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Objective: To determine whether baseline confocal scan-
ning laser ophthalmoscopy (CSLO) optic disc topo-
graphic measurements are associated with the develop-
ment of primary open-angle glaucoma (POAG) in
individuals with ocular hypertension.

Methods: Eight hundred sixty-five eyes from 438 par-
ticipants in the CSLO Ancillary Study to the Ocular Hy-
pertension Treatment Study with good-quality baseline
CSLO images were included in this study. Each baseline
CSLO parameter was assessed in univariate and multi-
variate proportional hazards models to determine its as-
sociation with the development of POAG.

Results: Forty-one eyes from 36 CSLO Ancillary Study
participants developed POAG. Several baseline topo-
graphic optic disc measurements were significantly as-
sociated with the development of POAG in both univari-
ate and multivariate analyses, including larger cup-disc
area ratio, mean cup depth, mean height contour, cup
volume, reference plane height, and smaller rim area, rim
area to disc area, and rim volume. In addition, classifi-

cation as “outside normal limits” by the Heidelberg Retina
Tomograph classification and the Moorfields Regres-
sion Analysis classifications (overall, global, temporal in-
ferior, nasal inferior, and superior temporal regions) was
significantly associated with the development of POAG.
Within the follow-up period of this analysis, the posi-
tive predictive value of CSLO indexes ranged from 14%
(Heidelberg Retina Tomograph classification and Moor-
fields Regression Analysis overall classification) to 40%
for Moorfields Regression Analysis temporal superior clas-
sification.

Conclusions: Several baseline topographic optic disc mea-
surements alone or when combined with baseline clini-
cal and demographic factors were significantly associ-
ated with the development of POAG among Ocular
Hypertension Treatment Study participants. Longer fol-
low-up is required to evaluate the true predictive accu-
racy of CSLO measures.
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N UMEROUS STUDIES HAVE

assessed the ability of
confocal scanning laser
ophthalmoscopy (CSLO)
optic disc measure-

ments to discriminate between healthy eyes
and eyes with established glaucoma in
cross-sectional studies. Estimates of sen-
sitivity and specificity range from 58% to
88% and 73% to 96%, respectively.1-8 Few
studies have evaluated CSLO optic disc to-
pography in ocular hypertensive eyes with-
out glaucomatous-appearing optic discs or
visual field damage.9 The Ocular Hyper-
tension Treatment Study (OHTS), with its
large cohort of participants with ocular hy-
pertension without clinically evident op-
tic disc or visual field damage at study en-

try, provides a unique opportunity to
detect changes in the optic disc prior to
the determination of primary open-angle
glaucoma (POAG) by OHTS criteria. One
of the primary aims of the CSLO Ancil-
lary Study to the OHTS was to describe the
association of baseline CSLO optic disc to-
pographic measurements and indexes with
the development of POAG among partici-
pants enrolled in this ancillary study.10,11

To our knowledge, this is the first report
to evaluate whether CSLO topographic op-
tic disc measurements are associated with
the development of glaucomatous optic
disc or visual field damage in patients with
ocular hypertension.

The OHTS, a multicenter randomized
clinical trial, demonstrated that topical
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ocular hypotensive medication was effective in delaying
or preventing the onset of POAG.12-14 In addition, the
OHTS identified baseline demographic, clinical, and ocu-
lar characteristics, including age, vertical and horizon-
tal cup-disc ratio, pattern standard deviation, central cor-
neal thickness, and intraocular pressure (IOP), as
predictors for the development of POAG in the OHTS.14

The aim of the present report was to describe the as-
sociation of baseline CSLO optic disc topographic mea-
surements with the development of POAG among par-
ticipants in the CSLO Ancillary Study to the OHTS.

METHODS

The study design and baseline characteristics of the baseline
CSLO Ancillary Study to the OHTS have been described pre-
viously.10,11 In brief, participants in the OHTS CSLO Ancillary
Study were recruited from 7 of the 22 OHTS clinics (Hamilton
Glaucoma Center, University of California, San Diego, La Jolla;
Devers Eye Institute, Portland, Ore; Henry Ford Medical Cen-
ter, Troy, Mich; Jules Stein Eye Institute, University of Cali-
fornia, Los Angeles; University of California, Davis, Sacra-
mento; Scheie Eye Institute, University of Pennsylvania,
Philadelphia; and New York Eye and Ear Infirmary, New York).
All participants met the inclusion and exclusion criteria out-
lined for the OHTS.12 In brief, subjects with ocular hyperten-
sion ranging from 24 to 32 mm Hg in at least one eye and 21 to
32 mm Hg in the fellow eye were eligible. At entry to the OHTS,
each participant was required to have 2 normal, reliable (fewer
than 33% false positives, false negatives, and fixation losses)
automated achromatic 30-2 visual field results (Zeiss-
Humphrey Systems, Dublin, Calif ). Normal field results re-
quired global indexes within the 95% age-specific population
norms and glaucoma hemifield test results within the 97%
age-specific population norm based on STATPAC 2 analysis
as verified by the Visual Field Reading Center, Davis, Calif.15

At entry to the OHTS, participants also were required to have
normal-appearing optic discs based on clinical examination and
review of full-frame 35-mm pairs or split-frame simultaneous
stereoscopic optic disc photographs. All photographs were
assessed by 2 independent, masked, certified graders at the
Optic Disc Reading Center, Miami, Fla.16 Participants were
excluded from the study if the review of their photographs
documented a localized notch or thinning of the neuroretinal
rim, a diffuse or localized area of pallor, an optic disc hemor-
rhage, or an asymmetry between the 2 eyes in the cup-disc ra-
tios greater than 0.2. The Optic Disc Reading Center graders
estimated horizontal and vertical cup-disc ratios by contour.

