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Abstract
Purpose—To examine the prevalence of astigmatism (≥ 1.00 diopter (D)) and high astigmatism (≥
2.00 D) at 6 and 9 months post-term and 2 and 3 years postnatal, in preterm children with birth weight
< 1251g who developed high-risk prethreshold retinopathy of prematurity (ROP) and participated in
the Early Treatment for ROP (ETROP) Study.

Design—Randomized controlled clinical trial

Participants—401 infants who developed prethreshold ROP in one or both eyes and were
randomized after they were determined to have a high risk (≥ 15%) of poor structural outcome without
treatment, using the RM-ROP2 risk management program. Refractive error was measured by
cycloplegic retinoscopy. Eyes with additional retinal, glaucoma, or cataract surgery were excluded.

Intervention—Eyes were randomized to receive laser photocoagulation at high-risk prethreshold
ROP (early treated (ET)) or to be conventionally managed (CM), receiving treatment only if threshold
ROP developed.

Main Outcome Measures—Astigmatism and high astigmatism at each visit. Astigmatism was
classified as “with-the rule” (75° – 105° (WTR)), “against-the-rule” (0° – 15° and 165° – 180° (ATR),
or “oblique” (16° – 74° and 106° – 164° (OBL)).

Results—The prevalence of astigmatism in ET and CM eyes was similar at each test age. For both
groups, there was an increase in prevalence of astigmatism from approximately 32% at 6 months to
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approximately 42% by 3 years, mostly occurring between 6 and 9 months. Among eyes that could
be refracted, astigmatism was not influenced by zone of acute-phase ROP, presence of plus disease,
or retinal residua of ROP. Eyes with astigmatism and high astigmatism most often had WTR
astigmatism.

Conclusions—By age 3 years, nearly 43% of eyes treated at high-risk prethreshold ROP developed
astigmatism ≥ 1.00 D and nearly 20% had astigmatism ≥ 2.00 D. Presence of astigmatism was not
influenced by timing of treatment of acute-phase ROP, characteristics of acute-phase or cicatricial
ROP. These findings reinforce the need for follow-up eye examinations in infants with high risk
prethreshold ROP.
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Introduction
Several studies of preterm infants have shown a high prevalence of astigmatism in infants
refracted at less than one year of age.1–4 In an early study of 146 infants with gestational age
(GA) of 36 weeks or less, who were refracted by eight weeks of age and who showed no
evidence of retinopathy of prematurity (ROP), investigators found astigmatism ≥ 1.00 diopter
(D) in 71% of right eyes and 66% of left eyes, and in 83% of cases, the astigmatism was against-
the-rule (ATR).1 More recently, measurement of refractive error at six months corrected age
in 247 preterm infants with birth weight ≤1500 g showed astigmatism ≥1.00 D in 52% of infants
and astigmatism ≥2.00 D in 18%.2 Finally, two studies have reported refractive error
measurements in both preterm and full-term infants. In the first, the prevalence of astigmatism
≥1.00 D at six months corrected age was similar in a group of 27 preterm infants with GA of
28 to 35 weeks and no ROP (48.2%) and a group of 19 full-term infants.3 A second study of
infants with and without ROP reported a similar prevalence of astigmatism > 1.00 D in 652
infants with GA <37 weeks (51.5%) and in 551 infants with GA of 37 to 43 weeks (59.7%),
with all refractions during the first week of life.4

Some studies have documented a decreasing prevalence of astigmatism between infancy and
childhood in preterm infants.2,3,5,6 In a study of 228 infants with birth weight ≤ 1500 g,
prevalence of astigmatism ≥ 1.00 D decreased from 52% at six months corrected age to 28%
at 30 months corrected age, and prevalence of astigmatism ≥ 2.00 D decreased from 18% to
5%.2 Over this time course, astigmatism that was initially with-the-rule (WTR) disappeared
more often than did ATR or oblique-axis (OBL) astigmatism.2 Follow-up testing in a group
of 27 preterm infants with GA of 28 to 35 weeks and no ROP also showed a decrease in
prevalence of astigmatism from 48% at six months corrected age to 27% at 12 months corrected
age, to 8% at 4 years corrected age.3 Another study, in which refractive error was measured
over a ten-year period in 198 children with birth weight ≤ 1500 g and GA of 24 to 35 weeks,
reported that prevalence of astigmatism ≥ 1.00 D declined from 54% at 6 months to 27% at 30
months, and to 21% by 10 years.5 In contrast, a recent study, in which 293 low birth weight
(< 1701 g) children were refracted at six months corrected age and again at age 10 to 12 years,
reported little change in astigmatism power or axis over this long period, with 75% of children
showing a change in cylinder power of no more than 0.75 D.6

