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Abstract
Objectives—To determine the visual acuity outcome at 10 years of age for children less than 7
years of age when enrolled in a treatment trial for moderate amblyopia.

Methods—In a multi-center clinical trial, 419 children with amblyopia (20/40 to 20/100) were
randomized to patching or atropine eye drops for 6 months. Two years after enrollment, a subgroup
of 188 children entered long-term follow-up. Treatment after 6 months was at the discretion of the
investigator; 89% of children were treated.

Main outcome measure—Visual acuity at age 10 years with the electronic ETDRS test.

Results—The mean amblyopic eye acuity, measured in 169 patients, at age 10 years was 0.17
logMAR (approximately 20/32) and 46% of amblyopic eyes were 20/25 or better. Age < 5 years at
the time of entry into the randomized trial was associated with a better visual acuity outcome
(P<0.001). Mean amblyopic and sound eye visual acuities at age 10 years were similar in the original
treatment groups (P= 0.56 and 0.80, respectively).

Conclusion—At age 10 years the improvement of the amblyopic eye is maintained, although
residual amblyopia is common following treatment initiated at 3 to <7 years of age. The outcome is
similar regardless of initial treatment with atropine or patching.

Application to Clinical Practice—Patching and atropine eye drops produce comparable
improvement in visual acuity that is maintained through age 10 years.

Trial Registry Name—Amblyopia Treatment Study: Occlusion Versus Pharmacologic Therapy
for Moderate Amblyopia

Registration Number—NCT00000170

URL—http://clinicaltrials.gov/show/NCT00000170

Introduction
Amblyopia is a leading cause of monocular visual impairment.1, 2 Treatments including
refractive correction, as well as patching and atropine eye drops to the sound eye have been
shown to improve the vision of the amblyopic eye.3–5 Regression occurs in some patients
following cessation of treatment for amblyopia, thereby reducing the lifetime benefit of
therapy.6–12 Long-term outcome data after completion of amblyopia treatment are limited.
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The Pediatric Eye Disease Investigator Group (PEDIG) conducted a randomized trial
comparing patching (6 hours to full time daily in sound eye) with atropine (1% daily in sound
eye) as treatments for moderate amblyopia (20/40 to 20/100) in children younger than 7 years
of age.3 After 6 months, about three logMAR lines of improvement in the visual acuity of the
amblyopic eyes were present in both treatment groups. After the initial 6-month treatment
phase, the investigators at their discretion could switch, combine, or adjust the dosage of
treatments. Between 6 months and 2 years, additional visual acuity improvement occurred in
both original treatment groups, averaging 0.7 logMAR lines. However, only 50% of amblyopic
eyes were 20/25 or better at the 2-year outcome.13

In this report we evaluate visual acuity of the amblyopic and sound eyes as well as stereoacuity
in the children from this trial when examined at age 10 years.

Patients and Methods
The full study protocol has been detailed in prior publications.3, 13 A brief summary of the
protocol follows.

Eligibility criteria for the randomized trial included age younger than 7 years, visual acuity in
the amblyopic eye of 20/40 to 20/100, visual acuity in the sound eye of 20/40 or better,
interocular acuity difference of 3 or more logMAR lines, and the presence or history of an
amblyogenic factor meeting study-specified criteria for strabismus and/or anisometropia.3

Children were randomized to either patching (6 hours to full time every day at investigator
discretion) or atropine (1%, one drop once daily). During the first 6 months, the children were
kept on their randomized treatment. A protocol-specified masked outcome examination was
conducted 6 months after randomization. Between 6 months and 2 years, the protocol allowed
amblyopia treatment at investigator discretion, but specified that patients were to be examined
at least once every 6 months, with another masked outcome exam occurring 2 years from
randomization.