A description of baseline clinical, demographic, and ocular
information collected in the OHTS has been reported previ-
ously.12,14 Central corneal thickness measurements were com-
pleted about 2 years after randomization of the last participant.

The primary end points for the OHTS were the develop-
ment of a confirmed visual field abnormality or a confirmed
clinically significant optic disc deterioration attributed to
POAG.14 Abnormalities were independently identified by
masked, certified readers at the Visual Field and Optic Disc Read-
ing Centers. The masked End Point Committee then deter-
mined whether these confirmed abnormalities were attribut-
able to POAG.

As described previously,10,11 CSLO examinations were ob-
tained with the Heidelberg Retina Tomograph (HRT) (Heidel-
berg Engineering, GmbH, Dossenheim, Germany) during the
visit for the OHTS dilated examination. At each annual OHTS
CSLO Ancillary Study visit, three 10° images centered on the
optic disc were obtained of both eyes and three 15° images were

obtained of the right eye. If both 10° and 15° good-quality im-
ages were available, the 10° images were used in this analysis.
Corneal curvature measurements were used to correct images
for magnification error. Corrective lenses were used during im-
age acquisition when astigmatism was greater than 1 diopter.
Mean images were used for statistical analyses. All CSLO im-
ages were obtained by operators certified by the CSLO Read-
ing Center at the University of California, San Diego. The CSLO
Reading Center also conducted all quality assessment and im-
age processing.10 Contour lines outlining the disc margin were
drawn by a certified operator while viewing a copy of stereo-
scopic photographs of the optic disc from the Optic Disc Read-
ing Center.10

The CSLO Ancillary Study to the OHTS was funded after
the initiation of enrollment in the OHTS. Therefore, many par-
ticipants completed their first CSLO examination visit after their
baseline or randomization visit.10 In this interval, some of these
participants developed optic disc deterioration or visual field
abnormality that was subsequently confirmed and attributed
to POAG. If the first CSLO measurement took place after the
OHTS examination, with a suspicious finding later confirmed
as POAG, that eye was excluded from the analysis. The date
for a POAG end point was the first date of 3 consecutive, ab-
normal visual field test results or the first date of 2 consecu-
tive sets of stereophotographs showing clinically significant de-
terioration that classified the eye as reaching a POAG end point.
The sample for this report consisted of all images from the first
CSLO visit with good-quality images to the closure date for this
report or to the first suspicious date of POAG, whichever was
first. As described previously,10 approximately 23% of partici-
pants had their first good-quality CSLO images obtained at the
OHTS baseline visit, 36% at the 6-month or 12-month visit, 29%
at the 18-month or 24-month visit, and 12% at later visits.

Details describing the HRT and the topographic measure-
ments available have been presented in detail elsewhere.10,17 In
this report, we analyzed the baseline values for the following CSLO
parameters and composite indexes: disc area, cup area and vol-
ume, cup-disc area ratio, rim-disc area ratio, mean cup depth, reti-
nal nerve fiber layer (RNFL) thickness and cross-sectional area,
rim area and volume, mean height contour, reference plane height,
cup shape, Moorfields Regression Analysis (MRA) (classified as
outside normal limits or not outside normal limits), and HRT clas-
sification (outside normal limits vs within normal limits), as well
as the continuous variable HRT classification 2. The MRA com-
pared the log of the measured neuroretinal rim area with the pre-
dicted age-corrected rim area (adjusted for optic disc area) and
determined whether the predicted values were outside the 99.9%
confidence limits of normal values.18 The MRA was evaluated glob-
ally and in the following 6 regions (with 0° as temporal): tempo-
ral superior (46°-90°), nasal superior (91°-135°), nasal (136°-
225°), nasal inferior (226°-270°), temporal inferior (271°-315°),
and temporal (316°-45°). In addition, if any of the regional or global
values were outside normal limits then the MRA overall mea-
surement was defined as outside normal limits. The reference plane
height was used to differentiate between neuroretinal rim area
and the optic cup.19 Using standard HRT software (version 2.01),
the reference plane height was calculated 50 µm posterior to the
mean height contour along a small temporal section of the con-
tour line. Cup area, cup-disc area ratio, cup volume below the
reference plane, RNFL thickness and cross-sectional area, and rim
area were measured using this reference plane. Other param-
eters, including mean height contour, cup shape, and mean cup
depth, were measured from the curved surface. The standard de-
viation of the mean image is a measure of image quality.

The CSLO Ancillary Study protocol was approved by the
institutional review boards of each clinic participating in the
ancillary study. Written informed consent for participation in
the ancillary study was obtained from OHTS participants.
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The analysis data set included OHTS and CSLO baseline data
and POAG end points with initial suspicious dates before Oc-
tober 2003 that were confirmed and entered into the database
by February 9, 2004. All descriptive tables (means and per-
centages) report the average of the right and left eyes.

The association of each CSLO parameter and composite in-
dex for the development of POAG was assessed individually
in univariate analyses with Cox proportional hazards models
using the PHREG procedure of SAS (SAS Institute Inc, Cary,
NC). Data for both eyes of the participant were included in the
model and the method of Lee et al20 was used to adjust for the
correlation of the 2 eyes from the same participant. The CSLO
variable units were standardized for analysis in proportional
hazard models. The units of analyses were chosen so that each
variable would have an approximate standard deviation of 1.
Baseline CSLO parameters and composite indexes were also as-
sessed in multivariate Cox proportional hazards models that
adjusted for baseline factors predictive of POAG in the overall
OHTS sample of 1636 participants (age, IOP, pattern standard
deviation, history of heart disease, and central corneal thick-
ness).14,21 These multivariate models did not adjust for base-
line horizontal or vertical cup-disc ratios as determined by the
Optic Disc Reading Center from stereoscopic photographs for
2 reasons: (1) the objective was to estimate the independent
contribution of the CSLO parameter as the sole indicator of disc
status and (2) the inability to resolve statistically the indepen-
dent contribution of cup-disc ratio from the independent con-
tribution of CSLO parameters because of their high intercor-
relations.10 Medication was included in the univariate and
multivariate models as a time-dependent covariate because of
the initiation of ocular hypotensive medications for the obser-
vation group in 2002.

