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Abstract
Purpose—To present strabismus data for children who participated in the Early Treatment for
Retinopathy of Prematurity (ETROP) randomized trial.

Methods—The prevalence of strabismus, categorized as present or absent, was tabulated for all
children with history of high-risk prethreshold retinopathy of prematurity (ROP) who participated
in the ETROP randomized trial and were examined at 9 months to 6 years of age. Relationships
among strabismus and demographic measures, eye characteristics, and neurodevelopmental factors
were analyzed.

Results—Among the 342 children evaluated at 6 years, the prevalence of strabismus was 42.2%.
Even with favorable acuity scores in both eyes the prevalence of strabismus was 25.4%, and with
favorable structural outcomes in both eyes the prevalence of strabismus was 34.2%. Of children
categorized as visually impaired due to either ocular or cerebral causes, 80% were strabismic at
the 6-year examination. Of 103 study participants who were strabismic at 9 months, 77 (74.8%)
remained so at 6 years. Most strabismus was constant at both the 9-month (62.7%) and the 6-year
examination (72.3%). After multiple logistic regression analysis, risk factors for strabismus were
abnormal fixation behavior in one or both eyes (P < 0.001), history of amblyopia (P < 0.003),
unfavorable structural outcome in one or both eyes (P = 0.025), and history of anisometropia (P =
0.04). Strabismus surgery was performed for 53 children. By 6 years, the cumulative prevalence of
strabismus was 59.4%.
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Conclusions—Most children with a history of high-risk prethreshold ROP develop strabismus
at some time during the first 6 years of life.

Premature birth, low birth weight, and increased severity of acute-phase retinopathy of
prematurity (ROP) are known risk factors for development of strabismus.1-3 For infants with
high-risk prethreshold ROP enrolled in the Early Treatment for Retinopathy of Prematurity
(ETROP) randomized study, the prevalence of strabismus was 30% at 9 months’ corrected
age. Significant variability in the incidence of strabismus was noted between 6 and 9
months’ corrected age.4 Strong associations existed between development of strabismus and
abnormal fixation, presence of amblyopia, and outborn birth status. Neurodevelopmental
abnormalities, common in premature infants, are also thought to play a role in the
development of strabismus.5-8

Here, we report strabismus data collected prospectively from 379 infants with high-risk ROP
surviving to 9 months’ corrected age who were enrolled in the National Eye Institute–
sponsored ETROP study.9 The prevalence and type of strabismus recorded at yearly follow-
up examinations through age 6 years was tabulated. Analyses determined whether presence
of strabismus correlated with demographic variables, ocular characteristics, vision scores,
and/or neurodevelopmental status indicators. Strabismus surgical procedures were also
tabulated.

Methods
Infants with birth weights <1251 g born between October 1, 2000, and September 30, 2002,
were screened at 26 participating centers. All of the centers had the ETROP study protocol
reviewed and approved by their institutional review boards (IRB) in accordance with the
Health Insurance Portability and Accountability Act. Those infants who developed high-risk
prethreshold ROP as determined by the RM-ROP2 model10 were consented by parents or
legal guardians for the randomized trial. If both eyes were high risk, one eye was
randomized to early treatment, and the other eye was managed conventionally and treated if
it reached threshold by Cryotherapy for Retinopathy of Prematurity (CRYO-ROP)
standards. If only one eye was at high risk, it was randomly assigned to early treatment or
conventional management. The details of the randomization process have been published
previously.9,11

Follow-up examinations were performed at 9 months’ corrected age and yearly from ages 2
through 6. At each of these examinations, visual acuity indicators (including fixation
behavior and presence or absence of nystagmus), ocular alignment, presence of amblyopia,
cycloplegic refraction, and structural outcomes were recorded. Grating acuity measures were
recorded at age 9 months’ corrected and at 6 years, and recognition acuity scores using the
ETDRS chart were recorded at 6 years. History of seizures or surgical placement of a
cerebrospinal fluid shunt was recorded at the 2-year examination.

Standard clinical methods were used to assess ocular alignment in the primary position.
When strabismus was observed, it was classified by the direction of deviation (esotropia,
exotropia, hypertropia, or any combination thereof) and as intermittent or constant. Children
were classified as unable to assess if findings were inconclusive. Surgical procedures
including strabismus operations were recorded, but the magnitude of binocular deviation
was not collected nor was the success of surgical outcome determined.

Normal fixation was defined as central, steady, and maintained. Grating visual acuity was
measured with Teller visual acuity cards, and results were designated as favorable (1.85
cycles/degree or better) or unfavorable (<1.85 cycles/degree). ETDRS visual acuity scores at
6 years were classified as favorable (better than 20/200) or unfavorable (20/200 or worse).
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All children with vision better than light perception underwent grating and ETDRS visual
acuity testing at 6 years and were tested with spectacle correction for significant refractive
errors.

Amblyopia was defined as abnormal fixation behavior in one eye in the absence of an
unfavorable structural outcome. All amblyopic children had at least 4 weeks of treatment,
usually by patching. Continued patching was advised at the discretion of the patient’s
ophthalmologist, based on clinical findings and response to treatment.

