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Patching vs Atropine to Treat Amblyopia
in Children Aged 7 to 12 Years
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Objective: To compare patching with atropine eye-
drops in the treatment of moderate amblyopia (visual acu-
ity, 20/40-20/100) in children aged 7 to 12 years.

Methods: In a randomized, multicenter clinical trial, 193
children with amblyopia were assigned to receive week-
end atropine or patching of the sound eye 2 hours per
day.

Main Outcome Measure: Masked assessment of vi-
sual acuity in the amblyopic eye using the electronic Early
Treatment Diabetic Retinopathy Study testing protocol
at 17 weeks.

Results: At 17 weeks, visual acuity had improved from
baseline by an average of 7.6 letters in the atropine group
and 8.6 letters in the patching group. The mean differ-
ence between groups (patching − atropine) adjusted for
baseline acuity was 1.2 letters (ends of complementary
1-sided 95% confidence intervals for noninferiority, −0.7,
3.1 letters). This difference met the prespecified defini-

tion for equivalence (confidence interval �5 letters). Vi-
sual acuity in the amblyopic eye was 20/25 or better in 15
participants in the atropine group (17%) and 20 in the
patching group (24%; difference, 7%; 95% confidence in-
terval, −3% to 17%).

Conclusions: Treatment with atropine or patching
led to similar degrees of improvement among 7- to
12-year-olds with moderate amblyopia. About 1 in 5
achieved visual acuity of 20/25 or better in the ambly-
opic eye.

Clinical Relevance: Atropine and patching achieve
similar results among older children with unilateral
amblyopia.

Trial Registration: clinicaltrials.gov Identifier:
NCT00315328
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T O EXPLORE THE EFFECTIVE-
ness of amblyopia treat-
ment among children aged
7 years and older, the Pedi-
atric Eye Disease Investiga-

tor Group (PEDIG) previously conducted
a randomized trial of 507 subjects aged 7
to 17 years with visual acuity ranging from
20/40 to 20/400 in the amblyopic eye.1

Among 404 children aged 7 to 12 years, 53%
of the optical correction, patching, and at-
ropine group subjects had improvement in
visual acuity of 10 or more letters in the am-
blyopic eye compared with 25% of the op-
tical correction–only group (P�.001),
which demonstrates the effectiveness of am-
blyopia treatment in this age range.

The previous study was one of the first
randomized clinical trials of treatment in
older children with amblyopia. There-
fore, that study was designed to combine
patching and atropine for 7- to 12-year-

olds to maximize the chance of finding a
treatment effect. Once treatment of older
children had been found to have merit,
most health care providers still did not ini-
tiate amblyopia treatment by combining
patching and atropine. Therefore, we de-
signed the present randomized clinical trial
to compare these 2 therapies among 7- to
12-year-olds with amblyopia caused by an-
isometropia and/or strabismus.

METHODS

The study was supported through a coopera-
tive agreement with the National Eye Insti-
tute of the National Institutes of Health and was
conducted by the PEDIG at 39 clinical sites.
The protocol and Health Insurance Portabil-
ity and Accountability Act informed consent
forms were approved by institutional review
boards. A parent or guardian (referred to sub-
sequently as “parent”) of each study partici-
pant gave written informed consent, and each

Author Affiliations are listed at
the end of this article.
*Group Information: A
complete list of the members of
the Pediatric Eye Disease
Investigator Group appears on
page 1641.
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participant gave assent as required. Study oversight was pro-
vided by an independent data and safety monitoring commit-
tee. The full study protocol is available at www.pedig.net.

STUDY DESIGN

Baseline testing included measurement of visual acuity in
each eye using the electronic Early Treatment Diabetic Reti-
nopathy Study (E-ETDRS) visual acuity testing protocol, ad-
ministered by a study-certified vision examiner2; an ocular ex-
amination; a cycloplegic refraction; measurement of ocular
alignment with a simultaneous prism and cover test at dis-
tance and near; and assessment of binocularity with the Ran-
dot Preschool Stereoacuity Test (Stereo Optical Co, Chicago,
Illinois).

The major eligibility criteria for the trial included age from
7.0 to less than 13.0 years; visual acuity in the amblyopic eye be-
tween 48 and 71 letters (20/40-20/100); visual acuity in the sound
eye of 79 letters or better (�20/25); an intereye visual acuity dif-
ference of 15 letters or more (�3 lines); presence of or history of
an amblyogenic factor meeting study-specified criteria for stra-
bismus and/or anisometropia; and the wearing of optimal spec-
tacle correction for a minimum of 16 weeks or until stability of
visual acuity was documented (ie, no improvement in visual acu-
ity in the amblyopic eye at 2 consecutive visits at least 4 weeks
apart). Exclusion criteria included myopia greater than a spheri-
cal equivalent of −0.25 diopter in either eye, treatment for am-
blyopia (other than spectacle correction) within the 6 months be-
fore enrollment, and Down syndrome.

Using a permuted blocks design stratified by site and vi-
sual acuity in the amblyopic eye, data entered on the PEDIG
Web site were used to randomly assign each participant to 1 of
2 treatment groups: atropine (1% each weekend day in the sound
eye) or patching of the sound eye 2 hours per day.

Follow-up visits were performed at 5 weeks (±1 week) and
17 weeks (±1 week), the latter being the primary outcome visit.
At each visit, visual acuity was measured in each eye using the
E-ETDRS testing procedure. Measurement of visual acuity using
the E-ETDRS procedure is reported as a letter score, with a score
of 85 letters approximating 20/20 visual acuity and 5 letters ap-
proximating 1 logMAR (logarithm of the minimum angle of reso-
lution) line of acuity.3 At the 17-week visit, the examiner was
masked to treatment group, and the sound eye was patched for
patients in both groups before the examiner saw the patient. Ocu-
lar alignment was assessed, and stereoacuity was measured. For
subjects using atropine, the 17-week outcome examination was
split into 2 visits; visual acuity in the amblyopic eye was tested at
the first visit, and visual acuity in the sound eye, ocular align-
ment, and stereoacuity were assessed at a second visit after atro-
pine treatment had been discontinued for 2 weeks.

