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occasions in one or both eyes; (ii) there were normal
optic discs on ophthalmoscopic examination;
(iii) there were goniscopically demonstrated open
anterior chamber angles"”; (iv) there were full
Topcon fields to isoptres 12e, I4e, and V4e. Patients
were accepted on or off treatment.

Inclusion criteria. Patients were accepted for the
study if (i) they fulfilled the above criteria for the
definition of ocular hypertension; (ii) their spectacle
correction was between —6-00 and +6-00 dioptres
inclusive.

Exlusion criteria. Patients were excluded from the
study if (i) there was evidence of concurrent eye
disease; (ii) there was a personal history of any -
disorder which might give rise to eye disease in the
future, for example diabetes; (iii) there was a diag-
nosis of glaucoma in the fellow eye.

Thirty patients with ocular hypertension were
recruited, 20 males and 10 females. Seventeen
patients had not received pressure reducing therapy
during the previous three months (group 1) and 13
were receiving treatment (group 2). Details of these
patients are summarised in Table 1.

GROUP I
There were 12 male and five female patients not
receiving medication with a mean age of 58-80
(SD 9-73) and 62-00 (SD 4-84) respectively. Eleven
of the patients had bilateral ocular hypertension. The
majority of the patients presented to Eye Clinic
between one month and four years before recruit-
ment, but three patients had been attending for
seven, eight, and nine years.

GROUP 2

There were eight male and five female patients
receiving treatment. Their mean ages were 60-75
(SD 8-01) and 63-20 (SD 12-26) respectively. Ten of
the patients had bilateral ocular hypertension. Seven
patients were on timolol (Timoptol), four were on
adrenaline based eye drops, one was on timolol and
epinephrine, and one was on pilocarpine. Six of these

Table 1 Details of patients recruited for the study
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patients stopped treatment four days prior to the
tests. Twelve patients presented to the Eye Clinic
between one month and four years before recruit-
ment; the remaining patient had been attending for
10 years.

All patients received a full ophthalmological
examination including slit-lamp biomicroscopy, IOP
readings recorded with the Goldmann applanation
tonometer, and fundus examination. The end point
for the measurement of IOP was taken as the mid
point of the oscillation of the applanation prism.

VISION TESTS

All the patients had measurements of visual acuity,
Topcon fields, and contrast sensitivity. In addition 11
patients had Octopus field tests.

Corrected distance visual acuity was measured at
6 metres with a Bailey-Lovie test chart. "

Visual fields were measured on a Topcon SBP-11H
projection perimeter. The background illumination
was 32-5 apostilbs and targets I2¢, I4e, and V4e were
used. Octopus fields were also obtained on some
patients by means of programme 33, which assesses
the central 30° of the visual field. The Octopus
automatic field tester has a number of advantages
when compaired to the Topcon perimeter. These
include standardised testing conditions, static
randomised presentations of the test targets, and
numerical results to which statistical analysis can be
readily applied.

For the contrast sensitivity test, static vertical
sinewave gratings of variable spatial frequency were
generated on a display oscilloscope by a two-channel
microprocessor wave form generator,” which was
addressed by a DEC PDP 11-23 computer. The
contrast of the grating pattern was controlled by a
digital to analogue converter on the computer.
Contrast is defined as (Lmux—Lumin)/Lux+Luin), Where
L is the luminance of a point on the screen. The
procedure for obtaining contrast threshold measure-
ments was based on the method of Wetherill* and has
been described in detail elsewhere.® "

No. of Sex

Stopped treatment  Bilateral Unilateral
patients priorto OH OH
M F tests
Timolol 7 4 3 3 5
Adrenaline based 4 3 1 2 3 1
medication

Timolol and epinephrine 1 1 — 1 1 —
Pilocarpine 1 — 1 — 1 —
No treatment 17 12 5 — 11 6
Total 30 20 10 6 21 9

OH=ocular hypertension.
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Table?2 Intraocular pressure levels in the study groups

Patient No. of No. Grand mean SD I10Pat SD
group patients of eyes 10P last visit

Group1

(no treatment) 17 28 22-80 3.05 2450 4.34
Group2

(treatment) 13 23 22-05 2-16 21-30 2:56
Results circular, with a healthy rim of tissue at the disc

Monocular visual acuity in both patient groups
ranged from 6/4 to 6/12 (mean 6/7-5). IOP readings
are presented in Table 2. The grand mean pressure is
the mean of all recorded pressures since the patient
first attended the Eye Hospital. It can be seen from
Table 2 that the only IOP measure which differed
between the two groups was the group mean IOP at
last visit. This result is attributable to the fact that one
group was on pressure lowering therapy and the
other was not.

