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Abstract
Purpose—To determine the ability of optic nerve head (ONH) parameters measured with
spectral domain Cirrus™ HD-OCT to discriminate between normal and glaucomatous eyes and to
compare them to the discriminating ability of peripapillary retinal nerve fiber layer (RNFL)
thickness measurements performed with Cirrus™ HD-OCT.

Design—Evaluation of diagnostic test or technology.

Participants—Seventy-three subjects with glaucoma and one hundred and forty-six age-matched
normal subjects.

Methods—Peripapillary ONH parameters and RNFL thickness were measured in one randomly
selected eye of each participant within a 200×200 pixel A-scan acquired with Cirrus™ HD-OCT
centered on the ONH.

Main Outcome Measures—ONH topographic parameters, peripapillary RNFL thickness, and
the area under receiver operating characteristic curves (AUCs).

Results—For distinguishing normal from glaucomatous eyes, regardless of disease stage, the six
best parameters (expressed as AUC) were vertical rim thickness (VRT, 0.963), rim area (RA,
0.962), RNFL thickness at clock-hour 7 (0.957), RNFL thickness of the inferior quadrant (0.953),
vertical cup-to-disc ratio (VCDR, 0.951) and average RNFL thickness (0.950). The AUC for
distinguishing between normal and eyes with mild glaucoma was greatest for RNFL thickness of
clock-hour 7 (0.918), VRT (0.914), RA (0.912), RNFL thickness of inferior quadrant (0.895),
average RNFL thickness (0.893) and VCDR (0.890). There were no statistically significant
differences between AUCs for the best ONH parameters and RNFL thickness measurements (p >
0.05).

Conclusions—Cirrus™ HD-OCT ONH parameters are able to discriminate between eyes that
are normal from those with glaucoma or even mild glaucoma. There is no difference in the ability
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of ONH parameters and RNFL thickness measurement, as measured with Cirrus™ OCT, to
distinguish between normal and glaucomatous eyes.

Introduction
Evaluation of the optic nerve head (ONH) and retinal nerve fiber layer (RNFL) is a crucial
step in diagnosing and monitoring glaucoma. However, diagnosing glaucoma based on ONH
appearance alone can be challenging, particularly in early stages of the disease when
changes to the ONH are subtle and not distinctly abnormal. The diagnosis can also be
difficult due to wide variations in ONH anatomy in both normal and glaucomatous eyes.
Additionally, studies have shown that photography has a low to medium interobserver
agreement1–3 and suffers from the inability to detect diffuse RFNL loss. Lastly, standard
automated perimetry can only detect visual field loss after substantial loss of retinal ganglion
cells axons.4,5 To overcome these drawbacks, various computerized imaging modalities
have been developed in recent years that provide objective and reproducible quantitative
measurements of RNFL thickness and ONH anatomy. One of these modalities is optical
coherence tomography (OCT). OCT has rapidly emerged as a widely used imaging system
in ophthalmology where it is mainly used for diagnosing and monitoring glaucoma and
retinal diseases. OCT may be particularly valuable in glaucoma detection and monitoring
through identification of subtle RNFL or ONH changes over time.

The accuracy of RNFL thickness and ONH measurements to differentiate normal from
glaucomatous eyes has been investigated for time domain (TD) OCT technology using
Stratus™ OCT (Carl Zeiss Meditec, Inc., Dublin, California).6–13 Given its recent
introduction, such reports are limited for RNFL thickness and ONH parameters measured by
spectral domain OCT (SD-OCT). SD-OCT is a new system for obtaining high resolution
cross-sectional image and quantitative assessment of the retina and optic nerve. This
technology is faster and capable of producing three-dimensional volumetric measurements.
Although serial RNFL thickness measurements may turn out to be useful for the longitudinal
monitoring of glaucoma,14,15 continuous thinning of the RNFL during glaucoma
progression may result in decrease of RNFL signal intensity, which in turn may render the
posterior RNFL border more difficult to delineate and may therefore lead to inaccurate
thickness measurement.16 On the contrary, ONH parameters may be easier to determine
with SD-OCT given the high contrast between the non-reflective vitreous and the inner-
limiting membrane and the ability of SD-OCT to delineate the end of Bruch's membrane,17

