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Abstract
Purpose—To evaluate the diagnostic accuracy of spectral domain optical coherence tomography
(SDOCT) for detection of preperimetric glaucoma and compare it to the performance of confocal
scanning laser opthalmoscopy (CSLO).

Design—Cohort study.

Participants—A cohort of 134 eyes of 88 patients suspected of having glaucoma based on the
appearance of the optic disc.

Methods—Patients were recruited from the Diagnostic Innovations in Glaucoma Study (DIGS).
All eyes underwent retinal nerve fiber layer (RNFL) imaging with Spectralis SDOCT and
topographic imaging with HRT-III CSLO within 6 months of each other. All patients had normal
visual fields at the time of imaging and were classified based on history of documented
stereophotographic evidence of progressive glaucomatous change in the appearance of the optic
nerve occurring before the imaging sessions.

Main Outcome Measures—Areas under the receiver operating characteristic curves (AUC)
were calculated to summarize diagnostic accuracies of the SDOCT and CSLO. Likelihood ratios
(LRs) were reported using the diagnostic categorization provided by each instrument after
comparison to its normative database.

Results—Forty-eight eyes of 42 patients had evidence of progressive glaucomatous change and
were included in the preperimetric glaucoma group. Eighty-six eyes of 46 patients without any
evidence of progressive glaucomatous change followed untreated for an average of 14.0 ± 3.6
years were included in the control group. The parameter with the largest AUC obtained with the
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SDOCT was the temporal superior RNFL thickness (0.88 ± 0.03), followed by global RNFL
thickness (0.86 ± 0.03) and temporal inferior RNFL thickness (0.81 ± 0.04). The parameter with
the largest AUC obtained with the CSLO was rim area (0.72 ± 0.05), followed by rim volume
(0.71 ± 0.05) and linear cup to disk ratio (0.66 ± 0.05). Temporal superior RNFL average
thickness measured by SDOCT performed significantly better than rim area measurements from
CSLO (0.88 vs. 0.72; p = 0.008). Outside normal limits results for SDOCT parameters were
associated with strongly positive LRs.

Conclusions—RNFL assessment with SDOCT performed well in detecting preperimetric
glaucomatous damage in a cohort of individuals suspected of having the disease and had a better
performance than CSLO.

INTRODUCTION
Clinicians are frequently faced with the challenge of diagnosing glaucoma in patients who
present with optic discs that have suspicious findings for the disease, such as apparent
enlarged cupping or neuroretinal rim thinning, but in whom clinical examination at the slit-
lamp or using optic disc photographs is inconclusive. In the presence of normal visual field
tests, clinicians may complement their evaluation by ordering additional diagnostic tests,
such as quantitative evaluation of the optic nerve or retinal nerve fiber layer with imaging
instruments. The results obtained from imaging evaluation can assist clinicians in deciding
whether or not preperimetric glaucomatous optic neuropathy is present and in establishing
treatment and follow-up plans.

The introduction of spectral domain optical coherence tomography (SDOCT) has resulted in
improved imaging resolution and reproducibility compared to previous versions of this
technology,1, 2 offering the potential for improved assessment of structural damage in
glaucoma. Although several studies have been reported evaluating the diagnostic accuracy
of imaging devices in glaucoma, the design of most studies has not replicated the situation in
which these tests are used in clinical practice. Most studies have been performed by
comparing the ability of imaging devices to discriminate patients with confirmed
glaucomatous visual field loss from healthy individuals in a cross-sectional design.3–21

However, it should be obvious that the presence of visual field loss by itself would obviate
the need for using an imaging instrument to diagnose the disease in clinical practice. In fact,
a clinician is most interested in the ability of a test to provide additional information that can
be helpful in a patient who presents suspicious findings for the disease, as described above.

The conduct of studies evaluating glaucoma suspects and for detection of preperimetric
damage has been limited by the inexistence of a perfect reference standard that could be
used to diagnose disease at a single point in time without relying on visual fields. However,
longitudinal follow-up can be used to evaluate the existence of progressive structural
damage, which would then confirm the diagnosis.22–25 The final diagnosis based on
longitudinal follow-up can then be used as a reference standard with which the results of the
imaging instruments are to be compared.