A qualitative assessment of the cup to disc ratio
was made. In 48 ocular hypertensive eyes this ratio
was less than or equal to 0-5. Two of the remaining
eyes had a ratio of 0-8 (same patient), and one eye
had a ratio of 0-6, and thus one might have con-
sidered these eyes to be abnormal. However, in each
case the discs were a good colour and the cups were

300 @

LOG CONTRAST SENSITIVITY

100 L

n A i A I A

LOG CONTRAST SENSITIVITY

0.72 1.43 2.88 5.80 10.10 17.40
SPATTAL FREQUENCY (CYCLES PER DEGREE)

Fig. 1 Contrastsensitivity values (@) for a 72-year-old
ocular hypertensive patient with a mild reduction in
sensitivity. Note that the area of greatest loss occurs in the
middle of the spatial frequency range. —= Mean contrast
sensitivity value for age-matched control (71-75 years).
—-.-=Two standard deviations from the mean.

margin. They were therefore considered to be
colobomatous discs. Cup to disc ratios exceeded 0-5
in some eyes, which did not fulfil the eligibility
criteria for ocular hypertension; details of the find-
ings for these eyes are given in Table 4b.

The criterion for abnormal contrast sensitivity
responses is based on our previous measurements of
subjects (n=70), stratified by age, with normal
vision. " Our technique of measurement was found to
be reliable, with a correlation coefficient of 0-88 or
better on a test/retest basis for each spatial fre-
quency. In the present study a response was recorded
as abnormal when one or more of the responses to the
three spatial frequencies between one and six cycles
per degree of visual angle (cpd) were more than two
standard deviations (SD) from the age matched mean
normal value. By this criterion 20 of the 28 eyes in
‘group 1 and 12 of the 23 eyes in group 2 had abnormal

0
200 |
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0.72 1.43 2.88 5.80 10.10 17.40
SPATIAL FREQUENCY (CYCLES PER DEGREE)

Fig.2 Contrastsensitivity values (@) for a 51-year-old
ocular hypertensive patient with severe loss. The greatest
reduction in sensitivity is still found at middle spatial
frequencies, but note that a significant loss occurs over a
much wider range of spatial frequencies. —=Mean
contrast sensitivity value for age-matched control (51-60
years). ____ =Two standard deviations from the mean.
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Table3a Contrastsensitivity (CS) results for both eyes of
patients who had bilateral ocular hypertension

Study No. of CSresults
group patients
7 Both abnormal
1 3 Both normal
1 1 One abnormal, one normal
2 4 Both abnormal
2 4 Both normal
2 2 One abnormal, one normal

contrast sensitivity functions. Examples of the types

of contrast sensitivity loss found in the study eyes are
presented in Figs. 1 and 2.

Twenty-one patients had bilateral ocular hyper-
tension. Only three of these patients produced
asymmetrical contrast sensitivity results (Table 3a),
where asymmetry was defined as a normal contrast
sensitivity result in one eye and an abnormal result in
the fellow eye. The optic discs of these three patients
appeared symmetrical and had cup to disc ratios of
0-5, 0-4, and 0-2. The differences in grand mean IOP
between right and left eyes did not exceed 2 mmHg.

The remaining nine patients fulfilled the eligibility
criteria for entry to the study in one eye only. Of the
nine fellow eyes four were normotensive. The other
five eyes were excluded for various reasons. Four
were ocular hypertensive but showed some narrow-
ing of the superior rim of the optic disc, and one eye
was normotensive but had a 2° nasal step. Such a
small defect (<5°)' is not classically defined as
glaucomatous. These patients were regarded as
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ocular hypertensive by the referring ophthalmologist
on the basis of raised IOP and no visual field loss.
However, we recognise the problems involved in
including patients in whom the diagnosis of glaucoma
is equivocal in one eye and not in the other. For this
reason these patients should be distinguished from
those who have no supportive evidence of optic nerve
damage by disc and visual field change in either eye.

