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Abstract
Background—To compare neuroretinal
rim area measurements by confocal scan-
ning laser tomography and planimetric
evaluation of optic disc photographs.
Methods—For 221 patients with primary
and secondary open angle glaucoma, 72
subjects with ocular hypertension, and 139
normal subjects, the optic disc was mor-
phometrically analysed by the confocal
scanning laser tomograph HRT (Heidel-
berg retina tomograph) and by planimet-
ric evaluation of stereo colour optic disc
photographs.
Results—Absolute rim area and rim to
disc area were significantly (p<0.0001)
larger with the HRT than with planimetric
evaluation of photographs. DiVerences
between the two methods were signifi-
cantly (p<0.01) larger in normal eyes with
small cupping than in normal eyes with
large cupping, and diVerences were sig-
nificantly (p<0.01) larger in glaucomatous
eyes with marked nerve damage than in
glaucomatous eyes with moderate nerve
damage. CoeYcients of correlations be-
tween rimmeasurements of both methods
were R2=0.60 for rim to disc area and
R2=0.33 for absolute rim area. Planimetric
measurements of rim area correlated sig-
nificantly (p<0.05) better than HRT deter-
minations of rim area with mean visual
field defect and retinal nerve fibre layer
visibility.
Conclusions—Measurements of absolute
rim area and rim to disc area are
significantly larger with the HRT com-
pared with planimetry of disc photo-
graphs. DiVerences between both
methods depend on disc area, cup size and
glaucoma stage. The reason may be that
the HRTmeasures the retinal vessel trunk
as part of the neuroretinal rim. The
diVerences between both methods, which
should be taken into account if disc meas-
urements performed by both methods are
compared with each other, may not influ-
ence the main advantage of the HRT—that
is, morphological follow up examination
of patients with glaucoma.
(Br J Ophthalmol 1998;82:362–366)

The neuroretinal rim of the optic nerve head is
the intrapapillary extension of the optic nerve
fibres. Since glaucoma typically leads to a loss
of neuroretinal rim,measurement of the area of
neuroretinal rim is of great importance in the

morphometric analysis of the optic disc for
quantification of glaucomatous optic nerve
damage.1 2

Several techniques can be employed to
determine the size of the neuroretinal rim. For
an approximate clinical estimation of the
neuroretinal rim size, the horizontal and verti-
cal diameters of the optic disc and optic cup
can be measured using an ophthalmoscopic
lens and a slit lamp where the length of the
beam can be adjusted to the diameters of the
disc and cup.3 The neuroretinal rim area
results are the diVerence of disc area minus cup
area which are calculated by the formula: hori-
zontal diameter × vertical diameter × ð ÷ 4. For
follow up examinations and scientific studies,
however, a more precise measurement of the
neuroretinal rim is mandatory. This can be
achieved by taking stereo photographs of the
optic disc, plotting the margins of the optic
disc and cup, and analysing morphometrically
the plottings after correction of the ocular and
camera magnification.1 2 4 Instead of photo-
graphs, laser scan images can be obtained
using the sophisticated technique of confocal
laser scanning tomography.5–12 Since this is a
computerised method that is partially inde-
pendent of the subjective evaluation by an
examiner, it oVers advantages that have so far
been unachievable. Its clinical importance is
exemplified by the fact that a change from sub-
jective planimetry of optic disc photographs to
a computerised morphometry of the optic
nerve head is comparable with the switch from
conventional manual perimetry to modern
automated strategies of visual field examin-
ation. Since confocal scanning laser tomogra-
phy is a new method, one is interested in its
reproducibility, which has already been
evaluated,5 7–9 and its consistency with estab-
lished techniques.
This was the purpose of the present study

comparing neuroretinal rim measurements
performed by the Heidelberg retina tomograph
(HRT) as the confocal laser scanning tomo-
graph with determinations of the neuroretinal
rim by planimetric evaluation of stereo optic
disc photographs. To compare the clinical
validity of the two techniques, both methods
were correlated with the mean visual field
defect and the visibility of the retinal nerve
fibre layer.

