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Abstract
Aim—To determine if global and segmen-
tal changes in optic disc parameters of
sequential Heidelberg retina tomograph
(HRT) images develop in individual ocu-
lar hypertensive (OHT) patients without
white on white visual field defects.
Methods—Patients and normal controls
were recruited from a prospective ocular
hypertension treatment trial. The subject
groups consisted of 21 OHT patients who
had converted to early glaucoma on the
basis of visual field criteria (24-2 program
on the Humphrey perimeter), 164 OHT
subjects with normal visual fields, and 21
normal controls. Sequential HRT images
16–21 months apart were obtained for
each subject and segmental optic disc
parameters were measured to determine
if any change had occurred. From the
analysis of sequential HRT images of the
21 normal eyes we established normal
limits of interimage variation. Individual
discs in each group showing changes
above the 95% limit of normal variability
were then sought.
Results—Several segmental and global
optic disc parameters were found to show
significant change in the converter group
before confirmed visual field change, con-
firming our previously published results.
Individual optic disc analysis using the
95% limit of normal variability data dem-
onstrated glaucomatous change in 13 out
of 21 converter eyes. 47 of the 164 OHT
eyes with normal visual fields showed
change in global and segmental param-
eters in a “glaucomatous” direction above
the level expected for normal variability.
The parameters which changed most
frequently in the OHT eyes were: global
cup volume (6.7% of discs), inferonasal
cup volume (11%), inferotemporal cup
volume (8.5%), and superotemporal cup
area (7.3%).
Conclusions—We have identified change

in a subset of ocular hypertensive patients
which could predate the development of
glaucomatous visual field loss. The HRT
could be of value in the sequential follow
up of those suspected of having glaucoma
by identifying eyes at risk of developing
glaucoma. However, further refinement of
the technique is required to eliminate
some of the inherent variability of the
analysis method described, and to in-

crease the ability to detect at risk indi-
viduals.
(Br J Ophthalmol 2000;84:993–998)

It has been well established that clinically
detectable glaucomatous change in the optic
disc may precede the onset of white on white
visual field defects by several years.1–6 Histo-
logical evidence of extensive loss of optic nerve
fibres before detectable visual field loss sup-
ports this observation.7 8 If detection of glau-
coma is made at an earlier stage of the disease,
the institution of appropriate treatment may
prevent or delay the onset of functional loss.

Reliance on visual field data to help in the
diagnosis of early glaucoma poses problems,
even with the automated techniques that are
currently available. Variability in the perform-
ance of automated perimetry has been well
documented in both normal subjects and
patients with glaucoma, with higher levels of
both intratest and inter-test fluctuation seen in
the latter group.9–11 Reproducible field defects
are therefore necessary to confirm change.12

Frequent visual field testing may be diYcult to
achieve, resulting in a prolonged interval
between visual field progression and its detec-
tion.

The detection of glaucomatous change by
analysis of optic disc parameters may provide
us with a more objective means of assessment
than currently available methods of visual field
analysis.6 However, the main limitation to
making a diagnosis of early glaucoma on the
basis of clinical appearance of the optic disc is
the diYculty in determining exactly what
features constitute a “normal” disc because of
the high degree of variability in the general
population. For the same reason it can also be
diYcult to identify reliably “abnormal” discs.
Classic examples in both groups can be
assessed with confidence, but many discs may
lie in between these extremes and oVer little
help in reaching a diagnosis. Previous studies
have shown that there is limited agreement
between even experienced observers in optic
disc assessment, both ophthalmoscopically and
using disc photographs.13–15 The specificity and
sensitivity of optic disc assessment is limited
with current clinical methods14 but newer
methods such as the Heidelberg retina tomo-
graph (HRT, Heidelberg Engineering, Heidel-
berg, Germany) may provide us with a more
objective means of assessment. The HRT has
been investigated as a tool in the imaging of the
optic nerve head and its method of analysis has
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been described elsewhere.16 17 HRT analysis
provides quantitative measures of three dimen-
sional optic disc parameters such as cup and
rim volume, as well as information on various
area parameters. High levels of reproducibility
have been demonstrated with the HRT.16 18 19

The ocular hypertension (OHT) study was
conducted at Moorfields Eye Hospital from
1992 to 1998. The study included a group of
255 patients with a medium to high risk of
developing ocular hypertension, a proportion
of whom developed early glaucomatous field
loss during the follow up period. We have
called this subgroup the “converters”. One of
the aims of the OHT study was to evaluate sev-
eral psychophysical and imaging techniques in
the detection of early glaucomatous damage.
All patients in the OHT study underwent serial
HRT optic disc imaging from 1994 when the
equipment first became available to us. A
group of normal controls also underwent simi-
lar investigations in order to compare their
results with those of the patients in the study.