The results for these patients are presented in
Table 3b. All but two of the above nine patients
produced asymmetrical results. These two patients
were also receiving treatment to both eyes. The first
patient was on epinephrine 1% b.d. and had abnormal
contrast sensitivity in the study eye but had sym-
metrical optic discs. The grand mean IOPs were
21 mmHg in both eyes. In the fellow eye a 2° nasal
step was found on Topcon perimetry, as mentioned
above, but normal contrast sensitivity. The second
patient was on timolol 0-25% b.d. and had normal
contrast sensitivity in the ocular hypertensive eye,
but abnormal sensitivity in the fellow eye. The grand
mean IOPs were 22 mmHg in both eyes, and the optic
disc in the fellow eye had a cup to disc ratio of 0-6,
with narrowing of the superior rim. If the eyes with
suspicious discs and possible visual field defects are
excluded, there remain four eyes which are normo-
tensive. In each of them contrast sensitivity in the
study and fellow eye was similar, with abnormal
responses bilaterally in three patients and normal
responses bilaterally in one patient. Thus IOP
differences between the eyes were not reflected in
this result.

Asymmetry between optic discs is usually con-

Table3b Contrastsensitivity (CS) results for both eyes of patients with unilateral ocular hypertension (OH)

Patient Study CSresult CSresult Reason for exclusion
group for OH eye for fellow eye of fellow eye from study

22 1 Abnormal Abnormal Suspect disc

28 1 Abnormal Abnormal Suspect disc

26 1 Abnormal Abnormal ‘Normotensive

27 1 Abnormal Abnormal Normotensive

30 1 Abnormal Abnormal Normotensive

29 1 Normal Normal Normotensive

23 2 Abnormal Normal Possible VFD

25 2 Abnormal Abnormal Suspect disc

24 2 Normal Abnormal Suspect disc

Tableda Contrast sensitivity (CS) results of bilateral ocular hypertensive patients who had asymmetrical optic discs

Patient Study Righteye Lefteye
group
C/D ratio CS result CID ratio CS result
12 1 05 Normal 0-6 Normal
21 1 0-4 Normal 03 Normal
4 2 03 Abnormal 04 Abnormal
10 2 03 Abnormal 0-4 Abnormal
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Table 4b  Contrast sensitivity (CS) results of unilateral ocular hypertensive patients who had asymmetrical optic discs
Patient Study OH eye Fellow eye

group

C/D ratio CS result C/D ratio CS result

26 1 0-4 Abnormal 0-6 Abnormal
27 1 03 Abnormal 0-1 Abnormal
28 1 0-3 Abnormal 0-6 Abnormal
22 2 0-3 Abnormal 0-6 Abnormal
24 2 04 Normal 0-6 Abnormal

sidered to be significant in the diagnosis of
glaucoma.'” Therefore we looked at the contrast
sensitivity performance of nine patients who had
optic disc cup asymmetry. The results are presented
in Tables 4a and 4b. Interestingly, all but one patient
produced symmetrical contrast sensitivity results.
However, this paradoxical result may reflect the
small cup to disc ratio differences between the two
eyes or the qualitative aspect of the assessment rather
than a genuine lack of correlation between optic disc
appearance and contrast sensitivity.

An Octopus perimeter enabled us to perform
automated field measurements on 13 eyes in 11
patients. However, even when this more rigorous
procedure was used, the visual fields in 10 eyes were
normal; the other three eyes showed early glauco-
matous field defects. These defects were relative
arcuate scotomata, in each case adjoining the blind
spot. In two of the three eyes Octopus field testing
revealed increased thresholds in the foveal area. In
these three eyes contrast sensitivity was abnormal
(Table 5). The three patients with Octopus field
defects were in group 1 (no treatment). In two of the
cases the IOPs (both the grand mean and the IOP
recorded on the day of the test) were only marginally
raised, the highest reading being 23-5 mmHg. The
third patient was found to have pressures of 36 and
28 mmHg in the right and left eyes respectively and he
was placed on timolol drops 0:5% b.d. to both eyes.

