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Abstract

Purpose To assess the association of

stereopsis with differences between eyes

(better minus worse eye value) and the

binocular value of visual acuity and contrast

sensitivity, and to analyse binocular

summation or inhibition phenomena owing to

differences between eyes.

Methods A cohort of 137 patients with

bilateral cataracts (visual acuity of

0.3 LogMAR or worse in both eyes) was

followed up through first- and second-eye

cataract surgery. The patients were recruited

from the ophthalmology departments of two

teaching hospitals. Visual acuity, contrast

sensitivity (monocular and binocular), and

stereopsis were measured preoperatively, after

first- and second-eye surgery. Multiple linear

regression and local correlation analyses were

used.

Results Stereopsis was most strongly

influenced by visual acuity in the

postoperative period after first-eye surgery

(standardized coefficients of 0.382 for

difference between eyes and 0.356 for

binocular visual acuity) and by contrast

sensitivity in the postoperative period after

second-eye surgery (standardized coefficients

of 0.353 for the difference between eyes and

�0.312 for binocular contrast sensitivity). After

first-eye surgery, the correlation of the

differences between eyes with stereopsis was

stronger (between 0.4 and 0.5) when the

differences were greater than 0.4 logMAR

units for visual acuity. Slight binocular

summation was found for contrast sensitivity.

Conclusions When assessing the indication

for and outcomes of cataract surgery, analysis

of visual function should include measures of

both eyes, rather than measures of the

operative eye only, as differences between

eyes (better minus worse eye value) may play

an important role in binocular measures such

as stereopsis.
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Introduction

The indication for and benefits of cataract

surgery are commonly assessed through

monocular measures of vision, mainly visual

acuity and occasionally contrast sensitivity.1

However, because cataracts are mostly bilateral

and cataract surgery is usually performed in

one eye at a time, cataract surgery significantly

affects binocular vision. In this context, some

studies have shown that second-eye cataract

surgery restores lack of stereopsis.2,3 Moreover,

lack of stereopsis has been associated with an

increased risk of falls in the elderly4 and a lower

quality of life.5

Studies on binocular vision have mainly

focused on the negative impact that differences

between eyes, owing to surgery in one eye only,

may have on binocular measures of vision, such

as stereopsis, binocular visual acuity, and

binocular contrast sensitivity.4,6,7

Binocular summation and inhibition

phenomena have been described for visual

acuity and contrast sensitivity.7–9 These

phenomena are based on the difference between

the values of the better eye and the binocular

value, that is, with both eyes open. Summation

is present when the binocular value is higher

than the better eye value, and inhibition when it

is lower.
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Epidemiologia Clı́nica,
Institut Municipal
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Although closely related to visual acuity, contrast

sensitivity has recently been shown to be an important

dimension of vision because of its association with an

increased risk of motor vehicle crash,10 and because it is

strongly affected by binocular summation and inhibition

phenomena.8 Thus, when cataract surgery causes

differences between eyes, impairment in contrast

sensitivity may play an important role in visual

disability.

The impact of surgery in one eye only on binocular

summation phenomena is not clear. Small studies in

cataract patients7,8,11 found evidence of binocular

inhibition in contrast sensitivity and visual acuity.

However, other populational studies12,13 found a high

correlation between binocular and the better-seeing eye

measures, but differed in their results on the existence of

binocular summation and inhibition.

The purpose of this study was to assess the association

of stereopsis with differences between eyes and the

binocular value of visual acuity and contrast sensitivity

in patients with bilateral cataracts throughout the process

from first- to second-eye cataract surgery. Additionally,

the presence of binocular summation or inhibition

phenomena, and their relationship with differences

between eyes, was analysed.

Methods

Patients

Patients were recruited from the ophthalmology

departments of two teaching hospitals in Barcelona,

Spain. Inclusion criteria were assessed by one

ophthalmologist in each hospital. Patients were eligible if

they were scheduled for first-eye cataract surgery and

presented bilateral indication for cataract surgery (visual

acuity worse than 0.3 logMar in both eyes). Exclusion

criteria were severe ocular comorbidity (eg, terminal

glaucoma, amblyopia, prior strabismus surgery, phoria,

or tropia), surgery combined with any other

ophthalmologic procedure (eg, glaucoma or

keratoplasty), and major complications after first-eye

surgery. The study followed the tenets of the Declaration

of Helsinki, was approved by the research ethics

committees of the two participating centres and patients

gave informed consent before being enrolled in the study.

Patients underwent first-eye surgery between 1 and 2

months after enrolment, and second-eye surgery between

2 and 4 months after first-eye surgery. The surgery

protocol (ambulatory surgery, phacoemulsification

technique with topical anaesthesia, 3.2-mm clear corneal

incision, and foldable lens without suture) was identical

in both hospitals.

