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CLINICAL STUDY

Factors associated with
stereopsis and a good
visual acuity outcome
among children in the
Infant Aphakia
Treatment Study
Abstract
Purpose To identify factors associated with
stereopsis in children with good visual acuity
after unilateral congenital cataract surgery in the
Infant Aphakia Treatment Study.
Patients and methods Infants with a
unilateral congenital cataract (n = 114) were
randomized to IOL implantation or contact
lens correction after cataract surgery. At age
4.5 years, a masked examiner assessed HOTV
acuity and stereopsis. Adherence to patching
was assessed using 48-h recall telephone
interviews and 7-day diaries throughout the
ﬁrst 5 years of life. Ocular motility was
evaluated at age 5 years. Baseline,
postoperative, and adherence ﬁndings were
compared between patients with 20/40 or
better acuity in their treated eyes with or
without stereopsis.
Results Thirty (27%) of 112 patients who
were evaluated at age 4.5 years had 20/40 or
better acuity in their treated eye. Stereopsis
was present on one or more tests in 15 of
these 30 (50%) children. Baseline
characteristics and postoperative ﬁndings did
not differ between patients with or without
stereopsis. Children with stereopsis were
more likely to be orthotropic at distance
(P = 0.003) and were patched for fewer hours
per day throughout the ﬁrst 5 years of life
and the difference increased over time
(Po0.001). On average children with
stereopsis were patched for 3.4 h/day during
the ﬁrst year of life and patching steadily
decreased to 1.8 h/day by age 4 years.
Conclusion Among children with good vision
following unilateral congenital cataract
surgery, orthophoria and fewer hours of
patching, particularly during years 2, 3, and
4, are associated with some evidence of
stereopsis.

Eye (2016) 30, 1221–1228; doi:10.1038/eye.2016.164;
published online 29 July 2016
Introduction
Fifty years ago it was believed that it was almost
impossible for an eye with a unilateral
congenital cataract to achieve good visual
acuity.1–3 However beginning in the 1970s, small
case series reported 20/40 or better acuity in the
treated eyes of children with unilateral
congenital cataracts after early cataract surgery
coupled with contact lens wear and patching
therapy.4,5 Birch and Stager6 have emphasized
the importance of early cataract surgery
(6 weeks or younger) to achieve a good visual
outcome. In the Infant Aphakia Treatment Study
(IATS), we found that socioeconomic status,
measured by the availability of private
insurance, and greater amounts of patching were
the best predictors of a good visual acuity
outcome.7,8 However, neither variable accounted
for 415% of the variance in visual outcomes.
In recent years, there have been reports that
stereopsis is present in a small subset of children
after unilateral congenital cataract surgery.9–11
We have previously reported a positive
stereopsis response to at least one stereopsis test
at age 4.5 years in 25% of children in the IATS
cohort.12 We reported that positive stereopsis
responses occurred more often in children who
underwent cataract surgery at a younger age,
had a better visual outcome, and were
orthophoric at age 5 years.12,13 The purpose of
this study was to identify baseline factors,
postoperative ﬁndings, and treatment
compliance factors associated with both good
visual acuity and stereopsis. Our hope was that
by identifying these factors that treatment
protocols would be modiﬁed to allow a higher
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percentage of children to achieve nearly normal visual
function after unilateral congenital cataract surgery.

Materials and methods
The study design, surgical techniques, follow-up
schedule, patching and optical correction regimens,
evaluation methods, and baseline patient characteristics
have been reported previously and are only summarized
in this report.14–16 This study was approved by the
institutional review boards at all participating institutions
and was in compliance with the Health Insurance
Portability and Accountability Act. This study was
supported through a cooperative agreement with the
National Eye Institute of the National Institutes of Health
and is registered with ClinicalTrials.gov.
The main inclusion criteria were a visually signiﬁcant
congenital cataract (≥3 mm central opacity) in one eye
and an age of 28 to o210 days at the time of cataract
surgery. Patients were randomized to have either an
IOL implanted at the time of cataract surgery or to be left
aphakic and corrected with a contact lens.