At the time of the 2-year visit, parents of patients from a subset of participating sites (those
with more than 5 patients enrolled and continuing with other PEDIG protocols) were invited
to enter a long-term extension phase. The protocol and informed consent forms were approved
by institutional review boards (IRB). Study oversight was provided by an independent data
and safety monitoring committee. Written informed consent was obtained from the parent or
guardian to continue follow up with annual exams through age 10 years and a future exam at
age 15 years. All treatment prescribed during this phase was determined by the investigator.
One-hundred eighty-eight (188) patients consented to participate in the extension phase.
Testing at the age 10 year exam included measurement of visual acuity, cycloplegic refraction
(if not done within the prior six months), assessment of ocular alignment using the simultaneous
prism and cover test at distance and near fixation, and an assessment of stereoacuity with the
Randot Preschool Stereoacuity Test (Stereo Optical Company, 3539 N. Kenton Avenue
Chicago, IL 60641).

Visual Acuity Testing
Visual acuity was measured by a study-certified vision tester with an electronic modification
of the testing protocol developed for the Early Treatment Diabetic Retinopathy Study (E-
ETDRS).14 Acuity testing was repeated if the visual acuity score was worse than 20/20 (<83
letters), and there was a difference between the cycloplegic refraction and the correction used
for testing that met one or more of the following: 1) ≥0.25 D increase in hyperopia, 2) ≥0.25
D increase in myopia, 3) ≥0.25D change in cylinder power, 4) ≥10 degree change in axis, or
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5) an increase in hyperopia or decrease in myopia that would lead the investigator to change
the patient's refractive correction.

During the initial phase of the study (through 2 years of follow-up), visual acuity was measured
with the single-surrounded HOTV Amblyopia Treatment Study protocol.15 To explore the
difference in the visual acuity measured with the HOTV and E-ETDRS methods, at the first
post-2-year visit, visual acuity was measured by both methods on the same day in 142 patients.
The mean age at the time of testing was 9.0 years (range = 5.6 to 11.9 years). The amblyopic
eye visual acuity was the same on both tests in 55 (39%) of the patients, 1 line better with
HOTV in 46 (32%), 2 or more lines better with HOTV in 29 (20%), 1 line better with E-ETDRS
in 10 (7%), and 2 or more lines better with E-ETDRS in 2 (1%). The sound eye visual acuity
was the same in 82 (58%) of the patients, 1 line better with HOTV in 40 (28%), 2 or more lines
better with HOTV in 5 (4%), 1 line better with E-ETDRS in 13 (9%), and 2 or more lines better
with E-ETDRS in 2 (1%). The interocular difference was the same in 50 (35%) of the patients,
1 line smaller with HOTV in 45 (32%), 2 or more lines smaller with HOTV in 21 (15%), 1
line smaller with E-ETDRS in 21 (15%), and 2 or more lines smaller with E-ETDRS in 5 (4%).

Statistical Methods
Differences in patient characteristics for those participating in the extension study versus those
not participating were evaluated to discover potential bias.

Amblyopic eye and sound eye visual acuity was compared between randomized treatment
groups as a continuous variable in analysis-of-covariance models adjusted for baseline acuity.
A logistic regression model was used to compare the proportions of eyes in each treatment
group with amblyopic eye visual acuity of 20/25 or better. Seven patients who completed the
age 10-year outcome examination, but had visual acuity tested with a method other than the
E-ETDRS protocol were not included in the primary visual acuity analysis. An analysis that
included the visual acuity data from the 7 patients produced results similar to the primary
analysis (data not shown). The exact Wilcoxon Rank Sum test was used to compare stereoacuity
scores in the treatment groups.

Change in interocular acuity difference between the six-month and two-year post-
randomization exams, and between the two-year post randomization exam and the age-10 exam
was evaluated with paired sample t-tests. The associations between amblyopic eye visual acuity
at the age 10-year outcome and baseline variables (cause of amblyopia, age at randomization,
prior treatment) were evaluated in analysis-of-covariance models adjusting for baseline visual
acuity, with the age 10-year visual acuity score as the dependent variable.

