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Abstract
Aim—In an attempt to use the quantita-
tive optic disc measurements of the Glau-
coma-Scope (OIS Sacramento, CA, USA)
to distinguish glaucomatous from normal
optic discs, a new variable was investi-
gated, the mean disc corrected for the disc
size by dividing by the disc area: MP/D.
Methods—Glaucoma-Scope disc evalua-
tion was performed on 81 eyes of 51
patients split into the following groups
based on Humphrey 24-2 visual field and
clinical criteria of glaucoma: chronic
glaucoma n=27 (including only early,
n=17, and low tension glaucoma, n=10),
ocular hypertension n=24, pseudoglauco-
matous large discs, n=12, and normal
eyes, n=18. Classic optic disc variables
(the vertical and horizontal c/d ratios, and
the c/d area) were compared with the new
MP/D index calculating receiver operat-
ing characteristic curves.
Results—The MP/D ratio was able to
identify the glaucomatous eyes more eas-
ily than other ratios. Areas under the
curves were: 0.91 (MP/D); 0.87 (c/d area);
0.85 (c/d vertical); and 0.80 (c/d horizontal).
The MP/D index was also correlated with
the mean deviation (r=0.466; p=0.001).
Conclusion—MP/D may prove useful in
detecting glaucomatous optic nerve dam-
age and could be an interesting screening
tool for primary open angle glaucoma.
(Br J Ophthalmol 1997;81:846–851)

Various functional tests and morphological
examinations are used to assist the clinician in
the diagnosis of glaucoma and follow up of
patients. Automated static threshold perimetry
represents one of the best standard diagnostic
tests. Optic disc examination is currently
performed but the clinical examination of the
optic disc is subjective and interpretations are
often inconsistent even among expert obser-
vers.1–3 Recently, automated instruments have
been developed for quantitative analysis of the
optic nerve head to provide early information
on the presence of structural glaucomatous
damage.
In an attempt to use the quantitative optic

disc measurements of the Glaucoma-Scope
(OIS, Sacramento, CA, USA) to help distin-
guish glaucomatous from normal optic discs,
we investigated a new variable, the mean disc
depth corrected for the disc size by dividing by
the disc area: MP/D. Despite the diVerent

nature of the morphological data obtained with
the Glaucoma-Scope and the functional data
obtained with the automated static perimetry
correlation was expected.

Material and methods
The Glaucoma-Scope consists of an optical
head mounted on a slit lamp assembly. The
optical head includes a raster pattern projec-
tion system and a video camera to capture
images. Data are saved immediately on a hard
disk and later archived to an optical laser disk
where they can be easily accessed. The
minimum necessary pupillary diameter follow-
ing pharmacological mydriasis in the study was
4.0 mm.
Approximately 25 parallel horizontal dark

and light pairs are projected at an angle of 9° to
the optic nerve head (ONH) using near
infrared light (750 nm). As the lines pass over
the surface of the ONH they are deflected pro-
portional to the depth of the surface. A video
image records these deflections and computer
algorithms translate them into depth numbers.
There are 26 edges of the 25 lines projected
onto the optic nerve and each edge has 350 real
data points. Therefore, there are approximately
9100 real data points per image. The reference
surface for the depth measurements is defined
by linear interpolation of data falling in two
vertical 50 µm columns placed 350 µm nasal
and temporal to the disc margin.
For the patient’s first examination, the

operator selects a reference point for future
image registration and outlines the disc margin
(eight points) and major vessels to provide
landmarks on the printout. The disc border is
defined as the inner margin of Elschnig’s ring.
The margin and vessel drawings do not aVect
data calculation. Computer algorithms per-
form a best fit analysis on data in an area sub-
tending 4° surrounding the reference point to
register the current and baseline images. A sin-
gle operator obtained three images from each
eye. The operator may control image focus,
line focus, and illumination independently.
The computer selected a single image for
processing based on the quality of focus and
line contrast. The topographic measurements
were performed by the same operator (YL).
Results are presented in a grey scale (Fig 1).