The purpose of this study was to evaluate the diagnostic accuracy of retinal nerve fiber layer
(RNFL) with Spectralis SDOCT for detection of preperimetric glaucomatous damage in
patients suspected of having the disease. In addition, we compared the diagnostic ability of
the SDOCT technology with the diagnostic ability of optic disc topographic measurements
obtained by confocal scanning laser ophthalmoscopy (CSLO). We used longitudinal
information to establish the final diagnosis in these patients and as a reference standard for
comparison of results.
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METHODS
Participants

This was an observational cohort study which included patients recruited from the
Diagnostic Innovations in Glaucoma Study (DIGS) conducted at the Hamilton Glaucoma
Center (University of California, San Diego). As part of DIGS, participants were
prospectively evaluated according to a pre-established protocol that included visits with a
comprehensive clinical examination and several imaging and functional tests. All
participants who met the inclusion criteria described below were enrolled and all data were
entered in a computer database. Informed consent was obtained from all participants. The
University of California San Diego Human Subjects Committee approved all protocols, and
methods described attended to the tenets of the Declaration of Helsinki.

Each subject underwent a comprehensive ophthalmic examination, including review of
medical history, best corrected visual acuity (BCVA), slit-lamp biomicroscopy, intraocular
pressure (IOP) measurement using Goldmann applanation tonometry, gonioscopy, dilated
fundoscopy examination using a 78-diopter (D) lens, stereoscopic optic disc photography,
and standard automated perimetry (SAP) with 24-2 Swedish Interactive Threshold
Algorithm (Carl Zeiss Meditec, Inc., Dublin, CA).

To be included subjects had to have best corrected visual acuity of 20/40 or better, spherical
refraction less than ± 5.0 D, cylinder correction less than ± 3.0 D and open angle with
gonioscopy. Subjects with coexisting retinal disease, uveitis or non-glaucomatous optic disc
neuropathy were excluded from the study.

A cohort of participants suspected of having glaucoma was selected from our DIGS
database. These participants were selected based on the presence of suspicious appearance
of the optic nerve from cross-sectional evaluations of stereophotographs at the time of
imaging by 2 independent masked graders. A third experienced grader reviewed the
photographs in case of disagreement. Features characteristic of suspicious glaucomatous
appearance of the optic disc were neuroretinal rim thinning, cupping, or suspicious RNFL
defects. All participants had a normal SAP visual field result at the time of imaging. A
normal visual field was defined as a mean deviation and pattern standard deviation within
95% confidence limits and a glaucoma hemifield test result within normal limits.
Additionally, participants did not have evidence of repeatable glaucomatous visual field loss
before the date of their examination with imaging instruments. All participants had been
previously followed for at least 5 years before their imaging session.

These participants were then classified based on previous history of documented evidence of
progressive glaucomatous change in the appearance of the optic disc occurring before the
imaging sessions. Patients with documented evidence of progressive glaucomatous nerve
damage at any time before both imaging sessions with SDOCT and CSLO were considered
as having preperimetric glaucoma. Progressive glaucomatous change in the appearance of
the optic disc was assessed by simultaneous stereoscopic photographs (TRC-SS, Topcon
Instrument Corp. of America, Paramus, NJ). Stereoscopic sets of slides were examined
using a stereoscopic viewer (Asahi, Pentax, Tokyo, Japan). The photographs were evaluated
by 2 experienced graders, and each was masked to the subject’s identity, to other tests
results and to the chronological sequence of the photographs. For inclusion, photographs
needed to be graded adequate or better. Definition of change was based on focal or diffuse
thinning of the neuroretinal rim, increased excavation, or enlargement of the RNFL defects.
Changes on rim color, presence of disc hemorrhages, or progressive parapapillary atrophy
were not sufficient for characterization of progression. Discrepancies between the 2 graders
were resolved by either consensus or adjudication of a third experienced grader.
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A total of 48 eyes of 42 participants with progressive optic disc damage and no visual field
loss were included in the preperimetric glaucoma group. These subjects were followed for
an average of 14.9 ± 4.2 years.