thereby defining a stable reference plane from which to measure the neuroretinal rim. Thus,
ONH measurements derived from SD-OCT devices may prove to be more accurate and
reproducible in evaluating glaucoma patients. The purpose of the current study was to
compare the ability of peripapillary RNFL thickness and ONH parameters measured with
Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, California) instrument to discriminate
between normal and glaucomatous eyes, with particular emphasis on mild glaucoma.

Materials and Methods
Participants

This study was approved by the Human Subject Research Office of the University of Miami
Miller School of Medicine Institutional Review Board (IRB) and adhered to the Declaration
of Helsinki and Health Insurance Portability and Accountability Act regulations, with
informed consent obtained from all participants. IRB approval was also obtained at each
institution participating in normative data collection.

Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, California) optic disc scans of 73
glaucoma outpatients at the glaucoma clinic of the Anne Bates Leach Eye Hospital,
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Department of Ophthalmology, University of Miami Miller School of Medicine and similar
scans of 146 age-matched normal subjects from the Carl Zeiss Meditec normative database
were used for this study. Each glaucoma patient was matched to two normal subjects ± 5
years of age. Eligibility of all participants including normal subjects was determined through
a screening eye examination, which included visual acuity (VA) and intraocular pressure
(IOP) measurements, slit-lamp and fundus examinations, and visual field assessment with
the Humphrey Visual Field Analyzer (Carl Zeiss Meditec, Inc., Dublin, California) using the
Swedish Interactive Threshold Algorithm (SITA) Standard 24-2 program.

Inclusion criteria for normal subjects were IOP ≤ 21 mmHg, absence of ONH abnormalities
suggestive of glaucoma (cup-to-disc ratio ≥ 0.5 in either eye, cup-to disc ratio asymmetry ≥
0.2, optic disc hemorrhage, or focal thinning of the rim) as seen in fundus photographs, and
a normal visual field. Glaucoma subjects were included if they had a definitive diagnosis of
any form of glaucoma based on the most recent exam (within 12 months of enrollment date),
characteristic glaucomatous visual field loss, and supporting ONH abnormality. The
minimal abnormality for a visual field defect included a glaucoma hemifield test (GHT)
outside normal limits, a pattern standard deviation (PSD) with a p-value < 5%, or a cluster
of 3 or more points in the pattern deviation plot in a single hemifield (superior or inferior)
with p-values < 5%, one of which must have a p-value < 1%.18 Glaucomatous patients were
classified into three groups of disease severity based on the visual field mean deviation
(MD): mild = MD ≥ −6 dB, moderate = −6 dB > MD ≥ −12 dB, and severe = MD < −12
dB.19

The other inclusion criteria for both normal subjects and glaucoma patients were age ≥ 18
years old, best-corrected VA ≥ 20/40, refractive error < 5 diopters of sphere or 3 diopters of
cylinder, no history of retinal disease such as macular degeneration, diabetic retinopathy or
retinal detachment, or optic nerve disease including non-glaucomatous optic neuropathy,
and no ocular surgery within one month prior to enrollment date. Glaucoma suspects were
also excluded. Only one randomly selected eye from each participant was included in the
study.

