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SUMMARY

Recent reports have shown that binocular contrast sensi-
tivity is an important indicator for assessing the visual
function of a unilateral cataract. Binocular sensitivity,
assessed in terms of binocular summation and inhibition,
is dependent on the difference between the two eyes.
Maximum binocular summation, obtained when the sen-
sitivities of two eyes are equal, decreases if they are made
unequal. Further increases in the monocular difference
produce binocular inhibition, defined as a binocular sen-
sitivity which is lower than the monocular. The aim of this
study was to investigate whether the binocular effects in
unilateral cataract that have been shown using labora-
tory-based equipment can be demonstrated using com-
mercially available Regan charts. Binocular scores were
compared with monocular scores in 16 unilateral catar-
act patients and 16 aged-matched normals using a high-
contrast chart (96%) and a low-contrast (11%) chart.
Normal subjects showed binocular summation with both
charts. The cataractous patients showed no summation at
high contrast and binocular inhibition with low-contrast
charts. The implications of binocular inhibition at low
contrast are discussed.

Contrast sensitivity measurement is considered important
in the detection and monitoring of ocular impairment.'~*
Binocular contrast sensitivity, in particular, has been
advocated as a valuable indicator in assessing the visual
disability of a cataractous patient.” It is well known that
when the sensitivities of the two eyes are equal, the bin-
ocular performance is superior to that of monocular. This
i1s called binocular summation, evidence of which has
been observed in a variety of tasks including visual acuity,
contrast sensitivity and measurements of visual evoked
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response.®’ Binocular summation is less evident when the
two eyes are not equal. Fechner, as early as 1860, observed
that when a neutral density filter is placed in front of one
eye, the binocular perception of brightness is lower com-
pared with that obtained when the eye behind the filter is
closed." This lowering of binocular sensitivity to a level
below the sensitivity of the good eye has been termed bin-
ocular inhibition.'"'* Laboratory investigation has demon-
strated binocular inhibition in different conditions
including induced monocular defocus' and monocular
glare disability.'* If the impediment producing the differ-
ence in the two eyes is removed, the binocular perform-
ance reverts to the summation level.

Binocular inhibition has been observed clinically in
unilateral cataractous patients, who report an improve-
ment in vision on closing their cataractous eye." This was
shown in the laboratory using computerised equipment
that is expensive, cumbersome and inefficient. Since then,
other studies have reported binocular inhibition in uni-
lateral cataractous patients using practitioner-friendly
contrast sensitivity charts including the Cambridge'® and
Pelli Robson'"” tests. Taylor et al.'® claimed that some
patients demonstrated binocular inhibition with high-con-
trast acuity test while others showed it with contrast sensi-
tivity. Since it is difficult to compare results of these two
tests directly, they suggested that both visual acuity
measurement and contrast sensitivity be employed in
assessing the visual function of a unilateral cataract. Con-
trast sensitivity measurement gives an indication of the
patient’s ability to detect low-contrast targets whilst visual
acuity gives a measure of the resolution at high contrast. A
direct comparison between these two measures is imposs-
ible. One of the main difficulties in comparing results
from different tests is the incompatibility of their designs
and scoring systems. A test that measures the visual per-
formance at high and low contrast levels with the same
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scoring units would allow such a comparison. The Regan
test consists of various charts that measure visual perform-
ance at different contrast levels. The aim of this study was
to investigate whether the Regan test is able to assess the
binocular visual function in terms of summation and inhi-
bition in unilateral cataractous patients. Regan charts have
been shown to be useful in the diagnosis of multiple scler-
osis,"™ optic neuropathies,”’ macular degeneration,”
paediatric dysfunction,”** diabetes,” ocular hyper-
tension,” glaucoma,””*® and ageing.”

METHOD

Regan Chart

The Regan charts are not, strictly speaking, a test of con-
trast sensitivity, which is defined as the amount of contrast
required to detect a target. The charts measure visual
acuity at different contrast levels. The test comprises sev-
eral charts of different contrasts, with the contrast remain-
ing constant for each chart. The available contrast levels
include 96%, 50%, 25%, 11% and 4%. Each chart con-
tains 11 rows of letters, the score for the top row being 1
and for the bottom 11. Each row comprises of eight letters
with the letter sizes decreasing by aratio of 1.26:1. A drop
of one line, therefore, corresponds to the same fractional
loss of visual acuity, independent of the initial visual
acuity.

For scoring, each letter in a row is allocated a score of
0.125, with eight letters giving a total score of 1 perrow. A
subject wha, for example, reads five letters correctly after
row 4, would be given a score of 5.625.

Patients

Sixteen normal subjects (aged 62.5 + 5.5 years) were
recruited from the undergraduate optometry clinic, Uni-
versity of Bradford. A full optometric examination was
given to each subject and they were included only if they
had no history of amblyopia or squint, no ocular
abnormality seen by direct ophthalmoscopy, a refractive
error of less than +£6.00 DS or £2.50 DC and anisometro-
pia less than 1.00 DS. All subjects had monocular Snellen
acuity of at least 6/6 right and left.

