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PURPOSE. To evaluate and compare the ability of optical coherence tomography (OCT) retinal nerve fiber layer (RNFL), optic
nerve head, and macular thickness parameters to detect progressive structural damage in glaucoma.
METHODS. This observational cohort study included 253 eyes of
253 patients. Images were obtained annually with the Stratus
OCT (Carl Zeiss Meditec, Inc., Dublin, CA) along with optic
disc stereophotographs and standard automated perimetry
(SAP) visual fields. The median follow-up time was 4.01 years.
Progression was determined by the Guided Progression Analysis software for SAP (Carl Zeiss Meditec, Inc.) and by masked
assessment of optic disc stereophotographs performed by expert graders. Random coefficient models and receiver operating characteristic (ROC) curves were used to evaluate the
relationship between change in Stratus OCT parameters over
time and progression as determined by SAP and/or stereophotographs.
RESULTS. From the 253 eyes, 31 (13%) showed progression over
time by stereophotographs and/or SAP. Mean rates of change
in average RNFL thickness were significantly higher for progressors compared with nonprogressors (⫺0.72 m/y vs. 0.14
m/y; P ⫽ 0.004), with sensitivity of 77% for specificity of 80%.
RNFL parameters performed significantly better than ONH and
macular thickness measurements in discriminating progressors
from nonprogressors. The parameters with the largest ROC
curve areas for each scanning area were inferior RNFL thickness (0.84), cup area (0.66), and inferior inner macula thickness (0.64).
CONCLUSIONS. Stratus OCT RNFL parameters discriminated between eyes progressing by visual fields or optic disc photographs and eyes that remained stable by these methods and
performed significantly better than ONH and macular thickness
parameters in detecting change over time. (Invest Ophthalmol
Vis Sci. 2009;50:5741–5748) DOI:10.1167/iovs.09-3715
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D

etection of longitudinal change plays a central role in the
diagnosis and management of glaucoma. For patients with
established diagnosis, detection of progression over time indicates uncontrolled disease and possible need for therapy advancement. For patients who are suspected of having the
disease, detection of change can be used to confirm the diagnosis. Although automated perimetry has been the standard
method for detecting progressive glaucoma, it is known that
many eyes show changes to the retinal nerve fiber layer (RNFL)
and/or optic nerve head (ONH) as the only sign of disease
deterioration.1–5 Therefore, there is a need for methods that
can provide objective and reliable longitudinal evaluation of
structural damage in glaucoma.
OCT is an imaging technique originally developed to provide objective and quantitative estimates of the thickness of the
RNFL. OCT RNFL measurements are reproducible and have
been shown in cross-sectional studies to be able to discriminate glaucomatous from healthy eyes.6 –19 Although a previous
investigation suggested a potential role for longitudinal OCT
RNFL measurements for monitoring glaucoma progression, the
study used a prototype version of the OCT instrument which
had larger variability and lower resolution than the current
commercially available Stratus OCT (Carl-Zeiss Meditec, Inc.,
Dublin, CA), which provides high-resolution retinal imaging
with time-domain (TD)OCT technology.20 Even though spectral domain (SD)OCT technology with higher speed and better
image resolution than TDOCT has become recently available,
SDOCT instruments are still under development, and TDOCT is
still widely used for structural evaluation in glaucoma.21–24
Although OCT has been used, for the most part, for assessment of the RNFL thickness, the Stratus OCT is also capable of
providing measurements of ONH topography and macular
thickness.25,26 These measurements have been shown to be
reproducible14,27,28 and, although they do not appear to be
particularly helpful for glaucoma diagnosis,29 their role in longitudinal evaluation in glaucoma has not yet been reported.
The purpose of this study was to evaluate and compare the
ability of Stratus OCT RNFL, ONH, and macular thickness
parameters to detect progressive structural damage in a cohort
of patients with glaucoma and individuals with suspected disease observed over time. Longitudinal changes in Stratus OCT
measurements were compared with changes detected by conventional methods, including standard automated perimetry
(SAP) and color stereophotographs of the optic disc.