Patients and methods
In all, 221 patients with primary open angle
glaucoma and secondary open angle glaucoma,
72 subjects with ocular hypertension, and 139
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normal subjects were included in the study
(Table 1). Only one randomly selected eye per
subject and patient was taken for statistical
analysis. Eyes with a myopic refractive error
exceeding −8.0 dioptres were excluded be-
cause of their diVerent optic disc morphology.13

Criteria for the diagnosis of open angle glau-
coma were an open anterior chamber angle
and typical glaucomatous changes of the optic
nerve head and/or glaucomatous abnormalities
of the visual field. Glaucomatous changes of
the optic nerve head included a glaucomatous
shape of the neuroretinal rim, cup to disc ratios
being vertically higher than horizontally, optic
disc haemorrhages, and localised or diVuse
retinal nerve fibre layer defects. Glaucomatous
perimetric defects examined in the OCTOPUS

G1 program consisted of elevated global visual
field indices and a distribution of the perimet-
ric defects typical for glaucoma such as
Bjerrum scotomata, nasal steps, and deep
paracentral scotomata.
In the primary open angle glaucoma group,

the reason for an elevation of intraocular pres-
sure was unknown. In the group with second-
ary open angle glaucoma, the increase of
intraocular pressure to values above 21 mmHg
was due to pseudoexfoliative glaucoma and
pigmentary glaucoma. The ocular hypertensive
subjects had intraocular pressure readings of
more than 21 mm Hg or history of it, an unre-
markable optic disc, and normal visual fields.
The normal subjects were recruited from the
administrative university staV who were asked
to serve as control subjects, or they were
patients who attended the hospital for diseases
in the contralateral eyes that was not included
in the study. These diseases, such as rhegma-
togenous retinal detachment, did not primarily
aVect the optic nerve. In the normal eyes, there
was no history of ocular disease, intraocular
pressure was less than 21 mm Hg, visual acuity
was equal to or higher than 20/25, and slit lamp
biomicroscopy and ophthalmoscopy were un-
remarkable.
For all eyes, 15° colour stereo optic disc

transparencies had been taken using a telecen-
tric fundus camera. The disc slides were
projected in a scale of 1 to 15. The margins of
the optic disc and optic cup were plotted on
paper and evaluated planimetrically. The bor-
der between the neuroretinal rim and the cup
of the disc was defined by contour and not by
pallor. The method has already been described
in detail.2 14 The ocular and camera magnifica-
tion was corrected according to Littmann’s
technique taking into account the anterior cor-
neal curvature and the refractive error of the
eye.4

For 81 glaucoma patients and 88 normal
subjects, 60° red-free photographs of the
retinal nerve fibre layer had been taken as
already described.15 16 We used a 60° fundus
camera, a high power illumination, a blue filter,
and a low sensitive film with high resolution.
Instead of paper prints diapositives were devel-
oped. These slides were projected with a mag-
nification of 15 times after maximal defocusing
of the projector. The area of the blurred image
of the optic disc was covered, the projector was

Table 1 Composition of the study groups (mean (SD))

Normal group
(n=139)

Ocular hypertensive
group (n=72)

Total glaucoma group
(n=221)

Women/men 78/61 31/41 104/117
Age (years) 43.2 (13.4) 46.1 (11.4) 48.8 (12.3)
Refractive error (D) −0.62 (2.42) 0.00 (2.20) −0.92 (2.32)
Range −7.5 to +7.0 −5.25 to 6.50 −7.85 to +5.5

Figure 1 Scattergram showing the correlation between measurements of neuroretinal rim
area by the HRT and rim area determination by planimetry of optic disc photographs in
221 patients with primary and secondary open angle glaucoma, 72 subjects with ocular
hypertension, and 139 normal subjects.