One factor that appears to be associated with both prevalence and amount of astigmatism in
preterm infants and children is presence of ROP.2,5,7–10 Holmström et al., in their study of
247 preterm infants with birth weight ≤ 1500 g, reported astigmatism ≥ 1.00 D in 63% of right
eyes and 65% of left eyes with ROP, compared 45% of right eyes and 44% of left eyes with
no ROP.2 Astigmatism ≥2.00 D occurred in 24% of right eyes and 20% of left eyes with ROP,

Davitt et al. Page 2

Ophthalmology. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



compared to 14% of right eyes and 17% of left eyes without ROP. Axis of astigmatism was
most frequently ATR, with the exception that OBL astigmatism was most common in eyes
that had undergone cryotherapy.2 Studies of young children also indicate that both prevalence
and amount of astigmatism increase as severity of ROP increases,8–11 with the highest risk
of astigmatism occurring in eyes that had undergone peripheral retinal ablation.5,8,10,11

The purpose of the present paper is to examine the prevalence, amount, and axis of astigmatism
at 6 and 9 months corrected age and at 2 and 3 years postnatal age in a group of preterm children
with birth weight < 1251 g who developed prethreshold ROP that was classified as “high risk”
and participated in the Early Treatment for ROP (ETROP) Study.12,13 Comparison of
prevalence and amount of astigmatism in eyes randomized to early treatment (ET) versus eyes
randomized to conventional management (CM), with treatment only if threshold ROP
developed, will indicate whether treatment protocol influences the development of astigmatism
in this group of children with ROP. In addition, detailed data from fundus examinations
conducted on all study participants allow examination of the relation between characteristics
of acute-phase and cicatricial ROP and the development of astigmatism. Finally, the present
results will provide the first data on prevalence of astigmatism and its change over the first
three years of life in low birth weight infants whose eyes developed “high risk” prethreshold
ROP.

Participants and Methods
401 infants with birth weight ≤ 1251g were enrolled in the ETROP Study at one of 26
participating centers in the U.S. between October 1, 2000 and September 30, 2002.13 All
infants had developed prethreshold ROP in one or both eyes that, using the RM-ROP2 risk
management program, put the eyes at high risk (≥ 15%) of a poor structural outcome at three
months post term.12 In the 317 infants who developed high-risk prethreshold ROP in both
eyes, one eye was randomly assigned to treatment within 48 hours (early treatment (ET)) and
the fellow eye was observed until regression occurred or until threshold ROP developed and
was treated (conventional management (CM)). Of the 84 infants who developed high-risk
prethreshold ROP in only one eye, 44 eyes were randomized to ET while 40 eyes were
randomized to CM.

The Review Boards of all participating institutions approved the study protocol. Parents or
guardians of all participants gave informed consent prior to enrollment in the randomized trial
and upon entry into the follow-up phase of the Study. Study design details, describing
standardized eye examinations and definitions of prethreshold and threshold ROP have been
previously published.13–15 As previously described, study-certified examiners performed
cycloplegic retinoscopy when infants reached 6 and 9 months post term and 2 and 3 years
postnatal age.16 The cycloplegic agent was 1% cyclopentolate hydrochloride, unless there was
a medical contraindication, in which case either 0.5% cyclopentolate or 1% tropicamide was
used.

In keeping with refractive error categories from previous studies, astigmatism and high
astigmatism were defined as plus cylinder of ≥ 1.00 D and ≥ 2.00 D, respectively.2–5,8,17–
20 Astigmatism was further classified as WTR (75° – 105°), ATR (0° – 15° and 165° – 180°),
and OBL (16° – 74° and 106° – 164°). Prevalence rates were computed by eyes with ≥ 1.00 D
and ≥ 2.00 D cylinder divided by eyes with valid refraction.
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Results
Early-Treated and Conventionally-Managed Eyes

This analysis includes data from refractive assessment of 283 ET and 272 CM eyes at 6 months,
304 ET treated and 280 CM eyes at 9 months, 281 ET and 253 CM eyes at 2 years, and 268
ET and 244 CM eyes at 3 years.