Visual acuity in each eye was tested a second time at the
17-week visit, and the better of the 2 measurements was used
to determine whether the participant continued in the study.
Participants were discharged from the study if amblyopia had
resolved (visual acuity in the amblyopic eye either �84 letters
or �3 letters worse than the sound eye), visual acuity in the
amblyopic eye had not improved at least 5 letters (1 line) from
baseline and at least 3 letters from the 5-week visit, alternate
amblyopia treatment had been received (eg, patching for the
atropine group or atropine for the patching group), or reverse
amblyopia occurred. Participants for whom amblyopia had im-
proved but not resolved continued to receive their assigned treat-
ment and were seen every 8 weeks (±1 week) until either vi-
sual acuity in the amblyopic eye was 84 letters (20/20) or better
or no more than 3 letters worse than visual acuity in the sound
eye or there was no further improvement in visual acuity in
the amblyopic eye (ie, acuity no more than 2 letters better than
that at the prior visit on 2 tests of acuity at the same visit).

TREATMENT PROTOCOLS

For the patching group, adhesive skin patches provided by the
study (Coverlet Eye Occlusors; Beiersdorf-Jobst Inc, Ruther-
ford College, North Carolina) were used. If a participant had a
skin allergy or irritation unresponsive to both local treatment
with an emollient and a change in brand of patch, a spectacle
occluder could be used. At the 5-week visit, if the visual acuity
in the amblyopic eye had not improved by at least 5 letters from
baseline, treatment was increased to 4 hours of patching per
day. If visual acuity in the amblyopic eye had reached 79 let-
ters or better by the 5-week visit, the patching regimen was con-
tinued or tapered, but a minimum of 1 hour of patching per
day was required until the 17-week outcome examination.

For the atropine group, atropine ophthalmic solution 1% was
provided, as were sunglasses, which were to be worn with a
brimmed hat when the child was in sunlight. A reading test was
performed with cycloplegia of the sound eye. If the participant
was unable to read grade-appropriate print, the study paid for read-
ing glasses to be used during school and for homework. If an al-
lergy to atropine developed, homatropine ophthalmic solution
5% was substituted. At the 5-week visit, if visual acuity in the am-
blyopic eye had not improved by at least 5 letters from baseline,
atropine was increased to 1 drop in the sound eye daily. Before
the 17-week outcome examination, atropine therapy was not dis-
continued unless an adverse effect occurred.

Treatment group–specific instruction sheets given to the par-
ent listed examples of “near” activities to be performed during
treatment. Participants in the patching group were to perform
near activities for 1 hour while wearing the patch, and partici-
pants in the atropine group were to perform near activities for
1 hour any time of the day. Near activities included tasks that
specifically required up close eye-hand coordination, such as
crafts, reading, writing, and computer or video games.

At each visit, the parent was queried about adverse effects of
treatment and the visual acuity of the sound eye was measured.
At the 17-week visit, if visual acuity in the sound eye was worse
than 84 letters and reduced from baseline by 5 letters (1 line) or
more, then a cycloplegic refraction was performed, and visual acu-
ity was tested again. If visual acuity was still reduced and there
was a change in refraction from the current spectacles, new lenses
were prescribed. Regardless of whether a change in correction was
made, the patient remained off treatment and returned for a re-
check of visual acuity in 1 to 4 weeks.

Adherence to the treatment protocol was assessed by hav-
ing the parent record on a calendar the treatment received
each day. Based on discussion with the parent and review of
the calendars, the investigator made an assessment of compli-
ance at each visit as excellent (76%-100% of prescribed treat-
ment completed), good (51%-75%), fair (26%-50%), or poor
(�25%).

In addition, parents completed the Amblyopia Treatment In-
dex4 questionnaire at the 5-week and the 17-week visits. The ques-
tionnaire consisted of 18 Likert-type items with 5 response choices,
ranging from “strongly agree” to “strongly disagree,” and was de-
signed to measure the effect of the treatment on the child and the
family, with subscales measuring social stigma, compliance, and
adverse effects for each treatment arm. The complete question-
naire is available online (www.pedig.net).

STATISTICAL METHODS

The trial was designed to evaluate whether patching and atro-
pine are equivalent treatments for amblyopia in children aged 7
to 12 years. A sample size of 180 subjects had 90% power and a
type I error rate of 5% for an equivalence limit of 5 letters (1 line)
based on the following assumptions derived from previous PEDIG

(REPRINTED) ARCH OPHTHALMOL / VOL 126 (NO. 12), DEC 2008 WWW.ARCHOPHTHALMOL.COM
1635

©2008 American Medical Association. All rights reserved.
 on January 3, 2010 www.archophthalmol.comDownloaded from 

http://www.archophthalmol.com


studies1,5: standard deviation of 17-week visual acuity scores of
10 letters; correlation between outcome and baseline visual acu-
ity scores of 0.30; and 10% unavailable for follow-up.

The primary outcome was the masked 17-week visual acu-
ity score in the amblyopic eye. The treatment groups were com-
pared in an analysis of covariance model in which the visual
acuity scores were adjusted for baseline acuity. Treatment equiva-
lence was to be declared if the ends of the two 1-sided 95% con-
fidence intervals (CIs) constructed on the difference between
adjusted mean visual acuity scores for the 2 groups were com-
pletely contained within the designated equivalence interval of
±5 letters. To be included in the primary analysis, the 17-week
outcome examination could be performed no earlier than 13
weeks and no later than 26 weeks following randomization to
accommodate visits that were not completed within the protocol-
specified time window of 16 to 18 weeks. Similar results were
also obtained from the following alternative analyses (data not
shown): including only visits completed in the visit window
of 17 weeks (±1 week) from randomization, using the last ob-
servation carried forward method to impute for missing data,
and including baseline variables imbalanced between groups
in the analysis of covariance model.