Assessments

All patients were assessed 1 month before first-eye

surgery (baseline), 2 months after first-eye surgery, and 2

months after second-eye surgery. Identical vision tests

were used in the two participating hospitals, and were

administered by experienced optometrists (one in each

hospital).

Vision tests

LogMar best-corrected visual acuity was measured

monocularly and binocularly with an ETDRS chart,

calibrated for an 8-f (approximately 2.5 m) distance, by

the letter-by-letter scoring method.14 Log contrast

sensitivity was also measured monocularly and

binocularly with a Pelli–Robson chart, by the letter-by-

letter scoring method,15 at 1 m. Stereopsis was assessed

with the Titmus circles test, which, to widen the range of

values, was combined with the Fly and the TNO tests,

giving a range from 3000 to 15 s of arc; an arbitrary value

of 4500 s arc was assigned to the ‘non-measurable’

category. The measures of stereopsis were also

transformed into a log scale. Lower values of visual

acuity and stereopsis and higher values of contrast

sensitivity indicate good vision. Differences between

eyes were calculated as positive values for both visual

acuity and contrast sensitivity. Sociodemographic

characteristics were obtained by the optometrist at the

baseline visit.

Statistical analysis

The binocular ratio was calculated as the ratio between

the binocular value and the better eye value for visual

acuity and contrast sensitivity. However, for visual

acuity, the decimal scale was used instead of the

LogMAR scale to avoid dividing by zero.

The association of stereopsis with visual acuity and

contrast sensitivity (binocular and the difference between

eyes) was analysed through multiple linear regression,

preoperatively, after first- and second-eye surgery. The

standardized regression coefficients allow variables to be

compared, and were used to determine which variables

had the greatest influence on stereopsis. An equivalent

analysis was performed using changes in all measures

owing to each surgery.

Because the magnitude of association may vary

depending on the level of visual impairment, it was

checked graphically through local correlation analysis,

that is, the association may be more or less intense

depending on the value of one of the variables. For

example, the association between stereopsis and visual

acuity may be more intense at better visual acuities, as
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stereopsis needs a minimum level of visual acuity.

Figure 1 shows the local correlation between stereopsis

and binocular visual acuity and the difference between

eyes after first-eye surgery.

To analyse possible phenomena of binocular

summation or inhibition, associations of the better eye

measure and the difference between eyes with the

binocular measure were assessed by multiple linear

regression analysis for visual acuity and contrast

sensitivity separately.

Results

A total of 137 patients were included in the study. The

mean age was 71.4 years (standard deviation 9.2) and

62% were women. Stereopsis, binocular visual acuity,

and binocular contrast sensitivity improved after first-

and second-eye surgery (Table 1). First-eye surgery was

associated with greater improvements in binocular

visual acuity and binocular contrast sensitivity,

and also with increased differences between eyes.

Second-eye surgery showed greater improvements in

stereopsis and in reduction of discrepancies between

eyes, although stereopsis also improved after first-eye

surgery. The binocular ratio showed summation

phenomena for contrast sensitivity preoperatively and

after first-eye surgery, as its value was greater than 1

(Table 1).

Before all surgery (the patients had bilateral cataracts),

binocular contrast sensitivity and the difference between

eyes in visual acuity had the greatest influence on

stereopsis (Table 2, standardized regression coefficients
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Figure 1 Local correlations of log stereopsis with binocular visual acuity (left) and the difference between eyes in visual acuity (right).
Results after first-eye surgery (n¼ 137) are shown. Solid horizontal lines represent overall correlations.

Table 1 Description of the sample throughout the process of cataract removal (n¼ 137)

Preoperative
First-eye surgery

Postoperative
First-eye surgery

Postoperative
Second-eye surgery

Visual acuity (LogMAR)
Binocular visual acuity 0.54 (0.16) 0.25 (0.16) 0.12 (0.10)
Better eye 0.54 (0.16) 0.26 (0.16) 0.12 (0.10)
Worse eye 0.72 (0.24) 0.61 (0.20) 0.23 (0.18)
Difference between eyes 0.18 (0.21) 0.36 (0.23) 0.10 (0.14)
Binocular ratio (binocular/better eye) 1.01 (0.12) 1.01 (0.12) 1.003 (0.03)

Contrast sensitivity (Log)
Binocular contrast sensitivity 1.14 (0.29) 1.50 (0.23) 1.61 (0.12)
Better eye 1.10 (0.29) 1.46 (0.23) 1.59 (0.13)
Worse eye 0.74 (0.46) 1.02 (0.39) 1.49 (0.23)
Difference between eyes 0.36 (0.41) 0.44 (0.39) 0.11 (0.16)
Binocular ratio (binocular/better eye) 1.06 (0.16) 1.03 (0.06) 1.01 (0.03)