Clinical categories of type 1 and type 2 ROP were assigned from ROP data collected in the
perinatal period.9 Type 1 ROP is defined as zone 1 with any stage ROP with plus disease or
stage 3 ROP with or without plus disease, or as zone 2 stage 2 or 3 ROP with plus disease.
Type 2 ROP is defined as stage 1 or 2 ROP without plus disease in zone 1, or stage 3 ROP
without plus disease in zone 2.

Statistical tests were performed using univariate analysis for each variable. Multiple logistic
regression analysis including all of the variables was performed to examine the association
of factors with strabismus. The P values for univariate analysis and for the final model are
given.

Results
Of the 401 infants randomized to treatment, 379 survived to the 9 month examination, and
examinations were performed on 372 infants (98.2%). Examinations were performed on 342
of 370 (94.2%) who survived to 6 years of age. A total of 341 infants were seen at both the
9-month and 6-year examinations.

Table 1 indicates the prevalence of strabismus at each study interval. The prevalence of
strabismus gradually increased from 30.0% at age 9 months’ corrected to 42.2% at 6 years.
The cumulative prevalence of strabismus over the first 6 years was 59.4%, as some patients
showed strabismus at one data point and not at others.

For both outcome stages, the rate of strabismus by demographic variables and ROP type is
given in Table 2. At 9 months the prevalence of strabismus was 44.4% in outborn infants
and 26.4% in inborn babies (P = 0.003), but this difference was not found at 6 years (47.0%
vs 41.0%, P = 0.38). Prevalence of strabismus for infants with type 1 ROP was 43.9% at 6
years of age. There was no significant difference in rates of strabismus based on type 1
versus type 2 classification (P = 0.44).

Table 3 shows strabismus rates in the 341 children who were seen for both the 9-month and
6-year examinations. Of the 103 infants who were strabismic at the 9-month examination, 77
(74.8%) remained so at 6 years and 21 (20.4%) showed normal alignment at the 6-year
examination. Of these 21, only 5 had undergone strabismus surgery. Of the 235 infants with
normal alignment at 9 months, 63 (26.8%) were strabismic at 6 years.

Esotropia was found in 79 of 110 of the infants (71.8%) with strabismus at the 9 month
exam, compared to 79 of 141 (56.0%) at the 6-year examination. Exotropia was found in 29
of 110 of infants (26.4%) at 9 months, and 37 of 141 (26.2%) were exotropic at the 6-year
examination. More children showed constant strabismus at the 6-year examination (72.3%)
compared to the 9-month examination (62.7%). Only 2 infants showed more than one
direction (any combination of esodeviation, exodeviation, hyperdeviation) of strabismus at 9
months, but there were 25 such children at 6 years. One child had Duane syndrome.
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Overall, strabismus operations were performed on 53 children. The majority (42/53, 79%)
remained strabismic (diagnosed as present or absent) at the 6-year examination. Of the 21
infants with strabismus at 9 months that resolved by the 6-year examination, only 5 (24%)
had surgery in the interval.

With regard to ETROP visual and structural outcome measures, univariate analysis showed
strabismus rates at 6 years were significantly higher when there was (1) an unfavorable
structural outcome in one or both eyes (87.0%, vs 34.2% with favorable structural outcome
in both eyes; P < 0.001), (2) an abnormal fixation in one or both eyes (71.1%, vs 16.0 %
with normal fixation in both eyes; P < 0.001), or (3) an unfavorable visual acuity in one or
both eyes (67.3%, vs 25.4% with favorable vision in both eyes; P < 0.001). Rates of
strabismus were also higher if amblyopia was ever diagnosed (60.2%, vs 32.4% if never
diagnosed; P < 0.001), if anisometropia >2 D was ever present (45.8%, vs 31.7% never
anisometropic ≥2 D; P = 0.017), or if there was a history of seizures or cerebrospinal fluid
shunt placement by 2 years (60.5% vs 39.5%, P = 0.046). For children considered visually
impaired by the examining physician, whether due to ROP or cerebral causes, 80% were
strabismic at the 6-year examination.

Using multiple logistic regression analysis (Table 4), the significant factors associated with
strabismus at 6 years were abnormal fixation behavior, history of amblyopia, unfavorable
structural outcome, and history of anisometropia ≥2 D. Abnormal fixation behavior in one
or both eyes was associated with a 5.28 times greater risk of strabismus, and unfavorable
structural outcome in one or both eyes was associated with a 4.93 times greater risk of
strabismus. Less influence on risk of strabismus was associated with history of amblyopia
(2.91 times greater risk) and history of anisometropia (0.47 times greater risk).