Because many CSLO parameters are closely related to each
other or are composite scores, we selected the best CSLO pre-
dictor(s) from each of 5 families of variables: (1) cup (in-
cludes mean cup depth and cup volume), (2) neuroretinal rim
(includes rim area, rim area/disc area, mean height contour,
and rim volume), (3) MRA classification (includes global and
regional results), (4) RNFL (includes RNFL thickness and cross-
sectional area), and (5) reference plane height (in its own cat-
egory) of CSLO measures using the score criterion of the PHREG
procedure of SAS software. The score criterion as imple-
mented in PHREG was used to determine if the addition of more
than 1 CSLO variable increased the explanatory power of the
model. Hazard ratios for each putative predictive factor are re-
ported with 95% confidence intervals. For the purpose of il-
lustration, we include Kaplan-Meier plots of the univariate cu-
mulative probability of developing POAG for selected CSLO
measures.

RESULTS

Eight hundred seventy-four eyes from 439 participants
had good-quality baseline CSLO images and were eli-
gible for inclusion in this analysis.10 Nine eyes were ex-
cluded because the initial CSLO measurement was on the
same day or after the first suspicious date for a POAG
end point. One participant had both eyes excluded. There-
fore, the analysis sample for this report consists of 865
eyes of 438 participants. Baseline demographic, clinical,
and ocular factors of the 438 CSLO Ancillary Study par-
ticipants included in this analysis are reported in Table1
and Table 2. Seventy-four (17%) of the CSLO partici-
pants were African American, 253 (58%) were female,
and 141 (32%) reported a family history of glaucoma
(Table 1).

Forty-one eyes of 36 CSLO participants developed
POAG after the initial CSLO measurement. Five partici-
pants developed bilateral POAG and 31 developed uni-
lateral POAG during the follow-up period in this report.
Of the 41 eyes with POAG, 9 initially reached end point
based on visual field results alone, 31 initially on stereo-
photographs alone, and 1 based on concurrent visual field
results and stereophotographs. Of the 31 eyes that were
only initially classified as having POAG on the basis of
stereophotographs, 1 went on to develop visual field dam-
age attributable to POAG. Six of the 9 eyes classified as
having POAG based on visual field results later devel-
oped optic disc changes attributable to POAG. There were
824 eyes from the 432 participants who did not develop
POAG.

Median follow-up from the first CSLO examination
to the first suspicious date for POAG was 48.4 months
(mean±SD, 48.4±25.2 months). Median follow-up from
the first CSLO examination to the last usable visual field
test result or photograph was 84.1 months (mean±SD,
79.5±20.8 months) for eyes that did not develop POAG.
Median OHTS follow-up from the baseline OHTS visit
to the first suspicious date for POAG or last usable vi-
sual field result or photograph for eyes that did not de-
velop POAG was 97.3 months (mean±SD, 93.3±19.7
months).

In univariate analysis, baseline clinical and ocular fac-
tors and CSLO topographic optic disc measurements were
associated with the development of POAG (Table 3).
Specifically, baseline clinical and ocular factors, includ-
ing a history of heart disease, thinner central corneal thick-
ness, and larger, stereophotograph-based horizontal and
vertical cup-disc diameter ratios, were significantly pre-
dictive of POAG. Baseline age, IOP, and visual field pat-
tern standard deviation were associated with the devel-
opment of POAG in the expected direction but did not
reach statistical significance in this subset of OHTS par-
ticipants. Baseline race, sex, family history of glaucoma,
history of high or low blood pressure, myopia, and base-
line visual field mean deviation were not associated with
the development of POAG in this study population (data
not shown).

Several baseline topographic optic disc measure-
ments were significantly associated with the develop-
ment of POAG in both univariate and multivariate analy-
sis. Table 3 reports the results of 26 multivariate models
(1 multivariate model for each of 26 CSLO parameters)
to test the independent relationship of each CSLO pa-
rameter with POAG, adjusting for baseline age, IOP, cen-
tral corneal thickness, visual field pattern standard de-
viation, and history of heart disease. Classification of
“outside normal limits” by HRT classification, MRA over-
all and global classifications, and MRA classifications for
the temporal inferior, nasal inferior, and temporal supe-
rior regions were significantly associated with the devel-
opment of POAG, with multivariate hazard ratios (95%
confidence interval) of 2.54 (1.31-4.90), 2.39 (1.02-
5.62), 3.37 (1.13-9.99), 5.80 (1.60-21.0), 4.19 (1.61-
10.91), and 3.28 (0.98-10.98), respectively.

The topographic measurements in which larger val-
ues at baseline were significantly associated with the de-
velopment of POAG included cup-disc area ratio, mean
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cup depth, mean height contour, cup volume below ref-
erence, and reference plane height. The topographic mea-
surements in which smaller values at baseline were sig-
nificantly associated with the development of POAG
included rim area, rim area disc area, rim volume above
reference, and HRT classification 1 as a continuous vari-
able. Kaplan-Meier survival curves for selected CSLO pa-
rameters are presented in the Figure. Disc area, cup vol-
ume below surface, cup shape, and RNFL thickness were
not significantly associated with the development of POAG
in the univariate or multivariate models.