Results
The age 10-year exam was completed by 176 (94%) of the 188 patients. Their mean age was
5.2 years at enrollment (range 2.6 to 6.9 years) and 10.3 years (range 9.2 to 11.9 years) at the
time of the exam; 41% were female. The mean visual acuity of the amblyopic eyes at the time
of entry into the randomized trial was 0.53 logMAR (approximately 20/63), with a mean
interocular difference in acuity of 4.5 lines. The cohort was comparable to randomized patients
who did not participate in the extension study in terms of age, race, gender, cause of amblyopia
(anisometropia, strabismic, or combined-mechanism), baseline visual acuity in the amblyopic
and sound eyes, baseline interocular acuity difference, baseline mean spherical equivalent
refractive error, prior treatment before randomization, and randomized treatment group.
However, patients who participated in the extension study had better amblyopic eye visual
acuity at the two-year outcome exam than patients who did not participate (mean logMAR
acuity = 0.14 versus 0.19).
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Treatment Prescribed
Between the 6-month exam and age 10-year exam, 89% of the children were prescribed some
form of amblyopia treatment other than spectacles for at least part of the time. For 66% of the
children who were treated, no treatment other than the treatment assigned through
randomization was prescribed (i.e., patching was the only treatment prescribed for those
randomized to the patching group and atropine was the only treatment prescribed for those
randomized to the atropine group). Thirty-three percent received the alternative treatment (i.e.,
randomized to patching but prescribed atropine after the 6-month exam, or randomized to
atropine but prescribed patching). At the time of the age 10-year exam, 88% of children had
received no treatment for amblyopia within the prior year, 4% had received patching, 5%
atropine or other pharmacological penalization, and 3% reported both atropine and patching.

Visual Acuity at Age 10-year Exam
At the age 10-year exam, visual acuity was measured according to protocol in 169 patients
(90% of enrolled subjects). The mean amblyopic eye acuity was 0.17 logMAR (approximately
20/32) and 46% of amblyopic eyes had acuity of 20/25 or better. Mean sound eye acuity was
-0.03 logMAR (approximately 20/20) and the mean interocular acuity difference was 0.2
logMAR (2.0 lines) with 64% of children having an interocular acuity difference of more than
1 line. The mean interocular acuity difference measured with HOTV was similar at 6 months
and at two years (1.7 versus 1.6 lines, P=0.55), but was slightly larger at age 10 years when
measured with E-ETDRS testing at age 10 years compared with two years (2.0 lines, P<0.001,
Table 1).

Amblyopic eye visual acuity was similar in the two original treatment groups (difference in
visual acuity between the treatment groups adjusted for baseline acuity was −0.01 logMAR,
95% confidence interval −0.06 to +0.03, Table 2). The amblyopic eye was 20/25 or better in
42% of patients originally prescribed patching and 49% of patients originally prescribed
atropine (P=0.74, Table 2). Mean sound eye acuity was −0.03 logMAR in each group
(approximately 20/20) and the difference between the treatment groups adjusted for baseline
acuity was 0.00 logMAR, 95% confidence interval −0.03 to +0.02, P=0.80.

Younger age at the time of entry into the randomized trial was associated with a better
amblyopic eye visual acuity at age 10 years. Mean visual acuity at the 10 year exam was 0.14
(approximately 20/25-2) in the 68 patients <5 years old at randomization compared with 0.20
(approximately 20/32) in the 101 patients ≥5 years old (P<0.001); 57% of the patients <5 years
old at randomization tested 20/25 or better compared with 38% of patients ≥5 years old
(P=0.004). There was no apparent relation between cause of amblyopia (strabismus,
anisometropia or combined mechanism) and the age 10-year outcome visual acuity (P=0.83).

Stereoacuity at Age 10-year Exam
The median stereoacuity at the age 10-year exam, measured with the Randot Preschool
Stereoacuity Test, was 400 seconds of arc among all patients and 100 arc seconds among
patients classified at baseline as having purely anisometropic amblyopia. Results were similar
in the two treatment groups (P=0.87 overall and P=0.78 for patients with anisometropic
amblyopia, Table 3).

Discussion
Most of the improvement with patching or atropine treatment appears to be maintained until
age 10 years. However, about half of children with moderate amblyopia (20/40 to 20/100)
initially treated at age 3 to <7 years have mild residual amblyopia at 10 years of age (<20/25).
Outcomes were similar in the original treatment groups of atropine and patching.
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The outcome was slightly better in patients who were 3 to <5 years old at enrollment compared
with those 5 to <7 years. This could be because younger age at initiation of treatment might
be advantageous if plasticity decreases with age or a shorter duration of amblyogenic insult
might reduce the severity of the effect on the visual sensory system. We had not observed an
age relationship at younger ages in the full randomized cohort,3, 13 and it is possible that the
apparent age effect at the 10-year exam in our limited cohort may be due to chance. We intend
to evaluate this effect again at the final age 15-year exam.

