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The Importance of Measuring Binocular Contrast
Sensitivity in Unilateral Cataract
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Summary

Monocular and binocular contrast sensitivities were measured in patients with uni-
ocular cataract. The cataractous eye showed a greater monocular loss at higher spa-
tial frequencies compared to lower spatial frequencies. Binocular contrast sensitivity
depended on the contrast sensitivity differences between the two eyes. At low spatial
frequencies, where the monocular sensitivity difference was minimal, binocular
summation was obtained. As the sensitivity difference increased at higher spatial fre-
quencies, the binocular contrast sensitivity decreased steadily until it reached a level
below the sensitivity of the cataractous eye, demonstrating binocular inhibition. The
clinical implications of binocular inhibition obtained with uniocular cataract are

discussed.

Various tests are available for assessing the
progress of cataract. Psychophysical tests
include measurement of visual acuity,'” con-
trast sensitivity** and glare sensitivity.>”’
Objective measures include retro-illumina-
tion Scheimpflug slit-image photography® and
digital image analysis.”’® A measurement of
the anterior chamber depth gives an indica-
tion of the thickness of the lens."
Contrastsensitivity has become an essential
diagnostic tool for comprehensive assessment
of cataract. The contrast sensitivity function
cannot be predicted from the visual acuity
score which only measures the smallest visual
angle (and therefore highest spatial fre-
quency) that can be resolved at high contrast.
Visual acuity does not give any indication of
the contrast sensitivity at medium and low
spatial frequencies which are important for
viewing everyday targets.'>" It is therefore
possible for patients with equal visual acuities

to have different contrast sensitivity functions
at low and medium spatial frequencies result-
ing in different perception of large objects at
low contrasts. The contrast sensitivity loss
with cataract depends on the type of cataract.
Early senile cataracts produce losses at only
medium and high spatial frequencies,"”™° dia-
betic and posterior subcapsular cataracts have
been shown to demonstrate a loss over the
whole spatial frequency range'” whilst early
cortical and nuclear cataracts show losses at
medium and high spatial frequencies only.*
So far, contrast sensitivity loss with cataract
has been assessed monocularly on the catar-
actous eye itself. There appears to be no refer-
ence to the measurement of binocular
sensitivity in patients with unequal cataract
densities. It is well known that when two eyes
have equal monocular sensitivities, the bin-
ocular sensitivity is higher than monocular.
This is called binocular summation, the vari-
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ous aspects of which have been extensively
reviewed.'® In contrast detection, the mag-
nitude of binocular contrast summation
remains more or less equal over a wide range
of spatial frequencies.”>” Laboratory studies
in which unequal monocular contrast sensi-
tivities produced by placing a neutral density
filter of 1.00 log units before one eye show
that the binocular sensitivity decreases to a
level below the monocular, demonstrating
binocular inhibition.”?* Binocular inhibition
is a contrast detection analogue of a well
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Fig. 1. Contrast sensitivity functions of two of the

posterior subcapsular cataract patients. Log (1/contrast
threshold) is plotted against spatial frequency. At lower
spatial frequencies binocular summation (binocular
sensitivity > non-cataractous eye sensitivity) is
obtained, while at higher spatial frequencies binocular
inhibition (binocular < non-cataractous eye sensitivity)
is produced.

known phenomenon called Fechner’s para-
dox demonstrated in brightness percep-
tion.*® In the present study, we aim to
compare the binocular and monocular con-
trast functions of patients with uniocular cat-
aract, to investigate the occurrence of
binocular summation and inhibition.

Methods

Eight patients (55-76 years) with unilateral
cataract took part in this experiment. Seven
patients had early uniocular posterior sub-
capsular cataract with a visual acuity of 6/12 or
better in the cataractous eye. The eighth
patient (M.G.) had a long standing unilateral
cataract and may have also had a deprivation
amblyopia resulting in a visual acuity of 6/24.
All patients had a visual acuity of at least 6/6 in
their better eye. None of the patients had any
visible retinal pathology or intraocular pres-
sures of 21 mmHg (Goldman applanation
tonometry). Optimal refractive correction
and prismatic corrections were given to each
patient for 1 m viewing distance.

A computerised sinewave generator pro-
duced vertical sinusoidal gratings of different
spatial frequencies on a Hitachi monitor
(phosphor-P4). The circular stimulus field
subtended a visual angle of 8° at a viewing dis-
tance of 1 m. The average luminance of the
stimulus display was 32 cd/m?.

To permit a spatial two alternative forced
choice (2AFC) procedure, sinewave gratings
were generated at random on either the upper
or lower half of the screen and the patient
indicated on which half the grating appeared.
The initial estimate of the threshold was
determined by the method of increasing con-
trast. A thirty trial, two alternative forced
choice Quest® algorithm then determined the
final threshold estimate at 76% correct level.

Contrast thresholds were measured for the
right eye, left eye and binocularly at five dif-
ferent spatial frequencies (0.5, 1.0, 2.0, 6.0
and 16 c/deg). The selection for the eye to be
tested and the spatial frequency to be
measured were randomised.