Figure 2 Scattergram showing the correlation between measurements of the ratio of
neuroretinal rim area to disc area performed by the HRT and by planimetry of optic disc
photographs.
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then refocused, and the retinal nerve fibre layer
was evaluated. The fundus was divided into
eight sectors. Four sectors were oriented along
the four main retinal vessels branches—
temporal inferior, temporal superior, nasal
superior, and nasal inferior. The regions lying
between these areas formed the remaining four
sectors—temporal horizontal, superior, nasal
horizontal, and inferior. For each retinal sector,
a grade of visibility of the retinal nerve fibre
bundles was assigned. This grading was a sub-
jective one, ranging from “0” for “no fibre
bundles detectable” to “8” for “abundant
nerve fibre bundles visible”. The maximal
score that theoretically could be achieved was
64.16 The nerve fibre layer photographs were
assessed independently of the optic disc trans-
parencies, without knowledge of the history,
the morphometric optic disc data, and the
perimetric results.
For each eye, three 10° confocal laser

scanning tomographic images were addition-
ally obtained using the HRT. The mean topo-
graphy of the three images was analysed by the
HRT software version 1.11. The mean stand-

ard deviation of the topographic images was
28.3 (SD 10.3) µm. The border of the disc was
outlined manually with the help of optic disc
photographs projected simultaneously. Ac-
cording to software version 1.11, the reference
plane for the delineation of the optic cup from
the neuroretinal rim was the level 50 µm
beneath the contour line in the temporal
segment, 4–10 degrees below the horizontal
axis of the disc. HRT examination and optic
disc photography were performed at the same
day.
Since quantitative data of the optic disc

expressed in absolute size units such as mm2

diVer between various laboratories and tech-
niques employed,1 2 6 8 14 17–19 the measurements
of the neuroretinal rim area were additionally
calculated as ratio of rim area to disc area.

Results
Taking all eyes included in the study, absolute
neuroretinal rim area and rim to disc area were
significantly (p<0.0001; Wilcoxon matched
pairs test) larger if measured by the HRT than
if determined by planimetric evaluation of disc
photographs (mean 1.51 (SD 0.45) mm2 rim
area versus 1.37 (0.42) mm2 rim area; and 0.62
(0.20) rim to disc area versus 0.51 (0.17) rim
to disc area) (Figs 1 and 2). The diVerence
between both methods was more marked for
the data expressed as rim to disc area, since the
optic disc was measured significantly smaller
by the HRT than by the planimetric method
(2.56 (0.63) mm2 versus 2.79 (0.66) mm2;
p<0.0001; Wilcoxon matched pairs test) (Fig
3).
In normal eyes with disc cupping, the diVer-

ences between both methods were negatively
correlated with the size of the optic cup (Pear-
son’s correlation coeYcient R = −0.18; p
=0.0001). The smaller the optic cup, the more
pronounced was the diVerence between the
larger HRT values and the smaller planimetric
data. Corresponding to the physiological cor-
relation between cup area and optic disc
size,20 21 the diVerences between both methods
were also significantly (p<0.05) and negatively
correlated with the area of the optic disc.
In normal eyes with no cupping, rim to disc

area ratio measurements equalled 1.0 and were
congruent in both methods. It follows from the
definition of neuroretinal rim as diVerence of
disc area minus cup area.

Figure 3 Scattergram showing the correlation between measurement of the optic disc area
by the HRT and determination of the optic disc area by planimetric evaluation of optic disc
photographs.