Our study design included measurement of stereoacuity to determine whether the amblyopia
treatments had different effects on the development of binocularity. Simons et al suggested a
beneficial effect for atropine in a non-randomized study using various atropine dosages.16
Conversely, Kushner has voiced concern about a possible negative effect of persistent
cycloplegia on binocularity.17 At the age 10-year outcome examination we found no difference
in stereoacuity outcome between children originally treated with patching and those originally
treated with atropine, whether analyzed overall, or when the analysis was restricted to the
children with pure anisometropic amblyopia.

At age 10 years a large proportion of children had residual amblyopia despite careful treatment
and follow up within a clinical trial. No standardized approach to treatment for residual
amblyopia was utilized by study investigators during the follow-up period. In a future trial, we
intend to investigate the management of residual amblyopia to determine whether increased
intensity of treatment including combined therapies would further reduce the visual acuity
deficit in the amblyopic eye.

Recurrence of amblyopia has been commonly reported after reduction or cessation of
amblyopia treatment. During the first year after treatment reduction, rates of recurrence of 24%
to 27% have been reported.12, 18, 19 With longer follow up, higher recurrence rates of up to
58% have been reported.9, 10, 20–22 Between the 6-month and age 10-year exams of our
clinical trial, 89% of patients were treated for some period of time. However, 88% of the
children received no treatment during the year prior to the age 10-year exam. As children were
treated at investigator discretion including use of spectacles following the initial treatment
episode, our data can not be used to estimate the chance of recurrence when all therapy is
discontinued. In addition, we can not directly compare our measurements of visual acuity at
the earlier study visits (6 months and 2 years post-randomization) with those at the age 10-year
exam because different methods were used to measure visual acuity. Although the interocular
difference was greater at the age 10-year exam using the E-ETDRS protocol than at the 2-year
exam using the ATS HOTV protocol, our data directly comparing the two methods (see
methods section) suggest that this was due to the different testing methods and not a true
worsening of visual acuity.

In our previous report after 6 months of treatment, more patients in the atropine-treated group
than in the patching group had a transient reduction in visual acuity of the sound eye.3 We
concluded that some of this reduction was likely due to persistent cycloplegia and incorrect
spectacle correction at the time the vision was measured.3 Once the problem was recognized,
the sound eye testing protocol was revised to increase the time off of atropine to 2 weeks prior
to sound eye visual acuity testing. The sound eye acuity difference by treatment group was not
observed at either the 2-year outcome visit13 or the age 10-year exam.

Our results are subject to potential selection bias in that patients who participated had better
amblyopic eye visual acuity at the two-year outcome exam than patients who did not participate
(about three letters on average better). As a result, our observed amblyopic eye acuity at age
10 years may be slightly over estimated. We could not identify other sources of bias to explain
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our findings. The age 10-year visit completion rate was high (94%). In addition, visual acuity
testing was performed with a standardized protocol to ensure consistency across sites.

In summary, at age 10 years the visual acuity improvement achieved in amblyopic eyes is
maintained, although residual amblyopia is common, following treatment for amblyopia
initiated at 3 to <7 years of age. The outcome is similar regardless of whether initial treatment
was with atropine or patching. We plan to perform a final exam of all of the children in the
long-term follow-up phase at age 15 years.
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The Pediatric Eye Disease Investigator Group

Clinical Sites that Participated in the Extension Study
Sites are listed in order by number of patients in the extension study. The number of patients
is noted in parenthesis preceded by the site location and the site name. Personnel are listed as
(I) for Investigator, (C) for Coordinator, and (V) for Visual Acuity Tester.