Of the 438 participants enrolled in the CSLO Ancil-
lary Study who had satisfied OHTS eligibility criteria, 34%
(n=148) had baseline CSLO values in one or both eyes

that were outside normal limits by the HRT classifica-
tion discriminant function, 16% (n=71) by MRA over-
all, 9% (n=38) by MRA nasal, 6% (n=31) by MRA nasal
inferior, and 4% (n=19) for MRA global, down to 2%
(n=10) for MRA temporal superior. Among those with
values outside normal limits at baseline, the percentage
of participants developing POAG (positive predictive
value) was 13.5% (20/148) by HRT classification, 14.1%
(10/71) by MRA overall, 18.4% (7/38) by MRA nasal,
22.6% (7/31) by MRA nasal inferior, 26.3% (5/19) by MRA
global, and 40% (4/10) by MRA temporal superior
(Table 1).

Among the 36 participants who developed POAG,
55% had values outside normal limits by HRT classifi-
cation and 28% had values outside normal limits by
MRA overall. All other indexes had sensitivity less than
20%, that is, at least 80% of those participants who
developed POAG had values within the normal limits at
baseline.

Among the 402 participants who did not develop
POAG within the follow-up period in this report, 68%
had HRT classification values within normal limits at base-
line and 98% to 92% had MRA indexes within normal
limits at baseline.

The following baseline CSLO measures were the most
strongly associated with the development of POAG from

Table 1. Baseline Demographic and Clinical Characteristics
by POAG Status (Average of the Eyes)*

Characteristic

No. (%)

Not at
POAG End

Point
POAG End

Point All

Race
Other 333 (91.5) 31 (8.5) 364 (100)
African American 69 (93.2) 5 (6.8) 74 (100)

Sex
Female 235 (92.9) 18 (7.1) 253 (100)
Male 167 (90.3) 18 (9.7) 185 (100)

Parent/sibling family history
of glaucoma

No 269 (90.6) 28 (9.4) 297 (100)
Yes 133 (94.3) 8 (5.7) 141 (100)

Systemic �-blockers
No 388 (91.7) 35 (8.3) 423 (100)
Yes 14 (93.3) 1 (6.7) 15 (100)

Calcium channel blocker
No 369 (92.3) 31 (7.8) 400 (100)
Yes 33 (86.8) 5 (13.2) 38 (100)

History of migraine
No 347 (91.3) 33 (8.7) 380 (100)
Yes 55 (94.8) 3 (5.2) 58 (100)

History of diabetes mellitus
No 363 (91.0) 36 (9.0) 399 (100)
Yes 39 (100) 0 39 (100)

History of high blood
pressure

No 272 (91.6) 25 (8.4) 297 (100)
Yes 130 (92.2) 11 (7.8) 141 (100)

History of low blood
pressure

No 381 (91.8) 34 (8.2) 415 (100)
Yes 21 (91.3) 2 (8.7) 23 (100)

History of heart disease
No 387 (92.6) 31 (7.4) 418 (100)
Yes 15 (75.0) 5 (25.0) 20 (100)

History of stroke
No 401 (91.8) 36 (8.2) 437 (100)
Yes 1 (100) 0 1 (100)

Myopia � −1 D
No 257 (92.4) 21 (7.6) 278 (100)
Yes 145 (90.6) 15 (9.4) 160 (100)

HRT classification
Outside normal limits 128 (86.5) 20 (13.5) 148 (100)
Within normal limits 274 (94.5) 16 (5.5) 290 (100)

(continued)

Table 1. Baseline Demographic and Clinical Characteristics
by POAG Status (Average of the Eyes) (cont)*

Characteristic

No. (%)

Not at
POAG End

Point
POAG End

Point All

MRA
Overall

Outside normal limits 61 (85.9) 10 (14.1) 71 (100)
Within normal limits 341 (92.9) 26 (7.1) 367 (100)

Global
Outside normal limits 14 (73.7) 5 (26.3) 19 (100)
Within normal limits 388 (92.6) 31 (7.4) 419 (100)

Nasal
Outside normal limits 31 (81.6) 7 (18.4) 38 (100)
Within normal limits 371 (92.8) 29 (7.3) 400 (100)

Nasal inferior
Outside normal limits 24 (77.4) 7 (22.6) 31 (100)
Within normal limits 378 (92.9) 29 (7.1) 407 (100)

Nasal superior
Outside normal limits 23 (88.5) 3 (11.5) 26 (100)
Within normal limits 379 (92.0) 33 (8.0) 412 (100)

Temporal
Outside normal limits 11 (84.6) 2 (15.4) 13 (100)
Within normal limits 391 (92.0) 34 (8.0) 425 (100)

Temporal inferior
Outside normal limits 13 (81.3) 3 (18.8) 16 (100)
Within normal limits 389 (92.2) 33 (7.8) 422 (100)

Temporal superior
Outside normal limits 6 (60.0) 4 (40.0) 10 (100)
Within normal limits 396 (92.5) 32 (7.5) 428 (100)

Abbreviations: D, diopter; HRT, Heidelberg Retina Tomograph; MRA,
Moorfields Regression Analysis; POAG, primary open-angle glaucoma.

*One observation per participant was included. If either eye had abnormal
test results then the patient was labeled abnormal.
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their respective CSLO families (as per the score statis-
tic): cup area, cup depth, rim area, mean contour height,
reference plane height, RNFL cross section, and MRA
global. These measurements were used to determine
whether the addition of more than 1 CSLO variable in-
creased the explanatory power of the multivariate OHTS
baseline prediction model. When added to the OHTS base-
line prediction model that did not include stereophoto-
graph-based vertical cup-to-disc ratio, mean height con-
tour was the best single CSLO variable. When rim area
was added with mean height contour to the OHTS base-
line prediction model, both retained their statistically sig-
nificant effect. When added with mean height contour
to the OHTS baseline prediction model, none of the other
parameters attained statistical significance.