A total of 86 eyes of 46 patients followed untreated for 14.0 ± 3.6 years without any
evidence of progressive change in the appearance of the optic disc or visual field loss were
used as the control group.

Instrumentation
The Spectralis SDOCT (software version 5.3.3.0, Heidelberg Engineering, Dosseinheim,
Germany) was used to obtain RNFL thickness measurements. Details of its operation have
been published elsewhere.26 The high-resolution protocol was utilized, obtaining 1536 A-
scans from a 3.45mm circle centered at the optic disc, providing an axial resolution of 3.9
μm and a lateral resolution of 6 μm. The examiner was required to manually place the scan
around the optic disc. To increase the image quality the Spectralis SDOCT includes an
automatic real time function that gathers multiple frames (B-scans). The images were then
averaged for noise reduction. The standard deviation of the signal-to-noise ratio was
available to the examiner, enabling the assessment of the signal’s acceptability. The quality
scores ranges from 0dB (poor) to 40dB (excellent). To be included, all images were
reviewed by experienced staff of the Imaging Data Evaluation and Assessment (IDEA)
Center for non-centered scans, accurate segmentation and had to have a signal strength >
15dB. The parapapillary RNFL thickness sectors evaluated in this study were temporal
quadrant (316 – 45 degrees), temporal superior quadrant (46 – 90 degrees), nasal superior
quadrant (91 – 135 degrees), nasal quadrant (136 – 225 degrees), nasal inferior quadrant
(226 – 270 degrees) and temporal inferior quadrant (271 – 315 degrees).

For each parameter, the Spectralis SDOCT software provides a classification (within normal
limits, borderline and outside normal limits) based on the comparison with an internal
normative database of 201 healthy eyes of Caucasian patients. The parameter is classified as
within normal limits if its value falls within the 95% confidence interval (CI) of the healthy,
age-matched population. A borderline result indicates that the value is between the 99% and
95% CI, and an outside normal limits result indicates that the value is lower than the 99%
CI. This classification is provided in the Spectralis SDOCT printout using a color-coded
pattern where within normal limits, borderline and outside normal limits are represented in
green, yellow and red, respectively. The software also provides an overall classification. A
normal overall classification requires all sectors and the global thickness to be within normal
limits. A borderline result occurs when at least one sector or the global thickness is
classified as borderline, and an outside normal limit result is provided if at least one sector
or the global thickness is outside normal limits. Likelihood ratios (LRs) were calculated for
each parameter and each possible diagnostic categorization (within normal limits, borderline
and outside normal limits), as provided by the Spectralis SDCT software.

The HRT-III (Heidelberg Explorer Software version 1.5.10.0, Heidelberg Engineering,
Dossenheim, Germany) was used to acquire CSLO images in the study. It uses confocal
scanning laser principles to obtain a 3-dimensional topographic image of the optic nerve.
For each patient, 3 topographical images were obtained, combined, and automatically
aligned to make a single mean for topography for analysis. Magnification errors were
corrected using patients’ corneal curvature measurements. An experienced examiner
outlined the optic nerve margin on the mean topographic image while viewing stereoscopic
photographs of the optic disc. Good images required a focused reflectance image with a
standard deviation not greater than 50 μm, as determined by experienced reviewers from the
IDEA Center.
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Topographical parameters provided by the HRT-III software and investigated in this study
were rim area, rim volume, linear cup-to-disk ratio, cup-to-disk area ratio, rim-to-disk area
ratio, RNFL cross sectional area, mean RNFL thickness, cup area, cup volume and mean
cup depth. The global glaucoma probability score (GPS) was also evaluated as a diagnostic
variable in this study. This score uses an automated analysis for the detection of
glaucomatous damage that does not require the user to draw a contour line around the optic
disc and does not use a reference plane. It is based on a 3-D model of the entire
topographical image, including the optic disc and surrounding peripapillary RNFL. The
development of this parameter is based on the work of Swindale et al.27