Erie, PA - Pediatric Ophthalmology of Erie (23)
Nicholas A. Sala (I); Rhonda M. Hodde (C)

Rockville, MD - Stephen R. Glaser, M.D., P.C. (18)
Stephen R. Glaser (I); Jenifer A. Aventuro Luck (I); Paige E. Glaser (C); Jill E. Mason (V);
Kelly A. Sirk (V)

Providence, RI - Pediatric Ophthalmology and Strabismus Associates (17)
David Robbins Tien (I); Myra B. McGuinness (C); Heidi C. Christ (C); Brenda G. Toro (V)

Anchorage, AK - Ophthalmic Associates (16)
Robert W. Arnold (I); Mary Diane Armitage (C)

Calgary, - Alberta Children's Hospital (15)
William F. Astle (I); Anna L. Ells (I); Heather J. Peddie (C,V); April D. Ingram (C); Charlene
D.Gillis (V); Cheryl R. Hayduk (V); Catriona I. Kerr (V)

Baltimore, MD - Wilmer Institute* (13)
Michael X. Repka (I); Alex X. Christoff (C); Carole R. Goodman (C); Xiaonong Liu (C)
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Fullerton, CA - Southern California College of Optometry (11)
Susan A. Cotter (I); Carmen N. Barnhardt (I); Raymond H. Chu (I); Monique M. Nguyen (I);
Susan M. Shin (I); Susan Parker (C)

Dallas, TX - Pediatric Ophthalmology, P.A. (9)
David R. Stager, Sr. (I); Joost Felius (C); Mary K. Alters (C); Alexia B. Perez (V)

Houston, TX - Texas Children's Hospital (6)
Evelyn A. Paysse (I); David K. Coats (I)

Milwaukee, WI - Medical College of Wisconsin* (6)
Jane D. Kivlin (I); Mark S. Ruttum (I); Veronica R. Picard (C)

Rochester, MN - Mayo Clinic* (6)
Jonathan M. Holmes (I); Jan M. Sease (C); Rebecca A. Nielsen (C); Julie A. Holmquist (V);
Rose M. Kroening (V); Marna L. Levisen (V); Debbie M. Priebe (V); Julie A. Spitzer (V)

Waterbury, CT - Eye Care Group, PC (5)
Andrew J. Levada (I); Tabitha L. Walker (C); Cheryl Schleif (C); Lisa A. Marcil (V); Nicole
G. Rannazzisi (V)

Birmingham, AL - University of Alabama at Birmingham School of Optometry
(4)

Robert P. Rutstein (I); Wendy L. Marsh-Tootle (I); Cathy H. Baldwin (C)

Grand Rapids, MI - Pediatric Ophthalmology, P.C. (4)
Patrick J. Droste (I); Robert J. Peters (I); Jan Hilbrands (C); Sandra K. Rogers (V)

Minneapolis, MN - University of Minnesota* (4)
C. Gail Summers (I); Stephen P. Christiansen (I); Ann M. Holleschau (C); Sara J. Downes (V);
Kathy M. Hogue (V); Jane D. Lavoie (V); Kim S. Merrill (V)

Nashville, TN - Vanderbilt Eye Center* (4)
Sean Donahue (I); Kamila M. Kinder (C); Christine C. Franklin (C); Sandy A. Owings (C);
Ron Biernacki (V); Neva Fukuda (V)

Portland, OR - Casey Eye Institute* (4)
David T. Wheeler (I); Kimberley A. Beaudet (C); Paula K. Rauch (C)

*Center received support utilized for this project from an unrestricted grant from Research to Prevent Blindness Inc., New York, New
York.
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St. Louis, MO - Cardinal Glennon Children's Hospital (4)
Oscar A. Cruz (I); Bradley V. Davitt (I); Emily A. Miyazaki (C)

Iowa City, IA - University of Iowa Hospitals and Clinics (3)
Ronald V. Keech (I); Richard J. Olson (I); William E. Scott (I); Wanda I. Ottar Pfeifer (C)

Sacramento, CA - The Permanente Medical Group (3)
James B. Ruben (I); Dipti Desai (C); Sue Ann Parrish (C)

Wichita, KS - Grene Vision Group (3)
Charles R. Whitfill (I); David A. Johnson (I)

Columbus, OH - The Ohio State University (2)
Marjean T. Kulp (I); Freda D. Dallas (C)

