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Abstract

Objective—To compare grating (resolution) visual acuity at 6 years of age in eyes that received 

early treatment (ET) for high-risk prethreshold retinopathy of prematurity (ROP) versus eyes that 

were managed conventionally (CM).

Methods—In a randomized clinical trial, infants with bilateral, high-risk prethreshold ROP 

(N=317) had one eye treated early at high-risk prethreshold disease and the other eye managed 

conventionally, and treated if ROP progressed to threshold severity. For asymmetric cases (N=84), 

the high-risk prethreshold eye was randomized to either ET or CM.

Main Outcome Measures—Grating visual acuity measured at 6 years of age by masked testers 

using Teller acuity cards.

Results—Monocular grating acuity results were obtained from 317 (86%) of 370 surviving 

children. Analysis of grating acuity results for all subjects with high-risk prethreshold ROP 

showed no statistically significant overall benefit for early treatment (18.1% vs 22.8% unfavorable 

outcome, P=0.08). When the 6-year grating acuity results were analyzed according to a clinical 

algorithm (high-risk Type 1 and high-risk Type 2 prethreshold ROP), a benefit was seen in Type 1 

eyes (16.4% vs 25.2%, P=0.004) that were treated early, but not in Type 2 eyes (21.3% vs 15.9%, 

P=0.29).

Conclusion—Early treatment for eyes with Type 1 ROP improved grating acuity outcomes but 

early treatment for eyes with Type 2 ROP did not.

Application to Clinical Medicine—Type I eyes should be treated early; however, based on 

acuity results at age 6 years, Type 2 eyes should be cautiously monitored for progression to Type 

1 ROP.

Trial Registration—NCT00027222

The Early Treatment for Retinopathy of Prematurity (ETROP) Study determined that eyes 

with high-risk prethreshold ROP1 would benefit from early peripheral retinal ablation, 

compared to eyes managed conventionally. Results of the study, based on assessment of 
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recognition (letter) acuity with Early Treatment Diabetic Retinopathy Study (ETDRS) 

charts2 when children reached 6 years of age, indicated a benefit of early treatment in the 

subset of eyes that had high-risk Type 1 ROP at the time of randomization, but not in eyes 

with high-risk Type 2 ROP (Table 1).3

Although the primary ETROP outcome analysis was based on ETDRS recognition acuity at 

6 years, which is the “gold standard” for visual acuity assessment, not all ETROP Study 

participants had neurodevelopmental skills sufficient to perform a letter acuity task. The 6-

year study examination also included assessment of grating (resolution) acuity using the 

Teller acuity card procedure.4, 5 The purpose of the present paper is to describe the results of 

assessment of grating acuity at age 6 years in ETROP Study participants. Results from early-

treated (ET) versus conventionally-managed (CM) eyes are compared for all study eyes (i.e., 

all eyes that had high-risk prethreshold ROP), for eyes with Type 1 ROP and for eyes with 

Type 2 ROP.

Methods

Study Participants

Between October 1, 2000 and September 30, 2002, 401 infants developed high-risk 

prethreshold ROP and entered the randomized trial. Entry into the study was based on the 

presence of prethreshold ROP and a risk of blindness greater than or equal to 15% (high 

risk) as determined by a risk model (RM-ROP2) that was developed from an analysis of data 

from the CRYO-ROP Study1. High-risk prethreshold ROP was present in both eyes of 317 

infants; these infants had one eye randomized to ET (at high-risk prethreshold ROP) and the 

other eye managed conventionally, with treatment if ROP reached threshold severity. If 

high-risk prethreshold ROP developed in only one eye and the fellow eye had less than 

severe or no ROP the high-risk eye was randomized to ET or to CM. This occurred in 84 

infants. Details of the design of the ETROP Study6 and details of the model used to 

calculate whether an infant had high-risk ROP1 have been published.

Study protocols were approved by the review boards of all participating institutions, and 

parents provided written informed consent for participation in the extended follow-up study 

to allow vision measurements through 6 years of age.