Patching regimen
Starting the second postoperative week, parents were
instructed to have their child wear an adhesive occlusive
patch over the unoperated eye for 1 h per day for each
month of age until age 8 months. Thereafter, patching was
prescribed for one-half of waking hours either by
patching all waking hours every other day or for one-half
of the patient’s waking hours every day.

Adherence to patching and optical correction
Adherence to patching and optical correction was
assessed using 48-h recall telephone interviews and 7-day
diaries.8 The interviews were conducted every 3 months
starting 3 months after surgery. Caregivers completed a
7-day patching diary 2 months after surgery and annually
thereafter (1 month after the child’s birthday). We
calculated the mean proportion of waking time the optical
correction was worn at each assessment. For the present
analyses, we calculated the mean hours of daily patching
and proportion of prescribed patching reported for all
assessments within ﬁve 12-month periods: birth to
12 months of age, 12 to o24 months, 24 to o36 months,
36 to o48 months, and 48 to o60 months of age. For each
time period, we restricted the analyses to children with at
least three adherence assessments.

Eye

Visual acuity and stereopsis assessment
At age 4.5 years, a masked traveling examiner assessed
monocular optotype acuity using the ATS-HOTV test and
stereopsis using three different tests: (1) Frisby Stereotest
(Richmond Products, Albuquerque, NM, USA), (2)
Randot Preschool Test (Stereo Optical, Chicago, IL, USA),
and (3) Titmus Fly Test (Stereo Optical, Chicago, IL,
USA).16 A more detailed description of the procedures
used for testing stereopsis have been published
previously.12
Ocular motility testing
Ocular alignment was assessed at age 5 years at near and
distance by an IATS-certiﬁed investigator using
procedures that have been described previously.13
Investigators were instructed to measure any deviation in
the appropriate optical correction. The timing and choice
of strabismus surgery was at investigator discretion.
Statistical considerations
Difference in baseline characteristics and postoperative
factors were compared between patients with and without
stereopsis using χ2 tests, Fisher’s exact tests, and
independent group t-tests. Difference between patients with
and without stereopsis for contact lens compliance, spectacle
wear compliance, and hours of daily patching were
analyzed using 95% conﬁdence intervals derived from
independent group t-tests. All reported P-values are twosided, without adjustment for multiple testing; P-values of
0.05 or less were considered statistically signiﬁcant.
Results
Thirty of the 112 (28%) participants in the IATS who had
their optotype acuity measured at age 4.5 years had 20/40
or better acuity in their treated eye. The fellow eyes for
these 30 patients all had 20/32 or better acuity except for
1 patient with 20/32 acuity in the treated eye and
20/50 acuity in the fellow eye (when retested at age
5 years acuity was 20/32 in both eyes).
Stereopsis was present in 15 of 30 (50%) patients with
20/40 or better visual acuity.12 Twelve patients had
3000 s/arc of stereopsis using the Titmus test, 8 had 170 or
340 s/arc using the Frisby test and 4 had 400 or 800 s/arc
using the Randot preschool test. However, only three
patients had measureable stereopsis using all three tests
and an additional four patients using two tests.
Cataract surgery was performed at a median age of
35 days in patients with stereopsis and 43 days in patients
without stereopsis (P = 0.13). Although more of the
children with stereopsis underwent cataract surgery
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when 4–6 weeks of age, the difference was not statistically
signiﬁcant (P = 0.27) (Table 1). Mean corneal diameter and
axial length were similar in both groups. We analyzed a
variety of demographic factors including race, type of
medical insurance, and gender, and did not ﬁnd that any
of these factors were associated with the likelihood of
developing stereopsis. Postoperative factors such as type
of optical correction, adverse events, additional
intraocular surgeries, glaucoma, visual acuity, refraction,
and the absolute prediction error in pseudophakic eyes
were also not signiﬁcantly related to the probability of
developing measurable stereopsis (Table 2). More
children with stereopsis were orthotropic at age 5 years
compared with children without stereopsis (10/15 (67%)
vs 2/15 (13%); P = 0.003) and fewer children with
stereopsis had undergone strabismus surgery compared
with children without stereopsis. As it has been reported
that true stereopsis cannot be present in patients with
≥ 6 prism diopters (PD) of strabismus,17 we reviewed the
angle of strabismus in the ﬁve patients with stereopsis
who were not orthotropic. One child had a small
esotropia when looking through the top half of his
spectacles, but was orthotropic when looking through his
bifocal. A second child only had a 3 PD esotropia at near.
However, the other three patients had angles of
strabismus ≥ 6 PD (14 PD esotropia, 12 PD exotropia, and
18 PD exotropia). In addition, all three of these patients