Dallas, TX - Pediatric Ophthalmology, P.A. (2)
Priscilla M. Berry (I); Mary K. Alters (C); Joost Felius (C)

Dallas, TX - UT Southwestern Med Center (2)
David R. Weakley, Jr. (I); Clare L. Dias (C)

Lancaster, PA - Family Eye Group (2)
David I. Silbert (I); Noelle S. Matta (C); Alyson B. Keene (V); Michelle M. Lindsey (V)

Norfolk, VA - Eastern Virginia Medical School (2)
Earl R. Crouch, Jr. (I); Gaylord G. Ventura (C); Kristen D. Ruark (V)

PEDIG Coordinating Center - Tampa, FL
Roy W. Beck, Brian D. Becker, Nicole M. Boyle, Christina M. Cagnina-Morales, Debbie
Cagnina, Danielle L. Chandler, Laura E. Clark, Sharon R. Constantine, Quayleen Donahue,
Michelle D. Drew, Mitchell Dupre, Kyle L. Baccus Horsley, Heidi A. Gillespie, Raymond T.
Kraker, Stephanie V. Lee, Lee Anne Lester, Shelly T. Mares, B. Michele Melia, Pamela S.
Moke, Jim L. Pyner, Nicole T. Reese, Heidi J. Strayer

National Eye Institute - Bethesda, MD
Donald F. Everett
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Table 1
Interocular Acuity Difference from Randomization to the Age 10-Year Visit

At Randomization N=169 HOTV Testing at 6
Month Outcome

N=169

HOTV Testing at 2
Year Outcome

N=169

E-ETDRS Testing
at Age 10 Years

N=169

Distribution of
Interocular Acuity (lines

acuity amblyopic eye
minus sound eye)*

n (%) n (%) n (%) n (%)

≥ +3 169 (100%) 47 (28%) 45 (27%) 55 (33%)
+2 45 (27%) 27 (16%) 40 (24%)
+1 38 (22%) 53 (31%) 51 (30%)
0 27 (16%) 31 (18%) 20 (12%)
−1 6 (4%) 11 (7%) 1 (1%)
−2 4 (2%) 2 (1%) 2 (1%)
≤ −3 2 (1%) 0 0

Mean logMAR lines (SD) 4.5 (1.4) 1.7 (1.7) 1.6 (1.7) 2.0 (1.6)

*
At 6 months and at 2 years post-randomization, visual acuity was measured with the ATS-HOTV visual acuity testing protocol. At the age 10-year exam,

visual acuity was measured with the E-ETDRS protocol. Seven patients measured with techniques other than E-ETDRS at the age 10-year exam are
excluded from this table. When ATS-HOTV was used, interocular acuity was calculated as the difference between the amblyopic eye and sound eye
logMAR line acuities, where at age 10-years when E-ETDRS was used, the interocular acuity was calculated as the difference between the amblyopic
eye and sound eye letter scores, rounded to the nearest logMAR line.
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Table 2
Visual Acuity of Amblyopic Eyes at the Age 10-year Visit

Overall N=169* Patching Group† N=85 Atropine Group †
N=84

Cumulative Distribution of Visual
Acuity Scores at Age 10 years (Snellen

Equivalent)

Cumulative %

20/50 or better 94% 95% 93%
20/40 or better 87% 85% 89%
20/32 or better 74% 69% 79%
20/25 or better 46% 42% 49%
20/20 or better 22% 16% 29%

20/16 4% 1% 6%
Mean logMAR (SD)

0.17 (0.15) 0.19 (0.14) 0.16 (0.16)

Difference between Randomized
Treatment Groups in Mean logMAR

Acuity at Age 10-year‡ Exam

- −0.01

95% Confidence Interval for
Difference

- (−0.06 to +0.03)

*
Seven patients were tested with other methods of acuity testing not in table (five with HOTV testing 20/20, 20/25 (2), 20/32, and 20/40 and two with

Snellen testing 20/20 and 20/25).

†
Treatment group at time of randomization.

‡
Adjusted for baseline visual acuity in analysis-of-covariance model. A positive difference indicates that the mean patching group scores were better than

the mean atropine group scores.
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