METHODS
This was an observational cohort study. Participants from this study
were included in a prospective longitudinal study designed to evaluate
optic nerve structure and visual function in glaucoma (DIGS; Diagnostic Innovations in Glaucoma Study) conducted at the Hamilton Glaucoma Center (University of California, San Diego). Participants in the
DIGS were longitudinally evaluated according to a pre-established
protocol that included regular follow-up visits in which patients underwent clinical examination and several other imaging and functional
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tests. All the data were entered in a computer database. All participants
from the DIGS study who met the inclusion criteria were enrolled in
the present study. Informed consent was obtained from all participants. The University of California San Diego Human Subjects Committee approved all protocols, and the methods adhered to the tenets
of the Declaration of Helsinki.
At each visit during follow-up, subjects underwent a comprehensive ophthalmic examination, including review of medical history,
best-corrected visual acuity, slit-lamp biomicroscopy, intraocular pressure (IOP) measurement, gonioscopy, dilated fundoscopic examination, stereoscopic optic disc photography, and automated perimetry
with 24-2 Swedish Interactive Threshold Algorithm (SITA). Only subjects with open angles on gonioscopy were included. Subjects were
excluded if they presented best-corrected visual acuity less than 20/40,
spherical refraction outside ⫾5.0 D and/or cylinder correction outside
3.0 D, or any other ocular or systemic disease that could affect the
optic nerve or the visual field.
The study included patients with diagnosed glaucoma as well as
patients with suspected disease, as determined on the baseline visit.
Eyes were classified as glaucomatous if they had repeatable (two
consecutive) abnormal visual field test results during the baseline visits,
defined as a pattern standard deviation (PSD) outside the 95% normal
confidence limits, or a Glaucoma Hemifield Test result outside normal
limits, regardless of the appearance of the optic disc. Eyes were
classified as having suspected glaucoma if they had a history of elevated intraocular pressure (⬎21 mm Hg) and/or suspicious or glaucomatous appearance of the optic nerve but normal and reliable visual
field results on the baseline visits.
Stratus OCT images were obtained annually during follow-up, and
a minimum of three separate visits and 2 years of follow-up were
required for inclusion in the study. In some visits, more than one image
was available for analysis. The existence of multiple images during the
same visit was taken into account during statistical analysis and used to
evaluate the variability of Stratus OCT measurements. Eligible subjects
were required to have had a visual field examination and optic disc
stereophotographs taken close (within 6 months) to the baseline and
last Stratus OCT scans. Baseline was set at the first occurrence of this
matching, and the Stratus OCT date was used as the baseline date.
During the follow-up time, each patient was treated at the discretion of
the attending ophthalmologist. Only one eye of each patient was
randomly selected as the study eye and imaged during follow-up.

Standard Automated Perimetry
Only reliable tests (ⱕ33% fixation losses and false negatives, and ⬍15%
false positives) were included. Glaucomatous visual field progression
was assessed using the Humphrey Field Analyzer (HFA; Carl Zeiss
Meditec) Guided Progression Analysis (GPA) software. Progression by
SAP GPA was defined as a statistically significant decrease in the
pattern deviation values from the average of two baseline exams.
Change in three or more of the same test points on three follow-up
consecutive tests were required for confirmed progression.30

Stereophotograph Grading
Simultaneous stereoscopic optic disc photographs (TRC-SS; Topcon
Instrument Corporation of America, Paramus, NJ) were reviewed using
a stereoscopic viewer (Asahi Pentax Stereo Viewer II; Asahi Optical
Co., Tokyo, Japan). For progression assessment, each patient’s most
recent stereophotograph was compared with the baseline one. Definition of change was based on focal or diffuse thinning of the neuroretinal rim, increased excavation, and appearance or enlargement of
RNFL defects. Evidence of progression was based on masked (patient
name, diagnosis, temporal order of photographs) comparison between
the baseline and most recent photograph, by two observers. If these
observers disagreed, a third observer served as an adjudicator.