Assessment of Grating Acuity

A tester who was masked to the treatment history and ocular status of each eye assessed 

each child’s monocular grating acuity with the Teller acuity card procedure,4, 5, 7–9 using the 

Teller Acuity Cards II (Stereo Optical, Co., Inc, Chicago, IL). The luminance of the cards 

was ≥ 10 cd/m2. Test distance was 84 cm, but could be reduced to 55 cm, 38 cm, 19 cm, or 

9.5 cm for a child with low vision. Testing was usually conducted with a Teller acuity card 

stage (Vistech Consultants, Inc., Dayton, Ohio), which provided a uniform field in which to 

present the cards. However, the stage was not used with children who had poor vision, when 

a close test distance was needed, and with children who had nystagmus, for whom the tester 

used vertical presentation of the cards to allow easier detection of the grating lines.8 The 

right eye was tested first, followed by testing of the left eye. All eyes were tested with 
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corrective lenses prescribed to meet study protocol criteria3. Assessment of grating acuity 

was performed prior to cycloplegia.

The tester, who was masked to the location of the grating on each card, presented the acuity 

cards sequentially, starting with a card containing a coarse (2.4 cycles/cm) grating. The 

tester used the child’s eye and head movements and/or the child’s pointing behavior in 

response to repeated presentations of each card to decide whether the child could 

discriminate the location of the grating on the card. If the child did not give evidence of 

seeing the initial (2.4 cycles/cm) grating, the tester continued testing with a card containing 

a coarser grating. The tester proceeded to cards containing finer and finer gratings until the 

child no longer gave evidence of being able to resolve the grating.4, 5 Based on the child’s 

responses, the tester determined the highest spatial frequency (finest grating) that the child 

could resolve, which was recorded as the grating acuity score for that eye.

Children who could not resolve the coarsest standard acuity card grating (0.32 cycle/cm) 

were tested with the Low Vision (LV) card, which has 2.2-cm-wide black-and-white stripes 

filling one side of the card. The tester was permitted to present the LV card at any distance, 

orientation, or location in the child’s visual field, to determine whether the child had pattern 

vision in that eye.

Children were exempted from the visual acuity examination but not from data analysis if 

both an ETROP Study-certified examiner and a parent agreed that both eyes had only light 

perception (LP) or worse vision, and the child had bilateral retinal detachments, phthisis 

bulbi, or bilateral enucleations.

Data Analysis

Data were included only if treatment for any amblyopia (judged by the examining 

ophthalmologist) had been prescribed for at least 4 weeks prior to the acuity test, and if 

refractive error(measured by cycloplegic retinoscopy) had been measured and corrected 

within three months of the acuity test. Correction was required for myopia ≥ 1.00 diopter 

(D); hyperopia ≥ 4.00 D; or astigmatism ≥ 1.50 D; and for anisometropia ≥ 1.50 D spherical 

equivalent or cylinder.

Grating acuity results were categorized and presented as normal (13 cycles/degree or better), 

below normal (worse than 13 cycles/degree and better than or equal to 6.4 cycles/degree or 

better), poor (measurable acuity worse than 6.4 cycles/degree), or blind/low vision (only the 

ability to detect the 2.2-cm-wide stripes on the LV Teller acuity card at any distance and at 

any location in the visual field, LP only, or no light perception (NLP)). Furthermore, acuity 

results in the normal and below normal categories were classified as “favorable” outcomes, 

and acuity results in the poor and blind/low vision categories were classified as 

“unfavorable” outcomes.

For statistical analysis, an adaptation of the Mantel-Haenszel chi-square procedure for 

matched pairs was used.10 This method allows data from children with bilateral disease to 

be combined with data from children with asymmetric disease. When analyzing only 
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symmetrical disease, the paired eyes were analyzed using McNamara’s test for matched 

pairs.

Results

Of the 401 randomized infants, 370 survived until age 6 years (Figure 1), and 329 (88.9%) 

either had grating acuity assessed (n=317) or were exempted from acuity assessment due to 

bilateral blindness (n=12). Total of 329 children were included in the data analysis. Of these, 

260 children had symmetric (bilateral) disease, and 69 children had asymmetric disease. 

Grating acuity data were incomplete for 8 children with symmetric disease, and 4 children 

with asymmetric disease.

The proportion of randomized eyes with unfavorable grating acuity at age 6 years is shown 

in Table 2. Overall, 18.1% of ET high-risk prethreshold eyes and 22.8% of CM eyes had 

unfavorable outcomes, a difference that did not reach statistical significance (P=0.08). 

Within-subject comparisons in the children with bilateral disease showed that there were 30 

children with favorable outcomes in their ET eyes and unfavorable outcomes in their CM 

eyes (discordant pairs), and 17 children with unfavorable outcomes in ET eyes and favorable 

outcomes in CM eyes. This difference approaches but does not reach statistical significance 

(P=0.06). Figure 2 provides the distribution of 6-year grating acuity outcomes by treatment 

assignment, for randomized eyes.