Table 1 Baseline characteristics of patients with 20/40 or better
acuity in treated eyes
Factor
Mean age at surgery (days)
Age (weeks)
4–6
46
Mean corneal diameter (mm)
Mean axial length (mm)
Type of cataract
Nuclear
Non-nuclear
Gender
Male
Female
Race
White
Non-white
Private insurance
Yes
No

Stereopsis
(n = 15)

No stereopsis P-value
(n = 15)

54 ± 43

74 ± 50

0.24

10 (67%)
5 (33%)
10.4 ± 0.7
17.7 ± 1.2

7 (47%)
8 (53%)
10.5 ± 0.6
18.2 ± 1.3

0.27

6 (40%)
9 (60%)

10 (67%)
5 (33%)

12 (80%)
3 (20%)

10 (67%)
5 (33%)

7 (47%)
8 (53%)

5 (33%)
10 (67%)

14 (93%)
1 (7%)

14 (93%)
1 (7%)

0.84
0.32

only had a stereopsis response to 1 of the 3 stereopsis tests
(1 Frisby, 1 Titmus, and 1 Randot).
There was no evidence to suggest that the type of
cataract was associated with the probability of developing
stereopsis when good visual acuity was present. Both
groups had nearly the same number of patients with
nuclear (stereopsis group, n = 6; no stereopsis group,
n = 7) and PFV (stereopsis group, n = 3; no stereopsis
group, n = 4) cataracts. While more patients in the
stereopsis group (n = 5) had posterior lentiglobus
compared with the no stereopsis group (n = 2), the
difference was not signiﬁcant (P = 0.20). In addition, one
patient in the no stereopsis group had a total cataract and
one patient in both groups had other types of cataracts.
Among children randomized to contact lens wear who
achieved good visual acuity, the average percentage of
waking hours spent wearing a contact lens was similar
for children with or without stereopsis (Table 3).
Table 2 Postoperative factors for patients with 20/40 or better
acuity with or without stereopsis
Factor

Stereopsis
(n = 15)

No stereopsis P-value
(n = 15)

LogMAR acuity
Treated eye
Fellow eye

0.18 ± 0.08
0.07 ± 0.10

0.24 ± 0.13
0.10 ± 0.12

0.13
0.52

Optical correction
Contact lens
IOL

7 (47%)
8 (53%)

10 (67%)
5 (33%)

0.23

Last refraction
Contact lens
+13.79 ± 3.02 +12.19 ± 7.23 0.59
(D) IOL
− 2.95 ± 3.75 − 1.70 ± 3.34 0.56
Absolute prediction error in 1.80 ± 1.68 D 1.52 ± 0.86 D 0.74
pseudophakic eyes
Adverse event(s)
Yes
No

12 (80%)
3 (20%)

12 (80%)
3 (20%)

1.00

Additional intraocular surgery
Yes
6 (40%)
No
9 (60%)

5 (33%)
10 (67%)

0.70

Glaucoma
Yes
No

0 (0%)
15 (100%)

2 (13%)
13 (87%)

0.48

Strabismus surgery
Yes
No

1 (7%)
14 (93%)

9 (60%)
6 (40%)

0.002

Orthophoric at age 5 years
Yes
No

10 (67%)
5 (33%)

2 (13%)
13 (87%)