Discussion
This is a large, prospective study of more than 400 infants with high-risk prethreshold ROP
examined longitudinally from birth to 6 years of age. It demonstrates that the prevalence of
strabismus among ETROP survivors continues to rise through 6 years of age, to 42.4%, with
almost 60% of children reported strabismic on at least one data point during the first 6 years
of life. Even among the subset of children with favorable structural and visual outcomes in
both eyes, the prevalence of strabismus at 6 years is 26%. Such a high rate is not
unexpected, since it has been shown that strabismus rates are higher in preterm infants,
particularly in those with more severe acute-phase ROP.3-5,8,11

Many different factors other than acute phase ROP have been associated with strabismus. In
this study, multiple regression analysis found a positive association of strabismus with
abnormal fixation in one or both eyes, any history of amblyopia, or abnormal structure in
one or both eyes at the six year examination (P < 0.05 level). All of these factors have been
previously associated with strabismus at one year of age in infants with a history of
prematurity.4,12 While eyes in this cohort were randomized to different timing of treatment,
which could theoretically affect refractive development and induce anisometropia, previous
reports have shown no significant differences between eyes managed with early treatment
and those managed conventionally with regard to prevalence of myopia at 9 months or 3
years13,14 or astigmatism at 3 years.15 In addition, a history of anisometropia >2 D was
positively associated with strabismus at the 6-year examination by univariate analysis (1.76
odds ratio, P = 0.017) but was negatively associated with strabismus in multivariate
analysis, suggesting that this measure of anisometropia is probably not a clinically important
cause of strabismus in this population. In the final analysis, evaluation of fixation behavior
showed a stronger association with strabismus risk than recognition acuity measures. This is
most likely due to inclusion of more patients that could be evaluated by fixation behavior
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alone, compared to the subset of patients who were able to cooperate for ETDRS visual
acuity measures.

Previously, we showed that amblyopia at 1 year of age was associated with strabismus at 1
year of age, and this study shows that amblyopia reported at any time before 6 years of age
is a risk factor for strabismus at the 6-year examination. We did not evaluate the temporal
relationship between diagnosis of amblyopia and onset of strabismus. Additionally, we
could not demonstrate whether the diagnosis of amblyopia contributed to the development
of strabismus, or the presence of strabismus contributed to the development of amblyopia.

Neurologic abnormalities have been shown to be associated with increased strabismus rates
in larger populations with less severe ROP.2,5-7 In the multivariate analysis in this study,
history of shunted hydrocephalus or seizure disorder at 2 years of age was not found to carry
a significant risk for strabismus at 6 years. The presence of neurologic or
neurodevelopmental abnormalities was not assessed after 2 years of age.

Most children who were strabismic at the 9-month examination remained so; however, some
of the children who were strabismic in infancy showed normal alignment at the 6 year
examination even without surgery. Additionally, constant deviations were more common
over time. Only 14.0% of the cohort (53/379) eventually had at least one strabismus
procedure, which is slightly higher than the rate of strabismus surgery performed by age 5.5
years for all children randomized in the Cryotherapy for Retinopathy of Prematurity
randomized trial (10%).16 In the majority of cases (79%), children remained strabismic even
after surgery, but we did not attempt to define or determine surgical success. It is likely that
potential for binocular vision is relatively low in this population, due to factors attributable
to ocular or visual function abnormalities.

In conclusion, strabismus is a common finding in children with high-risk prethreshold or
Type 1 ROP, showing an increasing prevalence through 6 years of age. Most children with
strabismus show constant misalignment by 6 years, irrespective of whether surgical
correction was performed, and delayed stabilization of alignment is common. Caution
should be exercised when considering expectations for normal alignment or binocular
function in this population.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 3

Presence of strabismus in patients seen at both 9-month and 6-year examinations

6-year examinations

9-month examination Normal Strabismus UA*\

Normal 171 63 1

Strabismus 21 77 5

Unable to grade 1 0 2

*
UA, unable to access: infants deemed unable to assess and not included in the percentage calculations.
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Table 4

Univariate and multivariate analysis to determine independent variables that increase the odds of developing
strabismus at 6 years

Factors Univariate analysis Multivariate analysis

P value OR [CI] P Value

Birthweight (100g) 0.73 1.02 [0.82-1.28] 0.83

Gestational age (weeks) 0.42 0.96 [0.75-1.22] 0.73

Race (black,1; other, 0) 0.94 0.93 [0.43-2.02] 0.86

Sex (male,1; female, 0) 0.37 1.10 [0.59-2.03] 0.77

Inborn (inborn, 1; outborn, 0) 0.38 0.84 [0.40-1.77] 0.65

Multiple births (single,1; multiple, 0) 0.18 1.11 [0.58-2.10] 0.76

Anisometropia ≥2 D (no, 0; yes, 1) 0.017 0.47 [0.23-0.97] 0.04

Fixation (both eyes normal, 0; others, 1) <0.001 5.28 [2.68-10.42] <0.001

ETDRS acuity (both eyes favorable, 0; others, 1) <0.001 1.82 [0.89-3.70] 0.10

Ocular structure (both eyes favorable, 0; others, 1) <0.001 4.93 [1.23-19.82] 0.025

Amblyopia (no, 0; ever diagnosed, 1) <0.001 2.91 [1.45-5.85] 0.003

Seizure/ shunt at 2-year examination (no, 0; ever diagnosed, 1) 0.046 1.02 [0.42-2.47] 0.96

CI, confidence interval; OR, odds ratio.
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