Analysis of the grating acuity data using Type 1 and Type 2 categories, as proposed in the 

initial ETROP results publication,11 is shown in Table 3 for eyes that were high risk based 

on the RM-ROP2 algorithm.(1) Type 1 high-risk prethreshold eyes that were treated early 

had a significantly lower rate of unfavorable outcomes (16.4%) than did Type 1 eyes that 

were managed conventionally (25.2%) (P=0.004). In contrast, Type 2 eyes that were high-

risk showed a higher, but not statistically different, percentage of unfavorable outcomes in 

ET eyes (21.3%) than in CM eyes (15.9%) (P=0.29).

Figure 3 shows the distribution of grating acuity scores for eyes that had high-risk 

prethreshold ROP. Results are shown for ET and CM Type 1 eyes (Figure 3A) and Type 2 

eyes (Figure 3B). The data clearly indicate that there is a benefit of early treatment in Type 1 

eyes but not in Type 2 eyes.

Table 4 presents the discordant pairs for grating acuity outcome at 6 years for subgroups of 

children with bilateral high-risk prethreshold ROP by ICROP category, RM-ROP2 risk, and 

Type1/Type2 disease. The greatest benefit for early treatment was seen in eyes with Zone I, 

stage 3, with or without plus disease. The benefit of early treatment was observed for all risk 

categories, but was most pronounced in children with 30% to <45% risk for unfavorable 

outcome. This analysis also shows a significant benefit of early treatment for eyes with Type 

1 disease, but not for eyes with Type 2 disease.

Discussion

The results of grating acuity assessment of early treated versus conventionally managed eyes 

with high-risk prethreshold ROP at age 6 years in the ETROP Study are consistent with the 
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results of ETDRS recognition acuity assessment at 6 years,3 indicating a clear benefit for 

early treatment in eyes with Type 1 high-risk prethreshold ROP, but not in eyes with Type 2 

high-risk prethreshold ROP. In eyes with Type 1 ROP, the rate of unfavorable grating acuity 

outcomes (i.e., grating acuity <6.4 cycles/deg) was 16.4% in early-treated eyes compared to 

25.2% in conventionally-managed eyes (P=0.004). In contrast, the rate of unfavorable 

outcomes in eyes with Type 2 high-risk prethreshold ROP was greater in early-treated 

compared with conventionally-managed eyes (21.3% vs 15.9%)

The original design of the ETROP Study involved randomization of high-risk prethreshold 

eyes to either early treatment or conventional management. The study showed a clear benefit 

for early treatment of high-risk prethreshold eyes3. We also identified in 2003 that eyes 

could be segregated into 2 types according to the International Classification of Retinopathy 

of Prematurity (ICROP) characteristics. Eyes with Type 1 characteristics should be treated 

early and eyes with Type 2 characteristics could be observed, and treated if progression to 

Type 1 occurred (see Table 1). The majority of Type 2 eyes have ROP that regresses and 

does not require treatment. The results for grating acuity at age 6 years support these earlier 

recommendations. The results for grating acuity also are consistent with those reported for 

ETDRS acuity (optotype acuity) at age 6 years. However, the grating acuity results differ 

from the grating acuity results at age 9 months when a statistically significant difference was 

noted between ET and CM eyes. This is most likely due to dramatic visual development that 

occurs in the young child and ability to detect more subtle differences at the older age.

The present report has strengths and limitations. The first strength is that grating acuity data 

could be obtained from nearly all study eyes. There were only 10 (3.4%) of 298 early-treated 

and 10 (3.4%) of 291 conventionally-managed eyes for which grating acuity score was not 

available. A second strength of the present study is the masking of the visual acuity testers to 

the treatment status and the current retinal status of each eye. A final strength is the high 

follow-up rate (92.4%), 6 years after their enrollment in the study, for the 370 surviving 

study participants. A disadvantage of assessment of grating acuity is that in certain 

conditions that reduce optotype acuity (e.g., amblyopia,12 age-related maculopathy,13 and 

retinal residua of ROP14 ), grating acuity results may underestimate the loss in optotype 

acuity.

