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Abstract

PURPOSE—To characterize long-term strabismus outcomes in children in the Infant Aphakia 

Treatment Study (IATS).

METHODS—This study was a secondary data analysis of long-term ocular alignment 

characteristics of children aged 10.5 years who had previously been enrolled in a randomized 

clinical trial evaluating aphakic management after unilateral cataract surgery between 1 and 6 

months of age.

RESULTS—In the IATS study, 96 of 109 children (88%) developed strabismus through age 10.5 

years. Half of the 20 children who were orthophoric at distance through age 5 years maintained 
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orthophoria at distance fixation at 10.5 years. Esotropia was the most common type of strabismus 

prior to age 5 years (56/109 [51%]), whereas exotropia (49/109 [45%]) was the most common 

type of strabismus at 10.5 years (esotropia, 21%; isolated hypertropia, 17%). Strabismus surgery 

had been performed on 52 children (48%), with 18 of these (35%) achieving microtropia <10Δ. 

Strabismus was equally prevalent in children randomized to contact lens care compared with those 

randomized to primary intraocular lens implantation (45/54 [83%] vs 45/55 [82%]; P = 0.8). 

Median visual acuity in the study eye was 0.56 logMAR (20/72) for children with orthotropia or 

microtropia <10Δ versus 1.30 logMAR (20/400) for strabismus ≥10Δ (P = 0.0003).

CONCLUSIONS—Strabismus—in particular, exotropia—is common irrespective of aphakia 

management 10 years following infant monocular cataract surgery. The delayed emergence of 

exotropia with longer follow-up indicates a need for caution in managing early esotropia in these 

children. Children with better visual acuity at 10 years of age are more likely to have better ocular 

alignment.

Strabismus is a common association with infantile cataract, with reported frequencies 

varying by laterality, population, and follow-up time.1–10 Despite early reports that 

suggested an IOL might protect against the development of strabismus, no such effect has 

been identified in randomized studies.1,2 Prior studies with limited follow-up have shown 

that better visual acuity correlates with better ocular alignment and stereopsis.7,10 Long-term 

strabismus outcomes, with or without strabismus surgery, in the setting of a history of 

infantile cataract surgery remain to be ascertained.

The Infant Aphakia Treatment Study (IATS), a multi-center, randomized clinical trial for 

infants 1–6 months of age with a unilateral cataract, previously reported visual acuity, 

strabismus, and sensorimotor outcomes 5 years after cataract surgery.10–15 The National 

Eye Institute approved and funded further study of this cohort, including recalling children 

initially enrolled in IATS for a follow-up examination at a mean age (with standard 

deviation) of 10.5 years ± 3 months. Long-term visual acuity and glaucoma outcomes 

have been recently published.16–18 This report documents the strabismus outcomes 10 years 

after infantile cataract surgery. Strabismus management was based on treating physician 

discretion and no study visits occurred between ages 5 and 10 years.

Materials and Methods

The original IATS design, eligibility criteria, surgical and clinical care, including patching 

and optical regimens, and evaluation methods have been previously reported.11 This study 

was approved by the institutional review boards at all participating institutions and was 

in compliance with the US Health Insurance Portability and Accountability Act of 1996. 

Ocular alignment at distance and near was assessed at 10.5 years of age by an IATS-certified 

investigator. Strabismus was quantitated in prism diopters using the prism and alternate 

cover test and simultaneous prism cover test or Krismky light reflex testing when fixation 

was poor.
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Analysis Methods

In descriptions of strabismus patterns, children with a combination of horizontal and vertical 

strabismus were grouped according to the horizontal deviation. Unless otherwise noted, the 

strabismus result is the measurement made at distance fixation. Microtropia was defined 

as a deviation of <10Δ. The proportion of children with strabismus was compared between 

groups using the Fisher exact test. The median visual acuity was compared between groups 

of children with and without strabismus using the Wilcoxon rank-sum test. All statistical 

tests were two-sided. No adjustment was made for multiple testing. A P value of <0.05 was 

deemed statistically significant.

Results

Of the 114 children originally enrolled in IATS, 109 (96%) completed a clinical evaluation 

with ocular alignment testing at a mean postsurgical follow-up of 10.4 years (range, 9.3–

11.5). The distance alignment measurements of the IATS cohort at 5 and 10.5 years are 

provided in Table 1. Of the 109 children seen at 10.5 years of age, 96 (88%) had strabismus 

at distance or near fixation. A distance deviation was measured in 90 children (83%), 

with 64 of the 72 patients with a horizontal deviation at distance (89%) having the same 

horizontal deviation at near. Strabismus was equally prevalent at the 10.5-year examination 

in children randomized to contact lens care compared to those with primary IOL (45/54 

[83%] vs 45/55 [82%]; P = 0.8).