Sixteen unilateral cataract patients took part in this
study. All patients had normal neural function as deter-
mined by direct ophthalmoscopy, retinal interferometry
and displacement threshold acuity. The Snellen acuity of
the non-cataractous eye was at least 6/6 and that of the cat-
aractous eye ranged between 6/9 and 6/18.

Binocular and monocular scores were obtained with the
96% and 11% contrast charts at 10 feet (3 m), as recom-
mended in the manual. To avoid familiarisation with the
letters on the charts, both versions of the charts were used.
All measurements were taken using normal pupils.

Table I. Normal subjects
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The results for the normal subjects are shown in Table L
The differences in the monocular scores are obtained by
subtracting the score of the worst eye from that of the good
eye. The binocular ratio is computed as a ratio of the bin-
ocular score over the score of the good eye. A binocular
ratio greater than 1 indicates binocular summation whilsta
ratio of less than 1 denotes binocular inhibition. Table II
shows the scores for the cataractous patients. The mon-
ocular difference score is obtained by subtracting the cat-
aractous score from the non-cataractous score.

The normal group showed binocular summation ratios
of 32% and 31% with high-contrast and low-contrast
charts respectively. The monocular differences were
similar at both contrast levels. The cataractous group, on
the other hand, showed a greater monocular difference
with the low-contrast chart compared with the high-con-
trast chart. The binocular score is also different for the two
charts. At high contrast, the group shows no difference
between the binocular and monocular sensitivities. At
low-contrast level, however, binocular inhibition is
produced.

For the normal group, the Wilcoxon test showed a sig-
nificant difference between the binocular score and the
monocular score with both high-contrast scores (n=16,
p=0.0006) and low-contrast scores (n=16, p=0.0006). For
the cataractous group, there was no significant difference
between the binocular scores and non-cataractous scores
at the high-contrast level (n=16, p=0.61). The 11% con-
trast scores, on the other hand, showed a significant differ-
ence between the binocular and monocular scores (n=16,
p=0.0013).

DISCUSSION

The monocular data on the unilateral cataractous patients
show a greater visual disability at low contrast levels com-
pared with high contrast. The normative group, on the
other hand, shows similar monocular differences at both
high and low contrast levels, in agreement with previous
studies.”” This has important clinical implications.
Patients who demonstrate only subtle monocular differ-
ences with high-contrast Snellen chart may show a more
substantial visual disability at low-contrast conditions.
This study shows that the binocular impairment in uni-
lateral cataracts, shown previously using laboratory-based
equipment, can be demonstrated using the Regan test. In
high-contrast conditions, cataractous patients show equal
binocular and monocular sensitivities. In low-contrast
conditions, however, the binocular sensitivity is lower
than that of non-cataractous eye, showing binocular inhi-
bition. Previous studies claim that the degree of binocular
sensitivity depends on the difference between the two

Table II. Cataractous patients

Contrast Monocular Binocular Contrast Monocular Binocular
difference ratio difference ratio

High (96%) 0.26 = 0.11 1.32 £ 0.12 High (96%) 1.48 £ 0.13 0.99 + 0.17

Low (11%) 0.29 £ 0.07 1.31 £ 0.14 Low (11%) 2.53 £ 0.26 0.86 = 0.08
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eyes.'*'° Equal monocular sensitivities produce binocular
summation, which decreases to binocular inhibition as the
difference between the two eyes increases. Following this,
it is likely that in high-contrast conditions the monocular
difference in this particular group of patients produces a
lowering of binocular sensitivity to match the monocular.
Further increasing the monocular difference in low-con-
trast conditions results in binocular inhibition.

The measurement of high-contrast acuity is an estab-
lished part of a routine visual examination. The import-
ance of low-contrast letter charts as a measure of contrast
sensitivity has been debated recently.**** One main
advantage of using low-contrast charts is that they are
more representative of a visual environment in low-con-
trast conditions (e.g. road signs in foggy weather). It is
important that these binocular measurements are obtained
in unilateral cataractous patients even when the acuity in
the fellow eye is high. If ophthalmological decisions were
made on high-contrast monocular measurement only,
important information about the patient’s visual function
in different environmental conditions would be over-
looked. This could be especially important for those
patients who work in low-contrast conditions or in glare. It
is well known that cataract increases glare disability.”” The
existence of binocular inhibition in glare has been
reported." Patients who show no binocular impairment in
normal conditions may do so in bright sunlight as their
visual disability increases. Patients who complain of bet-
ter monocular vision than binocular vision should be
tested in different conditions to establish the true extent of
their complaint.

It has been shown recently that symptoms decrease in
unilateral pseudoaphakic patients when the fellow catar-
act is extracted.* In an age in which the frequency of cat-
aract extraction is increasing,”>>’ decisions have to be
made as to who should be given priority for extraction.
Binocular inhibition could be used as an additional cri-
terion to help make that decision, patients who show bin-
ocular inhibition being given priority over those who do
not.
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