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Summary
Background Amblyopia, the most common visual impairment of childhood, is a public health concern. An extended 
period of optical treatment before patching is recommended by the clinical guidelines of several countries. The aim 
of this study was to compare an intensive patching regimen, with and without extended optical treatment (EOT), in a 
randomised controlled trial.

Methods EuPatch was a randomised controlled trial conducted in 30 hospitals in the UK, Greece, Austria, Germany, 
and Switzerland. Children aged 3–8 years with newly detected, untreated amblyopia (defined as an interocular 
difference ≥0·30 logarithm of the minimum angle of resolution [logMAR] best corrected visual acuity [BCVA]) due to 
anisometropia, strabismus, or both were eligible. Participants were randomly assigned (1:1) via a computer-generated 
sequence to either the EOT group (18 weeks of glasses use before patching) or to the early patching group (3 weeks of 
glasses use before patching), stratified for type and severity of amblyopia. All participants were initially prescribed an 
intensive patching regimen (10 h/day, 6 days per week), supplemented with motivational materials. The patching 
period was up to 24 weeks. Participants, parents or guardians, assessors, and the trial statistician were not masked to 
treatment allocation. The primary outcome was successful treatment (ie, ≤0·20 logMAR interocular difference in 
BCVA) after 12 weeks of patching. Two primary analyses were conducted: the main analysis included all participants, 
including those who dropped out, but excluded those who did not provide outcome data at week 12 and remained on 
the study; the other analysis imputed this missing data. All eligible and randomly assigned participants were assessed 
for adverse events. This study is registered with the International Standard Randomised Controlled Trial Number 
registry (ISRCTN51712593) and is no longer recruiting.

Findings Between June 20, 2013, and March 12, 2020, after exclusion of eight participants found ineligible after 
detailed screening, we randomly assigned 334 participants (170 to the EOT group and 164 to the early patching 
group), including 188 (56%) boys, 146 (44%) girls, and two (1%) participants whose sex was not recorded. 
317 participants (158 in the EOT group and 159 in the early patching group) were analysed for the primary outcome 
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Current outcomes of patching treatment for unilateral 
amblyopia are poor. In the UK, for example, 30% of 
children treated with patching do not reach the best 
corrected visual acuity (BCVA) of 6/12 (ie, the ability to 
read, at a distance of 6 m, something that someone with 
no visual impairment can read from 12 m away) in the 
amblyopic eye, often after several thousand hours of 
prescribed patching.6 Poor adherence to patching, which 
can happen as a consequence of reduced vision while 
patching the contralateral eye or of social and 
educational issues, has been identified as an important 
barrier to the attainment of improvement in BCVA.7 In 
addition, personalised approaches for the treatment of 
amblyopia on the basis of factors such as age, type of 
amblyopia, and baseline visual deficit are not widely 

available.3 Such personalised approaches could 
potentially increase the likelihood of treatment success 
and reduce the duration of treatment, costs, and burden 
of amblyopia on individuals, their families, and health-
care services.8

Amblyopia is usually treated first with a period of 
glasses use to correct for refractive errors, followed by 
patching of the contralateral eye. Several studies, 
including a meta-analysis, found a moderate to large 
effect size from the glasses-only period before 
commencing patching,9–15 which significantly decreased 
for children who commenced treatment when they were 
older.9 However, whether parameters such as severity of 
amblyopia or refractive error and type of amblyopia have 
a role in the success of treatment with glasses is unclear.

Research in context
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These reported results have led to the notion that all 
children with amblyopia should be prescribed an 
extended period of glasses use (also called extended 
optical treatment [EOT] or refractive adaptation) before 
the start of the patching treatment.12 The rationale behind 
this approach is to improve vision before patching, 
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obtained from each participant’s parent or guardian and 
assent was obtained from children whenever applicable 
(ie, usually on children older than 4 years).

Randomisation
Participants meeting the inclusion criteria were 
randomly assigned (1:1) to the EOT group (ie, use of 
glasses for 18 weeks followed by patching and use of 
glasses for 24 weeks) or to the early patching group (use 
of glasses for 3 weeks followed by patching and use of 
glasses for 24 weeks), with a stratified, balanced block 
design with a block size of four (ie, EOT with electronic 
monitoring of patching or glasses use; EOT without 
monitoring; early patching with monitoring; and early 
patching without monitoring). 50% of participants in 
each treatment group were randomly allocated electronic 
dose monitors for assessment of adherence to glasses 
use and patching. Stratification was done according to 
type (anisometropic, strabismic, or mixed) and severity 
(severe [ie, amblyopic eye BCVA ≥0·60 logMAR] or mild 
to moderate [ie, <0·60 logMAR]) of amblyopia. 
Randomisation was not stratified on the basis of the 
centre due to the small number of participants in some 
centres.