0.003

0.71

0.07

0.60

0.07

Abbreviations: IOL, intraocular lens; logMAR, logarithmic minimal angle
resolution.
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While children randomized to receive an IOL who
achieved good visual acuity and who had stereopsis wore
spectacles fewer hours per day than children who had no
evidence of stereopsis, the difference did not reach
statistical signiﬁcance (0.058) (Table 4). Overall, spectacle
wear adherence was lower compared with contact lens
wear adherence in both groups. This is not unexpected as
some pseudophakic patients had a refractive error close to
emmetropia.
Among children with visual acuity of 20/40 or better,
those with evidence of stereopsis tended to be patched for
fewer mean hours per day compared with children with
20/40 or better acuity without stereopsis (Table 5).
Children with stereopsis were patched the greatest
number of mean hours per day during the ﬁrst year of life
(3.44 ± 1.28 h per day); patching steadily declined
thereafter to 1.79 ± 1.73 h per day by age 4 years.

In contrast, children without stereopsis were patched the
fewest number of mean hours per day during the ﬁrst
year of life (4.81 ± 1.16 h per day) and patching increased
thereafter to a high of 6.25 ± 1.48 h per day at age 3 years.
Although there was a small reduction in patching in this
group at age 4 years, they were still being patched a mean
of 5.89 ± 1.44 h per day, which was 44 h per day longer
than children with stereopsis.

Discussion
We found that 27% of infants who underwent unilateral
congenital cataract surgery in the IATS had 20/40 or
better acuity in their treated eye at age 4.5 years and onehalf of these children had a stereopsis response on at least
one test of stereopsis. Orthotropia and reduced patching,
particularly during years 2, 3, and 4, both correlated with

Table 3 Contact lens compliance for treated eyes with 20/40 or better visual acuity with or without stereopsis
Age

o12 months
1 to o2 years
2 to o3 years
3 to o4 years
4–5 years

Stereopsis

No stereopsis

No. of eyes

Compliance (%)

No. of eyes

Compliance (%)

6
7
6
4
5

95 ± 5
91 ± 9
95 ± 3
85 ± 9
78 ± 20

10
10
9
10
9

87 ± 19
88 ± 8
88 ± 11
93 ± 6
92 ± 6

Difference in compliance (%)

95% CI of the difference (%)

8
2
7
−9
− 14

− 10, 25
− 7, 11
− 2, 16
− 17, 0
− 28, − 1

Abbreviation: CI, conﬁdence interval.

Table 4 Spectacle wear compliance for patients in IOL group with 20/40 or better visual acuity with or without stereopsis
Age

o12 months
1 to o2 years
2 too3 years
3 to o4 years
4 to 5 years

Stereopsis

No stereopsis

No. of eyes

% of waking hours

No. of eyes

% of waking hours

6
8
7
5
7

43 ± 37
49 ± 35
58 ± 32
51 ± 35
67 ± 36

5
5
5
5
4

78 ± 20
79 ± 17
88 ± 6
94 ± 4
89 ± 15

Difference in compliance (%)

95% CI of the difference

− 34
− 30
− 30
− 43
− 22

− 75, 6
− 63, 2
− 60, 0
− 87, 0
− 57, 14

Abbreviations: CI, conﬁdence interval; IOL, intraocular lens.

Table 5 Mean hours of daily patching for patients with 20/40 or better visual acuity in their treated eye with or without stereopsis
Age

Stereopsis

No stereopsis

Difference (h) 95% CI of the difference (h)

No. of eyes Mean hours of daily patching No. of eyes Mean hours of daily patching
o12 months
1 to o2 years
2 to o3 years
3 to o4 years
4 to 5 years

15
15
15
15
15

Abbreviation: CI, conﬁdence interval.