The software for the HRT-III also incorporates the Moorfields Regression Analysis
(MRA),28 which compares the patient’s rim area with a predicted rim area for a given disc
area and age, based on confidence limits of a regression analysis derived from 627 normal
patients (452 Caucasians, 111 African Origin and 64 Indians). Each sector and the global
rim area are classified as within normal limits if the measurement is within the 95% CI,
borderline if the measurements is between the 99.9% and 95% CI, and outside normal limits
if the measurements is lower than the 99.9% CI. The MRA also provides an overall
classification. A normal overall classification requires all sectors and the global rim area to
be within normal limits. A borderline result occurs when at least one sector or the global rim
area is classified as borderline, and an outside normal limit result is provided if at least one
sector or the global rim area is outside normal limits. LRs were calculated for each possible
diagnostic categorization (within normal limits, borderline and outside normal limits) of the
global and sectoral results as well as for the overall classification of the MRA.

Statistical Analysis
Descriptive statistics included mean and standard deviation for normally distributed
variables and median, first quartile and third quartile for non-normally distributed variables.

Areas under the receiver operating characteristic curves (AUC) were calculated to
summarize the diagnostic accuracy for each parameter. An AUC equal to 1 represents
perfect discrimination, whereas an AUC of 0.5 represents chance discrimination. The
pairwise comparison of the AUCs was performed for each parameter using a method
proposed by Dodd and Pepe.29 A bootstrap resampling procedure (n = 1000 resamples) was
used to derive the confidence intervals.30 Sensitivity at fixed specificities of 80% and 95%
were also reported for each parameter of each instrument. To account for potential
correlation between eyes, the cluster of the data for the study subject was considered as the
unit of resampling when calculating standard errors. This procedure has been used to adjust
for the presence of multiple correlated measurements of the same unit.30, 31

Diagnostic categorization (within normal limits, borderline or outside normal limits)
provided by each instrument after comparison with its normative database was used to
calculate LRs. LR is defined as the probability of a given test result in those with disease
divided by the probability of the same test result in those without disease.32, 33 Once
determined, a LR can be directly incorporated into the calculation of posttest probability of
disease by using the formulation of the Bayes’ theorem.34 The LR for a given test result
indicates how much that result will raise or decrease the pretest odds of disease. Application
of LRs in the interpretation of results of imaging instruments for glaucoma diagnosis has
been detailed previously.6, 24 A value of 1 means that the test provides no addition
information, and ratios higher or lower than 1 increase or decrease the likelihood of disease,
respectively.

A classification of impact of LRs of various magnitudes on posttest probability of disease
has been suggested and was used in our study.33 According to this classification, LRs
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greater than 10 or lower than 0.1 would be associated with large effects on posttest
probability, LRs from 5 to 10 or from 0.1 to 0.2 would be associated with moderate effects,
LRs from 2 to 5 or from 0.2 to 0.5 would be associated with small effects, while LRs closer
to 1 would be insignificant. Confidence intervals (CI) of 95% for LRs were calculated
according to the method proposed by Simel and associates.35

All statistical analyses were performed with commercially available software (Stata version
11, StataCorp, College Station, TX). The alpha level (type I error) was set at 0.05.

RESULTS
Table 1 shows demographic and clinical characteristics for the eyes included in the study.
No difference in age, gender or ancestry was found between the groups.

Table 2 shows mean values of SDOCT parameters in the glaucoma and control groups.
Glaucomatous eyes had, on average, significantly thinner RNFL measurements compared to
the control group. The parameters with the largest AUCs were temporal superior thickness
(0.88 ± 0.03), global thickness (0.86 ± 0.03) and temporal inferior thickness (0.81 ± 0.04).
Figure 1 shows receiver operating characteristic (ROC) curves for these parameters.

Table 3 presents LRs with 95% CIs for the Spectralis SDOCT after comparison with the
instrument’s normative database. For all parameters an outside normal limits result was
associated with large effects on the posttest probability of disease, except for nasal superior
thickness, which was associated with moderate effects. The effect on posttest probability for
borderline results ranged from insignificant to large. Within normal limits results were
associated with small to insignificant effects on posttest probability of disease. An outside
normal limits result in the overall Spectralis SDOCT classification was associated with a
large effect on the posttest probability (LR = 50.16), whereas a borderline result was
associated with an insignificant (LR = 1.05) effect and a within normal limits result was
associated with small (LR = 0.26) effect on the posttest probability of disease.