Fifty-two children (48%) underwent strabismus surgery at investigator discretion prior to 

age 10. A similar proportion of children in each treatment group had strabismus surgery 

(CL, 26/54 [48%]; IOL 26/55 [47%]; P = 0.9). Of the 45 children who had a history of 

strabismus surgery prior to age 5 years, 10 (22%) had additional surgery between 5 and 

10 years of age (including 1 with two additional strabismus surgeries). Conversely, of the 

65 patients without surgery by age 5, only 7 (11%) had strabismus surgery between ages 5 

and 10 years (including 2 with 2 surgeries). Of the 52 children who underwent strabismus 

surgery, 18 (35%) achieved microtropia or orthotropia at the 10.5-year examination; of these 

18 children, 6 (12% overall) were orthotropic.

Whether by surgical or nonsurgical treatment, an orthotropic or microtropic outcome was 

achieved in 25 children (46%) in the CL group and in 26 (47%) in the IOL group (P = 0.9) 

at age 10.5 years. Exotropia was present in 49 children (45%), with a mean deviation of 18Δ 

± 13Δ (standard deviation; range, 4Δ−60Δ). Exotropia was seen in 25 of 57 (44%) children 

without and 24 of 52 (46%) children with one or more prior strabismus surgeries. Esotropia 

was present in 23 children (21%; mean, 9Δ ± 8Δ [range, 2Δ–25Δ]), including 15 of 57 (26%) 

without and 8 of 52 (15%) with one or more prior strabismus surgeries.

The horizontal alignment of the 57 children without any strabismus surgery was compared 

between the 5 and 10.5-year examinations. Of 21 children who were orthophoric at the 

5-year examination, 19 remained orthophoric (n = 10) or developed a microtropia (n = 

9) by age 10.5 years. Two children developed strabismus ≥10Δ, both of whom developed 

exotropia. Visual acuity in the treated eyes was better than 20/40 in 5 of 10 children (50%) 

who remained orthophoric and in 4 of 11 (36%) who developed strabismus at distance 
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after age 5 years (P = 0.5). Of the 22 children with esotropia at age 5, 11 (50%) remained 

esotropic while 8 (36%) developed exotropia by age 10.5 years (the remaining 3 were 

orthotropic). Conversely, 9 of 12 children (75%) with exotropia at age 5 years continued 

to have exotropia 5 years later with no child developing esotropia. The prevalence of 

exotropia at age 10.5 years in children with prior strabismus surgery (46%) was similar 

to the prevalence of exotropia in patients without prior extraocular muscle surgery (44%). 

Eighteen children (17%) had only a vertical deviation, either hypertropia (5) or dissociated 

vertical deviation (13), with a mean deviation of 7Δ ± 6Δ (range, 2Δ–12Δ). An additional 36 

children with a primary horizontal deviation were reported to have an associated dissociated 

vertical deviation (21/36 [58%]) or hypertropia (15/36 [42%]).

Visual acuity at age 10.5 years was significantly associated with better distance alignment, 

with or without prior strabismus surgery. Median visual acuity in the operative eye was 

0.56 logMAR (20/72) for children with orthotropia or microtropia (<10Δ) and 1.30 logMAR 

(20/400) for children with strabismus ≥10Δ (P = 0.0003). Of the 30 children with visual 

acuity of 20/40 or better, 21 (70%) had a deviation of <10Δ, compared with 29 of 77 

(38%) with visual acuity worse than 20/40 (P = 0.003). There was no statistically significant 

association, however, between visual acuity and orthotropia (median visual acuity of 0.60 

logMAR in 18 children with orthotropia) vs any strabismus (median visual acuity 0.90 in 89 

children with any strabismus; P = 0.1 [Wilcoxon]).

Gross stereopsis was detected at age 10.5 years using Randot testing in 18 of 109 (16%) 

children; they were disproportionately likely to be orthotropic at near (8/18) rather than 

strabismic at near (P = 0.02). Among children with either orthotropia or microtropia of 

<10Δ, 27% showed measurable stereopsis compared with 10% of children with strabismus 

of ≥10Δ (P = 0.02). No child with strabismus at near or prior strabismus surgery achieved 

stereopsis better than 800 arcsec.

