








Detection ofoptic nerve damage in ocular hypertension

Table 4b Contrastsensitivity (CS) results ofunilateral ocular hypertensive patients who had asymmetrical optic discs

Patient Study OHeye Fellow eye
group

CID ratio CS result CID ratio CS result

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

sidered to be significant in the diagnosis of
glaucoma.'2' 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 05% 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 TOPs of the 20 eyes with reduced sensitivity and
the eight which produced normal responses
(t=O- 199, df=26, p>0-05). In the treatment group 12
eyes produced attenuated contrast sensitivity

TableS Contrastsensitivity (CS) and visualfield results of
patients who had Octopusperimetry

Normal CS Abnormnal 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 (t=1-8757, df=21,
p>O0OS).

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,5 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.8 12 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. 16 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 glauconiTatous defects are typically thought
to occur outside the central 5-10° of the visual field.23
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. 13

and in glaucoma and ocular hypertension by Fishman
et al. '4 and Adams et al.'5 Depression of foveal
sensitivity and a generalised depression of the whole
central field in patients with ocular hypertension have
been reported by Lichter and Standardi24 and Anctil
and Anderson.25 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

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.'2 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 TOP 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 viStual 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

902

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


Detection ofoptic nerve damage in ocular hypertension

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.7

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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