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Abstract

Purpose—To determine factors associated with pretreatment and posttreatment stereoacuity in
subjects with moderate anisometropic amblyopia.

Methods—Data for subjects enrolled in seven studies conducted by the Pediatric Eye Disease
Investigator Group were pooled. The sample included 633 subjects aged 3 to <18 years with
anisometropic amblyopia, no heterotropia observed by cover test, and baseline amblyopic eye
acuity of 20/100 or better. A subset included 248 subjects who were treated with patching or
Bangerter filters and had baseline stereoacuity testing and outcome examinations. Multivariate
regression models identified factors associated with baseline stereoacuity and with outcome
stereoacuity as measured by the Randot Preschool Stereoacuity test.

Results—Better baseline stereoacuity was associated with better baseline amblyopic eye acuity
(P < 0.001), less anisometropia (P = 0.03), and anisometropia due to astigmatism alone (P <
0.001). Better outcome stereoacuity was associated with better baseline stereoacuity (P < 0.001)
and better amblyopic eye acuity at outcome (P < 0.001). Among 48 subjects whose amblyopic eye
visual acuity at outcome was 20/25 or better and within one line of the fellow eye, stereoacuity
was worse than that of children with normal vision of the same age.

Conclusions—In children with anisometropic amblyopia of 20/40 to 20/100 inclusive, better
posttreatment stereoacuity is associated with better baseline stereoacuity and better posttreatment
amblyopic eye acuity. Even if their visual acuity deficit resolves, many children with
anisometropic amblyopia have stereoacuity worse than that of nonamblyopic children of the same
age.
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One of the potential benefits of amblyopia treatment is improved stereoacuity, the
discrimination of differences in depth based on binocular retinal disparity. It has been
reported that baseline stereoacuity in amblyopic patients is associated with anisometropia
type and magnitude,! anisometropia magnitude alone,12 and treatment-related improvement
in amblyopic eye acuity.2 One study found that improvement in stereoacuity is associated
with improvement in amblyopic eye visual acuity.*

The Pediatric Eye Disease Investigator Group (PEDIG) has enrolled more than 3,000
amblyopic patients into treatment trials, prospectively collecting visual acuity and
stereoacuity data using standardized methods. These data provide an opportunity to
determine what factors from among those measured are independently associated with
pretreatment and posttreatment stereoacuity and to describe outcome stereoacuity in subjects
whose amblyopic eye visual acuity after treatment was 20/25 or better and within one line of
the fellow eye visual acuity. This information may help clinicians identify children with the
greatest potential for improvement in stereoacuity and may provide insight into the
pathophysiology of amblyopia and subnormal binocular vision.

Cohort Eligibility and Protocol Selection

Data were pooled from seven randomized multicenter clinical trials of subjects ages 3 to <18
years in which Randot stereoacuity data were collected at baseline (Table 1),>-11 details of
which are available on the PEDIG website (www.pedig.net). The studies were supported
through a cooperative agreement with the National Eye Institute of the National Institutes of
Health EY011751 and EY018810. The protocol and HIPAA-compliant informed consent
forms were approved by institutional review boards, a parent or guardian of each study
subject gave written informed consent, and subjects gave assent as required. The studies
adhered to the tenets of the Declaration of Helsinki and are listed on www.clinicaltrials.gov
under identifiers NCT00094692, NCT00094614, NCT00091923, NCT00315198,
NCT00315302, NCT00315328, and NCT00525174. Inclusion in the baseline stereoacuity
analysis was limited to subjects with moderate amblyopia (20/40 to 20/100 inclusive on the
same day of baseline stereoacuity measurement) from anisometropia alone without a history
or presence at enroliment of measurable heterotropia at distance or near fixation, resulting in
a sample size of 633 subjects. For the purposes of inclusion in the treatment trials,
anisometropia was defined as >0.50 D of spherical equivalent difference or >1.50 D
difference in astigmatism in any meridian. Subjects with amblyopic eye visual acuity worse
than 20/100 were excluded since they were expected to have little or no stereoacuity (as do
normal subjects with induced monocular blur)12 ; those with manifest strabismus (evident by
simultaneous prism and cover test at either distance or near) were also excluded since
strabismus may also limit potential stereoacuity.