The results reported here are a development
of work previously published in 1999.20 The
first part confirms our previous finding that the
analysis of sequential HRT images can identify
glaucomatous change in global and segmental
parameters before visual field change in a
larger group of converters using the latest ver-
sion of HRT software. In addition, we aimed to
establish the normal limits of variability of
these parameters in sequential HRT imaging
from a group of normal subjects and to apply
these findings to a large group of OHT patients
maintaining normal visual fields to determine
which individuals show change in the optic disc
above the normal limits.

Methods
The ethics committee at Moorfields Eye
Hospital approved the OHT study and all
patients and normal volunteers participating in
the study gave their informed consent on initial
recruitment.

All visual field testing in our study was
performed using the 24-2 threshold strategy on
the type 1 Humphrey field analyser. Each
OHT subject underwent four monthly visual
field testing.

OHT PATIENTS

The patients were recruited from primary care
and general glaucoma outpatient clinics at
Moorfields Eye Hospital.

Eligibility criteria
Eligibility criteria for entry into the trial
included: intraocular pressure measured by
Goldmann applanation tonometry of
>22 mm Hg on two or more occasions; two
consecutive reliable visual fields with an
AGIS21 score of 0; absence of any other signifi-
cant ocular disease that may aVect visual field
performance; age more than 35 years. The
clinical appearance of the optic disc as seen
with a 78D biomicroscopic lens was not an
entry criterion.

Definition of conversion
For the purposes of the OHT study we have
defined conversion as follows: the change from
an initial AGIS score of 0 to an AGIS score of
>1 on three consecutive reliable visual fields,
with at least one location consistently below
the threshold for normality. A reliable field was
obtained when the following criteria were met:
<25% fixation losses, <30% false negative
errors, and <30% false positive errors. The
protocol in the study dictated that, if a patient
developed a visual field defect on a routine four
monthly visit test, this was repeated within one
month and, if the same defect was then repro-
duced on a reliable second field, a third test
was performed 3–4 months after this. Conver-
sion was confirmed if the field defect was
present on the three consecutive reliable tests.
If the defect was present but the reliability
indices fell outside those described above, then
the test was repeated again within 1 month. If a
field defect was not reproduced on the second
or third attempt, a routine perimetric appoint-
ment was given for 4 months later. Conversion
was therefore confirmed by three visual field
tests performed over a 4–5 month period.

NORMAL CONTROLS

The normal controls were recruited from part-
ners of patients, hospital staV, and other volun-
teers using the following eligibility criteria:
intraocular pressure as measured by Gold-
mann tonometry of <21 mm Hg on two or
more occasions; two consecutive visual fields
with an AGIS score of 0 (acceptable reliability
indices of visual field performance were the
same as for the OHT group); no significant
ocular disease; no family history of glaucoma
or ocular hypertension; age >35 years. The
clinical appearance of the optic disc as seen
with a 78D lens was not an entry criterion.

Table 1 Mean (SD) time interval from HRT1 to HRT2 and mean (SD) ages of subject
groups

Normal subjects Converters OHT

Mean (SD) time from HRT1 to
HRT2 (months) 21.5 (8.5) 16.3 (8.5) 16.6 (9.7)

Mean (SD) age (years) 65.1 (10.1) 67.9 (8.9) 63.3 (9.4)

HRT = Heidelberg retina tomograph; OHT = ocular hypertensive.

Table 2 Optic disc parameters showing glaucomatous change in converters (group analysis by Wilcoxon signed ranks test)

Cup area (mm2) Cup volume (mm3) Rim area (mm2) Rim volume (mm3)

p value
Magnitude
(SD) p value

Magnitude
(SD) p value

Magnitude
(SD) p value

Magnitude
(SD)

Global 0.002 0.08 (0.1) 0.001 0.032 (0.037) 0.002 0.08 (0.11) <0.001 0.045 (0.056)
Inferotemporal NS 0.009 (0.023) 0.003 0.006 (0.009) NS 0.009 (0.023) 0.001 0.004 (0.005)
Inferonasal NS 0.009 (0.018) 0.006 0.003 (0.005) NS 0.009 (0.020) 0.002 0.007 (0.010)
Superotemporal <0.001 0.023 (0.030) <0.001 0.008 (0.007) <0.001 0.023 (0.03) <0.001 0.006 (0.007)
Superonasal <0.001 0.01 (0.02) NS 0.004 (0.006) 0.004 0.012 (0.020) <0.001 0.007 (0.009)

NS = not significant.
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HRT IMAGING AND ANALYSIS

Each OHT patient included in the study had
undergone annual optic disc imaging with the
HRT. Normal subjects had also undergone
sequential HRT imaging, but on a less
frequent basis than the OHT patients. One eli-
gible eye was included per subject.