OCT imaging
The qualifying eye of each participant was dilated with tropicamide 1% and phenylephrine
2.5% eye drops 10–15 min prior to the scanning. All scans were acquired with a Cirrus HD-
OCT (version 3.0.0.64) using the Optic Disc Cube 200×200 protocol. This protocol is
designed to position the cube scan on the ONH and to be primarily used for glaucoma
analysis. Unlike Stratus OCT where peripapillary RNFL thickness and ONH parameters are
measured through two different acquisition protocols, Cirrus HD-OCT uses the same
protocol and scan to measure both. After the subject was seated and properly aligned, the iris
was brought into view using the mouse-driven alignment system and the line scanning
ophthalmoscopic image was focused by adjusting for refractive error. The ONH was then
centered on the live image, after which the centering (Z-offset) and enhancement
(polarization) were optimized. The laser then scanned over the 6 mm × 6 mm area, capturing
a cube of data consisting of 200 A-scans from 200 linear B-scans (40,000 points) in about
1.5 seconds (27,000 A-scans/sec). Only good quality scans, defined as scans with signal
strength ≥ 6, without RNFL discontinuity or misalignment, involuntary saccade or blinking
artifacts and absence of RNFL algorithm segmentation failure, were used for analysis. No
cases were removed due to ONH algorithm failure. Blinking was indicated by a straight
horizontal black line across the fundus OCT image whereas involuntary saccade artifacts
present as breaks in the vessels within 1.73 mm radius around the ONH or breaks or shifting
on the ONH. To achieve these measurements, the Cirrus HD-OCT algorithms automatically
identify the center of the optic disc and create an artificial B-scan in the shape of a circle
with 3.46 mm diameter around it. The anterior and posterior margins of the RNFL are
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delineated and thickness determined from the data 256 A-scan samples along the path of the
artificial B-scan. The system calculates the RNFL thickness at each point on the circle and
generates the overall average RNFL thickness, RNFL thickness of each quadrant (temporal,
superior, nasal and inferior) sector and individual RNFL thickness of all 12 clock-hour
sectors. As illustrated in Figure 1A, the ONH parameters that were analyzed were the disc
area, rim area, vertical rim thickness (VRT: the total rim thickness, in microns, measured in
the vertical meridians), horizontal rim thickness (HRT: the total rim thickness, in microns,
measured in the horizontal meridians), cup-to-disc area ratio (CDR: ratio of cup area to disc
area), vertical cup-to-disc ratio (VCDR: ratio of vertical line through the cup center to the
same vertical line extending to the disc margin), horizontal cup-to disc ratio (HCDR: ratio of
the horizontal line through the cup center to the same line extending to the disc margin), and
cup volume. Measurements of these parameters were automatically generated by a Carl
Zeiss Meditec ONH analysis algorithm developed for Cirrus HD-OCT (version 5.0
software) and involved no user interaction. The algorithm identifies the termination of
Bruch's membrane as the disc edge. The rim width around the entire circumference of the
optic disc is then determined by measuring the thickness of the neuro-retinal tissue in the
optic nerve as it turns to exit through the opening in Bruch's membrane. Measured within
three-dimensional volume, this constitutes a single area measure. With this method,
measurements remain unaffected despite changes if the same disc is viewed from a different
angle caused by entering the pupil at a different location (Figures 1B, 1C, 1D). Additionally,
the disc and rim area measurements correspond to the anatomy as would be viewed along
the axis of the nerve exit. In contrast, when the ONH exit is excessively oblique or in
extremely tilted discs, areas determined from ophthalmoscopic examination, photographs or
other imaging techniques will be foreshortened, difficult to quantify, or erroneously
quantified. Measuring the neuro-retinal rim area in the plane of the ONH addresses the
foreshortening and ties the results to the anatomy.