COMMENT

This study determined that many baseline CSLO topo-
graphic optic disc measurements were significantly as-
sociated with the development of POAG in the CSLO An-
cillary Study to the OHTS. These data suggest that CSLO
topographic optic disc measurements, when combined
with other known predictive factors such as age, IOP, and
central corneal thickness, could assist the eye care pro-
fessional in assessing the likelihood of developing POAG.
To our knowledge, this is the first report to document
that CSLO topographic optic disc measurements are sig-
nificantly associated with the development of glaucoma-

tous optic disc or visual field damage in patients with ocu-
lar hypertension.

A larger baseline mean height contour was one of the
most consistent predictors of POAG in the multivariate
models. A 0.1-mm-larger mean height contour was as-
sociated with a 2.7-fold increase in POAG risk in the mul-
tivariate model, and a similar magnitude of association
was seen in the univariate model. The mean height con-
tour is measured from anterior to posterior so that as there
is loss of retinal nerve fibers, the mean height contour
increases. A simple gauge of the univariate effect is ob-
tained when the eyes are divided into 2 groups, one group
equal to or higher than the median and the other lower
than the median mean height contour. The Kaplan-
Meier estimate of the development of POAG at 96 months
shows that approximately 7% of eyes higher than the mean
height contour and rim area median developed POAG
compared with 2% of eyes lower than the median (Figure).

Baseline classification as outside normal limits by HRT
classification and MRA global and regional measure-
ments was significantly associated with the develop-
ment of POAG, with hazard ratios ranging from 2.5 to
5.8. Specifically, in the multivariate models, a global, na-
sal inferior, and temporal inferior MRA classification as
outside normal limits increased the POAG risk by 3.4-,
4.2-, and 5.8-fold, respectively. An HRT classification of
outside normal limits increased the risk 2.5-fold. Al-
though a baseline outside normal limits classification was
significantly associated with the development of POAG,

Table 2. Baseline Demographic and Ocular Characteristics by POAG Status (Average of the Eyes)

Characteristic

Not at POAG End Point POAG End Point All

Sample Size Mean ± SD Sample Size Mean ± SD Sample Size Mean ± SD

Age, y 402 54.8 ± 9.1 36 57.5 ± 9.4 438 55.0 ± 9.2
IOP, mm Hg 402 25.0 ± 2.3 36 25.1 ± 2.8 438 25.0 ± 2.4
Central corneal thickness, µm 363 577.0 ± 37.0 33 554.3 ± 37.4 396 575.1 ± 37.5
Visual field pattern standard deviation, dB 402 1.90 ± 0.21 36 1.95 ± 0.20 438 1.91 ± 0.21
Visual field pattern corrected standard deviation, dB 402 1.12 ± 0.35 36 1.18 ± 0.33 438 1.13 ± 0.35
Visual field mean deviation, dB 402 0.41 ± 1.09 36 0.09 ± 1.16 438 0.38 ± 1.10
Horizontal cup-disc ratio 402 0.36 ± 0.19 36 0.42 ± 0.18 438 0.36 ± 0.19
Vertical cup-disc ratio 402 0.38 ± 0.19 36 0.47 ± 0.18 438 0.39 ± 0.19
CSLO measures

Disc area, mm2 402 1.930 ± 0.382 36 1.849 ± 0.371 438 1.923 ± 0.381
Cup area, mm2 402 0.550 ± 0.356 36 0.600 ± 0.341 438 0.554 ± 0.355
Cup area to disc area 402 0.617 ± 0.144 36 0.644 ± 0.114 438 0.619 ± 0.142
Mean cup depth, mm 402 0.228 ± 0.094 36 0.269 ± 0.117 438 0.231 ± 0.097
RNFL thickness, mm 402 0.248 ± 0.057 36 0.245 ± 0.065 438 0.248 ± 0.057

Standard deviation of mean image, mm 402 18.172 ± 6.866 36 19.774 ± 7.544 438 18.304 ± 6.929
Cup shape 402 −0.198 ± 0.065 36 −0.186 ± 0.068 438 −0.197 ± 0.066
Cup volume below surface, mm3 402 0.310 ± 0.213 36 0.351 ± 0.221 438 0.314 ± 0.213
Rim volume above reference, mm3 402 0.359 ± 0.122 36 0.326 ± 0.114 438 0.356 ± 0.122
Cup volume below reference, mm3 402 0.145 ± 0.140 36 0.185 ± 0.175 438 0.148 ± 0.143
Rim area, mm2 402 1.379 ± 0.257 36 1.249 ± 0.267 438 1.369 ± 0.260
Rim area to disc area 402 0.731 ± 0.140 36 0.691 ± 0.141 438 0.728 ± 0.140
Reference plane height, mm 402 0.318 ± 0.091 36 0.366 ± 0.084 438 0.322 ± 0.091
HRT classification 1 402 1.209 ± 1.494 36 0.559 ± 1.458 438 1.155 ± 1.500
Corneal curvature, mm 402 7.741 ± 0.260 36 7.788 ± 0.276 438 7.745 ± 0.261
Mean height contour, mm 402 0.070 ± 0.076 36 0.121 ± 0.061 438 0.074 ± 0.076
RNFL cross-sectional area, mm2 402 1.216 ± 0.292 36 1.167 ± 0.314 438 1.212 ± 0.294

Abbreviations: CSLO, confocal scanning laser ophthalmoscopy; HRT, Heidelberg Retina Tomograph; IOP, intraocular pressure; POAG, primary open-angle
glaucoma; RNFL, retinal nerve fiber layer.
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most of the participants with values outside normal lim-
its did not develop POAG within the time frame of this
report. For example, 20 (14%) of the 148 participants
with an outside normal limits HRT classification and 10
(14%) of the 71 participants with an MRA overall clas-
sification outside normal limits developed a POAG end
point (Table 1) during the follow-up period. However,
longer follow-up will be required to evaluate the true pre-
dictive accuracy of the CSLO measures. The incident cases
of POAG in the OHTS represent POAG at its inception,
early in the disease process. It is also important to de-
termine whether the participants with POAG end points
and CSLO and MRA classifications within normal limits
at baseline had measurements outside normal limits dur-
ing their later follow-up CSLO examinations.