The cohort for the analyses of outcome stereoacuity consisted of 248 subjects ages 3 to <13
years from 3 of the 7 protocols®10.11 that included a stereoacuity measurement at both
baseline and at the primary outcome examination (Table 1). The outcome cohort had the
same inclusion criteria as the baseline cohort, with the additional requirements of a
measurable Randot Preschool Stereoacuity score at outcome and treatment with either
patching or Bangerter filters during the clinical trial. Subjects treated with atropine were
excluded from the outcome stereoacuity analysis because residual blur from atropine at the
outcome examination may have led to underestimation of true stereoacuity in some cases.
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Measurement of Anisometropia, Visual Acuity, and Stereoacuity

All measurements were performed with the subjects wearing appropriate refractive
corrections, which consisted of spectacle wear for all but one study that permitted contact
lens use at enrollment. The refractive corrections were based on a cycloplegic refraction that
was performed within 6 months of study enrollment. Hypermetropia could not be
undercorrected by more than +1.50 D spherical equivalent, and the reduction in plus had to
be symmetrical in the two eyes.

In five of the seven protocols, baseline acuity measurements were taken following a 16-
week period with appropriate refractive correction or after visual acuity in the amblyopic
eye was stable (defined as two consecutive visual acuity measurements by the same testing
method at least 4 weeks apart with no improvement of one line or more). In the remaining
two protocols, there was no requirement for stability of visual acuity with spectacle wear
prior to additional treatment.

For the analyses, the type of anisometropia was defined as belonging to one of three groups.
The first group, “Spherical equivalent anisometropia alone,” was defined as >0.50 D
interocular difference in spherical equivalent in the absence of astigmatic anisometropia
>0.75 D interocular difference in either Jackson-cross cylinder powers of Jg (with-the-rule
or against-the-rule) or Js5 (oblique).1314 The second group, “Astigmatic anisometropia
alone,” was defined as >0.75 D interocular difference in either Jy or J45 in the absence of
>1.50 D interocular difference in spherical equivalent. In this category, some subjects had
spherical equivalent anisometropia >0.50 D and <1.50 D, and we assumed their amblyopia
was primarily on the basis of astigmatic anisometropia. The third group, “Combined
anisometropia,” was defined as >1.50 D interocular difference in spherical equivalent and
>0.75 D interocular difference in either Jg or J45. The amount of anisometropia was also
expressed as vector dioptric difference (VDD), resulting in a single number representing the
difference in refraction between the two eyes.1

Visual acuity was measured using either the Amblyopia Treatment Study HOTV (ATS-
HOTV)16:17 protocol for subjects aged 3 to <7 years or the Electronic Early Treatment for
Diabetic Retinopathy Study (E-ETDRS)8 protocol for older subjects. Visual acuity at the
outcome examination was measured using the same testing method performed at baseline
regardless of age at follow-up. All visual acuity scores were expressed as logMAR for the
analyses.

Baseline and outcome stereoacuity were measured using the Randot Preschool
Stereoacuityl? test in all protocols (Stereo Optical Co. Inc, Chicago, IL). Subjects were
given a pretest by presenting the black-and-white test plate and were asked to “point to the
duck.” Those unable to pass the pretest were excluded from this analysis. Subjects passing
the pretest were next presented with shapes subtending 800" stereopsis and were asked to
name or match one of the random dot shapes that the tester pointed to. A black and white
matching card was provided to allow the child to point at the matching shape. The tester
pointed to a second random dot shape, and the child was asked to hame or match that shape.
A third shape was presented if needed to classify as a pass or fail at that level. Two correct
answers (of a possible 3) were required to pass each level and proceed to the next
stereoacuity level. Stereoacuity was recorded as the finest stereoacuity level at which 2
correct figures were identified (40", 60”, 100", 200", 400", or 800"). If the subject was
unable to pass the 800" level, then stereoacuity was recorded as “nil.”