As secondary analyses, the proportions of patients in
each treatment group with 17-week visual acuity in the
amblyopic eye of 20/25 or better (�78 letters) and the pro-
portions improving 15 or more letters from baseline were
compared by constructing two 1-sided 95% CIs on the dif-
ference in proportions.

Methods used to analyze the visual acuity scores in the am-
blyopic eye at the 5-week visit, and the maximum visual acu-

Table 1. Baseline Characteristicsa

Characteristic

Atropine
Group
(n=95)

Patching
Group
(n=98)

Female sex 54 (57) 48 (49)
Race/ethnicity

White 56 (59) 68 (69)
African American 11 (12) 8 (8)
Hispanic or Latino 23 (24) 20 (20)
Asian 1 (1) 0
�1 Race 2 (2) 1 (1)
Not reported 2 (2) 1 (1)

Age at enrollment, y
7 to �8 28 (29) 35 (36)
8 to �9 26 (27) 24 (24)
9 to �10 16 (17) 17 (17)
10 to �11 10 (11) 8 (8)
11 to �12 7 (7) 8 (8)
12 8 (8) 6 (6)
Mean (SD) 9.1 (1.6) 8.9 (1.5)

Prior treatment for amblyopia
None 68 (72) 71 (72)
Patching 16 (17) 16 (16)
Atropine 0 2 (2)
Patching and atropine 11 (12) 9 (9)

Cause of amblyopia
Strabismus 33 (35) 28 (29)
Anisometropia 31 (33) 46 (47)
Strabismus and anisometropia 31 (33) 24 (24)

Distance visual acuity in the amblyopic
eye, letters (Snellen equivalent)

48-52 (20/100) 13 (14) 6 (6)
53-57 (20/80) 13 (14) 15 (15)
58-62 (20/60) 22 (23) 24 (24)
63-67 (20/50) 28 (29) 33 (34)
68-72 (20/40) 19 (20) 20 (20)
Mean (SD) 61.7 (6.6) 62.4 (5.7)

Distance visual acuity in sound eye,
letters (Snellen equivalent)

78-82 (20/25) 20 (21) 17 (17)
83-87 (20/20) 47 (49) 43 (44)
88-92 (20/16) 26 (27) 36 (37)
93-97 (20/12) 2 (2) 2 (2)
Mean (SD) 85.7 (3.4) 86.0 (3.6)

Intereye visual acuity difference,
letters, mean (SD)

24.0 (7.0) 23.5 (6.8)

Refractive error in amblyopic eye, D
�0 2 (2) 2 (2)
0 to �1.00 10 (11) 8 (8)
1.00 to �2.00 6 (6) 13 (13)
2.00 to �3.00 8 (8) 10 (10)
3.00 to �4.00 16 (17) 23 (23)
�4.00 53 (56) 42 (43)
Mean (SD), logMAR 4.10 (2.19) 3.57 (2.07)

Refractive error in sound eye, D
�0 2 (2) 1 (1)
0 to �1.00 29 (31) 32 (33)
1.00 to �2.00 17 (18) 33 (34)
2.00 to �3.00 9 (9) 13 (13)
3.00 to �4.00 6 (6) 7 (7)
�4.00 32 (34) 12 (12)
Mean (SD) logMAR �2.56 (2.22) �1.84 (1.74)

Abbreviations: D, diopters; logMAR, logarithm of the minimum angle of
resolution.

aData are given as the number (percentage) of participants, unless
otherwise indicated. Measurement of visual acuity using the electronic Early
Treatment Diabetic Retinopathy protocol is reported as a letter score, with a
score of 85 letters approximating 20/20 visual acuity and 5 letters
approximating 1 logMAR line of acuity.

193 Randomized

95 to Atropine 98 to Patching

4 Dropped out

3 Dropped out

13 Eligible but 
dropped out

26 Not 
improved

3 Resolved
0 Dropped out

4 Not 
improved

0 Resolved

89 Completed
2 Missed

88 Completed

46 Eligible 
for partial 
phase

33 Completed

4 Completed

91 Completed
2 Missed

84 Completed

37 Eligible 
for partial 
phase

33 Completed

6 Completed

5 Dropped out

9 Dropped out

4 Eligible but 
dropped out

20 Not 
improved

3 Resolved
4 Dropped out

5 Not 
improved

1 Resolved

5
Weeks

17
Weeks

25
Weeks

33
Weeks

Figure 1. Flowchart showing study completion in each treatment group. Not
improved is defined as visual acuity in the amblyopic eye that was less than
3 letters better than at the previous visit; resolved, as visual acuity of 20/20
or better in the ambylopic eye or intraocular difference of 3 letters or less.
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ity at the 17-week outcome visit or subsequent visits, paral-
leled the analysis conducted on the 17-week outcome visit data.

A treatment group difference in visual acuity in the sound eye
at 17 weeks’ follow-up was evaluated in an analysis of covariance
model in which the visual acuities in the sound eye were adjusted
for baseline acuity. Wilcoxon rank sum tests were used to assess
treatment group differences in the parent questionnaire subscale
scores at 5 weeks and at 17 weeks, as well as the change in Randot
Preschool Stereoacuity levels from baseline to the 17-week out-
come examination. Within each treatment group, the difference
betweenbaselineand17-weekRandotPreschoolStereoacuity lev-
els was evaluated with a Wilcoxon signed rank test.