For each HRT imaging session three 10 × 10
degree images were obtained for each eye by

one of two experienced technicians. Images
with significant movement artefact were re-
jected. All analysis on the HRT was performed
using HRT software version 2.01. The mean
topography of the three images was generated
and the disc edge was delineated on the mean
image by a single observer (DK) using a mouse
drawn contour line. The contour line was then
exported from the first HRT mean image
(HRT1) onto the second HRT mean image
(HRT2) of the same optic disc. In house stud-
ies have demonstrated good reproducibility
levels with interobserver variability measures of
neuroretinal rim values of 8.1%, and intra-
observer variability measures of 4.5%.19 HRT
software was used to analyse both global and
segmental optic disc parameters.

The following optic disc parameters were
analysed using HRT software: disc area, cup
area, cup volume, rim volume and third
moment (cup shape measure) using the stand-
ard reference plane.

Global parameters and six predefined optic
disc segments were analysed: nasal, superona-
sal, inferonasal, temporal, superotemporal, and
inferotemporal. For each subject included in
the study two sequential HRT images were
analysed. Only those subjects with good quality
HRT images—that is, without any movement
artefact and a mean topography standard
deviation of <20 µm—were included in the
study analysis. The mean topographical images
included in the study for each subject were
directly sequential in time order.

STATISTICAL METHODS

Group analysis of changing optic disc parameters
in the converters
HRT2 values were obtained before the conver-
sion confirming third visual field (VF3). The
sequential HRT image data were not distrib-
uted normally (as shown by histogram rep-
resentation of the results). The non-parametric
Wilcoxon signed ranks statistical test (on SPSS

for Windows version 7.0) was therefore used to
determine if there were any statistically signifi-
cant diVerences between the values for HRT1
and HRT2. A result was considered to be sta-
tistically significant if the p value was <0.05.

Establishing the normal limits of variability
The mean magnitude of diVerence in param-
eter values between HRT1 and HRT2 for the
group of normal subjects was established and
the 95% limit of normal variability was
determined by multiplying the standard devia-
tion of this mean diVerence by 1.96. This was
calculated only for those parameters showing
significant change in the converters.

Analysis of individual optic discs to identify those
showing change outside the normal level of
variability
All the optic discs in the three subject groups
were analysed individually to determine which
discs showed a magnitude of change greater
than that limit established from the analysis of
the normal data. Change in both directions was
examined—that is, if the change was in the
glaucomatous direction this was labelled as

Table 3 95% limit of normal variability (1.96 × SD
mean diVerence between HRT1 and HRT2 for the normal
group)

Parameter
Cup area
(mm2)

Cup
volume
(mm3)

Rim area
(mm2)

Rim
volume
(mm3)

Global 0.160 0.056 0.248 0.116
Inferotemporal 0.008 0.019
Inferonasal 0.004 0.017
Superotemporal 0.020 0.013 0.033 0.014
Superonasal 0.020 0.036 0.017

Figure 1 Parameters showing glaucomatous change in individual converter optic discs.
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Figure 2 Parameters showing change in individual OHT optic discs.
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“getting worse” represented by (+) in the
figures and if the change was in the opposite
direction it was labelled as “getting better” rep-
resented by (–) in the figures.

Results
Sequential mean topographical images from
two converters, three normal subjects, and six
OHT subjects were rejected because of stand-
ard deviations of more than 20 µm. These sub-
jects were therefore excluded from the study.

Twenty one converters, 21 normal subjects,
and 164 OHT subjects with good quality
sequential HRT images were included in the

study analysis. The mean ages of the groups
and the time between HRT1 and HRT2 are
shown in Table 1.

CONVERTER GROUP

The following segmental and global param-
eters were found to change (“getting worse”)
on the Wilcoxon analysis of the converter
group data (see Table 2):
(a) Cup area: global, superonasal, and supero-

temporal.
(b) Cup volume: global, inferotemporal, infe-

ronasal, superotemporal.
(c) Rim area: global, superonasal, and supero-

temporal.
(d) Rim volume: global, inferotemporal, infe-

ronasal, superonasal, and superotemporal.
In all but two converters HRT2 was obtained
before VF3. In two converters HRT2 was
obtained at the same examination as VF3. The
mean (SD) time from HRT2 to VF3 was 5.4
(5.1) months.

NORMAL GROUP

None of the parameters changed significantly
in the normal group. The 95% limit of normal
variability for each parameter is shown in Table
3.

INDIVIDUAL DISCS

Individual discs in the three groups of subjects
were then examined to determine which ones
showed change in the direction of “getting
better” or “getting worse”—that is, showing
change greater than the limit of normal
variability.

Thirteen of the 21 converters showed
change in the direction of “getting worse” and
none of the converter discs showed change in
the direction of “getting better”; one of the
normal control discs showed change in the
direction of “getting worse” and two showed
change in the direction of “getting better”; 47
of the 164 OHT discs showed change in the
direction of “getting worse” and 15 showed
change in the direction of “getting better”.