Stratus OCT
The commercially available optical coherence tomograph Stratus OCT
(Carl Zeiss Meditec, Dublin, CA) was used for ocular imaging in
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subjects with dilated pupils.29 All patients had optic nerve head, RNFL
thickness and macular thickness scans obtained during the same visit.
Quality assessment of Stratus OCT scans was evaluated by an experienced examiner masked to the subject’s other test results. Goodquality scans had to have focused images from the ocular fundus,
adequate signal strength (⬎6 for RNFL and macula scans), and the
presence of a centered circular ring around the optic disc (for RNFL
scans). For macula and ONH scans, the radial scans had to be centered
on the fovea and optic disc, respectively. RNFL scans were also evaluated as to the adequacy of the algorithm for detection of the RNFL.
Only scans without overt algorithm failure in detecting the retinal
borders were included in the study.

RNFL Thickness Measurements
The fast RNFL algorithm was used to obtain RNFL thickness measurements with Stratus OCT. Three images were acquired from each
subject, with each image consisting of 256 A-scans along a 3.4-mmdiameter circular ring around the optic disc. Parapapillary RNFL thickness parameters automatically calculated by existing Stratus OCT software (ver. 4.0) and evaluated in this study were average thickness
(360° measure), temporal quadrant thickness (316°– 45°), superior
quadrant thickness (46°–135°), nasal quadrant thickness (136°–225°),
and inferior quadrant thickness (226°–315°).

Optic Nerve Head Measurements
The Fast Optic Disc scanning protocol (software ver. 4.0) was used to
obtain ONH measurements with Stratus OCT, as described elsewhere.
In optic nerve head scans, the device automatically determines the disc
margin as the end of the retinal pigment epithelium/choriocapillaris
layer. One can manually adjust the demarcation of the edge of the
retinal pigment epithelium to improve the outlining of the disc margin.
However, the automatically determined default disc margin was used
in this study to minimize subjectivity.

Macular Thickness Measurements
The Fast Macular Thickness protocol (software ver. 4.0) was used to
obtain macular thickness measurements with Stratus OCT, as described in detail elsewhere.29 Three concentric circles divide the
macular thickness map into three zones: fovea, inner macula, and outer
macula. The inner and outer zones are further divided into four quadrants by two diagonal lines. Thus, a total of nine areas (fovea, superior
outer, superior inner, inferior outer, inferior inner, temporal outer,
temporal inner, nasal outer, and nasal inner) are available for analysis.
For example, inner inferior macular thickness refers to the thickness of
the macula in the inferior region in the inner ring around the fovea. For
this study, concentric circles with default diameters of 1, 3, and 6 mm
were used to divide the macular thickness map. Average macular
thickness was calculated as the weighted average of the sectoral
macular thickness measurements excluding the fovea.

Statistical Analysis
Random coefficient models were used to evaluate the relationship
between Stratus OCT measurements and progression as determined by
SAP or stereophotographs. We have used these models to investigate
the rate of RNFL change in glaucoma by scanning laser polarimetry
with variable and enhanced corneal compensation.31–33
Stratus OCT parameters were considered as the dependent variable. Progression as assessed by stereophotographs and SAP was included as a fixed-effect covariate (variable PROG in the model below)
with a value of 1 if the eye progressed by stereophotographs and/or
SAP and a value of 0 if the eye did not show progression with any of
these methods. Time (variable TIME) was included as a continuous
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TABLE 1. Baseline Stratus OCT Measurements

Average thickness
Superior average
Inferior average
Nasal average
Temporal average
VIRA
HIRW
Rim area
Cup area
Cup/disc area
Average macula
Superior outer macula
Inferior outer macula
Nasal outer macula
Temporal outer macula
Superior inner macula
Inferior inner macula
Nasal inner macula
Temporal inner macula
Fovea

Progressors
(n ⴝ 31)

Nonprogressors
(n ⴝ 222)

P

77.3 ⫾ 17.6
97.1 ⫾ 25.8
86.5 ⫾ 27.2
65.7 ⫾ 14.8
60.0 ⫾ 17.1
0.15 ⫾ 0.15
1.20 ⫾ 0.28
0.97 ⫾ 0.37
1.39 ⫾ 0.62
0.57 ⫾ 0.17
232.3 ⫾ 21.8
219.9 ⫾ 21.5
202.3 ⫾ 17.7
234.7 ⫾ 25.9
200.8 ⫾ 18.0
258.0 ⫾ 26.6
250.5 ⫾ 23.6
257.8 ⫾ 28.0
243.5 ⫾ 22.5
162.7 ⫾ 25.4