Eye

3.44 ± 1.28
3.17 ± 1.58
3.04 ± 1.47
2.83 ± 1.89
1.79 ± 1.73

15
15
15
15
15

4.81 ± 1.16
5.28 ± 1.02
5.72 ± 0.68
6.25 ± 1.48
5.89 ± 1.44

− 1.37
− 2.05
− 2.68
− 3.41
− 4.10

− 2.28, − 0.45
− 3.05, − 1.05
− 3.55, − 1.81
− 4.71, − 2.10
− 5.32, −2.88
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20/40 or better acuity and stereopsis. Other factors such
as age at cataract surgery, private vs public insurance, and
type of cataract were not signiﬁcantly correlated with
having both good visual acuity and stereopsis.
Stereopsis ﬁrst appears in infants between ages
3 to 4 months and continues to develop over the next
few years.18,19 Ocular alignment and good visual acuity
in both eyes are necessary for the development of highgrade stereopsis.17,20 Stereopsis has been shown to
improve after correction of refractive errors with
glasses and after part-time occlusion therapy in
amblyopic children.21–23 Most children do not develop
stereopsis after unilateral congenital cataract
surgery.5,24,25 The absence of stereopsis in these
children is probably related to manifest strabismus
or a poor visual acuity outcome. Bothun et al13 has
reported that 80% of infants who undergo unilateral
cataract surgery develop strabismus. In this study,
we explored the role of patching in the development of
stereopsis in children after unilateral congenital
cataract surgery.
Many different patching regimens have been
proposed after unilateral congenital cataract surgery.
Some clinicians have recommended ﬁxed patching
regimens, while others have used customized regimens
based on the visual acuity of the treated eye.26 In
preverbal children, visually evoked potentials have been
used to customize patching regimen.5,27 The IATS
protocol speciﬁed that all children enrolled in the study
should be patched for 1 h per day per month of life until
8 months of age, after which they were to be patched for
50% of their waking hours every day or full-time every
other day until age 5 years. Patching adherence was
monitored every 3 months using 7-day diaries and
telephone interviews. We have previously reported that,
on average, better visual outcomes are associated with
greater amounts of reported patching.8 However, in this
paper we report that, on average, among children with
good vision, those with stereopsis were patched less
than children with similar visual acuity for whom there
was no evidence of stereopsis. There was no provision
in the IATS patching protocol to modify patching
regimens based on the acuity of the treated eye.
Therefore, it is possible that some study patients
developed stereopsis as a result of fewer hours of
occlusion. Alternatively, children with stereopsis may
have been more resistant to patching therapy because
patching deprived them of binocular depth cues. As all
of the patients in the cohort we studied had good visual
acuity in both eyes, the visual acuity of the treated eye
was not likely to be a factor inﬂuencing patching
adherence.
We have previously reported that children with good
visual acuity outcomes after unilateral congenital