Statistical analysis
The statistical software SPSS version 17.0 (SPSS Inc., Chicago, IL) was used for statistical
analyses. Mean values of peripapillary RNFL thickness and ONH parameters were
compared between normal and glaucomatous eyes using the Student-t test for independent
samples. One-way analysis of variance (ANOVA) followed by the Tukey post-hoc test was
used for multiple comparisons. Receiver operating characteristics (ROC) curves were used
to describe the ability of each parameter to differentiate between normal and glaucomatous
eyes and between glaucoma severity subgroups. P-values < 0.05 were considered
statistically significant. The ROC curve plots the proportion of false positives (1-specificity)
against the proportion of true positives (sensitivity). It is a useful way of showing the
tradeoff between sensitivity and specificity of a given test or measure. The diagnostic
performance of the test is then judged by its closeness to the upper left corner of the graph or
the left-hand and the top border of the ROC space, which is assessed quantitatively by
reporting the areas under receiver operating characteristics (AUCs). The AUC measures a
test's diagnostic ability, that is, its power to correctly classify those with and without the
disease. An AUC of 1 (100% sensitivity and 100% specificity) represents a perfect test,
while an AUC = 0.5 indicates a completely worthless test. For this study the AUC was
classified as follows:20 0.9 – 1 = excellent, 0.80 – 0.89 = good, 0.70 – 0.79 = fair, 0.60 –
0.69 = poor and 0.50 – 0.59 = worthless test. Significant differences between AUCs were
assessed by the method described by Hanley and McNeil.21 AUCs were compared using
MedCalc version 11.1.0 (MedCalc Software bvba, Mariakerke, Belgium).

Mwanza et al. Page 4

Ophthalmology. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
The participants' demographic and clinical characteristics are displayed in Table 1. The
mean age for glaucoma patients and normal subjects was similar, p = 0.37. The visual field
MD was −10.4 ± 8.47 dB for the entire group of glaucoma patients, with significant
differences between severity subgroups (p < 0.001).

RNFL and ONH Variables in Normal and Glaucomatous Eyes
Mean values of RNFL thickness parameters in normal and glaucomatous eyes are presented
in Table 2 (available at http://aaojournal.org). There were statistically significant differences
(p < 0.05) between normal and all glaucomatous eyes and between normal eyes and eyes
with mild glaucoma for average RNFL thickness, RNFL thickness in all four quadrants and
individual clock-hour sectors, except for the clock-hour directly temporal (9 in right eye, 3
in the left eye). Normal eyes differed from moderate and severe glaucoma in the average and
all sectors, except for clock-hours 9 and 3. Thickness of RNFL at the clock-hour 8 also did
not differ between normals eyes and eyes with moderate glaucoma. The comparison
between eyes with mild and those with moderate glaucoma showed significant differences in
thickness of the RNFL only for average RNFL, in the inferior quadrant, and at 6 and 7
clock-hours. None of the RFNL parameters, except RNFL thickness of the superior quadrant
(p = 0.037), showed a statistically significant difference when eyes with moderate glaucoma
were compared to those with severe glaucoma.

Table 3 (available at: http://aaojournal.org) shows values of ONH measurements. The
comparisons between normal and all glaucomatous eyes, between normal eyes and eyes with
mild glaucoma, and between normal eyes and eyes with moderate or severe glaucoma all
yielded statistically significant differences (p < 0.001) for all parameters, except for disc
area, for which differences were observed only between normal eyes and eyes with
moderate glaucoma. No differences were found between eyes with mild and those with
moderate glaucoma with regard to CDR, HCDR and HRT. Mildly and moderately severe
groups were marginally different with respect to rim area (p = 0.045). In addition, none of
the ONH parameters demonstrated a significant difference between moderately and severely
affected eyes.

Receiver Operating Characteristics in Distinguishing Groups
The AUCs of each peripapillary RNFL and ONH parameter for discriminating between
healthy and glaucomatous eyes and between eyes at different stages of glaucoma were also
calculated (Table 4, available at: http://aaojournal.org). For distinguishing normal from
glaucomatous eyes, regardless of disease stage, on the basis of RNFL thickness, the clock-
hour 7/5 (lower temporal in both eyes), inferior quadrant, overall average, superior quadrant,
clock-hour 11/1 (upper temporal in both eyes) and clock-hour 6 were all excellent (AUCs
between 0.923 and 0.957). With regard to ONH parameters, VRT, rim area, VCDR, CDR
and HRT outperformed all other ONH parameters (AUCs between 0.901 and 0.963), with
the two first seemingly somewhat better, but without a statistically demonstrable difference
from the others (Table 5, available at: http://aaojournal.org). When eyes with mild glaucoma
were removed from analysis, good to excellent ability to discriminate normal from eyes with
moderate to severe glaucoma was observed for all parameters (AUCs = 0.8–1.0), except for
disc area, RNFL thickness of the nasal quadrant, clock-hours 3, 8 and 9 (AUCs = 0.456–
0.76). ROC curves of the ten parameters that best discriminate normal eyes from eyes with
moderate to severe glaucoma are plotted in Figure 2A.