All analyses followed the intention-to-treat principle (ie, the
treatment group data were based on the randomization assign-
ments, not on the actual treatment received or whether the treat-
ment protocol was followed).

RESULTS

BASELINE CHARACTERISTICS

From August 1, 2005, to July 31, 2007, 193 subjects were
enrolled at 39 certified sites; 95 were assigned to the at-
ropine group and 98 to the patching group. Mean age was
9.0 years, and 53% were female (Table 1). Sixty-four
percent of subjects were white, 22% were Hispanic or La-
tino, and 10% were African American. The mean letter
score in the amblyopic eyes at enrollment was 62.1, with
a mean interocular difference in visual acuity between
the amblyopic and fellow eyes of 23.8 letters.

FOLLOW-UP

The 17-week primary outcome examination was com-
pleted by 88 of 95 participants (93%) in the atropine group
and 84 of 98 (86%) in the patching group (Figure 1).
The vision tester was masked to treatment group for 97%
of these examinations (atropine group, 97%; patching
group, 98%).

TREATMENT

Four participants received treatment that deviated from
the study protocol. At the 5-week visit, 2 participants ran-
domized to the atropine group were prescribed daily
patching and 2 randomized to the patching group were
prescribed weekend atropine. Among the remaining 87
subjects in the atropine group who completed at least
1 follow-up examination, 51 (59%) used only weekend
atropine, 32 (37%) were increased per protocol to daily
atropine at 5 weeks, 2 (2%) were switched from atro-
pine to homatropine, and 2 (2%) were increased to daily
atropine against protocol at 5 weeks. Among the remain-
ing 89 subjects in the patching group who completed at
least 1 follow-up examination, 57 (64%) were treated with
2 hours per day of patching throughout the study, whereas
31 (35%) had patching increased per protocol to 4 hours
per day at the 5-week visit.

In the atropine group, patient adherence with the
prescribed treatment was judged to be excellent in 52
(59%), good in 22 (25%), and fair in 13 (15%) partici-
pants and poor in 1 (1%) participant. In the patching

group, patient adherence was excellent in 42 (50%), good
in 25 (30%), fair in 15 (18%), and poor in 2 (2%)
participants.

VISUAL ACUITY IN THE AMBLYOPIC EYE

At the 5-week visit, visual acuity had improved from
baseline by a mean of 6.2 letters in the atropine group
and by 6.8 letters in the patching group. At the
17-week primary masked outcome examination, visual
acuity had improved from baseline by a mean of 7.6
letters in the atropine group and 8.6 letters in the
patching group (Table 2). The mean difference
(patching − atropine) between groups adjusted for
baseline visual acuity was 1.2 letters (ends of comple-
mentary 1-sided 95% CIs for noninferiority,−0.7, 3.1
letters). Based on the CIs, this difference met the pre-
specified definition for equivalence (ends of CIs �5
letters). Visual acuity at 17 weeks in the amblyopic
eye was 20/25 or better in 15 participants (17%) in the

Table 2. Visual Acuity in the Amblyopic Eye
at the Outcome Examinationsa

5-wk Examination 17-wk Examination

Atropine
Group
(n=89)

Patching
Group
(n=91)

Atropine
Group
(n=88)

Patching
Group
(n=84)

Change in visual acuity
from baseline, letters

�−15 0 0 0 1 (1)
−10 to −14 0 0 2 (2) 0
−5 to −9 6 (7) 3 (3) 3 (3) 0
±4 30 (34) 35 (38) 22 (25) 23 (27)
5 to 9 28 (31) 23 (25) 26 (30) 22 (26)
10 to 14 15 (17) 23 (25) 20 (23) 17 (20)
�15 10 (11) 7 (8) 15 (17) 21 (25)
Mean (SD) 6.2 (6.7) 6.8 (6.4) 7.6 (7.5) 8.6 (7.8)

Visual acuity, letters
(Snellen equivalent)

38-42 (20/160) 0 0 0 1 (1)
43-47 (20/125) 0 0 1 (1) 0
48-52 (20/100) 4 (4) 3 (3) 4 (5) 3 (4)
53-57 (20/80) 7 (8) 6 (7) 6 (7) 3 (4)
58-62 (20/63) 14 (16) 11 (12) 12 (14) 5 (6)
63-67 (20/50) 14 (16) 19 (21) 14 (16) 13 (15)
68-72 (20/40) 24 (27) 13 (14) 15 (17) 20 (24)
73-77 (20/32) 16 (18) 27 (30) 21 (24) 19 (23)
78-82 (20/25) 6 (7) 7 (8) 10 (11) 14 (17)
83-87 (20/20) 3 (3) 5 (5) 4 (5) 6 (7)
88-92 (20/16) 1 (1) 0 1 (1) 0
Mean (SD) 67.8 (8.7) 69.2 (8.2) 69.2 (9.2) 71.0 (8.9)

Mean interocular
difference, letters

15.6 17.0 13.2 14.4

Difference between
treatment groupsb

(ends of 1-sided
95% CI), letters

0.7 (−0.9, 2.3) 1.2 (−0.7, 3.1)

Abbreviation: CI, confidence interval.
aData are given as the number (percentage) of participants, unless

otherwise indicated. Measurement of visual acuity using the electronic Early
Treatment Diabetic Retinopathy protocol is reported as a letter score, with a
score of 85 letters approximating 20/20 visual acuity and 5 letters approximating
1 logMAR line of acuity.

bPatching − atropine, adjusted for baseline visual acuity.
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atropine group and 20 (24%) in the patching group
(difference,7%; 95% CI,−3% to 17%) (Figure 2). Fif-
teen participants (17%) in the atropine group and 21
(25%) in the patching group improved 15 or more let-
ters from baseline (difference, 8%; 95% CI, −2% to
18%).