Stereopsis (log sec arc) 2.88 (0.66) 2.45 (0.73) 1.85 (0.39)
Median stereopsis (sec arc) 800 140 60

Cell content: mean (standard deviation).
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of –0.395 and 0.383, respectively). Visual acuity had the

greatest impact on stereopsis in the postoperative period

after first-eye surgery (standardized coefficients of 0.382

for the difference between eyes and 0.356 for binocular

visual acuity), whereas contrast sensitivity had the

greatest influence in the postoperative period after

second-eye surgery (standardized coefficients of 0.353 for

the difference between eyes and �0.312 for binocular

contrast sensitivity).

Improvement in stereopsis after first-eye surgery was

associated with a reduction in the difference between

eyes in visual acuity (Table 3, standardized regression

coefficient of 0.374) and improvement in contrast

sensitivity (standardized coefficients of 0.283 for the

difference between eyes and –0.267 for binocular contrast

sensitivity). Improvement in stereopsis owing to

second-eye surgery was most strongly influenced by

improvements in visual acuity (standardized coefficient

of 0.327 for the difference between eyes and 0.264 for

binocular visual acuity), followed by the difference

between eyes in contrast sensitivity (0.238) and binocular

contrast sensitivity (�0.153).

The local correlation analysis (Figure 1) showed that

after first-eye surgery the correlation of the differences

between eyes in visual acuity with stereopsis was

stronger (correlation coefficient between 0.4 and 0.5)

when the differences were greater (especially when more

than 0.4 logMAR units). In contrast, no clear tendency

was observed for the local correlation between stereopsis

and binocular visual acuity, although higher correlations

Table 2 Association of stereopsis with binocular visual acuity and contrast sensitivity and the difference between eyes throughout
the process of cataract removal (n¼ 137)

Preoperative first eye Postoperative first eye Postoperative second eye

Coefficient Betaa P Coefficient Betaa P Coefficient Betaa P

Constant 3.391 o0.001 2.314 o0.001 3.320 o0.001

Visual acuity
Binocular 0.277 0.068 0.408 1.612 0.356 0.001 0.361 0.093 0.179
Difference between eyes 1.217 0.383 o0.001 1.199 0.382 0.001 0.360 0.122 0.233

Contrast sensitivity
Binocular �0.888 �0.395 o0.001 �0.543 �0.168 0.084 �1.019 �0.312 o0.001
Difference between eyes 0.370 0.229 0.027 0.257 0.138 0.183 0.936 0.353 0.001

Adjusted R2 43.6% 25.7% 37.9%

aStandardized regression coefficients. Interpretation of signs: binocular visual acuity and the differences between eyes in both visual acuity and contrast

sensitivity were expected to be positive, as higher values represent worse vision, as with log stereopsis. The coefficients of binocular contrast sensitivity

were expected to be negative, as a higher value of contrast sensitivity was expected to improve log stereopsis, that is, to reduce its value.

Table 3 Association of change in stereopsis with changes in binocular visual acuity and contrast sensitivity and the difference
between eyes throughout the process of cataract removal (n¼ 137)

Change due to first-eye surgery Change due to second-eye surgery

Coefficient Betaa P Coefficient Betaa P

Constant �0.186 0.135 �0.042 0.666

Change in visual acuity
Binocular 0.650 0.151 0.117 1.134 0.264 0.002
Difference between eyes 0.998 0.374 0.002 0.831 0.327 0.002

Change in contrast sensitivity
Binocular �0.770 �0.267 0.005 �0.538 �0.153 0.050
Difference between eyes 0.441 0.283 0.018 0.386 0.238 0.018

Adjusted R2 26.8% 25.0%

aStandardized regression coefficients. Interpretation of signs: change in binocular visual acuity and in the differences between eyes in both visual acuity

and contrast sensitivity were expected to be positive, as lower values represent improvement, as with log stereopsis. The coefficients of change in

binocular contrast sensitivity were expected to be negative, as a higher value of change in binocular contrast sensitivity was expected to cause a lower

change in log stereopsis.
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were observed for intermediate values of binocular

visual acuity.

For visual acuity (Table 4) the better eye value had a

high correlation with the binocular measure (the only

significant coefficient, with a value near one, and the

models explained around 90% of the variance). For

contrast sensitivity (Table 5) similar results were

obtained, although some influence of the difference

between eyes was suggested, especially in the

postoperative period after first-eye surgery.