Table 4 shows mean values of CSLO parameters in glaucoma and control groups.
Statistically significant differences between the glaucoma and control groups were found for
most parameters, except for mean cup depth. Table 4 also shows the AUC for each
parameter. The parameters with the largest AUCs were rim area (0.72 ± 0.05), rim volume
(0.71 ± 0.05) and linear cup-to-disk ratio (0.66 ± 0.05). The contour line-independent
parameter global GPS had an AUC of 0.64 (± 0.05). Figure 2 shows the ROC curves for rim
area, rim volume and global GPS of the CSLO.

Table 5 presents LRs with 95% CIs for the HRT-III MRA. Outside normal limits results
were generally associated with small or insignificant effects on the posttest probability of
disease, except for the temporal inferior sector that was associated with large effect (LR =
17.91). Borderline and within normal limits results were associated with insignificant to
small effects. For the overall classification, both an outside normal limit result (LR = 3.19)
as well as a within normal limit result (LR = 0.42) were associated with small changes in the
probability of disease. A borderline result was associated with insignificant change in the
probability of disease (LR = 0.82).

The SDOCT parameter with largest AUC, temporal superior RNFL thickness, performed
significantly better than the CSLO parameter with largest AUC, rim area (0.88 vs. 0.72 p =
0.008, respectively), for differentiating between the preperimetric glaucoma and control
groups. Table 6 shows the comparison of the diagnostic accuracy of SDOCT RNFL
thickness parameters with the best performing CSLO parameter (rim area), according to the
sectors around the optic disc. Statistical comparison of AUCs between instruments showed
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significant differences between SDOCT RNFL thickness and CSLO rim area for the
temporal superior (0.88 vs 0.68; p = 0.001, respectively) and temporal inferior (0.81 vs 0.64;
p = 0.01, respectively) sectors. Figure 3 shows ROC curves of the temporal superior average
RNFL thickness measured by the SDOCT and the temporal superior rim area measured by
the CSLO.

DISCUSSION
The present study demonstrated that RNFL assessment with Spectralis SDOCT was able to
detect preperimetric glaucomatous damage in eyes suspected of having the disease. In
addition, SDOCT performed better than topographic optic disc assessment obtained with
CSLO. These findings may have significant implications for the use of SDOCT technology
as an ancillary test in the diagnostic evaluation of patients suspected of having glaucoma.

Several studies have investigated the ability of SDOCT to detect glaucomatous damage. In
previous investigations, the diagnostic accuracy usually was assessed based on the ability of
the tested parameters to differentiate eyes with repeatable glaucomatous visual field loss
from those of healthy subjects.11, 12, 17–21 Such investigations are important to provide an
initial assessment of the ability of the instrument to detect damage. In other words, if the
instrument fails to separate these two clearly distinct groups, it would generally be regarded
as not useful for diagnostic purposes. However, in clinical practice, a diagnostic test is used
to diagnose disease in patients suspected of having it, not in patients with confirmed
diagnosis. Therefore, if a test succeeds in initial diagnostic studies, further steps are needed
to evaluate whether it is able to provide clinically relevant information. The evaluation of
the ability of imaging devices to provide additional information besides that of clinical
examination and visual field testing is fundamental in order to measure their true value as
complementary tests for diagnosing glaucoma in suspected patients. The design of our study
enabled the evaluation of the performance of these tests in the clinically relevant situation of
diagnosing disease in patients with suspicious appearance of the optic disc.