90.1 ⫾ 14.5
111.6 ⫾ 20.8
113.0 ⫾ 23.4
70.5 ⫾ 17.6
65.4 ⫾ 14.4
0.29 ⫾ 0.22
1.50 ⫾ 0.29
1.33 ⫾ 0.49
1.05 ⫾ 0.55
0.43 ⫾ 0.20
240.9 ⫾ 15.4
227.6 ⫾ 16.4
217.7 ⫾ 17.0
243.7 ⫾ 18.5
212.3 ⫾ 14.7
265.0 ⫾ 18.1
261.8 ⫾ 17.1
267.1 ⫾ 19.3
253.3 ⫾ 16.8
164.7 ⫾ 26.0

⬍0.001
0.005
⬍0.001
0.107
0.102
⬍0.001
⬍0.001
⬍0.001
0.007
⬍0.001
0.043
0.063
⬍0.001
0.069
0.002
0.167
0.015
0.081
0.026
0.695

Data are shown for eyes with progression shown by visual fields and/or stereophotographs and in
eyes that remained stable according to both methods
* VIRA, vertically integrated rim area; HIRW, horizontally integrated rim width.
predictor. The significance of the coefficients associated with the
variable TIME indicates whether there is a significant trend in Stratus
OCT measurements over time, that is, whether Stratus OCT measurements tend to decrease or increase significantly over time. The twoway interaction between TIME and PROG was included in the model
to evaluate whether there was a significant difference in longitudinal
Stratus OCT measurements over time between progressors and nonprogressors. The following random components were added to the
model: random eye–specific effects associated with both the intercept
and slope (i.e., the effect of time) for each eye and random effects
associated with the intercept for each visit nested within the eye (due
to the multiple images acquired on each visit for each eye). The general
form of the model for an individual Stratus OCT measurement y at visit
t (time during follow-up) on eye i (denoted by OCTyti) was as follows:
OCTyti ⫽ ␤0 ⫹ ␤1 ⫻ TIMEti ⫹ ␤2 ⫻ PROGi ⫹ ␤3 ⫻ TIMEti ⫻ PROGi
⫹ 0i ⫹ 1i ⫻ TIMEti ⫹ 0t兩i ⫹ yti
The parameters ␤0 through ␤3 represented the fixed effects associated
with the intercept, time, progression, and the two-way interaction
between progression and time; 0i and 1i were random eye effects
associated with the intercept and time slope, respectively; 0t兩i represented the random effects associated with multiple measures during
the same visit or time t; and yti represented the residual.
Estimates of rates of change for individual eyes were obtained by
best linear unbiased prediction (BLUP). ROC curves of rates of change
were used to describe the ability to differentiate progressors from
nonprogressors for each Stratus OCT software-provided parameter.
The ROC curve shows the tradeoff between sensitivity and 1 ⫺ specificity. An area under the ROC curve of 1.0 represents perfect discrimination, whereas an area of 0.5 represents chance discrimination. The
method of DeLong et al.34 was used to compare areas under the ROC
curve.
Statistical analyses were performed with an ␣ level (type I error) set
at 0.05 (Stata ver. 10.0; StataCorp, College Station, TX).