Table 2 Correlation coeYcients, R, p values, and equations of linear regression lines for the correlation between
neuroretinal rim area measurements and other variables

Variable Planimetry of disc photographs HRT measurements

Mean visual field defect R = −0.58; p <0.0001 R = −0.51; p <0.0001
Y = −0.06 X + 1.49 Y = −0.06 X + 1.62

Square root of the mean visual defect R = −0.64; p <0.0001 R = −0.52; p <0.0001
Y = −0.24 X + 1.58 Y = −0.21 X + 1.68

Visibility of the retinal nerve fibre layer R = 0.32; p <0.0001 R = 0.19; p = 0.01
Y = 0.02 X + 1.13 Y = 0.01 X + 1.35

“Neuroretinal rim area defect” correlated with mean visual field defect R = 0.58; p <0.0001 R = 0.52; p <0.0001
Y = 0.06 X + 0.09 Y = 0.06 X − 0.01

“Neuroretinal rim area defect” correlated with the square root of the
mean visual field defect

R = 0.64; p <0.0001 R = 0.52; p <0.0001
Y = 0.24 X + 0.00 Y = 0.20 X − 0.08

Rim area/disc area correlated with mean visual field defect R = −0.52; p <0.0001 R = −0.46; p <0.0001
Y = −0.02 X + 0.56 Y = −0.02 X + 0.66

Rim area/disc area correlated with the square root of the mean visual
field defect

R = −0.56; p <0.0001 R = −0.46; p <0.0001
Y = −0.09 X + 0.59 Y = −0.08 X + 0.69
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In the glaucoma group, the diVerences
between the larger HRT values and the smaller
planimetric data additionally depended on the
stage of the disease. In glaucomatous eyes with
a mean visual field defect of less than 4 dB, the
diVerences were significantly (p<0.05; Wil-
coxon Mann–Whitney test) smaller than in
eyes with a mean perimetric loss of more than
4 dB.
Correlating the values of both methods with

the mean visual field defect and visibility of the
retinal nerve fibre layer, respectively, correla-
tion coeYcients were significantly (p<0.05 and
p<0.005, respectively)22 higher for the plani-
metric rim determinations than for the HRT
measurements (Table 2). If the square root of
the mean visual field defect instead of the
original perimetric value was correlated with
the rim area measurements, the correlation
coeYcients increased for the planimetric rim
determinations and were again significantly
(p<0.001)22 higher for the planimetric method
than for confocal laser scanning tomography
(Table 2). Correspondingly, if the ratio of rim
area to disc area or a new variable the
“neuroretinal rim area defect” instead of the
neuroretinal rim area were correlated with the
square root of the mean visual field defect, the
correlation coeYcients were significantly
(p<0.001) higher for the planimetric evalua-
tion of disc photographs than for the rim
determination by the HRT (Table 2). The new
variable “neuroretinal rim area defect” was
calculated as “neuroretinal rim area defect” =
expected rim area − measured rim area.
“Expected rim area” was defined as: expected
rim area = “A” × optic disc area + “B”. This
was the equation of the regression line for the
correlation between neuroretinal rim area and
optic disc area in the normal subjects of this
study. For the planimetric method, “A” was
equal to 0.182, and “B” was equal to 1.075
(with a correlation coeYcient R = 0.31 and
p<0.0001). For the HRT method, “A” was
equal to 0.122, and “B” was equal to 1.296
(with a correlation coeYcient R = 0.34 and
p<0.0001). The scattergrams including the
regression lines for both methods were similar
to those already published.14

Discussion
Comparing both methods in measuring neu-
roretinal rim size reveals that the HRT
determinations of the absolute rim area and of
the rim to disc area ratio are significantly larger
than planimetric measurements on disc photo-
graphs (Figs 1 and 2). It confirms a recent
study in which both methods were compared
in their ability to determine the shape of the
neuroretinal rim in a smaller cohort of patients
and subjects.23