Randomisation was done by the local investigator 
using a secure online randomisation service (Sealed 
Envelope, London, UK) that assigned participants to 
treatment groups and could be accessed locally at sites. 
The local investigator communicated the assigned group 
information to the participants and was responsible for 
subsequent examinations and treatment. Participants, 
parents or guardians, assessors, and the trial statistician 
were not masked to study treatments.

Procedures
Before enrolment, potential participants received a full 
ophthalmological examination, including a cycloplegic 
refraction. At this examination, participant information 
for the study was provided and the glasses prescription 
was issued but not yet worn. After informed consent was 
obtained, participants were enrolled in the study, 
randomly assigned to a treatment group, and requested 
to wear glasses during all waking hours from the date of 
first examination (time G0; figure 1). Both groups were 
prescribed an intensive patching regimen, supplemented 
with motivational materials to improve adherence to the 
use of glasses and patching. Participants in the EOT 
group were assigned 18 weeks of full-time glasses use, 
followed by 24 weeks of combined patching and glasses 
use. Participants in the early patching group were 
assigned 3 weeks of full-time glasses use followed by 
24 weeks of combined patching and glasses use.

Patching was initially recommended for 10 h per day, 
6 days per week (with one non-occluding day chosen by 
families), with the patching hours modified at the 
discretion of the orthoptist or ophthalmologist after 
improvement of visual acuity, if the treatment endpoint 

was reached, or if adverse effects occurred. In participants 
assigned electronic monitoring, electronic dose monitors 
were placed on the frame of glasses or between two 
occlusion patches (Ortopad Elite, Pietrasanta Pharma, 
Lucca, Italy) to monitor glasses use and patching.22 All data 
from electronic dose monitors were analysed in the 
University of Leicester (Leiceister, UK); feedback from the 
monitors was not provided to participants or treating 
orthoptists at any time.

The EOT group received eight orthoptic assessments 
over 42 weeks and the early patching group received 
six assessments over 27 weeks (figure 1). A deviation of 
1 week for each orthoptic assessment was permitted. 
Each 6-weekly assessment included measurements of 
uniocular BCVA with the logMAR Crowded test and 
stereoacuity (a measure of depth perception) with the 
Frisby Near Stereotest (Stereotest, Thame, UK). Many 
participants were unable to resolve the 6 mm plate at 
30 cm (ie, the lowest stereoacuity measurement, 
equivalent to 600"), especially for early examinations, 
and were assigned a value of 1200" to enable statistical 
analysis. After the trial, children returned to clinical care 
if further treatment was required.

The Amblyopia Treatment Index questionnaire, 
developed by the Pediatric Eye Investigator Group 
(PEDIG), was administered after 12 weeks and 24 weeks 
of prescribed patching to record the attitudes towards 
treatment of parents or guardians (appendix pp 16–19).23 
Some questions were modified to include perspectives on 
the use of glasses in addition to patching. The children’s 
perspectives were recorded with the Smiley Face Likert 
scale. Data were recorded at each site and collated and 
analysed centrally at the University of Leicester, UK.

Outcomes
The primary outcome was the proportion of successfully 
treated children (ie, reaching ≤0·20 logMAR interocular 
difference in BCVA) after 12 weeks of prescribed patching. 
A threshold of success of logMAR of less than or equal to 
0·10 was originally planned, as stated in the protocol. 
However, this threshold falls within the normal variability 
of BCVA measurements in children.24 Hence, a decision 
was made by lead investigators to adjust this threshold to 
less than or equal to 0·20 on May 13, 2021. This 
amendment was made before the statistician viewed the 
data and commenced statistical analysis. Children who 
dropped out of the study were recorded as not having 
responded to treatment without data imputation. 
Prespecified secondary exploratory outcomes were the 
proportion of successfully treated children after 18 weeks 
and 24 weeks of prescribed patching; total hours of 
prescribed patching required; electronic dose monitor-
measured compliance to glasses use and patching; and 
responses of parents, guardians, and children to 
questionnaires about the treatment. Post-hoc secondary 
exploratory outcomes were the proportion of successfully 
treated children according to other definitions of 
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treatment success (ie, ≤0·10 and ≤0·30 logMAR 
interocular difference in BCVA); the proportion of 
successfully treated children after imputation of missing 
values by use of multiple imputation methods for study 
dropouts or missed visits; time to reach successful 
treatment, assessed with a time-to-event analysis; the 
determination of characteristics of participants most 
likely to respond to EOT treatment without patching by 
constructing a decision tree with a recursive partitioning 
method; and changes in stereopsis between baseline and 
after 12 weeks of patching. 