RESULTS
The study included 253 eyes of 253 patients with a mean ⫾ SD
age at baseline of 63 ⫾ 12 years. One hundred forty-five (57%)
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patients were women. Median follow-up time was 4.1 years
(first quartile, 3.0 years; third quartile, 5.0 years). From the 253
eyes included in the study, 105 (42%) had a diagnosis of
glaucoma, and 148 (58%) were considered to have suspected
glaucoma. Median (first quartile, third quartile) MD and PSD of
the visual field closest to the baseline imaging test date in
glaucomatous eyes were ⫺2.79 dB (⫺4.77, ⫺1.80) and 3.13 dB
(2.43, 5.67). Corresponding values for eyes with suspected
glaucoma were ⫺0.56 dB (⫺1.39, ⫺0.06) and 1.59 dB (1.42,
1.86).
Of the 253 eyes, 31 (13%) showed progression over time by
optic disc stereophotographs and/or visual fields. Of the 31
progressing eyes, 13 (42%) showed progression only by SAP
GPA, 12 (39%) only by optic disc stereophotographs, and 6
(19%) by both methods. Table 1 shows baseline Stratus OCT
measurements in progressing and nonprogressing eyes.
To illustrate the random coefficient models used in the
study, we report in Table 2 the results of the model when
applied to investigate changes in the Stratus OCT average RNFL
thickness parameter. Mean baseline average RNFL thickness
was significantly lower in progressors compared with nonprogressors (variable PROG; ␤1 ⫽ ⫺12.5 m; P ⬍ 0.001). The
mean rate of change in RNFL thickness was ⫺0.72 m/y in
progressors compared with 0.14 m/y in nonprogressors. The
significance (P ⫽ 0.004) of the interaction term (␤3; PROG ⫻
TIME) indicates that the difference between rates of RNFL loss
over time in the two groups was statistically significant. As the
nonprogressor group was used as reference category (0 in the
variable PROG), the coefficient of the variable TIME (␤1) indicates the rate of loss in the nonprogressing group (as the
interaction term PROG ⫻ TIME will be 0). The mean rate of
TABLE 2. Results of the Random Coefficients Model for the Stratus
OCT Parameter Average Thickness
Parameter

Coefficient

Estimate

Intercept
TIME
PROG
PROG ⫻ TIME

␤0
␤1
␤2
␤3

90.3
0.14
⫺12.5
⫺0.86

95% CI
88.4
⫺0.06
⫺18.1
⫺1.45

to
to
to
to

92.2
0.34
⫺7.00
⫺0.27

P
⬍0.001
0.179
⬍0.001
0.004

5744

Medeiros et al.

IOVS, December 2009, Vol. 50, No. 12

FIGURE 1. Rates of change versus baseline Stratus OCT average RNFL
thickness measurements in progressors and nonprogressors.

change in nonprogressors was not significantly different from
0 (P ⫽ 0.179). To obtain the rate of loss in the progressing
group, it is necessary to add the coefficient ␤1 (0.14 m/y) to
that of the interaction term ␤3 (⫺0.86 m/y), which results in
⫺0.72 m/y. Figure 1 shows the rates of change versus baseline Stratus OCT average RNFL thickness measurements in
progressors and nonprogressors. The area under the ROC
curve for discriminating progressors versus nonprogressors
with the Stratus OCT average RNFL thickness was 0.83 (95%
CI, 0.74 – 0.92). Table 3 shows rates of change in the other
Stratus OCT RNFL thickness parameters as well as the corresponding areas under the ROC curves, to discriminate progressors from nonprogressors. The parameter inferior average had
the largest area under the ROC curve of 0.84 (95% CI, 0.77–
0.92), although it was similar to the average thickness parameter.
Table 4 shows mean rates of change in the Stratus OCT
ONH topographic parameters in progressors versus nonprogressors, as well as the corresponding areas under the ROC
curves. A statistically significant difference between mean
rates of change in progressors versus nonprogressors was
observed only for the parameter cup area. For this parameter, the mean rate of change in progressors was 0.035
mm2/y compared with 0.008 mm2/y in nonprogressors (P ⫽
0.011). However, the ability to discriminate progressors
from nonprogressors for this parameter was poor, with an
ROC curve area of only 0.66. Figure 2 shows rates of change
versus baseline Stratus OCT cup area measurements in progressors and nonprogressors.
Table 5 shows mean rates of change in the Stratus OCT
macular thickness parameters in progressors versus nonprogressors and the corresponding areas under the ROC curves.
No statistically significant differences were found in mean rates
of change between progressors and nonprogressors for any of