Our estimates of diagnostic accuracy were generally lower than those reported by studies
investigating only patients with glaucomatous visual field loss.3–9, 11–13, 16–21 Leung et al19

compared SDOCT and CSLO in discriminating eyes with glaucomatous visual field damage
from those of healthy subjects and found AUC of 0.978 for the SDOCT parameter global
RNFL thickness. In our study, we found a corresponding AUC of 0.86. A reasonable
explanation for such different findings is that the accuracy of diagnostic instruments can
vary according to the cohort investigated and the reference standard used to define disease.36

The lower performance of the imaging instruments in our study compared to previous ones
is probably related, at least in part, to the less severe stage of disease in glaucoma patients
included in our analyses. As the patients did not have visual field damage at the time of
imaging, they were likely at an earlier stage of disease than those included in previous
studies using patients with visual field damage. Furthermore, the worse performance is also
likely related to the method of selection of the control group. In our study, control subjects
also had suspicious appearing optic discs, making it more difficult for the diagnostic test to
differentiate them from diseased subjects. A study by Medeiros et al25 evaluating the impact
of design-related bias in studies of diagnostic tests in glaucoma found that studies with a
case-control design including patients with well-established disease and a separate group of
normal (unsuspected) control subjects resulted in substantial overestimation of the
performance of the tests.

We used evidence of previously documented progressive optic disc change as the reference
standard to classify glaucoma suspect patients as disease positive versus disease negative. In
the absence of visual field loss, glaucoma can be diagnosed with certainty only by
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demonstrating a history of progressive glaucomatous changes to the optic nerve. This
approach was first proposed by Medeiros et al24 for evaluation of diagnostic tests in
glaucoma. Presence of progressive optic disc damage is also highly predictive of future
development of visual field defects.37 However, although it enables the evaluation of
diagnostic accuracy in a situation that better resembles clinical practice, it still has some
limitations. It is possible, for example, that some patients that had glaucomatous optic disc
damage were not included because they did not present with progressive damage during the
follow-up period. Patients with suspicious optic disc appearance who did not show any
evidence of optic disc change or visual field loss during follow-up were considered as
controls. It might be argued that some of these patients from the control group could have
had glaucomatous damage to the optic disc or might develop visual field defects, but the
follow-up time was insufficient to detect progression. Although it is unlikely that glaucoma
patients would not progress or develop functional loss followed untreated for an average of
14 years, this possibility cannot be completely excluded. Another limitation of this study
design is that stereophotograph evaluation of optic disc change has an imperfect inter-
observer agreement.38 As a consequence, some eyes could be misdiagnosed and incorrectly
designated to the glaucomatous or to the control group. However, in order to minimize
misclassifications, we required consensus grading by 2 trained expert ophthalmologists and
a third experienced grader reviewed the stereophotographs in cases of disagreement.

In the present study, the Spectralis SDOCT parameters with highest diagnostic accuracies
were the temporal superior, global and temporal inferior RNFL thickness measurements,
with AUCs of 0.88, 0.86 and 0.81, respectively. RNFL losses in the temporal superior and
temporal inferior sectors are expected and correspond to initial stages of optic nerve damage
in patients with glaucoma.12, 18, 39 The poor performance of the temporal and nasal sectors
can be justified by the fact that those sectors are more frequently affected in advanced
glaucoma and our population is composed mostly of individuals with early damage. Retinal
nerve fiber layer parameters performed significantly better than topographic parameters in
differentiating glaucomatous and control eyes. Temporal superior average RNFL thickness
was the parameter with the best performance for the Spectralis SDOCT, with an AUC of
0.88; whereas rim area was the parameter with the best performance for the CSLO, with an
AUC of 0.72. Given the selection criteria of our study, these results are not surprising and
are similar to those found in a previous study comparing RNFL assessment by scanning
laser polarimetry with CSLO.22 The difference in ancestry between groups was marginally
significant in our study. Although previous studies reported that ancestry did not influence
the diagnostic performance of the SDOCT technology40, we performed an additional
analysis excluding black patients. As expected, similar results were achieved, with SDOCT
temporal superior RNFL thickness performing better than CSLO rim area (0.87 vs 0.73; p =
0.031).