Numeric values are represented on the print-
out; each cell represents the average of an area
69 × 138 mm in size. On subsequent visits,
depth measurements are automatically com-
pared with measurements made at the initial
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visit, and a map is generated showing any
change in depth values (of <50 µm: threshold
of the test).
Version 3.12 also presents a three dimen-

sional image (Fig 2) with the calculation of dif-
ferent ratios and measurements: vertical cup/
disc (c/d) ratio, horizontal c/d ratio, c/d area
ratio, cup area (mm2). The mean position of
the disc (MP disc) is also calculated corre-
sponding to the mean height value for all data
points within the disc margin relative to the
zero reference plane (average of all depth
measurements within the disc). The MP total
region is the mean position of the total region
(average of all depth measurements on the
topography map). The software uses the disc
tracing drawn by the operator as the disc edge.
The cup is calculated by the instrument from
the position of all points that are estimated to
be 120 µm or more below the reference. The
cup edge is drawn at the 120 µm depth bound-
ary inside the disc. The rim is defined as the
area remaining between the edge of the cup
and the outline of the disc edge. The disc
diameter is taken as the longest vertical line
that can be drawn through the disc margin. In
the present study version 3.12 was used and
corrections were made by the computer for
refraction and for the quality of the images.
The real size is calculated using the formula
devised by Bengston and Krakau.4 This
formula corrects the disc measurements ac-
cording to an estimate of the magnification of
the eye, based on the refraction.
The mean disc depth corrected for the disc

size by dividing by the disc area (MP/D) was
also investigated and compared with the others
variables usually given.
We examined 81 eyes of 51 patients with

chronic glaucoma (n=27), including early
glaucoma (n=17), low tension glaucoma
(n=10), ocular hypertension (n=24), pseudo-
glaucomatous large discs (n=12), and normal

eyes (n=18) with program 24-2 of the Hum-
phrey perimeter and with the OIS Glaucoma-
Scope.
Chronic glaucoma was defined as intraocu-

lar pressure more than 22 mm Hg with the fol-
lowing visual field defects5 :
(1) early glaucoma

– the mean deviation (MD) less than −6
dB

– a pattern deviation plot: fewer than 25%
of the points depressed below the 5%
level and fewer than 10 points depressed
below the 1% level

– no point in the central 5° with a sensitiv-
ity of less than 15 dB

(2) moderately advanced glaucoma:
– the MD less than −12 dB
– a pattern plot: fewer than 50% of the
points are depressed below the 5% level
and fewer than 20 points below the 1%
level

– no point in the central 5° with a sensitiv-
ity of 0 dB

– only one hemifield may have a point
with sensitivity of < 15 dB within 5° of
fixation.

Low tension glaucoma was defined as an
intraocular pressure without therapy less than
22 mm Hg with early or moderately advanced
visual field damage and a clinical c/d ratio more
than 0.6. Patients with ocular hypertension had
intraocular pressure greater than 22 mm Hg
without visual field damage and a clinical c/d
ratio not greater than 0.6. Patient with a c/d
ratio larger than 0.7 without visual field
damage and with intraocular pressures below
22 mm Hg were classified as having a pseudo-
glaucomatous disc. Normal eyes had normal
IOP, optic disc, and visual field (24-2 Hum-
phrey). All patients had previous visual field
examinations with the Humphrey 24-2 pro-
gram. For comparison of the diVerence be-
tween diVerent groups we used the analysis of

Figure 1 Glaucoma-Scope line discrimination analysis. Numbers are in µm.
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variance (one way ANOVA). Age and refrac-
tion are not statistically diVerent in the normal
group, the ocular hypertension group, and the
group with early or moderately advanced glau-
coma (p> 0.2).

Results
Table 1 lists the patient characteristics.
In the current study the ROC (receiver

operating characteristic) curves for the stand-

ard disc variables and for the MP/D were
obtained. Areas under the curves were: 0.91
(MP/D); 0.87 (c/d area); 0.85 (c/d vertical);
and 0.80 (c/d horizontal) (Fig 3). Reviewing
the diVerent disc variables and their separation
characteristics, theMP/D ratio showed the best
separation power. DiVerent values are pre-
sented in Figure 4. The MP/D index was also
correlated with the mean deviation (r=0.465;
p=0.001) (Fig 5).