the macular thickness parameters. Figure 3 shows rates of
change versus baseline Stratus OCT average macular thickness
in progressors and nonprogressors. None of the macular thickness measurements was able to successfully discriminate progressors from nonprogressors, as is evident from the ROC
curve areas close to 0.5 for all parameters. The macular thickness parameter with largest ROC curve area was inferior inner
macular thickness with an ROC curve area of 0.64 (95% CI,
0.51– 0.76).
Figure 4 shows the ROC curves for rates of change of the
parameters with largest areas under the ROC curves to discriminate progressors versus nonprogressors for each scanning
area: inferior RNFL thickness, cup area, and inferior inner
macular thickness. The ROC curve area for inferior RNFL thickness was significantly higher than that for cup area (P ⫽ 0.003)
and inferior inner macular thickness (P ⫽ 0.003). Figure 4 also
shows the ROC curve for the parameter average RNFL thickness.
Because of the differences in baseline measurements of
Stratus OCT parameters between progressors and nonprogressors, we also built models for each parameter incorporating baseline measurements and their interactions with
time as fixed-effects covariates. These models enabled the
evaluation of rates of change in progressors and nonprogressors while adjusting for baseline differences and also the
investigation of the effect of baseline measures on the ability
to detect change over time. The results were similar to
models without the baseline covariates. For average RNFL
thickness, for example, the mean rates of change for progressors and nonprogressors were ⫺0.77 m/y versus 0.02
m/y, respectively (P ⫽ 0.049), for an adjusted baseline
average RNFL thickness of 90 m. We were not able to find
a statistically significant effect of baseline measurements on
the rate of change over time (P ⫽ 0.979).

DISCUSSION
In this study, we found that eyes that showed progression by
standard methods (i.e., SAP visual fields and optic disc stereophotographs) had significantly higher rates of RNFL loss
over time as measured by the Stratus OCT than did eyes that
remained stable. Also, RNFL thickness parameters performed significantly better than ONH and macular thickness
parameters for detection of change. To our knowledge, this
is the first study to evaluate these three OCT scanning areas
for monitoring progression and these findings may have
significant implications for the use of this instrument to
longitudinally evaluate glaucomatous eyes and those suspected of having disease.
Stratus OCT RNFL parameters performed well in discriminating eyes that progressed by visual fields and/or optic disc
stereophotographs from eyes that did not, with areas under the
ROC curves above 0.80 for clinically relevant parameters. The
mean rate of change for the RNFL parameter average thickness
in progressing eyes was ⫺0.72 m/y, which corresponds to

TABLE 3. Rates of Change in Stratus OCT RNFL Thickness Parameters
Parameter

Nonprogressors

Progressors

P

ROC Curve Area
(95% CI)

Average thickness
Superior average
Inferior average
Nasal average
Temporal average

0.14 (0.10)
⫺0.62 (0.19)
0.56 (0.18)
0.40 (0.19)
0.22 (0.13)

⫺0.72 (0.28)
⫺1.52 (0.52)
⫺0.55 (0.43)
⫺0.15 (0.53)
⫺0.21 (0.36)

0.004
0.099
0.007
0.327
0.264

0.83 (0.74–0.92)
0.81 (0.73–0.89)
0.84 (0.77–0.92)
0.58 (0.46–0.70)
0.61 (0.50–0.71)

Data are mean rate of change (SE) in progressors versus nonprogressors with corresponding areas under the ROC curves.
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TABLE 4. Rates of Change in Stratus ONH Parameters
Parameter

Nonprogressors

Progressors

P

ROC Curve Area
(95% CI)

VIRA
HIRW
Rim area
Cup area
Cup/disc area
Vertical C/D ratio
Horizontal C/D ratio

⫺0.0002 (0.002)
0.003 (0.003)
0.007 (0.007)
0.008 (0.005)
⫺0.001 (0.002)
0.0004 (0.002)
⫺0.002 (0.002)

⫺0.014 (0.014)
0.009 (0.010)
0.012 (0.014)
0.035 (0.009)
0.004 (0.004)
0.006 (0.004)
⫺0.001 (0.006)

0.327
0.631
0.753
0.011
0.283
0.223
0.897

0.51 (0.40–0.62)
0.44 (0.32–0.56)
0.48 (0.37–0.60)
0.66 (0.54–0.78)
0.57 (0.43–0.70)
0.57 (0.45–0.68)
0.56 (0.44–0.68)

Data are as described in Table 3.
*VIRA, vertically integrated rim area; HIRW, horizontally integrated rim width.