Statistical analysis
The sample size was based on our previous studies19,20 
recording BCVA outcomes over a 12-week patching 
timeframe. In Pradeep and colleagues’ study,20 success 
after 12 weeks of patching without EOT (10 h/day, 6 days 
per week) was 23% (≤0·10 logMAR interocular difference 
in BCVA). Accordingly, a 15% difference in success—the 
same difference in success observed between the 
two patching regimens in Awan and colleagues19—
required 173 participants in each arm (two-sided α of 0·05, 
power 80%, and a 15% dropout rate).

The primary analysis was done in a modified intention-
to-treat (mITT) population consisting of all randomly 
assigned participants, including those who dropped out, 
but excluding those who were deemed ineligible after 
randomisation. A full ITT analysis of all randomised 
participants was initially planned; however, we did not 
anticipate the randomisation of several ineligible 
participants after glasses had been prescribed and worn. 
Hence, a decision was made by the lead investigators on 
May 13, 2021, to use the mITT design outlined here, 
performed both with and without imputation of missing 
values. The main primary analysis was performed in all 
participants in the mITT population for whom data were 
available for the primary outcome visit with no imputation 
for missing values (treatment was deemed unsuccessful 
in participants who dropped out of the study), and another 
analysis was performed including all participants in the 
mITT population, imputing missing data with the 
multiple imputation by chained equations approach for 
missing values. Pearson’s χ² tests were used to compare 
success rates for the primary outcome after 12 weeks of 
prescribed patching, after 18 weeks and 24 weeks of 
prescribed patching, and with other definitions of success 
(ie, ≤0·10 and ≤0·30 logMAR interocular difference in 
BCVA). 

Several secondary analyses were decided post-hoc 
because a formal statistical analysis plan was not included 
at the time the trial was originally planned. A Kaplan–
Meier analysis was used to estimate median time from the 
initiation of patching (ie, start and origin) to time of treat-
ment success or end of follow-up (at week 24 of patching). 
The analysis included all participants, from both study 
groups, who provided measurements at the visit at which 
patching commenced (ie, P0; figure 1), along with at least 

one follow-up visit, but excluded participants who had 
already reached success by P0. The median time to 
treatment success between groups was compared with the 
log-rank test. The probability of treatment success was 
calculated with the formula recommended by Spruance 
and colleagues25 (ie, probability=HR/[1+HR]), with HR 
being the hazard ratio from a Cox regression model, 
adjusted for age at baseline, sex, type of amblyopia (ie, 
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term between time (in 6-week intervals) and group. 
Electronically monitored glasses use and patching were 
compared with χ² tests. 

The between-group differences in the change in the 
number of octaves of stereoacuity (a measure of depth 
perception analysed in octave changes—distinct from 

342 randomly assigned

1 randomisation error (participant was
entered twice)

169 assigned to early patching group
 86 monitored with EDM
 83 not monitored

169 assessed centrally to confirm eligibility 

164 allocated to early patching group
 81 monitored with EDM
 83 not monitored
 

5 excluded from all analysis and no
further data collected

 4 ineligible after central screening 
assessment

 1 declined to participate after 
detailed screening assessment

159 wore glasses for 3 weeks† 

3 dropped out of study
 2 lost to follow-up
 1 withdrew consent

2 excluded from all analysis
 1 later found out not to have 

amblyopia
 1 inconsistent BCVA measures 

because of age

151 had BCVA data available at primary outcome 
visit after 12 weeks of  patching

159 included in main modified ITT analysis after 
12 weeks of prescribed patching (without 
imputation of missing values) 
151 had BCVA data available

8 dropped out of study

161 eligible for analysis of secondary outcomes 
after 18 weeks of patching 

161 eligible for analysis of secondary outcomes 
after 24 weeks of patching 

3 missed primary outcome visit after 
12 weeks of patching but remained on 
the study

 

162 eligible for 
MICE 
analysis
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visual acuity measured in logMAR) for each participant 
between baseline and after 12 weeks, 18 weeks, and 
24 weeks of patching were compared with Kruskal’s 
γ statistic. 