Results

The raw data consists of contrast thresholds
obtained for the cataractous eye, non-catar-
actous eye and both eyes, at various spatial
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Fig. 2. The average binocular and monocular ratios
for the seven posterior subcapsular cataract patients.
The binocular ratio is defined as (binocularinon-
cataract contrast sensitivity), and the monocular
sensitivity is defined as (cataract/non-cataract contrast
sensitivity). The decrease in contrast sensitivity of the
cataractous eye compared to the non-cataractous eye
increases as the spatial frequency increases. The
binocular sensitivity ratio depends on the difference
between the two eyes. When the sensitivity difference
between the two eyes is low binocular summation is
obtained. As the difference in monocular sensitivities
increases at higher spatial frequencies, the binocular
sensitivity ratio decreases steadily to reach a level below
the monocular, producing binocular inhibition.
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Fig. 3. The contrast sensitivity functions for patient

with the dense cataract (M.G.). Log (l/contrast
threshold) is plotted against spatial frequency. The
binocular contrast sensitivity does not show binocular
summation or binocular inhibition.

frequencies. Contrast was computed using the
Michelson formula (Lmax — Lmin/Lmax +
Lmin). Contrast sensitivity is defined as (1/
contrast threshold). Figure 1 shows contrast
sensitivity functions where Log(1/contrast
threshold) is plotted against spatial frequency,
for two of the posterior subcapsular cataract
patients. These two patients represent the
results of their group. The cataractous eye
shows a lower contrast sensitivity compared
to the non-cataractous eye, the difference
being greater for higher spatial frequencies
than for lower frequencies. Binocular summa-
tion, defined as a higher binocular contrast
sensitivity compared to the non-cataractous
eye, is obtained at lower spatial frequencies.
At higher spatial frequencies, the binocular
contrast sensitivity decreases to a level below
the sensitivity of the non-cataractous eye,
showing binocular inhibition. Figure 2 shows
the average monocular and binocular sensitiv-
ity ratios for the seven posterior subcapsular
cataract patients. The monocular ratio
defined as (cataract/non-cataract contrast
sensitivity), and binocular ratio defined as
(binocular/non-cataract contrast sensitivity),
is plotted against spatial frequency. A mon-
ocular ratio of 1.0 indicates equal contrast
sensitivities of the cataractous eye and the
non-cataractous eye, while a ratio of less than
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Fig.4. The binocular and monocular sensitivity ratios

for patient M.G. A large difference in contrast
sensitivity exists between the two eyes at all spatial
frequencies. The binocular sensitivity ratio shows an
absence of binocular summation and binocular
inhibition,  demonstrating  suppression of the
cataractous eye.
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1.0 shows a lower contrast sensitivity of the
cataractous eye compared to the non-catar-
actous eye. A binocular ratio of greater than
1.0 indicates binocular summation, while a
ratio of less than 1.0 shows binocular inhibi-
tion. Figure 2 shows that the binocular ratio
depends on the difference between the mon-
ocular sensitivities. Since it has been shown
that equal monocular sensitivities produce
binocular summation whose magnitude
remains more or less equal at all spatial fre-
quencies,”®?! it suggests that binocular inhibi-
tion at higher spatial frequencies occurs due
to the difference in monocular sensitivities
produced by the cataract. At low spatial fre-
quencies where the difference in monocular
sensitivities is minimal, binocular summation
is obtained. As the difference between the
monocular sensitivities increases at higher
spatial frequencies, binocular inhibition is
produced. The Wilcoxon test showed a signifi-
cant difference between the binocular and
monocular sensitivities at 0.5 c/deg and 16
c/deg (p<5%), indicating definite summation
at the low spatial frequency and definite inhi-
bition at the high spatial frequency. Figure 3
shows the contrast sensitivity functions of the
long standing dense cataractous patient
(M.G.). The binocular and the non-catarac-
tous eye show similar contrast sensitivities at
all spatial frequencies, showing no evidence
of either binocular summation or inhibition.
Figure 4 shows the monocular and binocular
sensitivity ratios of the same patient. The
monocular ratio shows a large difference
between the two eyes and the binocular ratio
is more or less equal to unity, at all spatial fre-
quencies. A likely explanation for this is that
the dense cataract acts as an occluder pro-
ducing equal binocular and monocular con-
trast sensitivities. In such cases, the
cataractous eye does not influence the bin-
ocular contrast sensitivity.

Discussion

Binocular inhibition suggests the presence of
an interocular inhibitory mechanism between
the two eyes. The existence of such inhibitory
interactions in interocular masking and bin-
ocular rivalry is well known. The origin for
these interocular interactions mechanisms
may be in the lateral geniculate body* or in
the visual cortex.”

The occurrence of binocular inhibition at
low contrast conditions could have important
clinical implications. Driving in misty condi-
tions is an example. Uniocular cataractous
patients may complain of lower binocular sen-
sitivity compared to the monocular and prefer
to shut the cataractous eye. At low and
medium spatial frequencies, binocular inhibi-
tion would not be revealed by visual acuity. A
measurement of the binocular contrast sensi-
tivity at different spatial frequencies would be
required to demonstrate binocular inhibition.
Another study has shown unequal monocular
glare disability also produces binocular inhibi-
tion.® It is also well known that cataract
increases glare disability. Following this, glare
disability in uniocular cataract would affect
binocular sensitivity under conditions of glare
even though it may not do so under normal
conditions.

Cataract extraction is usually performed at
the discretion of the ophthalmologist who
assesses the cataract using a number of tests
including visual acuity and the ability to carry
our normal tasks. A uniocular cataract of low
density with marginal loss of visual acuity may
be left unattended on the basis that the visual
acuity of the other eye is normal. However,
contrast sensitivity measurement could reveal
binocular inhibition, thereby calling for
earlier attention. A high correlation between
the binocular contrast sensitivity of cataract
patients and their perceived visual disability
has recently been shown.** A realisation that
there is a physiological basis for binocular
inhibition could be useful in formulating an
additional test to assess cataract for surgery.
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