approximately 0.8% per year, compared to 0.14 m/y for
nonprogressing eyes. However, there was a wide variation in
the rates of change among the eyes included in the study, as
seen in Figure 1. Some of the eyes that were not detected as
progressing by visual fields or optic disc photographs had
significantly negative rates of change by Stratus OCT RNFL
assessment. This could represent progressive glaucomatous
damage that was not detected by conventional methods. In
fact, there is some evidence that there can be observed
changes in the RNFL before detectable damage to the optic
nerve or visual fields.3 In a longitudinal study of 64 eyes of 37
patients using a prototype OCT, Wollstein et al.20 found that
22% of the eyes had significant change in OCT measurements
without apparent deterioration of visual fields. Alternatively,
the decline in Stratus OCT measurements over time in nonprogressing eyes could also represent age-related loss of RNFL
thickness. Further follow-up of these subjects should clarify
whether these cases represent age-related loss of nerve fibers,
early detection of glaucoma progression, or simply instrumentrelated false-positive results.
The parameter inferior average had the best performance in
discriminating progressors from nonprogressors in our study,
with an ROC curve area of 0.84. For a specificity of 95%, the
sensitivity of this parameter was 39%. At a lower specificity of
80%, the sensitivity increased to 81%. Changes in the inferior
RNFL are in agreement with the expected pattern of damage in
glaucomatous optic neuropathy and, in fact, in several previous
cross-sectional studies, this parameter has been found to be the
best one that discriminates glaucomatous from healthy
eyes.10,12,29,35,36 It should be noted, however, that changes
may occur on different sectors of the optic disc and RNFL as

FIGURE 2. Rates of change versus baseline Stratus OCT cup area
measurements in progressors and nonprogressors.
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glaucoma progresses, which could explain why a single parameter may not be able to detect all progressing eyes. Also,
longitudinal evaluation of the RNFL with Stratus OCT may be
affected by variations in the position of the circle of measurements around the optic nerve. These variations have been
shown to result in decreased reproducibility37,38 and attempts
have been made to develop tracking systems that could improve image registration and RNFL measurement reproducibility.39,40 The use of SDOCTs is likely to overcome this limitation
and result in improved reproducibility of RNFL measurements.21,41,42 However, the ability of these instruments to
detect progressive glaucomatous damage has not yet been
evaluated.
Previous reports have found Stratus OCT ONH parameters
to be reproducible14,28 and to perform well in discriminating
eyes with glaucomatous visual field loss from healthy eyes.
However, in the present study, we found that these parameters
had poor ability to differentiate progressing from nonprogressing eyes in a longitudinal setting. Although rates of change in
the parameter cup area were significantly different between
the two groups, the area under the ROC curve was only 0.66.
Stratus OCT ONH parameters are obtained from only six radial
scans centered on the optic disc. Therefore, interpolation is
performed between the scans to obtain estimates of topographic parameters such as rim area and cup area. The large
amount of interpolation may explain the poor sensitivity of this
instrument in detecting small localized changes in glaucoma.
Calculation of Stratus OCT ONH parameters also depend on
the identification of the margins of the retinal pigment epithelium. Therefore, changes in this layer such as those occurring
from progressive parapapillary atrophy in glaucoma may also
affect the ability of these parameters to identify longitudinal
change.
None of the macular thickness parameters was able to
successfully discriminate progressors from nonprogressors in
our study, with areas under the ROC curves ranging from 0.47
to 0.64. Despite initial reports in the literature showing thin
macular measurements in some glaucomatous eyes,43– 46 subsequent larger cross-sectional studies have demonstrated that
these parameters actually perform poorly in differentiating
glaucomatous from healthy eyes.29,47 Similar to ONH measurements, calculation of Stratus OCT macular thickness parameters requires a significant amount of interpolation, as the instrument obtains only six radial scans centered on the fovea.
This limitation may contribute to the low sensitivity of these
parameters for detection of existing and progressive damage in
glaucoma. It should be noted, however, that we investigated
only the current macular thickness parameters provided by the
standard Stratus OCT printout, and it is possible that advances
in the software designed to extract data from the macular area
would improve detection of retinal ganglion cell loss in the
posterior pole. Also, the new SDOCTs are able to acquire a
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TABLE 5. Rates of Change in Stratus OCT Macular Thickness Parameters
Parameter