Statistical Methods

For all analyses, stereoacuity scores in seconds of arc were converted to log values as
follows: 40" (1.60), 60" (1.78), 100" (2.00), 200" (2.30), 400" (2.60), 800" (2.90); subjects
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with no detectable (nil) stereoacuity were assigned a value of 1600” (3.20). Logged
stereoacuity scores were treated as a continuous measure for the primary analyses because,
unlike rank-based analyses, the log scale retains information about the nonuniform scale
intervals. Analyses were repeated using extreme values for nil (1000” and 10,000") and
excluding subjects with nil stereoacuity at baseline to check the sensitivity of results to the
value assigned to nil stereoacuity.

Covariates of age, baseline amblyopic eye acuity, anisometropia amount, and anisometropia
type were selected for analysis based on biologic plausibility of an association with baseline
stereoacuity. For the outcome stereoacuity analyses, factors of interest included age,
baseline amblyopic eye acuity, anisometropia amount, anisometropia type, baseline
stereoacuity, and amblyopic eye acuity at outcome. In addition, age was also treated as an
adjustment covariate in both analyses, and hence included in all models regardless of
statistical significance.

Baseline amblyopic eye acuity and baseline stereoacuity were similarly included as
adjustment covariates in the outcome analyses. Although the outcome analyses evaluated
level of stereoacuity at the outcome examination, the adjustment for baseline stereoacuity
yields covariate estimates that are identical to those from the model evaluating change in
stereoacuity at outcome adjusted for baseline stereoacuity.20

Multivariate linear regression models were fit to determine predictors of baseline and
outcome stereoacuity, adjusting for potential confounders and including protocol as a fixed
effect.2 Protocol also served as an adjustment for spectacle stability at enrollment, which
was required in all but two of the studies included in the baseline analysis. Linearity
assumptions were assessed for each continuous factor included in the multivariate regression
models, adjusting for the other covariates. For the baseline stereoacuity analysis, there was a
nonlinear relationship between age and baseline stereoacuity, so age was treated as a
categorical covariate (3 to <5, 5 to <7, 7 to <10, and 10 to <18 years).

All possible two-way interaction terms of covariates were evaluated in the models and
retained if meeting a statistical significance criterion of P < 0.001, chosen to control for the
large number of terms tested. Initial models included all factors of interest with
nonsignificant factors removed from subsequent models using a backward stepwise
elimination procedure. The final models included statistically significant factors of interest,
as well as all adjustment covariates (age and protocol for the baseline analysis; age,
protocol, and baseline amblyopic eye visual acuity for the outcome analysis). Adjusted mean
stereoacuity was computed for all levels of the categorical predictors and statistically
significant differences were identified using the Tukey-Kramer multiple-comparison
procedure.22 The 10 to <18 age group was not compared with the 3 to <5 or the 5 to <7 age
groups since there was no overlap in the protocols across these age ranges. The interaction
between protocol and each of the covariates was tested in the final model to check for
homogeneity among protocols.

An analysis of covariance was used to compare the mean log stereoacuity at outcome
between subjects with and without outcome amblyopic eye acuity of 20/25 or better and
within one line of the fellow eye acuity (the better of fellow eye acuities at enrollment and
outcome), adjusting for baseline stereoacuity, age, and protocol. Exact Wilcoxon rank-sum
tests were used to compare ranked log stereoacuity scores in this subset of subjects with
successful amblyopia treatment to those of normal children, stratified by age group. Normal
data were based on findings from another study of 4,355 subjects, aged 3 to 18 years old,
with permission from the authors.23
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All baseline and outcome stereoacuity analyses were performed using SAS Version 9.1
(SAS Institute, Cary, NC).

