysed the BMO-MRW and RNFLT diagnostic classification
reports, global RNFLT was found to have a significantly higher
sensitivity (76.1%-88.8%) than global BMO-MRW (56.9%—
78.7%) (p<0.001) at similar levels of specificity (98.7%-—
100.0%) (p=0.318) (table 1). The seeming disagreement
between the AUC analysis as reported from the previous studies
and the diagnostic classification analysis stems from the fact that
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Table 4 Diagnostic performance of global BMO-MRW and global RNFLT for detection of glaucoma using parametric receiver operating
characteristic curve regression analysis

AUC (95% Sensitivity at Sensitivity at Sensitivity at
ql) 90% specificity (95% Cl) Youden's index 95% specificity (95% CI) Youden's index 99% specificity (95% CI) Youden'’s index

BMO-MRW 0.978 (0.961 to 0.990) 94.3% (89.2% to 97.8%)  0.843 88.7% (80.0% to 95.4%)  0.837 69.9% (50.3% to 88.5%)  0.698
RNFLT 0.984 (0.966 to 0.995) 96.4% (92.8% t0 99.0%)  0.864 95.2% (87.1% t0 98.9%)  0.902 91.8% (64.9% t0 98.6%)  0.917

AUC, area under the receiving operator characteristic curve;BMO-MRW, Bruch’s membrane opening-minimum rim width; RNFLT, retinal nerve fibre layer thickness.

while the AUCs were typically compared across a wide range of
false-positive values (ie, between 0% and 100%) and that the
sensitivities derived from the ROC curve were often compared at
a specificity of 90% or 95%,>” the sensitivities of global BMO-
MRW and global RNFLT determined from the diagnostic classi-
fication analysis were compared at higher specificities (between
98.7% and 100%) (table 1). High specificities were observed in
the diagnostic classification analysis because the first percentile
and the fifth percentile of the normative BMO-MRW/RNFLT
data were used to define BMO-MRW/RNFLT abnormalities. Of
note, the lack of a significant difference in the AUC between two
classifiers does not imply the lack of significant differences in
sensitivities across all levels of specificities. In fact, the relative
difference in sensitivities derived from the ROC curves between
two classifiers can vary widely across a narrow range of speci-
ficities. For example, in the study by Chauhan and colleagues,
the ROC curves show a higher sensitivity for global BMO-MRW
(81%) than global RNFLT (70%) (ie, 11% relative difference
in sensitivities) at 95% specificity for detection of glaucoma.?
However, at 99% specificity, the diagnostic sensitivity becomes
higher for global RNFLT (68%) than global BMO-MRW (18%)
(ie, —50% relative difference in sensitivities). Likewise, in the
study by Gmeiner and colleagues, although global BMO-MRW
and global RNFLT had similar sensitivities (88% and 849,
respectively, ie, 4% relative difference in sensitivities) at 90%
specificity for detection of perimetric glaucoma, global RNFLT
showed a higher sensitivity (84%) than global BMO-MRW (52%)
(ie, —32% relative difference in sensitivities) at 95% specificity.®
Performing parametric ROC regression of global BMO-MRW
and RNFLT after controlling for age, axial length, BMO area
and correlation between fellow eyes in the present study, we also
observed global RNFL attained a higher sensitivity than global
BMO-MRW, showing an increasing difference in sensitivity with
increasing specificity (online supplementary figure 3).

The higher diagnostic performance of RNFLT compared
with BMO-MRW is observed in global and also in sectoral
measurements. Without any consensus regarding how the
OCT diagnostic classification report should be interpreted, we
investigated six diagnostic criteria for detection of BMO-MRW
and RNFLT abnormalities. We examined these criteria instead
of reporting the sensitivities and specificities of the individual
sectors because clinical interpretation of the diagnostic classifi-
cation report would unlikely be limited to one individual sector.
These criteria facilitate integration of sectoral BMO-MRW/
RNFLT measurements for diagnostic evaluation of glaucoma
which would otherwise be difficult to implement in the anal-
ysis of the ROC curve. Among the six diagnostic criteria, inte-
grating the superotemporal and inferotemporal sectors yielded
the highest sensitivity and specificity combination for detection
of RNFLT and BMO-MRW abnormalities. That the supero-
temporal and/or inferotemporal measurement below the fifth
percentile showed the best sensitivity and specificity combi-
nation is not unexpected because the superotemporal and the
inferotemporal sectors are the most frequent locations where