Questionnaire data from parents or guardians and 
children were analysed by aggregating individuals’ 
responses into a single score, reflecting an overall 
perception of the intervention (appendix pp 16–19). This 
score was then dichotomised into positive (including 

positive and strongly positive responses) and negative 
(including strongly negative, negative, and neutral). We 
compared the difference in the proportion of individuals 
in the two categories at the primary timepoint and the 
final visit between groups using the χ² test. 

For all randomly assigned participants, adverse events 
were reported to clinicians at study sites during research 
visits and compared descriptively between the groups.

All statistical tests were two-sided (significance 
threshold p=0·05). R (version 4.1; survival, rpart, and 
caret packages) was used for data management and data 
analysis. The trial is registered with the International 
Standard Randomised Controlled Trial Number registry 
(ISRCTN51712593) and is no longer recruiting.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between June 20, 2013, and March 12, 2020, after an initial 
eligibility assessment by the local centre, 342 participants 
were recruited and randomly assigned (173 to the EOT 
group and 169 to the early patching group;  figure 2). 
Recruitment was interrupted by the start of restrictions 
due to the COVD 7l9.7atcersmic0 0 9 343 6 
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which 136 participants (86%) from the EOT group and 
151 participants (95%) from the early patching group 
provided BCVA measurements; 22 participants (14%) 
from the EOT group and eight participants (5%) from 
the early patching group were lost to follow-up. 
Treatment success or failure could not be accurately 
assessed in ten participants (6%) from the EOT group 
and three participants (2%) from the early patching 
group because they missed the primary outcome visit 
and so these participants were excluded from the main 
primary analysis but were included in the imputation 
analysis.

The baseline characteristics of allocated participants 
are shown in the table. Median follow-up was 42 weeks 
(IQR 42–42) in the EOT group and 27 weeks (27–27) in 
the early patching group.

For the primary outcome, a significantly larger 
proportion of children had a successful treatment 
(ie, ≤0·20 logMAR interocular difference in BCVA) in the 

early patching group (107 [67%; 95% CI 60–75] of 159) than 
in the EOT group (86 [54%; 46–62] of 158) after 12 weeks of 
prescribed patching (13% difference; p=0·019). Similar 
patterns were observed with the imputation of missing 
values (appendix p 6). A breakdown of children reaching 
thresholds from 0·00 to 0·50 logMAR interocular 
difference in BCVA in 0·1 increments, including for 
different types of amblyopia, after 12 weeks and 24 weeks 
of patching is shown in figure 3. Results at baseline and at 
each visit spanning the patching period, without and with 
imputation of missing values, are available in the 
appendix (pp 5–6). The time course of improvement in 
mean interocular difference in BCVA across the study 
without imputation of missing data is shown in figure 4; 
equivalent data with missing data imputed are also shown 
in the appendix (p 7). The improvement in interocular 
difference in BCVA during EOT, with glasses use only, 
occurred mostly during the first 6 weeks, 
with the mean change of 0·127 logMAR (SD of 
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(p=0·34; appendix p 12), 18 weeks (p=0·11), or 24 weeks 
(p=0·11) of patching. 

The median hours of prescribed patching dropped 
from the first 0–6 weeks of the patching period to the 
final 18–24 weeks in both groups (appendix p 13). 
However, possibly because of a higher rate of 
improvement in the early patching group, the reduction 
in prescribed patching hours was more pronounced in 
the early patching group than in the EOT group 
(interaction between group and time p=0·0063).

Electronic dose monitor measurements were 
unavailable for 749 (45%) of 1664 recordings (appendix 
pp 13–14). Median electronically recorded adherence to 
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the early patching group). This anticipated problem was 
built into the study design with an mITT approach in 
which all participants lost to follow-up and those who 
deviated from the protocol were included in the analysis. 
Although a full ITT analysis was not possible in this 
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