The starting point of a diagnostic process occurs when a clinician combines the medical
history with clinical examination to estimate the probability of the presence of the disease,
also known as pretest probability. The results of diagnostic tests are then used to modify the
pretest probability of disease yielding a new posttest probability. The direction and
magnitude of this change from pretest to posttest are determined by the test’s properties, in
particular by the likelihood ratio of the test. The LR represents the magnitude of change
from a clinician’s initial suspicion for disease (pretest probability) to the likelihood of
disease after the test result (posttest probability). In our study, outside normal limits results
for Spectralis SDOCT parameters were generally associated with large changes from the
pretest to posttest probability of disease. In contrast, outside normal limits results for the
HRT-III MRA were only associated with insignificant to small effects. This means that an
abnormal result on Spectralis SDOCT would have a larger impact in increasing the
probability of disease than an abnormal result found on the MRA provided by the CSLO.
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For within normal limits, the LR for the overall Spectralis SDOCT classification was
smaller (i.e., better) than the overall classification for MRA (0.26 vs 0.42; respectively),
indicating that normal results on SDOCT would carry more impact in excluding the disease
than those from CSLO. The evaluation of the integrity of the RNFL during clinical
examination is difficult, especially in older patients with light pigmented retinas or hazy
optical media. On the other hand, evaluation of the optic nerve and identification of areas of
suspicious rim thinning or optic disc cupping is more straightforward. Therefore, patients
with suspicious disc appearance will generally be those with large cups or suspicious rim
thinning. In these patients, it is not surprising that topographic information about cup size or
cup depth, for example, does not provide much additional information in terms of
establishing the definitive diagnosis.

The design of our study evaluates a diagnostic test in a scenario that resembles the use of
imaging devices in clinical practice for assisting in detecting damage in patients suspected of
having glaucoma. However, this design might not be the most appropriate for other
situations, such as when assessing the ability of an instrument to screen for patients with
glaucomatous visual field loss in the general population. Therefore, the study design should
take into account the context and clinical situation where the diagnostic test will be applied.
In addition, it should be noted that longitudinal follow-up of glaucoma suspects and
glaucoma patients may represent the most advantageous use of these technologies in clinical
practice.23, 24 In fact, in many glaucoma suspects, confirmation about the presence or
absence of disease will only be possible after careful long-term follow-up and imaging
devices could be used to monitor structural changes in this situation.

In conclusion, our results showed that RNFL imaging with Spectralis SDOCT performed
well in detecting preperimetric glaucomatous damage in subjects who were suspected of
having the disease, presenting a better diagnostic capability than topographic assessment
with the CSLO. Abnormal results on SDOCT (as compared to the instrument’s normative
database) were associated with high likelihood ratios and large effects on posttest
probabilities of having preperimetric glaucomatous damage.
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FIGURE 1.
Receiver operating characteristics for temporal superior thickness, global thickness and
temporal inferior thickness obtained by spectral domain optical coherence tomography.
RNFL = retinal nerve fiber layer.
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FIGURE 2.
Receiver operating characteristics curves for rim volume, rim area and glaucoma probability
score parameters obtained by confocal scanning laser ophthalmoscopy. RNFL = retinal
nerve fiber layer.
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FIGURE 3.
Receiver operating characteristics curves for temporal superior thickness obtained by
spectral domain optical coherence tomography and temporal superior rim area obtained by
confocal scanning laser ophthalmoscopy. RNFL = retinal nerve fiber layer.
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Table 1

Demographic and clinical characteristics of the preperimetric glaucoma and control study groups