The follow-up time included in this analysis was ap-
proximately 20 months longer than that of the OHTS ar-
ticle describing baseline predictors of POAG.14 In addi-
tion, the current study included both eyes in the analysis,
whereas the patient was the unit of analysis in previous

reports from the OHTS.14,21 With the exception of the pro-
portion of African American participants, the distribu-
tion of demographic and clinical characteristics of the 438
CSLO Ancillary Study participants was similar to that of
the 1636 OHTS participants.10 The CSLO Ancillary Study
to the OHTS included approximately 17% African Ameri-
can participants and the OHTS included approximately
25% African American participants. Therefore, the re-
sults of the CSLO study are likely to be generalizable to
OHTS participants and other patients with ocular hy-
pertension who are similar to OHTS participants. How-
ever, the statistical power of the CSLO study to detect
associations was lower than the OHTS, and this is re-
flected in Table 3 by the widths of the confidence inter-
vals for the relative hazards.

It can be argued that larger optic cups and smaller neu-
roretinal rim measurements are an early sign of glau-
coma and not a risk factor for developing POAG. How-
ever, the participants included in this analysis had, at the
time of their CSLO examination, normal-appearing vi-
sual field results and did not have optic discs classified
as glaucomatous based on independent, standardized as-
sessment by certified graders of stereophotographs. As
discussed previously,14 this replicates the first clinical ex-

Table 3. Univariate and Multivariate Hazard Ratios and 95%
Confidence Intervals (CIs) for the Development of POAG
(Average of the Eyes)

Hazard Ratio (95% CI)

Univariate Multivariate*

CSLO measures
Disc area (per 0.4 mm2

greater)
0.84 (0.58-1.20) 0.86 (0.57-1.30)

Cup area (per 0.3 mm2

greater)
1.22 (0.96-1.55) 1.21 (0.96-1.53)

Cup area-to-disc area (per
0.1 greater)

1.23 (1.00-1.50) 1.25 (1.02-1.53)

Mean cup depth (per 0.1
mm greater)

1.58 (1.14-2.20) 1.60 (1.15-2.22)

RNFL thickness (per 0.1
mm greater)

0.60 (0.34-1.06) 0.66 (0.35-1.23)

Standard deviation of
mean image (per 6 µm
greater)

1.15 (0.92-1.43) 1.04 (0.80-1.37)

Cup shape (per 0.1
greater)

1.24 (0.78-1.97) 1.02 (0.62-1.67)

Cup volume below surface
(per 0.1 mm3 greater)

1.11 (0.96-1.28) 1.10 (0.97-1.25)

Rim area (per 0.2 greater) 0.58 (0.43-0.79) 0.57 (0.42-0.78)
Rim area/disc area (per

0.1 greater)
0.75 (0.60-0.94) 0.76 (0.62-0.93)

Reference height (per 0.1
mm greater)

1.42 (1.04-1.93) 1.49 (1.03-2.17)

Corneal curvature (per 0.2
mm greater)

1.16 (0.90-1.49) 1.03 (0.79-1.36)

RNFL cross-section (per
0.3 mm2 greater)

0.68 (0.49-0.95) 0.72 (0.48-1.06)

Mean height contour (per
0.1 mm greater)

2.59 (1.69-3.98) 2.69 (1.62-4.49)

Rim volume above
reference (per 0.1 mm3

greater)

0.63 (0.45-0.87) 0.65 (0.47-0.91)

Cup volume below
reference (per 0.1 mm3

greater)

1.24 (1.02-1.52) 1.20 (1.01-1.43)

HRT classification 1 (per 1
unit greater)

0.72 (0.59-0.89) 0.75 (0.62-0.92)

(continued)

Table 3. Univariate and Multivariate Hazard Ratios and 95%
Confidence Intervals (CIs) for the Development of POAG
(Average of the Eyes) (cont)

Hazard Ratio (95% CI)

Univariate Multivariate*

CSLO indexes
HRT classification, outside

normal limits vs within
normal limits

2.47 (1.31-4.65) 2.54 (1.31-4.90)

MRA (outside normal limits
vs within normal limits)

Overall 2.72 (1.19-6.21) 2.39 (1.02-5.62)
Global 5.64 (1.94-16.44) 3.37 (1.13-9.99)
Nasal 1.99 (0.74-5.37) 1.59 (0.48-5.24)
Nasal inferior 4.44 (1.77-11.12) 4.19 (1.61-10.91)
Nasal superior 1.97 (0.43-8.96) 0.72 (0.11-4.63)
Temporal 3.28 (0.82-13.18) 2.48 (0.66-9.22)
Temporal inferior 5.02 (1.53-16.51) 5.80 (1.60-21.00)
Temporal superior 8.88 (2.58-30.56) 3.28 (0.98-10.98)

OHTS predictive factors
Age (per decade) 1.27 (0.92-1.76) NA
History of heart disease 4.25 (1.63-11.08) NA
IOP (per mm Hg) 1.11 (0.99-1.23) NA
CCT (per 40 µm thinner) 2.14 (1.44-3.18) NA
PSD (per 0.2 dB greater) 1.15 (0.93-1.43) NA
Horizontal cup-disc ratio

(per 0.1 larger)
1.27 (1.09-1.49) NA

Vertical cup-disc ratio (per
0.1 larger)

1.40 (1.16-1.68) NA

Abbreviations: CCT, central corneal thickness; CSLO, confocal scanning laser
ophthalmoscopy; HRT, Heidelberg Retina Tomograph; IOP, intraocular pressure;
MRA, Moorfields Regression Analysis; NA, not applicable; OHTS, Ocular
Hypertension Treatment Study; POAG, primary open-angle glaucoma; PSD,
pattern standard deviation; RNFL, retinal nerve fiber layer.