Not included in the analysis are data from participants who died prior to the examination (15
at 6 months, an additional 7 at 9 months, an additional 5 at 2 years, and an additional 1 at 3
years), participants who did not attend the study examination (20 at 6 months, 7 at 9 months,
35 at 2 years, and 48 at 3 years), eyes that were unable to be refracted due to retinal detachment,
media opacity, pupillary miosis, or other difficulty in refracting (46 ET and 50 CM eyes at 6
months, 15 ET and 22 CM eyes at 9 months, 12 ET and 21 CM eyes at 2 years, and 13 ET and
23 CM eyes at 3 years), or subsequent to the time of an operative procedure, i.e. eyes that
underwent vitrectomy, scleral buckling procedures, iridectomy, glaucoma procedures, or
cataract surgery (1 ET and 4 CM eyes at 6 months, 17 ET and 27 CM eyes at 9 months, 16 ET
and 25 CM eyes at 2 years, and 16 ET and 21 CM eyes at 3 years).

Prevalence of Astigmatism and High Astigmatism
As shown in Table 1, the prevalence of astigmatism at each test age was similar in ET and CM
groups. For both ET and CM eyes, there was a small increase in prevalence of astigmatism
over time, most of which occurred between 6 and 9 months. For the group of ET eyes,
prevalence of high astigmatism doubled between the 6-month and 3-year examinations, and
showed an increase at each successive examination age between 6 months and 3 years. The
CM group of eyes showed an increase in prevalence of high astigmatism between the 6 and 9
month examinations, with little change thereafter.

Within the group of CM eyes (rightmost two columns of Table 1), the prevalence of
astigmatism and high astigmatism was similar in eyes that reached threshold and underwent
peripheral retinal ablation, compared to eyes in which the ROP regressed without reaching
threshold.

Astigmatism, High Astigmatism, and Location of Acute-Phase ROP
Figure 1 presents the prevalence of astigmatism (Figures 1A and 1B) and high astigmatism
(Figures 1C and 1D) at 6 and 9 months and 2 and 3 years of age, stratified by location (zone 1
vs. zone II) of the acute-phase retinopathy. Not included in the data are eyes that could not be
refracted at each age (Table 2). At each study age, a higher percentage of eyes with ROP in
zone I than eyes with ROP in zone II were excluded due to lack of refractive error information.

As shown in Figure 1, among the eyes that could be refracted, prevalence of astigmatism was
similar in eyes with zone I ROP and eyes with zone II ROP, as was prevalence of high
astigmatism. Furthermore, eyes in the ET group and eyes in the CM group showed similar
prevalence of astigmatism and high astigmatism.

Astigmatism, High Astigmatism, and Presence of Plus Disease
Figure 2 presents the prevalence of astigmatism (Figures 2A and 2B) and high astigmatism
(Figures 2C and 2D) at 6 and 9 months and 2 and 3 years of age, stratified by the presence or
absence of plus disease. Not included in this data are eyes that could not be refracted at each
age (Table 2). With the exception of the 6 month examination, a higher percentage of eyes with
plus disease than eyes without plus disease could not be included in the analysis.
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As shown in Figure 2, prevalence of astigmatism and prevalence of high astigmatism were
similar in ET and CM eyes with and without plus disease, for the eyes that could be refracted.

Distribution of Astigmatic Refractive Errors
Figure 3 provides the overall distribution of astigmatic refractive errors at each of the four test
ages for ET eyes (3A) and for CM eyes (3B). The distributions are similar for ET and CM eyes,
with both groups showing a decrease in prevalence of low astigmatism (< 1.00 D) between 6
months and 3 years.

Astigmatism, High Astigmatism, and Retinal Residua of ROP
Figure 4 presents the prevalence of astigmatism (4A, 4B, and 4C) and high astigmatism (4D,
4E, and 4F) at 6 and 9 months and 2 and 3 years of age, stratified by severity of ROP residua.
Prevalence of astigmatism is similar for the three categories of retinal residua of ROP, as is
prevalence of high astigmatism, although this conclusion is limited by the small number of
eyes with macular heterotopia at each age.