Baseline Stereoacuity

The characteristics of subjects included in the baseline stereoacuity analyses are listed in e-
Supplement 2 (available at jaapos.org). The mean baseline stereoacuity was 2.7 log arcsec
(between 400" and 800") for the overall cohort and 2.3 log arc seconds (approximately
200") for those with measurable baseline stereoacuity (N = 397); 236 of 633 subjects (37%)
had no measurable baseline stereoacuity. In a multivariate model, better baseline
stereoacuity was associated with the 5 to <10 age groups (5 to <7 vs 3 to <5 years, P = 0.01;
7 to <10 vs 10 to <18 years, P = 0.04), better baseline amblyopic eye acuity (P < 0.001,
Figure 1), less anisometropia (P = 0.03) and anisometropia due to astigmatism alone (P <
0.001) (e-Supplement 3, available at jaapos.org). Sensitivity analyses using extreme values
for nil yielded similar results. There were no statistically significant interactions between
any of the covariates in the baseline sterecacuity model (P > 0.14 for all interactions).

Subjects with astigmatic anisometropia alone had better baseline stereoacuity (median 200")
compared with those with just spherical equivalent anisometropia (median 800", P < 0.001).
Baseline stereoacuity was similar between the spherical equivalent anisometropia, and the
combined spherical and astigmatic anisometropia (median 400”) groups. The estimated
effects of the predictors on baseline stereoacuity were consistent among protocols (data not
shown).

Outcome Stereoacuity after Amblyopic Treatment

The characteristics of the 248 subjects included in the cohort for the analyses of outcome
stereoacuity are given in e-Supplement 4 (available at jaapos.org). None of the subjects in
this cohort had heterotropia observed at baseline, and 10 subjects had heterotropia observed
at outcome (6 constant heterotropia, 4 intermittent). The mean stereoacuity at outcome after
treatment was 2.4 log arc seconds (between 200" and 400") with a mean baseline
stereoacuity of 2.6 log arcsec (400”) and mean improvement of 0.2 log arc seconds
(approximately 0.7 of a level). Seventy subjects (28%) improved at least 2 levels of
stereoacuity (approximating the amount of change required to exceed test-retest
variability),24 and 19 subjects (8%) worsened at least 2 levels. Of 248 subjects, 154 (62%)
achieved at least 200" of stereoacuity, and 63 (25%) achieved at least 60" of stereoacuity.

In a multivariate model, better outcome stereoacuity was associated with better baseline
stereoacuity (P < 0.001) and better amblyopic eye acuity at outcome (P < 0.001, Figure 2),
adjusting for baseline amblyopic eye acuity (P = 0.66), age (P = 0.05) and protocol (e-
Supplement 5, available at jaapos.org). These factors remained significant predictors of
outcome stereoacuity when subjects with no measurable stereoacuity at baseline were
excluded from the analysis (results not shown), and sensitivity analyses using extreme
values for nil (1000” and 10,000") yielded similar results. The estimated effects of the
predictors on outcome stereoacuity were consistent among protocols.

Anisometropia type (P = 0.07) and magnitude of anisometropia (P = 0.71) were not
statistically significant predictors of outcome stereoacuity. There were no statistically
significant interactions between any of the covariates in the outcome stereoacuity model (P
> 0.02 for all interaction terms) based on our prespecified criteria.

J AAPOS. Author manuscript; available in PMC 2012 October 1.
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Stereoacuity after Successful Amblyopia Treatment

Of 48 subjects who achieved 20/25 or better amblyopic eye acuity that was within one line
of the fellow eye visual acuity, 26 (54%) had a Randot Preschool Stereoacuity score of 60
arcsec or better. Mean stereoacuity at outcome was better among these subjects compared to
those who did not meet these outcome visual acuity criteria (2.1 log arcsec or between 100"
and 200" vs 2.4 log arcsec or between 200” and 400", P < 0.001), adjusting for baseline
stereoacuity, age and protocol. Figure 3 shows that age-specific stereoacuity of our
successfully treated amblyopic subjects was worse than that of children with normal vision
without amblyopia.