It might be argued that the reason for the high
proportion of patients with abnormal contrast sensi-
tivity was poor selection, and that if a more rigorous
visual field criterion had been used some patients
would have been diagnosed as having chronic simple
glaucoma. The above mentioned results from an
Octopus automated perimeter on a sample of the
eyes included in the study show that this is unlikely to
have been the case.

The relationship between contrast sensitivity and

the grand mean IOP was examined. In the untreated
group there was no significant difference between the
mean IOPs of the 20 eyes with reduced sensitivity and
the eight which produced normal responses
(t=0-199, df=26, p>0-05). In the treatment group 12
eyes produced attenuated contrast sensitivity

Table5 Contrastsensitivity (CS) and visual field results of
patients who had Octopus perimetry

Normal CS Abnormal CS
Normal Octopus fields 1 9
Abnormal Octopus fields 0 3

responses, and 11 were within normal limits. Again,
differences in grand mean IOPs for the two responses
were not statistically significant (¢=1-8757, df=21,
p>0-05).

Discussion

In this study 63% (32 eyes) of the ocular hypertensive
eyes showed an impairment of central spatial contrast
sensitivity. Individual loss of contrast sensitivity was
not related to the grand mean IOPs, and a number of
patients with unilateral ocular hypertension who had
consistently normotensive fellow eyes nevertheless
showed impaired contrast sensitivity in both eyes.

It is accepted that some patients with ocular
hypertension will develop chronic simple glaucoma.
Those patients with higher pressures (for example,
greater than 30 mmHg) do appear to be at greater
risk of developing manifest chronic simple
glaucoma,® but when all levels of raised IOP are
considered the number of ocular hypertensive
patients developing chronic simple glaucoma is sur-
prisingly low.? However, until criteria exist for
determining which patients are likely to suffer visual
damage, all patients with raised IOP have to be
considered at risk.

More than half of our ocular hypertensive patients
had defective contrast sensitivity. 71% of eyes in
group 1 and 52% in group 2 performed at a level
which was more than 2 SDs from the age matched
norm for one or more spatial frequencies. These
abnormal results were obtained from eyes with good
visual acuity and full Topcon fields. Surprisingly, of
the 11 patients who had Octopus field tests (a more
rigorous method of field testing) only three were
found to have changes which might be indicative of
glaucoma. Both the contrast sensitivity test and the
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Octopus field test sample the central 10-15° of vision,
but it appears that contrast sensitivity is the more
sensitive measure of function for central retina.

It is apparent from our results that a far greater
proportion of our patients showed reduced contrast
sensitivity (and, presumably, optic nerve damage)
than might have been expected on the basis of
previous reports.* > One reason for this discrepancy
might be that our control population, used for aged
matched comparisons, was not representative. In the
present study the comparisons are based on a control
population of 70 subjects (31 male and 39 female)
stratified by age.'* Moreover, these control data have

been supplemented by data from a further 100 .

normal subjects whose contrast sensitivities fall well
within the limits defined by the earlier population. It
seems likely, therefore, that in the standardised
conditions of the present study a depression of
sensitivity greater than 2 SDs below the mean is likely
to represent abnormality.

An alternative explanation is that some aspect of
the selection of our ocular hypertensive group, either
the inclusion/exclusion criteria or the way in which
patients were referred, meant that our patients were
more at risk of developing optic nerve damage than
another group of ocular hypertensive patients not
selected in the same manner. This is a possibility,
though we have been unable to determine what
aspect of the selection/referral procedure could
account for our results.

Early glaucomatous defects are typically thought
to occur outside the central 5-10° of the visual field.”
However, there is increasing evidence suggesting
that vision in central retina is abnormal in ocular
hypertension and early -glaucoma. Colour vision
defects which involve central vision have been
reported in ocular hypertension by Lakowski et al."
and in glaucoma and ocular hypertension by Fishman
et al." and Adams et al.” Depression of foveal
sensitivity and a generalised depression of the whole
central field in patients with ocular hypertension have
been reported by Lichter and Standardi* and Anctil
and Anderson.* Our own results confirm that
depression of central visual thresholds can occur in
ocular hypertension, and we suggest that this should
be taken as evidence of early optic nerve fibre
damage.