In conclusion, the grating acuity results at 6 years of age in children enrolled in the ETROP 

Study shows an enduring benefit for early treatment for most eyes with ROP. However, this 

benefit is present only for eyes with Type 1 disease. On the one hand, looking at all eyes in 

the study, early treatment did not reach statistical significance when grating acuity was 

assessed, but when eyes were distinguished by Type 1 or 2 characteristics, Type 1 eyes 

showed a significant benefit for grating acuity outcome, but Type 2 eyes did not. This 

finding supports the findings of the ETDRS acuity outcome results3, making careful 

observation and identification of ICROP characteristics even more important as one 

contemplates whether laser ablation should be performed.
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Bernstein, MD; Jerald King, MD; Michael Teske, MD.
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National Eye Institute, Bethesda, MD. Program Officer: Maryann Redford, DDS, MPH 

(June, 2001-Present); Richard L. Mowery, PhD (October, 2000-May, 2001); Donald F. 

Everett, MA (September, 1999-September, 2000).

Study Headquarters: Smith-Kettlewell Eye Research Institute, San Francisco, CA. 

Principal Investigator: William V. Good, MD; Project Coordinator: Michelle Quintos, BA.

Coordinating Center: School of Public Health, Coordinating Center for Clinical Trials, 

University of Texas Health Science Center, Houston, TX. Principal Investigator: Robert J. 

Hardy, PhD; Coinvestigators: Betty Tung, MS, ; Coordinating Center Staff: Gordon Tsai, 

MS.

Vision Testing Center: University of Arizona, College of Medicine, Tucson, AZ. Principal 

Investigator: Velma Dobson, PhD; Vision Testers: Deborah D. Hargadon, Jeffrey Wood; 

Coinvestigators: Graham E. Quinn, MD, Erin M. Harvey, PhD.

Data and Safety Monitoring Committee: Chair: John Connett, PhD; Members: Edward F. 

Donovan, MD; Argye Hillis, PhD; Jonathan M. Holmes, MD; Joseph M. Miller, MD; Carol 

R. Taylor, RN, CSFN, PhD; Ex-officio Members: William V. Good, MD; Robert J. Hardy, 

PhD; Maryann Redford, DDS, MPH.

Executive Committee: Permanent Members: Chair: William V. Good, MD; Robert J. 

Hardy, PhD; Velma Dobson, PhD; Earl A. Palmer, MD; Dale L. Phelps, MD; Maryann 

Redford, DDS, MPH.

Executive Committee: Elected Members: W.A.J. van Heuven, MD (2000–2001; 2004–

2007); Charles Barr, MD (2001–2002); Michael Gaynon, MD (2002–2003); Michael 

Shapiro, MD (2003–2004); David Wallace, MD (2007–2008); Bradley V. Davitt, MD 

(2008-Present); Rae Fellows, MEd (2000–2001; 2006-Present); Judith Jones, RNC, BSN 

(2001–2002); Kristi Cumming, MSN (2002–2003); Deborah S. Neff, LPN (2003–2004); 

Jennifer A. Shepard, NNP (2004–2006); Nancy Dolphin, RN (2006-Present).

Editorial Committee: Chair: William V. Good, MD; Robert J. Hardy, PhD; Velma Dobson, 

PhD; Earl A. Palmer, MD; Dale L. Phelps, MD; Michelle Quintos, BA; Betty Tung, MS.
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Figure 1. 
Algorithm (flow chart) for randomized infants.

*Incomplete data was due to failure to cooperate for monocular testing or failure to have had 

amblyopia therapy prescribed
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Figure 2. 
Distribution of grating acuity outcomes for randomized eyes by treatment assignment. 

Normal = ≥ 13 cycles/degree; Below Normal = <13 cycles/degree to ≥ 6.4 cycles/degree; 

Poor = measurable acuity <6.4 cycles/degree; Blind/Low Vision = can detect only the 2.2-

cm-wide stripes on the Low Vision Teller acuity card at any distance and at any location in 

the visual field, light percepti on only, or no light perception. Visual acuities in the Poor and 

Blind/Low Vision categories were classified as unfavorable outcomes.
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Figure 3. 
Distribution of grating acuity outcomes for randomized eyes with Type 1(Figure 3A) and 

Type 2 (Figure 3B) ROP by treatment assignments (early treatment (ET) or conventional 

management (CM)). Normal = ≥ 13 cycles/degree; Below Normal = <13 cycles/degree to ≥ 

6.4 cycles/degree; Poor = measurable acuity <6.4 cycles/degree; Blind/Low Vision = can 

detect only the 2.2-cm-wide stripes on the Low Vision Teller acuity card at any distance and 

at any location in the visual field, light perception only, or no light perception. Visual 
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acuities in the Poor and Blind/Low Vision categories were classified as unfavorable 

outcomes.
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Table 1

Definitions.