Discussion

In this study, better baseline stereoacuity was associated with better baseline amblyopic eye
visual acuity, less anisometropia, and anisometropia due to astigmatism alone among
subjects with anisometropic amblyopia and no heterotropia observed by cover test. Better
outcome stereoacuity was associated with better baseline stereoacuity and better outcome
amblyopic eye acuity.

We also observed some differences in baseline stereoacuity among age groups. Subjects
aged 3 to <5 years had poorer baseline stereoacuity compared to that of subjects aged 5 to
<10 years, and subjects aged 10 to <18 had poorer baseline stereoacuity compared to
subjects aged 7 to <10 years after adjustment for potential confounders. The relatively poor
stereoacuity of the youngest group might be explained by undetected microtropia or poorer
testing performance. Despite the trends observed in e-Supplement 3, baseline stereoacuity
among subjects aged 7 to <10 years was not statistically different from that of the 3 to <5 or
5 to <7 age groups. These comparisons were inadequately powered to detect an age effect
and were dependent on a single protocol that enrolled subjects in all three age groups.
Subjects ages 10 years and older might have had worse baseline stereoacuity because of
undetected microtropia with identity, or such children who present at this age may more
commonly have a resistant type of amblyopia, particularly if they had not improved with
prior amblyopia treatment.

Factors predictive of outcome stereoacuity were not identical to those predictive of baseline
stereoacuity. One important reason for this disparity is that the outcome stereoacuity model
included an adjustment for baseline stereoacuity. As a result, any factor found to be
associated with outcome stereoacuity in this model is by definition associated with change
in stereoacuity with treatment.

The relationship between stereoacuity and amblyopic eye acuity may be because better
visual acuity allows for better discrimination of stereoacuity test targets. Odell and
colleagues!? found that stereoacuity was progressively degraded by increasing levels of
induced monocular blur in 15 normal adults, and that random dot stereo test performance is
particularly sensitive to degradation by monocular blur.

Other investigators have examined the relationship between stereoacuity and amblyopic eye
visual acuity. Caputo and colleagues® found that better baseline stereoacuity is predictive of
improvement in amblyopic eye acuity, and they hypothesized that the presence of binocular
vision at the first evaluation was a good prognostic indicator for visual recovery with optical
correction alone. Lee and colleagues? reported a significant linear relationship between
stereoacuity improvement measured by the Titmus test and visual acuity improvement in
patients with and without small angle or intermittent strabismus.

J AAPOS. Author manuscript; available in PMC 2012 October 1.
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Better baseline stereoacuity was associated with less anisometropia when expressed as
vector dioptric difference. These data agree with findings of other investigators who found
that baseline stereoacuity in amblyopic patients is associated with magnitude of
anisometropia.l2 Weakley reported that higher amounts of spherical anisometropia and
higher amounts of cylindrical anisometropia were each associated with decreased
stereoacuity in spectacle correction.:2 Rutstein and Corliss? found that binocularity of
spectacle-corrected hyperopic patients decreased as the degree of anisometropia increased.
One explanation for these findings is that anisometropia and aniseikonia (image size
disparity) are obstacles to sensory fusion and development of stereoacuity. Lubkin and
colleagues?® showed that anisometropia is associated with amblyopia, and the combination
of anisometropia and aniseikonia is strongly associated with amblyopia. Jimenez and
colleagues?® and Oguchi and colleagues?’ reported an association between induced
aniseikonia and reduced stereoacuity. Dobson and colleages® found that small interocular
refractive error differences disrupt stereoacuity, whereas larger interocular refractive error
differences are necessary to produce differences in interocular, best-corrected recognition
acuity. They hypothesized that development of stereoacuity is particularly dependent on
similarity in refractive error between fellow eyes, even in the absence of unilateral
amblyopia.1>