Several reasons can be responsible for the
discrepancy between the confocal laser scan-
ning tomographic method and the planimetry
of disc photographs. The most likely reason is
that the HRT measures parts of the central
retinal vessel trunk as if it belongs to the
neuroretinal rim even if there is no nerve fibre
tissue beneath the vessels. It is the result of the
algorithm of the HRT which defines the

neuroretinal rim as all the area inside the peri-
papillary contour line above the reference
plane. The latter is determined 50 µm beneath
the mean level of the contour line in a sector
located 4–10 degrees below the temporal hori-
zontal disc pole (HRT software version 1.11).
In this definition, all points lying inside the
contour line above the reference plane are con-
sidered to be neuroretinal rim. It does not dis-
tinguish between diVerent types of tissue.
Since the retinal vessels of the optic nerve head
cross the reference plane, they are partially
included in the measurement of the neuroreti-
nal rim area. It is in contrast with the definition
of the neuroretinal rim that is generally used
for the ophthalmoscopic and planimetric de-
termination of the neuroretinal rim area.24 In
the latter definition, retinal vessels are consid-
ered to belong to the neuroretinal rim only, if
neuroretinal rim tissue with retinal ganglion
axons is underlying them.
Another reason for the diVerences between

the two methods can be that for both
techniques the optic disc border has to be out-
lined manually in an interactive step. Since the
optic disc margin can better be detected on
disc photographs than on HRT images, a
diVerent outlining of the optic disc may also
partially explain the discrepancy between the
two methods. In the present study, however,
disc photographs were projected when the disc
was outlined on the HRT image. Other reasons
for diVerences in rim and disc area measure-
ments between both methods may be a diVer-
ence in the correction of the image magnifica-
tion by the ocular media, or a misalignment
between patient and fundus camera or laser
scanner25 which has recently been emphasised.
The variation in the definition of the

neuroretinal rim explains why the diVerence in
the relative rim area measurements between
both methods enlarged with increasing glauco-
matous optic nerve damage as determined
perimetrically. The relative proportion of the
retinal vessels on the rim measurements by the
HRT is larger in eyes with little neuroretinal
rim tissue left than in normal eyes or eyes with
early glaucoma. Since the loss of neuroretinal
rim as measured on disc photographs out-
weighs the diminution of the retinal vessel cali-
bre in eyes with advanced glaucoma,26 the dif-
ferences between both methods enlarge with
increasing glaucomatous optic nerve damage.
The varying definition of neuroretinal rim

may be the reason why the diVerence in rim
area measurements between the two methods
depends on the optic cup size in normal eyes.
In normal eyes with small optic discs and no
cupping, the neuroretinal rim covers the whole
disc and the rim to disc area ratio is 1.0 in both
methods. In normal eyes with cupping, the dif-
ference between both methods is larger in eyes
with small discs and small cups than in eyes
with large discs and large cups. The reason is
that in eyes with disc cupping the percentage of
retinal vessel area on total disc area decreases
with increasing disc size. This has to be taken
into account when rim measurements of both
methods are compared with each other.

Measurements of neuroretinal rim area by confocal laser scanning tomography and planimetry 365

http://bjo.bmj.com


Addressing the question which of the two
methods may better reflect the degree of glau-
comatous optic nerve damage, we correlated
the rim measurements of both methods with
the mean visual field defect and with the
visibility of the retinal nerve fibre layer (Table
2). The correlation coeYcients were signifi-
cantly higher for the planimetric rim determi-
nations than for the measurements by the HRT
(Table 2). It suggests that planimetric rim area
measurements may correlate better than HRT
measurements with other examinations show-
ing the degree of glaucomatous optic nerve
damage. It should not make one forget the
many clinical and practical advantages oVered
by the HRT, such as the three dimensional
assessment of the optic cup, the determination
of the contour of the retinal nerve fibre layer
in the parapapillary region, the high
reproducibility, its probable superiority in
follow up examinations, the fast availability of
the results, and the fact that the HRT does not
require full pupillary dilatation and that the
HRT examination as semiautomatic technique
can partially be delegated to technicians.5–12 27

It further has to be stressed that the present
study compares rim measurements between
both methods only in a cross sectional manner;
it does not say anything about the comparabil-
ity of results in follow up examinations of
patients with glaucoma where the main advan-
tages of the HRT are located.
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