*Multivariate model contains baseline age, IOP, PSD, CCT, and history of
heart disease, with medication status as a time-dependent covariate. One
hundred twelve eyes were excluded from the multivariate analyses because of
missing CCT values.
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amination of a patient. It is often difficult to determine
whether a large cup or a narrow rim represent glaucoma
or the range of normal variation in a healthy eye. By ana-
lyzing CSLO topographic optic disc measurements, we
determined that certain optic disc features were associ-
ated with the development of POAG, even when the optic
disc was not classified as glaucomatous on stereophoto-
graphic assessment. Similarly, stereophotograph-based
horizontal and vertical cup-to-disc diameter ratios were

predictive of POAG in the current study and in the origi-
nal OHTS analysis.14 In the univariate analysis, the CSLO
cup-to-disc area ratio (per 0.1) had a similar hazards ratio
to the stereophotograph-based assessment of horizontal
and vertical cup-to-disc diameter ratios with hazard ra-
tios (95% confidence interval) of 1.23 (1.00-1.50), 1.25
(1.14-1.38), and 1.32 (1.19-1.46), respectively.

As reported in the OHTS analysis and other studies,
African American participants have a higher risk of de-

0.20

0.15

0.10

0.05

0.00
6 12 5418 6024 6630 7236 7842 8448 90 96

Pr
op

or
tio

n 
of

 P
ar

tic
ip

an
ts

’ E
ye

s 
De

ve
lo

pi
ng

 P
OA

G

A Mean Height Contour ≤0.076 mm
Mean Height Contour >0.076 mm

Rim Area ≤1.339 mm2

Rim Area >1.339 mm2

At Risk
POAG
Deaths

>0.076 mm, No.

≤0.076 mm, No.

431
0
0

431
1
0

430
0
0

428
2
0

426
0
0

416
1
0

413
0
0

412
4
6

394
2
0

392
8
0

384
2
1

379
2
0

373
0
3

367
4
4

327
1
3

299
5
3

At Risk
POAG
Deaths

434
0
2

430
0
0

430
1
1

426
0
2

424
0
0

421
1
0

420
0
0

415
1
1

408
1
0

407
1
0

403
0
3

395
1
0

388
0
3

377
1
0

347
1
1

306
1
6

Total

32
20

9
19

0.20

0.15

0.10

0.05

0.00
6 12 5418 6024 6630 7236 7842 8448 90 96

Pr
op

or
tio

n 
of

 P
ar

tic
ip

an
ts

’ E
ye

s 
De

ve
lo

pi
ng

 P
OA

G

C MRA Global Within Normal Limits
MRA Global Outside Normal Limits

At Risk
POAG
Deaths

Outside Normal Limits, No.

Within Normal Limits, No.

23
0
0

23
1
0

22
0
0

22
0
0

22
0
0

22
0
0

22
0
0

22
0
0

20
0
0

20
2
0

18
0
0

18
1
0

16
0
2

14
0
0

14
1
0

13
0
0

At Risk
POAG
Deaths

842
0
2

838
0
0

838
1
1

832
2
2

828
0
0

815
2
0

811
0
0

805
5
7

782
3
0

779
7
0

769
2
4

756
2
0

745
0
4

730
5
4

660
1
4

592
6
9

Total

5
2

36
37

0.20

0.15

0.10

0.05

0.00
6 12 5418 6024 6630 7236 7842 8448 90 96

Pr
op

or
tio

n 
of

 P
ar

tic
ip

an
ts

’ E
ye

s 
De

ve
lo

pi
ng

 P
OA

G

B

At Risk
POAG
Deaths

>1.339 mm2, No.

≤1.339 mm2, No.

432
0
0

430
0
0

430
1
0

425
0
0

416
1
0

415
0
0

412
1
1

405
1
0

404
0
0

402
2
3

394
0
0

391
0
4

425
0
0

379
2
2

340
0
0

302
1
3

At Risk
POAG
Deaths

433
0
2

431
1
0

430
0
1

429
2
2

425
0
0

421
1
0

418
0
0

415
4
6

397
2
0

395
9
0

385
0
1

380
3
0

370
0
2

365
3
2

334
2
4

303
5
6

Total

9
13

32
26

Figure. Kaplan-Meier plots of the univariate cumulative probability of developing primary open-angle glaucoma (POAG) by (A) mean height contour equal to or
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veloping POAG.14,22-24 However, in the OHTS analysis,
African American participants had thinner central cor-
neal thickness and larger vertical cup-to-disc diameter
ratios so that when these measurements were included
in the multivariate analysis, race was no longer a predic-
tor of POAG. We previously reported in the same study
population that the larger baseline optic cups, neuro-
retinal rims, and cup-to-disc area ratios in African Ameri-
can compared with other participants are largely ex-
plained by their larger optic disc area.11 We therefore
postulated that a large disc size may be an important pre-
dictor of POAG in OHTS participants. The results of the
current analysis did not confirm this hypothesis.