AFTER 17-WEEK FOLLOW-UP

Participants whose best-tested visual acuity at the
17-week examination was improved from baseline con-
tinued with treatment (atropine group, 33; patching
group, 33). Follow-up continued for one 8-week cycle
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Figure 2. Cumulative distribution of visual acuity scores in the amblyopic eye at the 17-week outcome examination, according to treatment group.

Table 3. Visual Acuity in the Amblyopic Eye According to Baseline Patient Characteristicsa

Baseline Characteristic

No. of Participants

Mean Visual Acuity, Letters

Baseline
Improvement From Baseline

to 17-wk Examination

Atropine Group Patching Group Atropine Group Patching Group Atropine Group Patching Group

Total 88 84 61.6 62.4 7.6 8.6
Age, y

7 to �9 50 51 62.8 62.7 7.9 8.4
9 to �11 25 19 60.4 62.8 7.4 10.1
11 to 12 13 14 59.6 60.8 6.6 7.2

Baseline visual acuity in the amblyopic eye
�20/50 43 45 67.0 66.8 7.1 7.4
�20/50 45 39 56.6 57.4 8.0 10.0

Prior amblyopia treatment
Yes 25 22 62.1 62.3 8.3 9.2
No 63 62 61.5 62.5 7.3 8.4

Cause of amblyopia
Strabismus 31 22 62.3 63.7 7.5 9.8
Anisometropia 28 42 62.1 62.2 7.9 10.0
Combined mechanism 29 20 60.5 61.6 7.2 4.3

aMeasurement of visual acuity using the electronic Early Treatment Diabetic Retinopathy protocol is reported as a letter score, with a score of 85 letters
approximating 20/20 visual acuity and 5 letters approximating 1 logMAR (logarithm of the minimum angle of resolution) line of acuity.
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for 29 participants in the atropine group and 27 in the
patching group, and for two 8-week cycles for 4 and 6
participants, respectively. In the atropine group, 4 par-
ticipants had additional visual acuity improvement of 5
to 9 letters, 1 of 10 to 14 letters, and 1 of 15 or more
letters. In the patching group, 6 participants improved 5
to 9 letters, and 1 improved 15 or more letters. Overall,
the mean improvement in visual acuity from the
17-week examination to subsequent follow-up visits
was less than 1 letter in both groups. Maximum visual
acuity, measured at the 17-week outcome or subse-
quent follow-up visits, was 20/25 or better in 18 partici-
pants (20%) in the atropine group and 22 (26%) in the
patching group (difference,6%; 95% CI,−5% to 16%).
Sixteen participants (18%) in the atropine group and 24
subjects (29%) in the patching group improved 15 or
more letters from baseline (difference,10%; 95% CI,0%-
21%).

Visual acuity results were not altered by adjusting for
the imbalance between groups in race, cause of ambly-
opia, and refractive error in the amblyopic and sound eyes
(data not shown). Results in subgroups based on age, base-
line acuity, prior treatment for amblyopia, and cause of
amblyopia appeared similar to the overall results
(Table 3).

STEREOACUITY

Stereoacuity improved from baseline to 17 weeks’ fol-
low-up in the atropine and patching groups (P=.96)
(Table 4). Randot Preschool Stereoacuity was mea-
sured in 7 distinct levels: more than 800, 800, 400, 200,
100, 60, and 40 seconds of arc. In the atropine group, at
17 weeks’ follow-up the Randot Preschool score was
within 1 level of baseline for 54 participants (67%), 2 or
more levels better for 18 (22%), and 2 or more levels worse
for 9 (11%) (P=.04). In the patching group, the score was
within 1 level of baseline for 57 participants (73%), 2 or
more levels better for17 (22%), and 2 or more levels worse
for 4 (5%) (P=.003).

AMBLYOPIA TREATMENT INDEX

The parental Amblyopia Treatment Index was com-
pleted by 77 of 95 parents (81%) in the atropine group
and by 75 of 98 (77%) in the patching group at the 5-week
visit and by 64 (67%) and 66 (67%), respectively, at the
17-week visit. The questionnaire scores were similar for
the atropine and patching groups on the adverse effects
subscale (mean, 2.32 vs 2.27 at 5 weeks; P=.72; and
mean,2.22 vs 2.28 at 17 weeks; P=.70) but lower (bet-
ter) for the atropine group on the social stigma treat-
ment subscale (5-week mean, 1.91 vs 2.21; P=.03; and
17-week mean,1.91 vs 2.37; P�.001) and the compli-
ance subscale (5-week mean,2.03 vs 2.46; P=.001; and
17-week mean,2.03 vs 2.59; P�.001).

ADVERSE EFFECTS

At 17 weeks’ follow-up, the mean change in visual acu-
ity in the sound eye from baseline was 0.3 letter in the
atropine group and 1.5letters in the patching group (mean

difference between groups adjusted for baseline, 1.3 let-
ters; 95% CI, 0.4-2.2 letters) (Table 5). No partici-
pants were diagnosed with reverse amblyopia. During the
study, there were no differences between treatment groups
in the number of participants who developed new-onset
strabismus or had an increase or decrease in a preexist-
ing strabismus (Table 6).