The best discriminants between healthy and eyes with mild glaucoma, including both RNFL
and ONH measurements were RNFL thickness of clock-hour 7/5 sector (lower temporal in

Mwanza et al. Page 5

Ophthalmology. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://aaojournal.org
http://aaojournal.org
http://aaojournal.org
http://aaojournal.org


both eyes), VRT, rim area, inferior quadrant RNFL, average RNFL thickness and VCDR
(AUCs between 0.890 and 0.918). There were no significant differences between AUCs that
best differentiate normal from glaucomatous eyes (Table 5A) or healthy from eyes with mild
glaucoma (Table 5B, Figure 2B). The ability to discriminate between moderate and severe
glaucoma only ranged from fair to poor, with the best parameters being RNFL thickness of
the superior quadrant, RNFL thickness of clock-hour 1/11 (upper nasal in both eyes), rim
area, average RNFL thickness, RNFL thickness of clock-hour 6 and RNFL thickness of
clock-hour 11/1 (upper temporal in both eyes), with AUCs ranging from 0.786 to 0.668.

The AUCs of most parameters decreased gradually from discriminating between normal and
all glaucomatous eyes (discrimination 1) to discriminating between normal from eyes with
mild glaucoma (discrimination 2) and moderate from severe glaucoma (discrimination 3).
Figure 3 illustrates the trends of AUCs for VRT, rim area, inferior quadrant RNFL and
average RNFL throughout these three discrimination levels. Statistically significant
differences were observed for all best six parameters (VRT, rim area, inferior quadrant
RNFL, VCDR, average RNFL and RNFL at clock-hour 7) when comparing AUCs at
discrimination levels 2 and 3, all p < 0.05.

Discussion
The results of the current study indicated that both ONH and RNFL parameters as measured
by HD-OCT are useful for distinguishing not only healthy from glaucomatous eyes in
general, but also healthy from mildly diseased eyes. The results also showed, as might be
predicted, a gradual decrease in performance of both RNFL and ONH parameters when they
were successively tested for their ability to discriminate between normal eyes and those with
moderate to severe glaucoma, between normal eyes and glaucomatous eyes irrespective of
disease stage, between normal eyes and those with mild glaucoma, and between eyes with
moderate and eyes with severe glaucoma.

When RNFL and ONH parameters were taken separately, in decreasing order of AUC
values, RNFL thickness of clock-hour 7, inferior quadrant, and average RNFL thickness
were the three RNFL-related parameters with the highest discriminating performance both
between healthy and glaucomatous eyes irrespective of disease severity and between normal
eyes and eyes with mild glaucoma. These observations are similar to those of Schuman,22

who compared the performance of macular and peripapillary RNFL measured by Cirrus
HD-OCT and Stratus OCT to detect glaucoma, to test the hypothesis that the former will
perform better than the latter. With regard to Cirrus HD-OCT RNFL parameters, he found
that RNFL thickness best discriminated between glaucoma and normals using the inferior
quadrant, the average RNFL thickness, clock hour 7, and the superior quadrant (AUC =
0.737–0.77). Interestingly, the two instruments showed similar glaucoma discriminating
ability despite higher reproducibility for Cirrus HD-OCT and apparently larger Stratus OCT
AUCs. Previous studies on the ability of ONH and RNFL parameters to differentiate normal
from glaucomatous eyes used Stratus OCT or other imaging technologies. Although RNFL
thickness measurements provided by Stratus OCT and Cirrus HD-OCT are not
interchangeable due to systematic differences between the two,23 the current findings will
nevertheless be compared to those of previous studies using Stratus OCT. Kanamori et al.24