The mean height contour and reference plane height
increase as the RNFL thins. The HRT calculates RNFL
thickness indirectly as the difference in retinal height be-
tween mean height contour and the reference plane height.
A thinner RNFL was associated with the development of
POAG, but this association did not reach statistical sig-
nificance. Our results suggest that mean height con-
tour, which is calculated based on the curved surface, is
more strongly associated with the development of POAG
than the CSLO RNFL thickness measurement. The as-
sociation of a larger baseline reference plane height with
the development of POAG may be due at least in part to
the disease process. The reference plane height is de-
fined (in HRT software version 2.01) as 50 µm posterior
to the mean height contour of a temporal segment (be-
tween 350°-356°) along the contour line outlining the
disc margin. This 6° segment corresponds to the loca-
tion of the papillomacular bundle. If the temporal RNFL
is getting thinner, then the reference plane height in-
creases. It has been assumed that this temporal retinal
surface remains stable, at least in early glaucoma.25 Re-
cent studies have suggested alternative reference planes
to improve the ability of CSLO measurements to detect
change over time.3,26-28 Further studies are necessary to
determine the most appropriate reference plane for evalu-
ating optic disc topography.

Recently, investigators have shown that measures of
the RNFL and optic disc obtained using optical imaging
instruments are predictive of the development of repeat-
able standard automated perimetric defects in glau-
coma suspects with no visual field damage at base-
line.7,29,30 Other studies have reported that change in HRT
optic disc topographic measures preceded visual field
changes in eyes with normal visual field results at base-
line31,32 and that changes in optic disc topography occur
more frequently than visual field changes in patients with
early glaucomatous visual field loss.33 However, these stud-
ies included some participants with glaucomatous-
appearing optic discs (based on independent assess-
ment of stereophotographs)7,29,30 or visual field loss33 at
baseline or did not include optic disc appearance as an in-
clusion criteria.31,32 To our knowledge, this is the first study
to prospectively document the association of baseline CSLO
topographic optic disc parameters with the development
of POAG among subjects with ocular hypertension with
only normal visual field test results and optic discs that
were not classified as glaucomatous at study entry.

These results are particularly important in light of re-
cent evidence that ophthalmologists do not routinely

document the appearance of the optic nerve as part of a
regular clinical examination. In a recent survey of 395
US managed care patients, only 53% of patients re-
ceived an optic disc photograph or drawing at their ini-
tial ophthalmologic visit.34 The OHTS demonstrated that
optic disc changes are often an early observable sign of
glaucoma and that treatment for ocular hypertension can
delay or prevent the onset of POAG. Given that we do
not know how CSLO or other imaging techniques are
being used in clinical practice, it is important to con-
sider whether the cost of possible misinterpretation of
results from imaging instruments to diagnose glaucoma
(and the possible overtreatment owing to false posi-
tives) outweighs the benefits of providing optic disc and
RNFL information to the general ophthalmologist and
optometrist who would otherwise not assess the optic
disc and RNFL of their patients with glaucoma.35 As
with any clinical tool, it is essential that eye care profes-
sionals understand the strengths and limitations of the
technique so that decisions are based on good-quality
information.

As is the case with many clinical trials, the study pro-
cedures may not be representative of routine clinical
practice. In this study, all CSLO images were centrally
processed according to a standard protocol. Only good-
quality images were included in the analysis. Trained tech-
nicians outlined the disk margin while viewing stereo-
scopic photographs of the optic disc because it has been
shown to reduce interobserver variation in CSLO mea-
surements in some observers.36 Compared with CSLO im-
ages acquired and processed in a standardized manner,
it would be expected that CSLO measurements ob-
tained during the course of routine clinical care would
be more variable because many clinics are less likely to
adhere to strict quality control criteria or use photo-
graphs for outlining the disc margin. Although we used
stereophotographs for outlining the disc margin be-
cause it can reduce interobserver variation of CSLO mea-
surements for some observers, the reduction in varia-
tion was small and the use of stereophotographs had little
effect on intraobserver variation.36 Nevertheless, an in-
crease in the variability of the CSLO measurements would
likely reduce their association with the development of
POAG. Therefore, it remains to be determined how well
these study results can be generalized to CSLO measure-
ments obtained during routine clinical practice.

We cannot recommend any single CSLO parameter
as the best for diagnosing or monitoring glaucoma. Al-
though mean height contour, rim area, and MRA results
were among the most consistent predictors in the mul-
tivariate models, the large confidence intervals of these
parameters and the proximity of the lower confidence limit
to 1 suggest that more data are needed before definitive
recommendations can be made. In addition, given the lim-
ited sensitivity and specificity of the CSLO parameters
and the variability in appearance of healthy optic discs
and in the clinical appearance of optic discs with early
glaucomatous damage, it clearly is not sufficient or pru-
dent to rely on a single parameter when making clinical
decisions.

The current analysis did not directly determine whether
the prediction model that includes baseline CSLO mea-
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surements is improved over the OHTS prediction model
that includes baseline stereophotograph cup-disc ratio
measurements. We previously reported that CSLO pa-
rameters are strongly correlated with stereophotograph-
based cup-disc ratio measurements.10 Given the diffi-
culty in statistically resolving the independent
contribution of highly intercorrelated measurements, ad-
ditional POAG end points are needed to appropriately
compare prediction models including CSLO and stereo-
photograph-based cup-disc ratio measurements. This
comparison will therefore be the topic of a future manu-
script. This study cannot evaluate whether CSLO mea-
surements are better predictors of POAG than measure-
ments obtained with other imaging instruments such as
scanning laser polarimetry or optical coherence tomog-
raphy because CSLO was the only instrument used. While
the current study documents the association of baseline
CSLO topographic optic disc parameters with the devel-
opment of POAG among individuals with ocular hyper-
tension, it is important that these results are confirmed
in an independent population.

In summary, the CSLO Ancillary Study to the OHTS
data suggest that many baseline CSLO topographic op-
tic disc measurements, when used alone or combined with
central corneal thickness, IOP, and history of vascular
disease, are significantly associated with the develop-
ment of POAG among individuals with ocular hyperten-
sion. Longer follow-up is required to evaluate the true
predictive accuracy of CSLO measures.
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