cataract surgery were patched more than children with
poor visual acuity outcomes.28 While this ﬁnding may
appear to be paradoxical with the ﬁndings reported in
this study, one possible explanation would be that a
certain amount of patching is necessary to achieve good
visual acuity after unilateral congenital cataract
surgery.29 Furthermore, this threshold may differ for
each child. However, it may be detrimental to a child’s
stereopsis to be patched more than this threshold
amount. The existence of a threshold for patching would
be consistent with our observation that similar visual
outcomes were achieved with widely varying amounts
of patching.8
Others have also reported that reduced patching
regimens are associated with better stereopsis after
unilateral congenital cataract surgery. Jeffery et al11
compared stereopsis for children who underwent
intensive (80% of waking hours) vs reduced (25–50%
of waking hours) patching after unilateral congenital
cataract surgery during infancy. Visual acuity outcomes
were similar in both groups, but a higher percentage of
children in the reduced patching group had stereopsis
or fusion (50% vs 14%). Lambert30 reported 20/20 visual
acuity in both eyes and 120 s/arc of stereopsis in a
11-year-old child who underwent unilateral cataract
surgery at age 6 weeks who was treated with a reduced
patching regimen. Gregg and Parks9 reported highgrade stereopsis in a 8-year-old child who was patched
using a progressive patching regimen of 1 h per day per
month of life during the ﬁrst 8 months of life after
unilateral congenital cataract surgery. Wright et al10
used a similar patching regimen and reported that 3 of
13 (23%) children developed stereopsis. The IATS
patching protocol was similar to the patching regimen
used by Greg and Parks9 and Greg et al.10 However, our
ﬁndings suggest that this patching regimen likely
exceeds the patching needed to achieve good vision and
it may interfere with the development of stereopsis.
While Greg and Parks9 used a progressive patching
regimen until age 8 months, patching was maintained
at 8 h per day until age 2 years and then increased to
10 h per day until age 3 years, after which it was tapered
to 8 h per day to age 5 years and then 6 h per day to
8 years. Wright reported patching children up to 50% of
their waking hours from age 4 to 12 months and then up
to 80% of their waking hours thereafter. In the IATS,
lesser amounts of patching appeared to be sufﬁcient to
preserve good visual acuity and stereopsis after the ﬁrst
year of life.
Several randomized clinical trials have reported
equivalent visual outcomes for children with strabismic
and/or anisometropic amblyopia treated with reduced vs
intensive patching regimens.31–33 Holmes et al32 reported
that prescribing 6 h of patching was just as effective as
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prescribing full-time patching in treating severe
amblyopia. Repka et al33 noted that prescribing 2 h of
patching was as effective as prescribing 6 h of patching in
treating moderate amblyopia in children 3 to o7 years
of age. The lack of correlation between daily patching
duration and stereopsis in these studies may reﬂect the
later age of onset of their amblyopia and their older age at
the time of treatment.23 In a meta-analysis of children
from the Amblyopic Treatment Studies with
anisometropic amblyopia, Wallace et al23 noted worse
stereopsis in children 3 to o5 years of age compared
with older children that they attributed to their poor
cooperation or their inability to understand stereopsis
testing.
There were a number of limitations to our study. First,
a relatively small number of children had both good
visual acuity and a stereopsis response reducing the
power of our ﬁndings. This is exacerbated by the number
of independent variables that we considered. Second,
while 15 children had good vision and a stereopsis
response, there were inconsistencies in their stereopsis
responses. Only three patients had a stereopsis response
using all three tests of stereopsis and four additional
patients using two tests of stereopsis. It is possible that
some stereopsis responses were false-positive responses,
particularly in the three patients who had angles of
strabismus ≥ 6 PD.17 However, it is also possible that
these children had intermittent deviations that may not
have been present when stereopsis was tested. Additional
children may have had stereopsis that we were unable to
detect because of poor patient cooperation related to their
young age. It is also possible that some of the children
without stereopsis responses who had strabismus may
have had stereopsis if their eyes were surgically aligned.
However, this is unlikely given the longstanding duration of
their strabismus.34 It is also difﬁcult to ascertain whether
more intensive patching caused manifest strabismus with a
resultant loss of stereopsis or the loss of stereopsis from more
patching resulted in manifest strabismus. A strength of the
study was its design as a randomized clinical trial with
protocols for cataract surgery, follow-up examinations, and
patching regimens. We also monitored patching adherence at
regular intervals to age 5 years using two different techniques
—caregiver diaries and telephone interviews. A ﬁnal strength
of our study was our high retention rate.16
In conclusion, among patients who undergo early
unilateral cataract surgery and who are compliant with
their optical correction, reduced patching from age 1 to 5
years may maximize their chances of developing both
good visual acuity and stereopsis. Our study suggests
that for these children, ~ 4 h per day of patching during
the ﬁrst year of life, 3 h per day from age 1 to 3 years and
2 h/day when 4 years of age may optimize their
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likelihood of achieving both good visual acuity in their
treated eye and stereopsis.
Summary
What was known before
K It was known that children could achieve good vision and
only rarely stereopsis following unilateral cataract surgery
during infancy with part-time patching therapy of the
fellow eye. However, the optimal amount of patching
therapy has not been established

What this study adds
K We showed that children could achieve good vision and
stereopsis with less patching than has usually been
prescribed for children following unilateral cataract
surgery during infancy
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