In the atropine group, ocular adverse effects, most
commonly light sensitivity, were reported by 14 partici-
pants (16%). Systemic adverse effects were reported by
3 participants (3%): 1 reported tachycardia; 1, dry
mouth; and 1, irritability and headache. In the patching
group, 4 participants (5%) had moderate to severe irri-

Table 4. Randot Preschool Stereoacuitya

Baseline
17-wk Outcome

Examination

Atropine
Group

Patching
Group

Atropine
Group

Patching
Group

All Participantsb

No. of participants 88 84 88 84
Randot Preschool

Stereoacuity score,
seconds of arc

Failed pretest 4 (5) 5 (6) 4 (5) 1 (1)
�800 41 (47) 29 (35) 34 (39) 26 (31)
800 6 (7) 10 (12) 3 (3) 9 (11)
400 11 (13) 8 (10) 14 (16) 9 (11)
200 9 (10) 10 (12) 10 (11) 10 (12)
100 7 (8) 10 (12) 12 (14) 9 (11)
60 7 (8) 6 (7) 2 (2) 7 (8)
40 3 (3) 6 (7) 9 (10) 13 (15)

Amblyopia Caused by Anisometropiac

No. of participants 28 42 28 42
Randot Preschool

Stereoacuity score,
seconds of arc

Failed pretest 1 (4) 2 (5) 0 0
�800 8 (29) 5 (12) 6 (21) 5 (12)
800 2 (7) 5 (12) 1 (4) 3 (7)
400 5 (18) 6 (14) 4 (14) 5 (12)
200 4 (14) 7 (17) 4 (14) 7 (17)
100 5 (18) 7 (17) 8 (29) 9 (21)
60 1 (4) 6 (14) 0 6 (14)
40 2 (7) 4 (10) 5 (18) 7 (17)

Amblyopia Caused by Strabismus or Combined Mechanismsd

No. of participants 60 42 60 42
Randot Preschool

Stereoacuity score,
seconds of arc

Failed pretest 3 (5) 3 (7) 4 (7) 1 (2)
�800 33 (55) 24 (57) 28 (47) 21 (50)
800 4 (7) 5 (12) 2 (3) 6 (14)
400 6 (10) 2 (5) 10 (17) 4 (10)
200 5 (8) 3 (7) 6 (10) 3 (7)
100 2 (3) 3 (7) 4 (7) 0
60 6 (10) 0 2 (3) 1 (2)
40 1 (2) 2 (5) 4 (7) 6 (14)

aData are given as the number (percentage) of participants. Causes of
amblyopia were determined at randomization.

bP=.96 (Wilcoxon rank sum test) for the difference between treatment
groups in distribution of levels of change from baseline to the 17-week outcome
examination.

cP=.78.
dP=.99.
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tation from patching. No cases of persistent constant
diplopia were reported.

COMMENT

In this study of 193 children aged 7 to 12 years with
moderate amblyopia, treatment with patching or atro-
pine produced similar degrees of improvement in visual
acuity of the amblyopic eye, with about 40% of partici-
pants having a 2 or more logMAR line improvement in
visual acuity. Treatment response was irrespective of
severity of amblyopia (within the 20/40-20/100 visual
acuity range studied), cause of amblyopia, and whether
amblyopia had been previously treated. About 1 in 5
participants had additional improvement beyond 17
weeks’ follow-up, and most still had residual amblyopia
at the end of the study.

Owing to differences in study design, we cannot
compare the results of combined therapy (atropine and
patching) in our previous study of older children to the
results of monotherapy (atropine or patching) in the
present study. A main difference in design was the
requirement that, before entering the study, participants
in the present study had to be treated with spectacles
alone until visual acuity showed no further improve-
ment; in the previous study, spectacle correction was
provided at study entry. Such previous spectacle treat-
ment would be expected to reduce the subsequent
improvement owing to patching or atropine treatment.
A second difference between the studies was in the
duration of follow-up, which may have led to a bias
toward less treatment effect in the previous study: if
there was no improvement by the first 6-week visit, the
patient was classified as a nonresponder and was dis-

charged from the study. A formal comparison of com-
bined vs monotherapy would require another random-
ized clinical trial.

Both patching and atropine were well tolerated.
There has been concern about a potential adverse effect
of atropine-induced blur on stereoacuity development.
However, stereoacuity improved, on average, a similar
amount in both treatment groups. Two additional
potential adverse effects associated with amblyopia
therapy, reverse amblyopia and intractable constant
diplopia, did not occur in this study population.
Although there was a statistically significant difference
between treatment groups in the change in visual acuity
in the sound eye from baseline, the mean difference
(about 1 letter) was clinically insignificant. In our pre-
vious study of 507 older children (aged 7 to �18
years), we also found no significant adverse effects of
patching and atropine.1

When prescribing atropine for older children with am-
blyopia, a concern is that cycloplegia will impair a child’s
ability to effectively perform schoolwork. We tested the
participant’s ability to see grade-appropriate print after
cycloplegia of the sound eye. Only 11 children (12%) had
difficulty seeing grade-appropriate print and were pre-
scribed reading glasses.

Although the treatment response was equivalent for
patching and atropine, with respect to compliance and
social stigma the Amblyopia Treatment Index quality
of life assessment favored atropine. This finding
should be viewed with caution owing to the lower
than optimal questionnaire completion rate. The low
completion rate primarily occurred because the parent
responsible for treating the child was not always at the
visit. However, these results were similar to those
found in our previous study comparing atropine with
patching in younger children.6

We could identify no sources of confounding or
bias to explain our findings. The visual acuity results
were not altered by adjusting for imbalances between
groups in race, cause of amblyopia, and refractive
error in the amblyopic and sound eyes. The follow-up
visit rate was slightly higher in the atropine group
than in the patching group (93% vs 86%), but an
analysis accounting for incomplete follow-up gave

Table 5. Visual Acuity in the Sound Eye at the 17-Week
Outcome Examinationa

Visual Acuity
Atropine Group

(n=88)
Patching Group

(n=84)

Change in letter score from baseline
−5 to −9b 7 (8) 4 (5)
±4 72 (82) 69 (82)
5 to 9 9 (10) 11 (13)
Mean (SD) 0.3 (3.5) 1.5 (3.1)

Distribution of 17-wk visual acuity,
letters (Snellen equivalent)