Nonprogressors

Progressors

P

ROC Curve Area
(95% CI)

Average macula
Superior outer macula
Inferior outer macula
Nasal outer macula
Temporal outer macula
Superior inner macula
Inferior inner macula
Nasal inner macula
Temporal inner macula
Fovea

⫺0.60 (0.13)
⫺0.68 (0.16)
⫺0.09 (0.17)
⫺0.09 (0.16)
⫺0.51 (0.18)
⫺0.69 (0.16)
⫺0.42 (0.16)
⫺0.87 (0.19)
⫺0.79 (0.18)
0.74 (0.30)

⫺0.75 (0.39)
⫺0.32 (0.59)
⫺0.83 (0.43)
⫺0.71 (0.52)
⫺0.22 (0.43)
0.03 (0.63)
⫺1.50 (0.56)
⫺0.56 (0.44)
⫺1.43 (0.46)
0.83 (0.99)

0.707
0.560
0.116
0.269
0.538
0.329
0.070
0.531
0.201
0.931

0.54 (0.41–0.66)
0.51 (0.39–0.62)
0.60 (0.48–0.72)
0.62 (0.51–0.73)
0.50 (0.39–0.71)
0.47 (0.35–0.59)
0.64 (0.51–0.76)
0.47 (0.35–0.58)
0.60 (0.49–0.72)
0.50 (0.38–0.72)

Data are as described in Table 3.

much larger number of scans with higher resolution than
TDOCTs, therefore reducing the need for interpolation and
perhaps improving the ability of this technology to detect
longitudinal change in macular thickness measurements in
glaucoma.48
Our study has limitations. We used SAP GPA and expert
assessment of optic disc stereophotographs as reference standards to determine progression in our study. Estimates of
Stratus OCT accuracy as performed in our study depend on the
accuracy of these reference methods. Although widely accepted in clinical practice, visual fields and stereophotographs
are imperfect reference standards,49,50 and it is possible that
some of the eyes had true progression detected only by the
Stratus OCT. This problem would underestimate the specificity
of OCT in our cohort of glaucomatous and suspected glaucomatous eyes. To try to overcome this limitation, some studies
have evaluated the specificity of imaging instruments in groups
of “pure” healthy eyes observed over time. However, calculations of specificity in completely healthy eyes for detection of
glaucomatous progression are not without problems. In clinical practice, imaging instruments are applied to detect and
monitor disease in diseased eyes or eyes suspected of having
glaucoma. By definition, healthy eyes have different characteristics from the eyes observed in clinical practice and, therefore,
estimates of specificity obtained from healthy eyes do not
necessarily apply to the clinically relevant population. Although SAP and optic disc photographs may be imperfect
reference standards, they have been widely used in clinical

FIGURE 3. Rates of change versus baseline Stratus OCT average macular thickness measurements in progressors and nonprogressors.
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practice and validated by major clinical trials in glaucoma.2,51,52 Also, it is unlikely that the imperfections in the
reference standards used in our study would have directly
affected the comparison of different OCT scanning areas as
performed in our study.
We used statistical models to evaluate whether Stratus OCT
parameters were able to detect longitudinal change in eyes
with progressive disease by conventional methods. The positive findings of our study should be seen as an initial step
toward validation of this technology for monitoring glaucoma.
However, future research should evaluate methods of detecting progressive damage that can be incorporated into clinical
practice. These methods should be able to detect progression
in individual patients taking into account the expected variability over time. Several of these methods have been proposed for
other imaging technologies, and similar methods are likely to
be implemented for OCT.
In conclusion, Stratus OCT RNFL parameters were able to
discriminate eyes with progressing disease by visual fields or
optic disc photographs from eyes that remained stable according to these methods, and performed significantly better than
ONH and macular thickness parameters in detecting change
over time. These findings suggest that RNFL assessment with
this technology could be useful in detecting and monitoring
the progression of disease in patients with an established
diagnosis of glaucoma or suspected glaucoma.

FIGURE 4. ROC curves of rates of change for discriminating progressors from nonprogressors of the three parameters with largest areas
under the ROC curves in each scanning area and the average RNFL
thickness.
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