Astigmatism, High Astigmatism, and Axis of Astigmatism
At all examinations, eyes with astigmatism ≥ 1.00 D were much more likely to have WTR
astigmatism than ATR or OBL astigmatism (Figure 5). The same was found with eyes having
high astigmatism, although the proportion of eyes that were WTR was less at 6 months (57–
58%) than at older ages (71% or higher). Little difference in the type of axis of astigmatism
was seen between ET and CM eyes.

Discussion
The results of the ETROP Study indicated that early treatment of eyes with high-risk
prethreshold ROP provided better visual function and retinal structural outcomes, compared
to conventional management, in which eyes were treated if they reached threshold severity.
13 Significant refractive errors are a concerning and frequently associated finding in premature
eyes, with or without ROP. In a previous paper, we reported no difference in the prevalence
of myopia or high myopia during infancy in ET versus CM eyes with high-risk prethreshold
ROP in the ETROP Study.14 A follow-up report on ETROP Study eyes indicated that
approximately 70% of eyes that had high-risk prethreshold ROP during the neonatal period
were myopic in early childhood, and that the proportion with high myopia increased steadily
between 6 months and 3 years.16 Prevalence of myopia and high myopia were unrelated to
severity of acute-phase ROP, as indicated by zone of disease and presence versus absence of
plus disease, and unrelated to timing of treatment of high-risk prethreshold ROP. However,
prevalence of myopia increased with increasing severity of cicatricial ROP.

The results of the present study extend the examination of refractive error in the ETROP Study
population to that of astigmatism. As in the previous studies of myopia in this group of eyes,
14,16 prevalence of astigmatism increased with age (Table 1 and Figure 3), but was not related
to zone of ROP (Figure 1), to presence versus absence of plus disease (Figure 2), nor to timing
of treatment of high-risk prethreshold disease (Table 1, Figures 1–5). However, in contrast to
results for myopia, prevalence of astigmatism was unrelated to severity of cicatricial disease
(Figure 4).

A comparison of our findings at 6 months (a nearly 32% prevalence of astigmatism ≥ 1.00 D
and 10% prevalence of astigmatism ≥ 2.00 D) with previously published data on astigmatism
in preterm infants2–5,7,8,11,17–21 is complicated by the fact that infants in the present study
represent a limited subset of preterm infants, as well as a limited subset of infants with ROP.
However, the finding of an increase of approximately 30% in prevalence of astigmatism ≥ 1.00
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D in both ET and CM eyes between 6 months post-term and 3 years of age (Table 1) differs
from the decrease in prevalence of astigmatism reported over a similar time period in three
previous studies of preterm infants,2,3,5 and is more consistent with the trend reported by
Theng et al. who found an increase in astigmatism during the first 3 years of life in preterm
children.7 While the present results indicating a prevalence of WTR astigmatism (Figure 5)
support previous reports that a majority of preterm infants have WTR astigmatism,3,4,9 it also
differs from a previous report of a predominance of ATR astigmatism in infants with birth
weight ≤1500 g, and a predominance of OBL astigmatism in eyes that underwent cryotherapy.
2 Prevalence of OBL astigmatism in the present study was approximately 20% at all ages
(Figure 5) and was similar in ET eyes (all of which received peripheral retinal ablation) and in
CM eyes (only two-thirds of which received peripheral retinal ablation).

The question has also been raised whether treatment affects astigmatism. Quinn et al. compared
cryotreated eyes with untreated eyes with threshold ROP and found a tendency for a greater
proportion of treated than control eyes to have astigmatism of ≥ 1.00 D, at the age of 10 years.
22 Based on their comparison of the distribution of refractive errors in treated eyes versus
control eyes, Quinn et al. concluded that the differences were likely due to cryotherapy’s
effectiveness in preserving eyes with significant refractive errors that otherwise would have
been lost. With the exception of one CM eye that underwent cryotherapy, all other eyes
receiving treatment in our study were treated with laser photocoagulation. Several studies
looking at comparative refractive outcomes have shown that there is no difference in the
prevalence of astigmatism between cryotherapy and laser photocoagulation groups.23–25 The
only difference that has been found is that patients receiving cryotherapy are more likely than
those receiving laser photocoagulation to have ATR astigmatism.25