Figure 2 Glaucoma-Scope analysis, version 3.12 (three dimensional image). Calculation of diVerent ratios: vertical
cup/disc (c/d) ratio, horizontal c/d ratio, c/d area ratio, cup area (mm2). The mean position of the disc (MP disc)
corresponds to the mean height value for all data points within the disc margin relative to the zero reference plane (average
of all depth measurements within the disc). The MP total region is the mean position of the total region (average of all
depth measurements on the topography map).
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There was a statistical diVerence (p<0.001;
F = 43.74) for the MP/D ratio between the
three groups who had a normal visual field (1,
2, and 3) and group 4 (early glaucoma).
Between the normal and the ocular hyper-

tension group the diVerence was not statisti-
cally diVerent (p=0.9104; F = 0.0129).
Using Delong’s method6 to compare areas

under the ROC curves we found a highly
significant diVerence (t=21.9; p<0.001) be-
tween the MP/D variable and the other
variables.

Discussion
During the past few years there have been a
number of studies on the performance of
traditional glaucoma screening tests. These
include tonometry, clinical examination, pho-
tography of the nerve fibre layer, three dimen-
sional imaging of the optic nerve, and a
number of subjective tests. Elevated IOP is an
important risk factor for glaucoma, but the
actual sensitivity of IOP evaluation as a single
test would appear to lie at just half the 100%.7

Electrophysiological and psychophysical tests
of vision are interesting tools to separate glau-
comatous from normal eyes but are subject to
fluctuations and sometimes are too long.
Even among acknowledged glaucoma ex-

perts there is wide variation in the subjective
assessment of optic nerve status.1 The tradit-
ional cut oV value of 0.5 or 0.6 (cup/disc ratio)
has a sensitivity below 50%, and lower cut oV
levels seriously compromise specificity. In the
Baltimore Survey8 the sensitivity and specifi-
city of vertical cup to disc ratio in detecting
primary open angle glaucoma were respec-
tively 52% and 89% for a cup/disc ratio at 0.5
and 29% and 98% for a cup to disc more than
or equal to 0.6. The size of the disc is as impor-
tant a factor in the interpretation of discs as the
cup to disc ratio. The size can be calculated
clinically9 10 but this variable has not been rou-
tinely evaluated for mass screening.
Nerve fibre layer evaluation has also been

evaluated with good sensitivity and specifi-

city.11 12 However, media opacities focusing
problems and poor quality photographs can
results in a large number of photographs. As
pointed out by Sommer,12 photographic tech-
niques are not standardised and it is diYcult to
obtain high quality photographs of the nerve
fibre layer in older patients.
Computer assisted optical imaging of the

optic nerve could make mass screening a real
possibility because it oVers objective assess-
ment, ease of use, speed, and the ability to
obtain good quality images in eyes with media
opacities.
The Glaucoma-Scope is one of these analys-

ers. Previous studies13–15 have shown good
reproducibility of the optic nerve head topo-

Table 1 Patient characteristics

Group 1 Normal Group 2 GLD Group 3 OHT Group 4 LTG Group 5 Early Glc

Eyes (n) 18 12 24 10 17
Age (mean (range)) 52.77 (35–67) 63.66 (43–82) 57.5 (34–67) 66.16 (46–79) 57.46 (38–71)
Refraction (mean (range)) 0.75 (−1.75/+2.00) 1.00 (−2.00/+2.25) 1.25 (−1.75/+2.75) −0.75 (−3.25/+2.25) −1.28 (−4.25/+3.25)
MD (Humphrey) (mean (SD)) −0.26 (1.55) −1.26 (1.03) −0.693 (1.65) −9.9 (7.55) −4.32 (2.33)
N deficits p<0.5 (mean (SD)) 0 0.63 (1.02) 0 14.25 (11.13) 8.22 (3.47)
MP/D (mean (SD)) 20.42 (15.71) −54.55 (26.70) −26.34 (26.74) −67.34 (33.32) −82.83 (35.84)