The psychophysical data are supported by’ the
in-vitro work of Quigley et al.,” who examined the
relationship between visual field defects and optic
atrophy demonstrated by histology. The histological
examination was carried out on enucleated eyes ante
or post mortem. Definite focal losses of ganglion cells
and optic nerve fibres were found in cases of eyes
suspected of having glaucoma even though perimetry
had demonstrated no field loss in vivo. The decrease
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in the total number of nerve fibres below the mean
control number varied from 12% to 40% in these
patients.

In the presence of glaucoma one might expect the
eye with the more advanced cupping or visual field
defect to have a greater loss of contrast sensitivity.
Such an association has been reported by Atkin
et al.” and Ross" in glaucoma patients. One might
also expect there to be a relationship between IOP
and contrast sensitivity loss. In our ocular hyperten-
sive patients no association of this kind was found.
All but three patients with bilateral ocular hyperten-
sion (85% ) produced symmetrical contrast sensitivity
results (that is, both eyes were either normal or
abnormal) despite the fact that in most cases there
were pressure differences between the patients’ right
and left eyes. It is also surprising that seven of the
nine patients in whom only one eye satisfied the
criteria for ocular hypertension produced symmet-
rical results, since four of these seven had normo-
tensive fellow eyes and three of these four produced
abnormal results. From the point of view of screen-
ing, infrequent IOP measurements alone may be a
poor indicator of the existence of optic nerve fibre
damage. When considering the cause of optic nerve
fibre damage in normotensive fellow eyes the infer-
ence may be that periods of raised pressure in the
fellow eyes have been missed.

From these findings it is clear that contrast sensi-
tivity detects visual loss earlier than rigorous field
testing. It is therefore unwise to assume that optic
nerve fibres in ocular hypertensive eyes are
undamaged if the visual field appears to be full. Our
results suggest that the value of ocular pressure
measurement for predicting early optic nerve
damage is limited, though its use as part of a battery
of clinical tests is still important.

Traditionally clinicians do not put a patient on to
treatment on the basis of raised IOP alone, unless the
pressure is very high (for example, >30 mmHg).
Usually more emphasis is placed on optic disc
appearance and perimetry. In this study we found
that there was no obvious relationship between the
level of IOP over a wide range and contrast sensitivity
loss in either group. This result was hardly surpris-
ing in the case of group 2, because, if therapy is
effective, the IOP of all of the treated patients should
be within normal limits irrespective of the progres-
sion of the disease. However, the finding that there is
no significant difference in mean IOP between
untreated patients who appear to have visual loss and
those who do not is very interesting, and shows that
IOP measurement, over a wide range, is a very poor
indicator of optic nerve fibre damage. It confitms that
the policy of not treating patients on the basis of IOP
alone is prudent. However, our contrast sensitivity
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results on patients with normal discs and fields show
that, if treatment is delayed until manifest signs can
be observed (that is, disc changes and/or field defect),
extensive visual loss may already have taken place.
This is reinforced by recent histopathological
studies.’

In this study we investigated a group of patients
with raised ocular pressure but with no observable
optic disc changes and no field loss. This appears to
be a uniform group and, with the exception of
patients with very high pressures, the clinician has no
specific criterion for treating some patients and not
treating others. Our test divides these patients into
two groups, those with normal contrast sensitivity
and those with abnormal contrast sensitivity. We
believe that reduced contrast sensitivity reflects early
optic nerve damage and that contrast sensitivity
measurements might therefore be used as a criterion
for therapy in ocular hypertension.

It has not yet been demonstrated directly that
contrast sensitivity is a valid measure of optic nerve
damage. However, this could be done simply by a
longitudinal study of ocular hypertensive patients. At
the same time it would also be interesting to see
whether treatment of these patients with pressure
reducing therapy is effective in halting and possibly
reversing any optic nerve damage that may be
occurring, shown by contrast sensitivity loss.

Until such a study has been carried out, we feel it is
very important that patients who are referred with
raised IOP should undergo rigorous tests of central
vision, such as contrast sensitivity and colour vision,
in addition to routine visual field testing.

This study was supported by Oxford Regional Health Authority
grant number 81/2, RNIB grant DG/POBS/DET/RG, and also by
the Visual Research Trust.
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