73-77 (20/32) 4 (5) 2 (2)
78-82 (20/25) 12 (14) 5 (6)
83-87 (20/20) 42 (48) 31 (37)
88-92 (20/16) 29 (33) 42 (50)
93-97 (20/12) 1 (1) 4 (5)
Mean (SD) letter score 85.8 (3.9) 87.3 (3.8)

aData are given as the number (percentage). Measurement of visual acuity
using the electronic Early Treatment Diabetic Retinopathy procedure is
reported as a letter score, with a score of 85 letters approximating 20/20
visual acuity and 5 letters approximating 1 logMAR (logarithm of the
minimum angle of resolution) line of acuity.

bAmong the 11 subjects with a 5 or more letter reduction in visual acuity
in the sound eye, 7 subjects (4 in the atropine group and 3 in the patching
group) tested 20/20 or better (�83 letters) at 17 weeks. Of the remaining 4
subjects, 3 in the atropine group and 1 in the patching group tested 20/20 or
better or within 5 letters of baseline with subsequent follow-up after
treatment.

Table 6. Ocular Alignment at Baseline and the 17-Week
Outcome Examination

Baseline
Tropia

17-wk Tropia, No. (%) of Participants

Atropine Group
(n=89)

Patching Group
(n=84)

0 PD 1-8 PD �8 PD 0 PD 1-8 PD �8 PD

Distance, PD
0 44 (98) 1 (2) 0 49 (96) 2 (4) 0
1-8 7 (26) 19 (70) 1 (4) 4 (19) 17 (81) 0
�8 0 6 (35) 11 (65) 0 4 (33) 8 (67)

Near, PD
0 32 (91) 2 (6) 1 (3) 45 (94) 2 (4) 1 (2)
1-8 8 (24) 24 (71) 2 (6) 5 (24) 14 (67) 2 (10)
�8 0 8 (40) 12 (60) 1 (7) 4 (27) 10 (67)

Abbreviation: PD, prism diopter.
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similar results. Although participants and investigators
were aware of the treatment group assignments, the
outcome was based on a visual acuity test adminis-
tered by an individual masked to the treatment assign-
ment. In addition, the computerized method of visual
acuity testing used in the trial minimized the possibil-

ity that knowledge of treatment group would affect the
results.2

In translating the results of this study into clinical prac-
tice, the findings from this report, combined with our pre-
vious study,1 indicate that treatment with patching and at-
ropine, in combination or singly, can improve amblyopia

The Pediatric Eye Disease Investigator Group

Clinical Sites

Clinical sites that participated in the study are listed in order by number of patients enrolled in the study (the number of
patients is noted in parentheses after the site location). Personnel are listed as (I) for investigator, (C) for coordinator, and
(V) for visual acuity tester. An asterisk indicates the center received support used for this project from an unrestricted grant
from Research to Prevent Blindness Inc, New York, New York.