Figure 3 Receiver operating characteristic curves for the standard disc variables and for
the MP/D.
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graphic measurements with the Glaucoma-
Scope. However the potential of the 3.09
version as a diagnostic tool in glaucoma may be
limited,16 because the quality of the image is
not corrected by the computer and because
this version gives only the grey scale image (Fig
1)
In this study we deliberately chose only

patients with early or moderately advanced
visual field loss (low tension glaucoma),
because if patients with advanced visual field
loss had been included, diVerentiation of disc
change would inevitably have been much
better, with higher values of MP/D, but of
much less academic and clinical interest.
According to previous studies,17 the horizontal
c/d ratio was less able to discriminate between
groups than the vertical c/d ratio. The MP/D
variable provided the best separation of patient
groups and we focused our analysis on this
variable. With a cut oV value of −55 we
obtained a sensitivity of 82% and a specificity
of 79.2%, with this single variable.
In an experimental model in monkey eyes

using the Glaucoma-Scope, Quigley and
Pease18 showed that the loss of nerve fibre
induced by elevated intraocular pressure was
more closely related to change in the mean
position of the disc calculated with the
Glaucoma-Scope than to change in cup/disc
ratio. Our clinical approach, which included
the size of the disc, showed that the best
variable for glaucoma diagnosis is probably not
the cup/disc ratio.
Caprioli has shown that a combination of

variables can detect glaucomatous disc dam-
age, but it is still not certain what variables or
combination of them are the best indicators of
glaucomatous damage.19 20 In another study he
had also shown that the best variable for glau-
coma diagnosis is the analysis of the nerve fibre
layer.21 This analysis can also be obtained with
the Glaucoma-Scope and could be combined
with the MP/D index to improve the sensibility
and specificity of the optic nerve analysis.
Gundersen et al 22 using the same device
(Glaucoma-Scope), calculated the narrowest
rim width within 60º and 90º sectors centred
across the vertical diameter of the optic nerve
and compared these variables with those
usually given by the Glaucoma-Scope (cup
area, rim area, horizontal and vertical cup/disc
ratio). Using ROC curves, minimum rim width
60º and 90º showed the best separating charac-
teristics. These variables were measured manu-
ally using a ruler on the size corrected disc and
cup outline chart and global indices used for
comparison were not corrected for the disc
size. Many optic disc variables vary physiologi-
cally with optic disc size and correction for this
variability may improve separation of glaucoma
patients from normals. However, selection of
subjects on the basis of optic disc morphology
introduces a bias in this type of study.
The Glaucoma-Scope makes a correction

for ocular magnification based on refraction
only.4 The dimension of the eye that has the
greatest eVect on ocular magnification is the
axial length.4 23 It has been shown that for
emmetropic eyes with the same corneal curva-

ture (97.7 mm) the axial length by ultrasound
may vary between 22.0 and 25.2 mm.24 Thus,
the correction made by the Glaucoma-Scope is
only an approximation.
The ability of computer assisted optic nerve

analysis to detect early glaucomatous visual
field damage has also previously been studied
by Mikelberg et al 25 with the Heidelberg retina
tomograph (HRT). The data were analysed
using the reference plane of the software 1.10
using a method incorporating the height of the
papillomacular bundle as reference level. Four-
teen variables have been extracted from the
ONH topography image, but without the mean
cup depth. This variable is also calculable with
the HRT. With the standard reference level,
setting at the standard value of 320 µm below
the surface, the important variables found were
the third moment and the maximum cup
depth. With the papillomacular bundle refer-
ence level, the volume above the reference level
was important, and with age correction, height
variation in contour replaced maximum depth
in the analysis. There is a great variability in the
appearance of the normal optic nerve, and so it
is diYcult to have a single variable of the ONH
shape that will allow determination of glau-
coma. Nevertheless, the MP/D variable adds
important information to disc analysis and
seems to be an interesting one to include in the
analysis of the ONH.
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