Discussion

With long-term follow-up in this randomized controlled trial, IATS investigators did not 

find a statistically significant difference in the frequency of strabismus based on aphakia 

management (83% children in the CL group and 82% in the IOL group). Prior to IATS, 

some reports suggested that IOL insertion might reduce the high incidence of strabismus 

identified after unilateral cataract surgery.1,2 Yet a consistent limitation to retrospective 

series was that the decision to place an IOL was at investigator discretion. Despite 10 

years of rehabilitative care and the intervention of strabismus surgery, the number of IATS 

children with ocular misalignment, and exotropia in particular, remains substantial. This 

poor sensorimotor result in this cohort likely correlates with dense recalcitrant amblyopia 

associated with infantile cataract (44% of children had a visual acuity of 20/200 or worse in 

the affected eye).16

A notable observation between the 5- and 10-year outcomes involves the instability of 

early ocular alignment over the first decade of life. Approximately half of the children 

with orthotropia after the 1- and 5-year examination developed strabismus in the following 

5 years. Visual acuity in the treated eyes was not predictive of the development of 
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strabismus in this subgroup. Additionally, at the 5-year follow-up in the IATS, esotropia 

outnumbered exotropia 2:1 (50% vs 27%).10 Others have reported similarly high rates 

of early esotropia after infantile cataract surgery (Lambert and colleagues,1 50%; Spanou 

and colleagues,3 76.5%; Parks and Hiles,5 66%). With follow-up to 10 years for IATS 

children, this ratio has flipped (exotropia 49% vs esotropia 21%). Given that half of the 

cohort underwent strabismus repair prior to age 10, one might suggest that consecutive 

deviations have contributed to this instability.15 However, a spontaneous exodeviation shift 

was identified among children who never had strabismus surgery and who were esotropic 

at 5 years of age, with 36% developing an exotropia by age 10.5 years. Conversely, 

among children who had no strabismus surgery, no child with exotropia at age 5 years 

developed an esotropia with further follow-up. The prevalence of exotropia at age 10.5 

years in children with prior strabismus surgery was similar to the prevalence of exotropia 

in patients without prior extraocular muscle surgery. Potential alignment variability and the 

risk of a long-term exoshift in these patients might suggest that a conservative approach to 

treatment of esotropia in the first 5 years after cataract extraction is warranted. Although 

a modest number of small, isolated vertical deviations was seen in children at 10.5 years, 

most children with vertical misalignment had dissociated vertical deviation, typically in the 

setting of a comitant horizontal deviation.10

We previously reported that children without strabismus more commonly had better visual 

acuity and stereopsis than those with strabismus.10 At 10.5 years of age, orthotropia or 

a microtropia was found in 70% of children with visual acuity better than 20/40 in the 

operative eye compared with only 38% of children with visual acuity of 20/40 or worse in 

the operative eye. It remains unclear whether better alignment improves amblyopia treatment 

after cataract surgery, or better acuity in the treated eye protects against the development of 

strabismus or fosters stable alignment after strabismus surgery. Despite anecdotal reports of 

good stereopsis outcomes, most children do not demonstrate stereopsis despite rehabilitative 

care for unilateral congenital cataract.19–23 Hartmann et al described primarily only gross 

stereopsis by one or more of three tests in 25.5% of children enrolled in the IATS at age 

4.5 years.14 At age 10.5 years, gross stereopsis was only detected in approximately 1 of 6 

children, yet was more common when orthotropia was present.

Two principal limitations of this analysis include the relatively small sample size and the fact 

that strabismus management was at investigator discretion. The poor sensory results may 

have influenced investigators to be more conservative with strabismus reoperations after age 

5 years. The reason to pursue additional surgery was not recorded, so strabismus operations 

may also have been performed for psychosocial reasons, and not reasons related to visual 

performance.

In conclusion, strabismus is common 10 years following unilateral infantile cataract surgery, 

irrespective of aphakic management. Better alignment was associated with better visual 

acuity in the affected eye. The delayed emergence of exotropia with longer follow-up should 

lead to caution in managing early esotropia with strabismus surgery in these children.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Ocular alignment at distance among children at age 5 and 10.5 years

Deviation 5-year exam (n = 112) 10.5-year exam (n = 109)

No. (%) PD, mean ± SD (range) No. (%) PD, mean ± SD (range)

Orthotropia 19 (17) 19 (17)

Esotropia 56 (50) 21.7 ± 14.1 (2–70)
23

a
 (21)

9 ± 8 (2–25)

Exotropia 30 (27) 25.8 ± 13.7 (3–50)
49

b
 (45)

18 ± 13 (4–60)

Isolated hyperdeviation 19 (17) 13.0 ± 7.7 (2–20)
18

c
 (17)

7 ± 6 (2–12)

DVD, dissociated vertical deviation; PD, prism diopters.

a
With hypertropia in 3 and DVD in 6.

b
With hypertropia in 12 and DVD in 15.

c
Hypertropia in 5 and DVD in 13.
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