also reported that RNFL thickness of clock-hour 7 and inferior quadrant as well as the
average RNFL thickness were the best parameters, but their AUCs were smaller than ours,
presumably due to different study populations. Manassakorn et al.11 compared the
performance of peripapillary RNFL thickness and ONH parameters measured by Stratus
OCT for glaucoma detection in 42 healthy and 65 glaucomatous eyes including 44 with
early disease. They found that RNFL thickness at clock-hour 7, inferior quadrant, clock-hour
6, and average RNFL were best at discriminating between normals and the entire
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glaucomatous group. When they only considered eyes with mild glaucoma, the only change
in the ranking was a switch between RNFL thickness at clock-hour 6 and average RNFL
thickness. In a recent similar study by Yüksel et al.12 that included 81 healthy eyes, 68 eyes
with mild, 72 eyes with moderate and 73 eyes with severe glaucoma, RNFL thickness of the
inferior quadrant (AUC = 0.74) and average RNFL thickness (AUC = 0.74) were the best
parameters and performed equally in discriminating between normal eyes and those with
mild glaucoma, followed by the RNFL thickness of the superior quadrant (AUC = 0.68).
Similar findings were reported by Bourne et al.25 after comparing the diagnostic accuracy of
RNFL measurements by OCT 2000 and Stratus OCT. Chen and Huang,6 without evaluating
the performance of quadrant sectors, reported somewhat different results from ours and
other reports in that healthy eyes and those with mild glaucoma were best differentiated by
average RNFL thickness, thickness of the clock-hour 4 and 3 sectors. However, when they
tested these variables in another study comprising 100 normal and 89 eyes with mild
glaucoma, RNFL thickness of the inferior quadrant was the best discriminant, followed by
average RNFL thickness and RNFL thickness of clock-hour 7.9 Budenz et al.26 in a study
including 18 mild, 21 moderate and 24 severe glaucoma subjects based on visual field
damage reported that the RNFL thickness of the inferior quadrant, average RNFL thickness,
and RNFL thickness of the superior quadrant had the highest AUCs of 0.97, 0.97 and 0.95,
respectively. Interestingly, they also found that the sensitivity for detecting early glaucoma
was 89% (95% CI: 74–100%) for RNFL thickness of one or more quadrants, 83% (66–
100%) for the RNFL thickness of one or more clock-hour sectors, and 78% (59–97%) for
average RNFL thickness outside 5% normal limits. For Medeiros et al.,27 RNFL of the
inferior quadrant and average RNFL thickness had the same largest AUC (0.91), but the
former had a slightly higher sensitivity (71% vs. 65%) for a similar specificity (96% vs.
95%). RNFL thickness of clock-hour 6 sector was third in their study. These three
parameters were also the best discriminants between healthy and mildly diseased eyes in
another study,7 but in a different order; that is RNFL thickness of clock-hour 6 and inferior
quadrant sectors, and average RNFL thickness. For Badala et al.28 the parameters that best
differentiated normal from early glaucoma using Stratus OCT were average RNFL thickness
(AUC = 0.96), RNFL thickness of the inferior quadrant (AUC = 0.95) and clock-hour 7
(AUC = 0.93) sectors, the same parameters as in the present study, but with a different
ranking. Wollstein et al.15 performed a study comparing peripapillary RNFL thickness,
macular RNFL thickness, and ONH parameters. They reported not only that the RNFL and
ONH parameters performed better than macular ones, but also that average RNFL thickness
and RNFL thickness of the inferior quadrant had the same highest AUC of 0.94, but average
RNFL thickness was more sensitive (84.6% vs. 80.8%) at 95% specificity. Unlike most
studies where RNFL thickness of the inferior quadrant or RNFL thickness of individual
clock-hours within this quadrant are found to be the best for detection of early glaucoma,
Nouri-Mahdavi29 observed a predominance of RFNL parameters of the superior quadrant.
From our results and those derived from the use of Stratus OCT, it appears that RNFL
thickness of the inferior quadrant, individual RNFL thickness of clock-hour 7 and 6, average
RNFL thickness sectors have the highest diagnostic accuracy to distinguish between normal
and eyes with mild glaucoma, despite variations in the ranking across studies. It is possible
that OCT could more easily detect and measure RNFL changes in the vertical than the
horizontal axis since, anatomically, the superior and inferior regions of the ONH have
thicker RNFL bundles than the temporal and nasal sectors. The RNFL findings also
corroborate the observation that glaucomatous changes to the ONH often start in the
superior or inferior poles of the ONH.30