Bascom Palmer Eye Institute, Miami, Florida (37): Susanna M. Tamkins (I), Adam S. Perlman (I), Nidia Y. Rosado (C), Ana
C. Rosa (C), Erin X. Goga (V), Eva M. Olivares (C), Garnet Yokoi (V), Lesley L. Bursey (V), Candice Robinson (V), Effie
Lilas (V), Gloria Chow (V), Mirna Garcia (V); Pediatric Ophthalmology of Erie, Erie, Pennsylvania (23): Nicholas A. Sala (I),
Veda L. Zeto (C), Rhonda M. Hodde (C), Benjamin H. Whitling (V), Cindy E. Tanner (V); Pediatric Ophthalmology, PA,
Dallas, Texas (16): David R. Stager Sr (I), Mary K. Alters (C), Joost Felius (C), June M. Gartlir (V), Alexia B. Perez (V); Wolfe
Clinic, West Des Moines, Iowa (16): Donny W. Suh (I), Marilee McNeece (C), Bethany S Madsen (C), Rhonda J. Countryman
(V), Lisa M Fergus (V), Shannon L. Craig (V), Ashley D. Andreassen (V); Everett and Hurite Ophthalmic Association, Cran-
berry Township, Pennsylvania (12): Darren L. Hoover (I), Pamela A. Huston (C), Jody L. Parker (V), Christine J. Deifel (V),
Barbara R. Fuchs (V), Joan M. Addison (V), Pamela M. Racan (V); Southern California College of Optometry, Fullerton (8):
Susan A. Cotter (I), Susan M. Shin (I), Raymond H. Chu (I), Monique M. Nguyen (I), Carmen N. Barnhardt (I), Erin Song
(I), Kristine Huang (I), Lisa M. Edwards (I), Sue M. Parker (C), Jamie H. Morris (C), Rebecca S. Bridgeford (C); Children’s
Eye Care & Adult Strabismus Surgery, South Charleston, West Virginia (7): Deborah L. Klimek (I), Crystal A. Sigmon (C), Lisa
L. Winter (C), Bounthavy Lisa Greenlee (V), Diana K. Brandon (V); Vanderbilt Eye Center, Nashville, Tennessee (6)*: Sean
Donahue (I), David G. Morrison (I), Lori Ann F. Kehler (I), Kamila M. Kinder (C), Gini B. Taylor-Ward (C), Sandy A. Owings
(C), Neva J. Palmer (C), Joseph M. Martin (V), Ronald J. Biernacki (V); Eastern Virginia Medical School, Norfolk (6): Earl R.
Crouch (I), Eric R. Crouch III (I), Gaylord G. Ventura (C), Kristen D. Ruark (V); University of Alabama at Birmingham School
of Optometry (5): Robert P. Rutstein (I), Wendy L. Marsh-Tootle (I), Katherine K. Weise (I), Kristine T. Hopkins (I), Marcela
Frazier (I), Cathy H. Baldwin (C), Michael P. Hill (C); Southern College of Optometry, Memphis, Tennessee (5): Kristin K.
Anderson (I), Erin R. Nosel (I), Sean M. Skierczynski (C), Christopher W. Lievens (V), Hani Ghazi Birry (V); Intermountain
Eye Centers, Boise, Idaho (4): Katherine A. Lee (I), Bonita R. Schweinler (C), Larry W. Plum (V); Illinois College of Optometry,
Chicago (4): Yi Pang (I), Christine L. Allison (I), Sandra S. Block (I), Geoffrey W. Goodfellow (C), Colleen M. Morrissey (V);
Stephen R. Glaser, MD, PC, Rockville, Maryland (4): Stephen R. Glaser (I), Allison A. Jensen (I), Cera E. Mattingly (C), Christen
Y. Addison (C), Jill R. Mason (C); Goldblum Family Eye Care Center, PC, Albuquerque, New Mexico (3): Todd A. Goldblum
(I), Antoinette Ramirez (C), Angela Alfaro (C), Frances Jaramillo (V); The Children’s Eye Center, Colorado Springs, Colorado
(3): Dave H. Lee (I), Nieca D. Caltrider (I), Kelly A. Martinez (C), Maria M. Busemeyer (V), Colleen M. Schwanz (V); Duke
University Eye Center, Durham, North Carolina (3): Laura B. Enyedi (I), David K. Wallace (I), Sarah K. Jones (C), Melinda K.
Robinson (V), Courtney E. Fuller (V); Family Eye Group, Lancaster, Pennsylvania (3): David I. Silbert (I), Noelle S. Matta
(C), Darlene R. Crick (N); Delaware Vision Academy, LLC, Wilmington (3): Don D. Blackburn (I), Adam J Wahlig (C); Oph-
thalmic Associates, Anchorage, Alaska (2): Robert W. Arnold (I), Mary Diane Armitage (C), Nancy H. Brusseau (V); Pediatric
Ophthalmology, PC, Grand Rapids, Michigan (2): Patrick J. Droste (I), Jan Hilbrands (C), Jennifer L. Mooney (V), Sandra K.
Rogers (V); Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania (2): Richard W. Hertle (I), Christopher J. King (C),
Roxanne X. Caterino (C); Pacific University College of Optometry, Portland, Oregon (2): Richard London (I), James J. Kundart
(I), Jayne L. Silver (C), Garnet M. Yokoi (V); Mayo Clinic, Rochester, Minnesota (2)*: Jonathan M. Holmes (I); Brian G. Mohney
(I), Rebecca A. Nielsen (C), Jan M. Sease (C), David A. Leske (C), Deborah K. Miller (V), Virginia Karlsson (V); Wilmer
Institute, Baltimore, Maryland (1)*: Michael X. Repka (I), Alex X. Christoff (C), Carole R. Goodman (C), Xiaonong Liu (C);
Indiana School of Optometry, Bloomington (1): Don W. Lyon (I), Kathryn Gray (I); Alberta Children’s Hospital, Calgary, Al-
berta, Canada (1): William F. Astle (I), Heather J. Peddie (C), Charlene Dawn Gillis (V); Priscilla M. Berry, MD, PA, Dallas,
Texas (1): Priscilla M. Berry (I), Mary K. Alters (C), Joost Felius (C); North Carolina Eye, Ear, Nose & Throat, Durham (1):
Joan Therese Roberts (I), Lynelle Gregory Perez (C), Marguerite J. Sullivan (C); Center for Eye Health, Truesdale Clinic, Fall
River, Massachusetts (1): John P. Donahue (I), Mary E. Silvia (C), Deborah P. Branco (V); Penn State University, Hershey,
Pennsylvania (1): Marianne E. Boltz (I), Penelope J. Nester (C), Mary E Wilmarth (C), Laura E. Walter (C); Michael F. Gal-
laway, OD, PC, Marlton, New Jersey (1): Michael F. Gallaway (I), Debbie L. Killion (C); Eye Physicians & Surgeons, PC, Mil-
ford, Connecticut (1): Darron A. Bacal (I), Donna Martin (C), Marla Doheny (C); University of Minnesota, Minneapolis (1)*:
C. Gail Summers (I), Erick Bothun (I), Steve Christiansen (I), Ann M. Holleschau (C), Kim S. Merrill (V), Sara J. Downes
(V), Kathy M. Hogue (V); Pennsylvania College of Optometry, Philadelphia (1): Mitchell M. Scheiman (I), Karen E. Pollack
(C); Daniel M. Laby, MD, Sharon, Massachusetts (1): Daniel M. Laby (I), Ricky Laby (C); Cardinal Glennon Children’s Hospi-
tal, St Louis, Missouri (1): Oscar A. Cruz (I), Bradley V. Davitt (I), Emily A. Miyazaki (C); Eye Care Group, PC, Waterbury,
Connecticut (1): Andrew J. Levada (I), Tabitha L. Walker (C), LeAnne J. Ingala (V); Grene Vision Group, Wichita, Kansas (1):
Charles R. Whitfill (I), Ruth D. Dannar (C), Amy Melissa Wheeler (V).

(continued)

(REPRINTED) ARCH OPHTHALMOL / VOL 126 (NO. 12), DEC 2008 WWW.ARCHOPHTHALMOL.COM
1641

©2008 American Medical Association. All rights reserved.
 on January 3, 2010 www.archophthalmol.comDownloaded from 

http://www.archophthalmol.com


in children aged 7 to 12 years. The degree of response var-
ies, and, in most cases, the amblyopic eye does not achieve
the visual acuity level of the sound eye. Based on the re-
sults of the prior PEDIG study of this age group, in which
subjects were observed for 1 year after treatment was dis-
continued, it is likely that most patients treated for ambly-
opia in this age range will retain the visual acuity level
achieved after treatment is discontinued.7
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