This study has several limitations. First, our results must be seen in the context that eyes
randomized into the ETROP Study were a very specific group of eyes, included only if
prethreshold ROP was present and if the eyes were judged to be at high risk of an unfavorable
outcome based on the RM-ROP2 risk management program which takes into account several
variables including race, birth weight, gestational age, location and timing of onset of ROP,
speed of progression and severity of acute-phase ROP.12 Therefore, an analysis of astigmatism
in eyes with zone I ROP versus zone II ROP or with or without plus disease is not independent
of these other variables. Also, more eyes having zone I ROP or plus disease were excluded
from the study because of lack of available refractive error data. Had such data been available,
the results may have demonstrated a higher prevalence of astigmatism in eyes with more severe
ROP (zone I or plus disease). Lastly, although all eyes were subject to two independent
examinations by study-certified ophthalmologists prior to randomization, distinguishing zone
I from zone II and determining the presence of plus disease remain subjective tasks. Any
redundancy between groups (e.g., zone I versus zone II; plus versus no plus) could mask
differences in prevalence that might be more clearly seen if the analysis had been limited to
eyes that were unquestionably in one group or another.

In summary, the results of the present study indicate that, by three years of age, over 40% of
eyes with high-risk prethreshold ROP are likely to develop astigmatism ≥ 1.00 D, and nearly
10 to 20% of such eyes will have high astigmatism (≥ 2.00 D). There was no evidence that
earlier treatment of eyes with high-risk prethreshold ROP influenced development of
astigmatism, nor was there evidence that zone I ROP or the presence of plus disease, both
indicators of severe acute-phase ROP, significantly affect astigmatism development. In
contrast to myopia, which is more prevalent in eyes with cicatricial ROP than in those without,
16 no significant difference was found in prevalence of astigmatism or high astigmatism
between eyes with normal appearing posterior poles, those with straightened vessels, and those
with macular heterotopia. The majority of astigmatic eyes had WTR astigmatic axis, and axis
of astigmatism was oblique in approximately 20% of eyes, with little change over time. These
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findings regarding astigmatism, along with previously published data on the development of
myopia in infants with high-risk prethreshold ROP, emphasize the importance of follow-up
eye exams for infants who have been diagnosed with high risk prethreshold ROP. Early
identification and treatment of high astigmatism and/or astigmatism at oblique axis in these
patients may lessen the risk of subsequent amblyopia development.
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Figure 1.
Prevalence of astigmatism (≥ 1.00 diopter (D), Figures 1A and 1B) and high astigmatism (≥
2.00 D, Figures 1C and 1D) at 6 and 9 months corrected and at 2 and 3 years postnatal age as
related to location (zone) of the most severe acute-phase ROP in each eye. Numbers above
each bar indicate the number of eyes that provided data at each age.
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Figure 2.
Prevalence of astigmatism (≥ 1.00 diopter (D), Figures 2A and 2B) and high astigmatism (≥
2.00 D, Figures 2C and 2D) at 6 and 9 months corrected and at 2 and 3 years postnatal age as
related as related to the presence or absence of plus disease at the time of the most severe acute-
phase ROP in each eye. Numbers above each bar indicate the number of eyes that provided
data at each age.
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Figure 3.
Distribution of astigmatic refractive errors at four ages in (A) eyes treated at high-risk
prethreshold ROP, and (B) eyes with high-risk prethreshold ROP that were managed
conventionally.
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Figure 4.
Prevalence of astigmatism (≥ 1.00 diopter (D), Figures 4A, 4B and 4C) and high astigmatism
(≥ 2.00 D, Figures 4D, 4F, and 4G) at 6 and 9 months corrected and at 2 and 3 years postnatal
age as related to severity of retinal residua of ROP in each eye. Black bars indicate prevalence
in eyes that underwent treatment at high risk prethreshold ROP; gray bars indicate prevalence
in eyes with high risk prethreshold ROP that were managed conventionally. Numbers above
each bar indicate the number of eyes that provided data at each age.
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Figure 5.
Axis of astigmatism in eyes with any astigmatism (≥ 1.00 diopter (D), Figure 5A) and in eyes
with high astigmatism (≥ 2.00 D, Figure 5B) at 6 and 9 months corrected and at 2 and 3 years
postnatal age. Numbers above each bar indicate the number of eyes that provided data at each
age. Early Treatment (ET); Conventional Management (CM)
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