glaucoma develops and progresses.'*™'® What is worth noting is
that similar to the comparison between global BMO-MRW and
global RNFLT in which the latter showed a higher sensitivity
than the former for detection of glaucoma, abnormal supero-
temporal and/or inferotemporal RNFLT also exhibited a higher
sensitivity than abnormal superotemporal and/or inferotem-
poral BMO-MRW to detect glaucoma (table 3) and mild glau-
coma (online supplementary table 5) at the same specificities.
It is also notable that while integrating RNFLT assessment to
BMO-MRW assessment increased the sensitivity of BMO-MRW
assessment to detect glaucoma (online supplementary table 8)
and mild glaucoma (online supplementary table 9), integrating
BMO-MRW assessment did not improve the diagnostic perfor-
mance of RNFLT assessment (online supplementary tables 6 and
7), corroborating the observation that RNFLT is a more sensitive
biomarker than BMO-MRW to discriminate glaucomatous from
normal eyes. Why does RNFLT assessment outperform BMO-
MRW assessment even though both structures are essentially
composed of the axons of retinal ganglion cells? The stronger
association of RNFLT with axon counts,'” as well as with visual
function,'® compared with BMO-MRW may in part explain the
better discriminating ability of RNFLT to discern subtle axon
loss in early glaucoma. That integrating BMO-MRW assessment
to RNFLT assessment does not augment the diagnostic perfor-
mance for glaucoma detection is also related to the fact that the
sensitivities and specificities of RNFLT assessment alone are
already high. Nevertheless, our finding does not imply neuroret-
inal rim assessment is redundant in the diagnostic work-up of
glaucoma. Clinical evaluation of the neuroretinal rim is indis-
pensable in the diagnostic evaluation of glaucoma as all forms of
optic neuropathies exhibit RNFL thinning. Examination of the
neuroretinal rim is important to differentiate glaucomatous from
non-glaucomatous optic neuropathies.’

One caveat in the interpretation of the diagnostic classifica-
tion reports is that the current BMO-MRW and RNFLT norma-
tive data in the Spectralis OCT were collected from 246 eyes
of European descent'” whereas all the study participants are
Chinese. Nevertheless, it is unlikely that inter-racial differences
in BMO-MRW and RNFLT, if any, would have a differential
impact on the diagnostic performance between BMO-MRW
and RNFLT. Further, the high sensitivities and specificities
observed in this study suggest the normative data to be appli-
cable in Chinese for diagnostic evaluation of glaucoma. In a
systematic review including over 30 diagnostic accuracy studies
of OCT for detection of glaucoma, the best-performing param-
eter was the inferior RNFLT, which attained a pooled sensi-
tivity of 80% (95% CI 68% to 89%) and a pooled specificity
of 94% (95% CI 85% to 94%).”° The diagnostic performance
of OCT parameters may vary widely across individual studies
because of the different characteristics of the study popula-
tions. Diagnostic performance of OCT parameters for glau-
coma detection is generally higher in studies including patients
with more advanced glaucoma. The high sensitivities observed
in the present study is likely related to the fact that glaucoma
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was defined by the presence of VF defects. Glaucomatous
eyes exhibiting VF defects likely already have RNFL and/or
neuroretinal rim loss. The high specificities are connected to
the exclusion of eyes with high myopia. We limited the anal-
ysis to eyes with axial length <26 mm because the Spectralis
OCT and many other commercially available OCT instruments
did not include reference data from eyes with high myopia.
The superotemporal and inferotemporal RNFL bundles angle
decreases with increasing myopia®! and the application of the
OCT normative data would decrease the specificity for detec-
tion of RNFL abnormalities in eyes with myopia.** Another
limitation of the Spectralis OCT is the lack of topographic anal-
ysis of the RNFLT. The discriminating power of the circumpap-
illary RNFLT diagnostic classification is inferior to the analysis
of RNFL thickness deviation map (6X6 mm?) for glaucoma
detection.” It is conceivable that the diagnostic performance
of RNFLT assessment can be enhanced with wide-field RNFL
imaging. Likewise, the application of the lately investigated
BMO-based neuroretinal rim measures such as neuroretinal
rim area,”*%° neuroretinal rim volume?” and number of merid-
ians with abnormal BMO-MRW?** may augment the diagnostic
performance of BMO-MRW analysis. Prospective studies inves-
tigating the longitudinal changes in the RNFLT and neuroret-
inal rim measurements are required to define their roles in the
monitoring of the development and progression of glaucoma.—
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