Characteristics Glaucoma (n=48) Control (n=86) P Value

Age, years * 66.1 ± 9.3 63.6 ± 10.8 0.238

Gender, % male 50.0 32.6 0.097

Ancestry, % African-American 16.6 4.3 0.057

MD, dB† −0.63 ± 1.24 0.09 ± 1.33 0.002

PSD, dB† 1.61 (1.43, 1.56, 1.77) 1.55 (1.28, 1.46, 1.70) 0.136

Disc area, mm2 * 1.97 ± 0.08 1.97 ± 0.06 0.927

Intraocular pressure, mmHg * 19.77 ± 0.56 19.97 ± 0.70 0.825

Signal strength of the Spectralis SDOCT images * 23.95 ± 0.53 23.58 ± 0.42 0.582

Quality of the HRT-III images, sd† 18.31 (13, 18, 20.5) 17.31(13, 15, 20) 0.212

Follow-up, years * 14.0 ± 3.6 14.9 ± 4.2 0.466

Ametropia, diopters * −0.81 ± 0.30 −0.70 ± 0.27 0.795

Axial length, mm * 24.09 ± 0.16 24.01 ± 0.15 0.709

Average corneal curvature, mm * 7.72 ± 0.04 7.78 ± 0.03 0.274

Pachymetry, μm * 569.74 ± 6.49 579.14 ± 5.93 0.288

MD = mean deviation

PSD = pattern standard deviation

dB = decibels

SDOCT = spectral domain optical coherence tomography

sd = standard deviation

*
Normally distributed variables; represented by mean (standard deviation).

†
Non-normally distributed variables; represented by mean (first quartile, median, third quartile).
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Table 3

Likelihood ratios and 95% confidence intervals for spectral domain optical coherence tomography parameters

Parameter Within Normal Limits Borderline Outside Normal Limits

Temporal superior thickness 0.44 (0.12 to 0.77) 21.50 (19.49 to 23.50) 26.87 (24.88 to 28.86)

Global thickness 0.39 (0.02 to 0.76) 5.37 (4.29 to 6.45) Infinity (NA)

Temporal inferior thickness 0.48 (0.18 to 0.78) 21.50 (19.49 to 23.50) Infinity (NA)

Nasal superior thickness 0.71 (0.50 to 0.92) 4.30 (3.31 to 5.28) 7.16 (5.00 to 9.32)

Nasal thickness 0.89 (0.78 to 1.00) 4.47 (2.87 to 6.08) Infinity (NA)

Nasal inferior thickness 0.92 (0.83 to 1.01) 0.92 (0.83 to 1.01) Infinity (NA)

Temporal thickness 0.82 (0.66 to 0.99) 2.09 (1.05 to 3.12) Infinity (NA)

Overall classification 0.26 (0 to 0.82) 1.05 (0.35 to 1.75) 50.16 (48.20 to 52.12)

NA = not applicable
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Table 5

Likelihood ratios and 95% confidence intervals for confocal scanning laser ophthalmoscopy Moorfields
Regression Analysis

Parameter Within Normal Limits Borderline Outside Normal Limits

Temporal superior 0.71 (0.46 to 0.95) 2.50 (1.77 to 3.23) 2.98 (1.59 to 4.37)

Global 0.59 (0.29 to 0.89) 2.32 (1.58 to 3.07) 4.92 (3.83 to 6.01)

Temporal inferior 0.50 (0.17 to 0.84) 2.76 (2.09 to 3.44) 17.91 (15.89 to 19.94)

Nasal superior 0.66 (0.39 to 0.92) 2.86 (1.80 to 3.92) 3.32 (2.47 to 4.17)

Nasal 0.77 (0.53 to 1.02) 0.89 (0 to 1.90) 3.32 (2.47 to 4.17)

Nasal inferior 0.61 (0.28 to 0.94) 1.15 (0.39 to 1.91) 3.80 (3.04 to 4.56)

Temporal 0.86 (0.70 to 1.01) 2.55 (1.66 to 3.45) 1.79 (0 to 4.54)

Overall classification 0.42 (0 to 0.98) 0.82 (0.24 to 1.41) 3.19 (2.64 to 3.75)
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Table 6

Areas under the receiver operating characteristics curves ± standard error of spectral domain optical coherence
tomography retinal nerve fiber layer parameters and confocal scanning laser ophthalmoscopy rim area by
sectors

Sector SDOCT CSLO P value

Temporal superior 0.88 ± 0.03 0.68 ± 0.05 0.001

Temporal inferior 0.81 ± 0.04 0.64 ± 0.05 0.01

Nasal superior 0.73 ± 0.05 0.67 ± 0.05 0.40

Nasal 0.70 ± 0.05 0.66 ± 0.05 0.52

Nasal inferior 0.68 ± 0.04 0.61 ± 0.05 0.27

Temporal 0.62 ± 0.05 0.60 ± 0.05 0.75

SDOCT = spectral domain optical coherence tomography

CSLO = confocal scanning laser ophthalmoscopy
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