Discussion

The present study shows that stereopsis is influenced by

the difference between eyes, as well as by binocular

measures of visual acuity and contrast sensitivity. This

association varied at different times during the process of

cataract removal, as visual acuity had a greater impact on

stereopsis after first-eye surgery, and contrast sensitivity

had a stronger impact after second-eye surgery. Slight

binocular summation phenomena were observed for

contrast sensitivity, whereas none were observed for

visual acuity.

Patients with bilateral cataracts who have surgery in

both eyes usually undergo cataract removal in one eye at

a time. Both visual acuity and contrast sensitivity

substantially improve after first-eye surgery and, to a

lesser extent, after second-eye surgery.2 Thus, first-eye

surgery results in good binocular visual acuity and

contrast sensitivity, which are strongly influenced by the

better eye value. However, this may result in a

considerable difference between eyes. The cohort

analysed in the present study allowed the effects of

differences between eyes on binocular vision to be

assessed throughout the process of cataract removal.

An imbalance between eyes may cause impairment in

stereopsis.6,16 In our study, stereopsis improved after

both first- and second-eye surgery, even though no

benefit in stereopsis can be expected when surgery leads

to a marked difference between eyes. This improvement

may be explained by the relationship between stereopsis

and binocular visual acuity, mainly present after first-eye

surgery, and by marked preoperative impairment, as

stereopsis requires a minimum level of vision.17

Moreover, the difference between eyes in visual acuity

had a marked negative effect on stereopsis when it was

higher than 0.4 logMAR units.

A small study18 showed that binocular inhibition was

present after first-eye surgery, and that restoring good

vision in the fellow eye, thus reducing the difference

between eyes, led to normal binocular summation.

In our study, no important binocular summation or

inhibition phenomena were observed for visual acuity,

but a slight summation effect for contrast sensitivity

was detected preoperatively and after first-eye

surgery. This was consistent with the findings of Pardhan

et al7 in unilateral cataract patients: binocular contrast

sensitivity is influenced by both eyes, whereas binocular

visual acuity is influenced only by the better eye

measure.

Table 4 Association of binocular visual acuity with better eye visual acuity and the difference between eyes throughout the process of
cataract removal (n¼ 137)

Preoperative first eye Postoperative first eye Postoperative second eye

Coefficient P Coefficient P Coefficient P

Constant 0.007 0.687 �0.001 0.958 0.002 0.297
Better eye 0.984 o0.001 0.964 o0.001 0.974 o0.001
Difference between eyes 0.003 0.901 0.019 0.315 0.007 0.278
Adjusted R2 88.7% 92.3% 99.0%

Table 5 Association of binocular contrast sensitivity with better eye contrast sensitivity and the difference between eyes throughout
the process of cataract removal (n¼ 137).

Preoperative first eye Postoperative first eye Postoperative second eye

Coefficient P Coefficient P Coefficient P

Constant 0.100 0.003 0.140 o0.001 0.262 o0.001
Better eye 0.961 o0.001 0.942 o0.001 0.848 o0.001
Difference between eyes �0.039 0.063 �0.039 0.014 �0.018 0.374
Adjusted R2 89.0% 90.7% 90.4%
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Our study supports the idea that the decision to

operate on the second eye should be based on the

outcome of the first surgery. Restoring good vision in one

eye alone benefits binocular visual acuity and contrast

sensitivity, but when this causes a marked difference

between eyes, the impairment in stereopsis acquires

greater importance. Two randomized clinical trials

showed that the most important outcome of surgery in

both eyes, compared with surgery in one eye only, was

stereopsis, followed by patient-reported visual

disability.2,3

A possible limitation of our study is the similarity

between eyes related to preoperative visual acuity.

Because patients with a visual acuity of 0.3 logMAR or

worse in both eyes were selected, the range of

preoperative visual acuities might be narrower than that

of patients undergoing surgery in both eyes.

This is the first study to assess the associations

between stereopsis and visual acuity and contrast

sensitivity throughout the process of cataract removal in

bilateral cataract patients. Previous studies have mainly

focused on patients with unilateral cataracts, with

healthy or pseudophakic fellow eyes. Moreover, the

measure of stereopsis was more refined than that used in

previous studies: several tests were combined to obtain a

wider range of values, more approximate to the real

value, and the ‘non-measurable’ category was assigned a

more extreme value than those used in other studies.

Moreover, this value was analysed through its logarithm,

which has more accurate mathematical properties.

In conclusion, when assessing the indication for and

outcomes of cataract surgery, analysis of visual function

should include measures of both eyes rather than the

measure of the operative eye only. Specifically, for visual

acuity and contrast sensitivity, monocular measures of

the better eye were strongly associated with binocular

measures. However, in the case of stereopsis, the

difference between eyes and the binocular measure, in

both visual acuity and contrast sensitivity, play an

important role, which may vary depending on the stage

of the process of cataract removal.
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