Plus disease Abnormal vascular dilation and tortuosity at least equal to that of a standard photograph (2 or more quadrants 
must be involved)

Low-risk prethreshold ROP Prethreshold with <15% Risk of unfavorable structural outcome based on RM-ROP2 criteria

High-risk prethreshold ROP Prethreshold with ≥ 15% Risk of unfavorable structural outcome based on RM-ROP2 criteria

Zone I Zone II

Prethreshold ROP ROP any stage

Stage 2 with plus disease

Stage 3 without plus disease

Stage 3 with plus, but less than threshold ROP

Threshold ROP Stage 3 in 5 contiguous or 8 total sectors with plus 
disease

Stage 3 in 5 contiguous or 8 total sectors with plus 
disease

Type 1 ROP
any Stage ROP with plus Stage 2 with plus disease

Stage 3 without plus Stage 3 with plus

Type 2 ROP Stage 1 or 2 without plus Stage 3 without plus
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Table 2

Six-year grating acuity outcome for randomized patients*

Eyes Treated at High-Risk Prethreshold Conventionally Managed Eyes χ2 P Value

Bilateral 252**(18.3) 252**(23.4) 3.60 0.06@

Asymmetric 36^ (16.7) 29^^(17.2) 0.01 0.95

Total 288 (18.1) 281 (22.8) 3.09 0.08

*
Data are presented as number (percent unfavorable) unless otherwise indicated.

**
Less than 260 because of inability to perform Teller acuity test.

^
Less than 38 because of inability to perform Teller acuity test.

^^
Less than 31 because of inability to perform Teller acuity test.

@
Based on discordant pairs (30 infants with favorable outcomes in earlier-treated eyes and unfavorable outcomes in conventionally managed eyes; 

17 infants with unfavorable outcomes in earlier-treated eyes and favorable outcomes in conventionally managed eyes).
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Table 3

Six-year Grating Acuity Outcome for Randomized Patients by High-Risk Prethreshold ROP

ROP No. of Eyes (% Unfavorable)
P Value

ET Eyes CM Eyes

Type 1 207 (16.4) 206 (25.2) .004

Type 2 75 (21.3) 69 (15.9) .29

Abbreviations: CM, conventional management; ET, early treatment (treated at high-risk prethreshold).
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Table 4

Grating Acuity at 6 Years for Children Who Had Bilateral High-Risk Prethreshold ROP by ICROP Category, 

RM-ROP2 Risk, and ROP status

Both Eyes

No. (% Unfavorable) Discordant Pairs, No.

ET Eyes CM Eyes Aa Bb

ICROP classification

 ZI S3 +/− 23 (8.7) 23 (52.2) 10 0

 ZI S1/2 + 7 (57.1) 7 (42.9) 0 1

 ZI S1/2 − 63 (22.2) 63 (17.5) 5 8

 ZII S3 + 97 (13.4) 97 (18.6) 10 5

 ZII S3 − 3 (0.0) 3 (0.0) 0 0

 ZII S2 + 31 (22.6) 31 (29.0) 3 1

RM-ROP2 risk, rate of favorable outcome, %

 0.15 to <0.30 94 (17.0) 94 (20.2) 10 7

 0.30 to <0.45 69 (13.0) 69 (23.2) 10 3

 ≥0.45 68 (23.5) 68 (29.4) 9 5

ROP Status

 Type 1 180 (16.7) 180 (26.1) 25 8

 Type 2 66 (21.2) 66 (16.7) 5 8

Abbreviations: CM, conventional management; ET, early treatment (treated at high-risk prethreshold); ICROP, International Classification of 
Retinopathy of Prematurity (ROP); RM-ROP2, risk model of ROP. S, stage; ZI/II, zone I/II; +/− indicates that plus may or may not be present ; + 
indicates presence of plus disease, ;− indicates the absence of plus disease,.

a
For group A, ET eyes had a favorable outcome and CM eyes had an unfavorable outcome.

b
For group B, ET eyes had an unfavorable outcome and CM eyes had a favorable outcome.

Arch Ophthalmol. Author manuscript; available in PMC 2015 March 26.