Software for analysis of the ONH with Cirrus HD-OCT has just recently been developed
and was made available for this study. The ONH parameters' AUCs for discriminating
between healthy and eyes with mild glaucoma were highest for VRT (0.914), rim area
(0.912) and VCDR (0.890). They have a sensitivity of 83.9% for VRT and 77.4% for rim
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area and VCDR, with specificities of 91.8%, 97.3% and 93.8%, respectively. This may be
the first study using the new software for Cirrus HD-OCT optic disc analysis, and the
number of reports available for Stratus OCT ONH analysis in glaucoma is far fewer than
that on RNFL thickness. The lack of enthusiasm for using ONH parameters measured by
Stratus OCT probably stems from the low reproducibility of ONH scans31 and weaknesses
of the Stratus OCT ONH analysis algorithm (misidentification of the optic disc margin and
vitreoretinal boundary and sometimes inclusion of non-optic disk tissue such as vitreous tuft
as rim tissue),32 which require manual correction. The diagnostic accuracy of ONH
parameters to detect mild glaucoma was examined using Stratus OCT by Leung et al.10 in a
study comprising 41 normal and 30 eyes with early glaucoma. VRT (AUC = 0.968), VCDR
(AUC = 0.962), and CDR (AUC = 0.960) had the highest ability to distinguish the two
groups of eyes. In a Stratus OCT study by Medeiros et al.27 that included 78 normal and 88
glaucomatous eyes (61 mild, 15 moderate and 12 severe), CDR, VCDR, horizontal
integrated rim with (HIRW) and rim area had the same best AUC of 0.88 each, with
sensitivities of 69, 65, 55 and 51%, respectively for the same specificity of 95%. However,
the report failed to mention whether the discrimination was done between normal and eyes
with all glaucoma combined or those with mild glaucoma only. Wollstein et al.,15 using a
prototype OCT unit, reported that the best ONH discriminants were rim area (AUC = 0.97),
HIRW (AUC = 0.96), vertical integrated rim area (VIRA, AUC = 0.95) and CDR (0.94).
These AUC values were similar to those reported by Leung et al.,10 but higher than those
from most studies, likely because their study eyes included those with moderate and severe
glaucoma. A study using Stratus OCT by Deleon-Ortega and colleagues7 reported AUCs of
0.854 for VIRA, 0.850 for HIRW and 0.844 for cup area. Manassakorn et al.11 found that
the ONH parameters with highest ability to distinguish normal from eyes with mild
glaucoma were VCDR, HIRW and VIRA, with AUCs of 0.89 for the first and 0.88 for the
last two parameters. These authors also employed Stratus OCT. More recently, similar
AUCs were reported by Yüksel et al.12 for whom cup area (AUC = 0.83), VIRA (AUC =
0.82) and CDR (AUC = 0.82) best discriminated normal from eyes with mild glaucoma
using Stratus OCT. Good discrimination was also reported using the stratus OCT for rim
volume and VIRA by Sihota et al.,33 with AUCs of 0.889 and 0.835, respectively. In a
cross-sectional prospective study performed by Anton and colleagues34 to assess the
usefulness of ONH and RNFL to discriminate between ocular hypertensive (n = 95),
glaucomatous (n = 79) and normal (n = 55) eyes, HIRW was the single ONH with the
highest AUC (0.850). The lowest ability of ONH parameters to distinguish normal from
mildly affected eyes using Stratus OCT was reported by Chen and Huang6 and Huang and
Chen.9 The largest AUCs of the best discriminants in these two studies were respectively
0.728 and 0.724 for VCDR, 0.711 and 0.724 for CDR, and 0.691 and 0.707 for rim area,
with sensitivities not exceeding 60.5% in either study. Altogether, previous reports using
Stratus OCT show that VIRA, rim area, and VCDR appear to be the most frequent among
the best three ONH parameters, but studies have yet to find a single consistent ONH
parameter to be used for glaucoma detection and progression.