For the converters and OHT group the
number of discs changing in the “getting
worse” direction was plotted against each of
the significant parameters shown in Table 2.
The four most frequently changing parameters
were the same for both groups of subjects (Figs
1 and 2): converters (% of 21 optic discs)—
global cup volume (33.3%), inferotemporal
cup volume (28.5%), inferonasal cup volume
(38.9%), superotemporal cup area (33.3%);
OHT group (% of 164 optic discs)—global
cup volume (6.7%), inferotemporal cup vol-
ume (8.5%), inferonasal cup volume (11%),
superotemporal cup area (7.3%).

These four parameters were therefore exam-
ined in more detail to identify the number of
optic discs that were “getting better” as well as
those “getting worse”. These results are
illustrated in Figs 3–6.

Discussion
A previous study published by our group20

reported on how early glaucomatous disc
change was noted before the development of

Figure 3 Direction of change in individual discs for global cup volume; + = “getting
worse”,—= “getting better”.
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Figure 4 Direction of change in individual discs for superotemporal cup area.

40

+

–

30

20

10

0

10

20

30 Normal

Convert

OHT

7/21

1/21 12/164

2/164

P
er

ce
n

ta
g

e 
o

f 
d

is
cs

 s
h

o
w

in
g

 c
h

an
g

e

Figure 5 Direction of change in individual discs for inferotemporal cup volume.
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reproducible visual field defects in a group of
OHT patients converting to early glaucoma.
We have confirmed these results in a larger
group of converters identified during the
course of the OHT study at Moorfields Eye
Hospital. This work looked at converter data
on a group rather than on an individual basis.
Following on from this we have determined the
normal limit of variability of disc change using
the group data obtained from a larger number
of normal subjects. This methodology has ena-
bled us to look at sequential optic disc data on
an individual basis. It is apparent on individual
analysis that most converter discs (13/21) do
show change above that expected for normal
variability but in eight cases this could not be
detected by our method of HRT analysis
before confirmed visual field conversion. We
feel that looking for change in smaller segments
may improve the method for detecting the
small degrees of change associated with early
glaucoma, and we will be investigating this in
future work. No converter discs showed change
in the direction of “getting better”. Those con-
verters who demonstrated disc change did so
before visual field change.

The OHT group maintained normal visual
fields but 47 individual discs were shown to be
“getting worse”. The 95% limit of normal vari-
ability used in the study ensures that only those
OHT subjects showing significantly greater
change than the normal group were identified,
and we are continuing to follow these patients
to determine whether they develop reproduc-
ible visual field defects. We feel, on the basis of
our converter data, that these individual
subjects are at risk of developing future visual
field loss and they represent a group of OHT
subjects who may benefit from early treatment
to lower the intraocular pressure. Fifteen OHT
discs also showed evidence of “getting better”,
which suggests that there is some inherent
variability in the analysis of sequential images
of HRT. Further refinement of the technique is
required to reduce this variability.

Most previous studies with the HRT have
been cross sectional22–25 and have concentrated
on separating normal subjects from those with
glaucoma. Many of these studies have been
limited by the fact that they used the clinical
appearance of the optic disc as an inclusion

criterion for subjects. The groups have been
preselected on the basis of the very parameter
that is under investigation, leading to signifi-
cant selection bias.26 Other studies have set out
to eliminate such bias27–29 and have found rela-
tively high levels of sensitivity and specificity of
the technique in detecting glaucomatous dam-
age to the optic disc. To our knowledge, there
have not been any other published longitudinal
HRT data on OHT patients with normal visual
fields with which we can compare our results.
At ARVO 1999 Chauhan et al30 presented their
method for detecting changes in sequential
HRT images in glaucoma patients by means of
change probability maps that used data ana-
lysed on a pixel basis. Preliminary results found
that this method was able to identify 95% of
glaucomatous eyes with early visual field
defects shown to be progressing on optic disc
photography. Publication of further work using
change probability maps is awaited.

In conclusion, this study has, for the first
time, identified those optic discs in a group of
OHT patients that show glaucomatous change
over time, despite maintaining consistently
normal visual fields. We believe that OHT
patients who show such change are at risk of
future functional visual loss and may benefit
from prophylactic treatment. Our study has
eliminated potential selection bias by exclud-
ing the appearance of the optic disc from the
inclusion criteria for each of the subject
groups. The use of the HRT in clinical practice
awaits resolution of the issue of “improve-
ment” noted in a subset of our OHT patients.
Refinement of analysis methods may also
resolve the issue of those converter eyes in
which no change could be detected before the
development of visual field defects.

Supported by The Guide Dogs For the Blind Association and
the Blue Light Fund at Moorfields Eye Hospital
None of the authors has any proprietary interest in the Heidel-
berg retina tomograph.
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