Among subjects whose amblyopic eye acuity at outcome was 20/25 or better and within one
line of the fellow eye visual acuity, stereoacuity was worse than that of children with normal
vision of the same age. These data support the premise that anisometropic amblyopia is
associated with subnormal binocular development. Although visual acuity in the amblyopic
eye can improve with treatment to normal or near-normal levels, a significant deficit in
binocular function, as implied by reduced stereoacuity, persists in many children. This
deficit in stereoacuity, despite normal visual acuity, might result from a central insult
induced by anisometropia early in life, possibly manifesting as ongoing partial foveal
suppression or a central limitation of binocular potential, and/or from a combination of other
unknown factors; however, this analysis does not address whether stereoacuity would
improve further with complete resolution of amblyopia and/or longer treatment duration. It
is also possible that stereoacuity was limited because of undetected microtropia in an
unknown number of children in our cohort.

It is noteworthy that only 48 of our 248 subjects with anisometropic amblyopia and no
heterotropia observed on cover testing (19%) demonstrated marked improvement of visual
acuity to 20/25 or better in the amblyopic eye. In contrast, Agervi and colleagues?8 reported
that 62 of 66 children (94%) with anisometropic amblyopia achieved resolution of
amblyopia (interocular difference of one line or less) after one year of treatment with
spectacles alone or with spectacles in addition to Bangerter filter. They may have observed a
higher rate of amblyopia resolution because their subjects were younger, had less severe
amblyopia, and had longer treatment duration than our subjects. The protocols included in
our analyses were not designed to produce the maximal possible improvement with
treatment.

In conclusion, better baseline stereoacuity is associated with better baseline amblyopic eye
visual acuity, less anisometropia, and anisometropia due to astigmatism alone. Better
stereoacuity after amblyopia treatment is associated with better baseline stereoacuity and
better amblyopic eye acuity at outcome. For many children with anisometropic amblyopia,
subnormal stereoacuity persists after a course of treatment, even when their visual acuity
deficit effectively resolves.
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Refer to Web version on PubMed Central for supplementary material.
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FIG 1.

Relationship between baseline amblyopic eye visual acuity and mean baseline stereoacuity,
adjusting for the effect of other covariates. Mean baseline stereoacuity (log arcsec) was
computed for each level of baseline visual acuity, adjusting for age group, magnitude of
anisometropia, anisometropia type, and protocol. Better stereoacuity was associated with
better amblyopic eye visual acuity (P < 0.001).
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FIG 2.

Relationship between outcome amblyopic eye visual acuity and mean outcome stereoacuity
after treatment, adjusting for the effect of other covariates. Mean stereoacuity at outcome
after treatment (log arcsec) was computed for each level of amblyopic acuity eye visual at
outcome, adjusting for age, baseline amblyopic eye acuity, baseline stereoacuity, and
protocol. Better outcome stereoacuity was associated with better amblyopic eye visual
acuity at outcome with treatment (P < 0.001).
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FIG 3.

Age group comparison of stereoacuity among subjects with amblyopic eye visual acuity of
20/25 or better and within one line of the fellow eye visual acuity compared to normal
children. For each age group, the box on the left (gray) is the distribution of stereoacuity
scores for the Amblyopia Treatment Study subjects and that on the right (white) represents
the normal children. The top and bottom of each box represent the 25th and 75th percentiles
of the data, the group medians are represented by a bolded line, and the group means are
represented by a dot. For some of the box plots, the median also corresponds to the 25th and/
or 75th percentile. The bars extending above and below each box represent 1.5 times the
interquartile range (difference between the 25th and 75th percentiles). The open circles
represent near statistical outliers, and the asterisks indicate far outliers. P values are from the
age-matched comparison of stereoacuity among children with amblyopic eye visual acuity
of 20/25 or better and within one line of the fellow eye visual acuity at outcome compared to
that of normal children based on the Wilcoxon exact rank-sum test.
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