In summary, Cirrus HD-OCT ONH parameters, especially vertical rim thickness, rim area,
and vertical cup to disc ratio, have excellent ability to discriminate between normal and eyes
with even mild glaucoma. These ONH parameters appear to be as good as the best RNFL
thickness parameters, including thickness at clock hour 7, inferior quadrant thickness, and
average thickness. Although each parameter alone can successfully discriminate between
eyes with glaucoma and healthy eyes, using the information from all parameters may be
beneficial as this may increase the ability of early glaucoma detection.
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Précis

Optic nerve head parameters measured by Cirrus™ Spectral Domain Optical Coherence
Tomography have excellent discriminating ability for glaucoma, performing at least as
well as retinal nerve fiber layer thickness measurements using the same technology.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Illustration of Cirrus HD-OCT Optic Nerve Head (ONH) Parameters (1A) and
Determination of ONH Edge and Rim Width (1B, 1C and 1D). Figure 1A shows a sketch of
an optic disc, as presented in the 2-dimensional en face view. The shaded region represents
the neuro-retinal rim area (mm2), the patterned region is the area of the cup (mm2); the total
area of the optic disc is the area of the rim plus the area of the cup (mm2). The cup-to-disc
ratio (CDR) is given by the square-root of the ratio of the area of the cup to the area of the
optic disc. The vertical cup-to-disc ratio (VCDR) is the ratio of the cup diameter to the disc
diameter in the vertical meridian; VC/(VC+V1+V2). The horizontal cup-to-disc ratio
(HCDR) is the ratio of the cup diameter to the disc diameter in the horizontal meridian; HC/
(HC+H1+H2). Vertical rim thickness (VRT) is the disc diameter minus the cup diameter in
the vertical meridian, or simply V1+V2, expressed in microns. Horizontal rim thickness is
the disc diameter minus the cup diameter in the horizontal meridian; H1+H2 (microns). Cup
volume (mm3) is a 3-dimensional measurement defined as the volume between a plane
created by the cup outline at the vitreous interface and the posterior surface of the ONH.
Figure 1B displays the disc perpendicular to viewing angle, where the optic disc and cup
area are calculated in the plane of the ONH. The disc and rim areas are the same in Figures
1C and 1D. If the same disc is viewed from a different angle after entering the pupil from a
different point, the displayed cup and disc are shortened as displayed in Figure 1C.
However, the measurements are unaffected if they are calculated in the plane of the optic as
in Figure 1B (Figure 1D).
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Figure 2.
Receiver Operator Characteristic Curves of the Best Parameters for Discriminating between
Normal and Eyes with Moderate to Severe Glaucoma (2A) and of the Overall Best Six
Parameters for Discriminating between Normal and Eyes with Mild Glaucoma (2B). VRT -
Vertical Rim Thickness, Inf. - Inferior, VCDR - Vertical Cup-to-Disc Ratio, RNFL - Retinal
Nerve Fiber Layer, Sup. - Superior, CDR - Cup-to-Disc Ratio, HCDR - Horizontal Cup-to-
Disc Ratio.
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Figure 3.
Trend of the Ability of Vertical Rim Thickness (VRT), Rim Area, Average Retinal Nerve
Fiber Layer (RNFL), and RNFL Thickness of the Inferior (Inf) Quadrant to Discriminate
between Normal and Glaucomatous Eyes, Normal and Mild Glaucoma, and Between
Moderate and Severe Glaucoma.
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