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Introduction

Amblyopia is a developmental disorder that degrades spatial vi-
sion and stereopsis. It is believed to follow abnormal binocular 
interaction or visual deprivation during early life, and is the most 
common cause of  visual morbidity in childhood [1, 2]. A spe-
cific subtype, anisometropic amblyopia, develops when the im-
age on the retina of  one of  the eyes is chronically de-focused 
caused by unequal refractive errors in both eyes. Mild degrees of  
hyperopic or astigmatic anisometropia (1.00-2.00 D) can cause 
amblyopia, whereas higher levels of  refractive error are usually 
required by myopic anisometropes to develop severe amblyopia 
[2]. Anisometropic amblyopia tends to be detected and conse-
quently treated later than other forms of  amblyopia as some chil-
dren with anisometropia have no noticeable ocular misalignment. 
Consequently, these children may develop irreversible visual loss 

due to delayed diagnosis. 

Data regarding the prevalence of  anisometropia as well as other 
ocular diseases among children in Canada is scarce. A few studies 
conducted in three cities across Newfoundland, New Brunswick 
and Ontario found the prevalence of  pediatric anisometropia to 
range between 1.4 and 3.6%, which is similar to what has been 
reported among other developed nations (0.9-3.1%) [3-5].

Without treatment, children are at risk for deterioration of  exist-
ing amblyopia [6]. Various factors influence the outcome of  visual 
acuity following amblyopia treatment in this group of  children. 
Patching regimens, initial visual acuity, the age of  the subject at 
the start of  treatment, level of  compliance with treatment, the 
presence of  significant astigmatism, and binocular vision status 
have all been shown to have significant influence on final visual 
acuity following treatment [7-10].
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There is limited literature investigating visual outcomes for chil-
dren with anisometropia in Canada. The purpose of  this study 
was to examine factors affecting final visual outcome following 
the treatment of  children diagnosed with hyperopic and astig-
matic anisometropia, presenting without apparent strabismus to 
a single surgeon’s pediatric ophthalmology practice in London, 
Ontario.

Methods

A retrospective chart review was performed. The research proto-
col was approved by the Research Ethics Board of  the University 
of  Western Ontario. A computer search of  the patient database of  
one pediatric ophthalmologist (IM) at the Ivey Eye Institute, Uni-
versity of  Western Ontario, was performed to identify the records 
of  all children ages 12 and under who presented with anisometro-
pia upon referral from 2008-2016. We included all children who 
presented with anisometropia, defined as a spherical equivalent of  
≥ 1.00 D between both eyes and/or ≥ 1.50 D difference in cyl-
inder [11]. We excluded all patients older than 12 years at admis-
sion, those with inadequate follow up, any other pathology that 
could influence vision (e.g. ptosis, deprivation amblyopia) and/or 
those with a corrected manifest deviation greater than 10 prism 
diopters. A total of  57 patients were identified with anisometro-
pia. 53 of  them had anisometropic hyperopia/astigmatim and 4 
had anisometropic myopia. We have complete data on 39 children 
presenting with hyperopic and astigmatic anisometropia that we 
included in our analysis.

The following data was recorded: age at initial admission, reason 
for presentation to referring doctor, present prescription and his-
tory of  past managements. We documented the presence of  fam-
ily history of  amblyopia and/or strabismus, the presenting and 
final: visual acuity, cycloplegic refractions and ocular alignment. 
We also documented compliance with treatment and final sensory 
testing including worth 4-dot test for distance and near as well as 
stereoacuity.

Presence of  amblyopia was defined as ≥ 2 lines difference of  vi-
sual acuity between both eyes as measured by any test used in the 
clinic including Allen pictures singles, Snellen's singles or Snellen's 
linear depending on the child's age and cooperation [12]. Dense 

amblyopia was defined as visual acuity of  6/30 or worse. The 
magnitude of  anisometropia was calculated based on the differ-
ence in spherical equivalence between both eyes.

Compliance with the prescribed treatment regimen was graded 
as good-to-fair when instructions were followed at least 50% of  
the time or if  good compliance was documented in the patient's 
chart by the treating physician or the orthoptists. Compliance was 
deemed poor when instructions were followed less than 50% of  
the time or if  it was documented as such by the treating physician 
or the orthoptists. Final visual acuity of  6/9 or better was defined 
as a successful treatment outcome, whereas final vision worse 
than 6/9 was chosen to represent a failed treatment outcome. A 
multivariate logistic regression analysis was performed on four 
factors to assess their effect on final visual acuity following treat-
ment, with a p-value of  ≤ 0.05 being considered statiscally signif-
icant. Visual acuity values were converted to logMAR values for 
statistical purpose.

Statistical analysis was performed using the SAS 9.1 software 
package (SAS Institute, Cary, NC). Univariate correlation between 
four potential predictors of  interest and treatment success was 
analyzed using a Fisher exact test for categorical variables and 
T-test for continuous variables. Multivariate logistic regression 
analyses using a backward elimination algorithm were used to 
identify the independent clinical factors that would be associated 
with successful treatment with a cutoff  P ≤ 0.05.

Results

Data from the 39 patients who had adequate follow up was used 
for statistical analysis and to determine baseline characteristics. 
Baseline characteristics are presented in Table 1. 27 patients 
(69.2%) were referred by optometrists and 12 (30.8%) were re-
ferred by physicians (family physician, pediatrician or ophthal-
mologist). Reasons for presentation to the referring doctor are 
portrayed in Figure 1. No significant correlation was found be-
tween presenting degree of  anisometropia and presenting visual 
acuity. 16 children (47.1%) presented with dense amblyopia (6/30 
or worse). Of  those 16 children, 75% had > 3.00 diopters of  
anisometropia and 63% had previously attempted patching prior 
to referral and 94% presented to our clinic older than 4 years of  
age.

Table 1. Baseline characteristic at first visit.

Characteristic No (%)

Age (years)
≤ 4 9 (23.1)
> 4 30 (76.9)

Mean age at diagnosis 5.17 ± 2.33 years old
Mean age at first visit 5.26 ± 2.31 years old

Mean time between diagnosis and first visit 2.49 ± 2.58 months

Magnitude of  anisometropia
≤ 3.00 D 19 (48.7)
> 3.00 D 20 (51.3)

Presented with mild amblyopia 18 (46.2)
Presented with dense amblyopia 16 (41.0)
Previous amblyopia treatment 21 (53.8)

Family history of  strabismus and/or amblyopia 24 (61.5)
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All 39 subjects were prescribed glasses as part of  their treatment 
regimen, 2 (5.1%) had glasses as their sole treatment. 36 (92.3%) 
underwent a patching regimen and 5 underwent atropine penal-
ization as part of  their treatment as well. One child had a skin 
disease hindering the use of  patching and was treated successfully 
with atropine penalization. 33 (84.6%) subjects were noted to have 
good-to-fair compliance, while 6 (15.4%) had poor compliance.

Final outcomes after treatmentare portrayed in Table 2. Overall, 
20 (51%) children were successfully treated, with a final visual 
acuity of  6/9 or better in the worse eye. 8 (40%) of  them pre-
sentedto the clinicless than4 years old, 13 (65%) presented with 
a magnitude of  anisometropia ≤ 3.00 D. All were noted to have 
good-to-fair compliance and only 4 (20%) of  those 20 children-
had dense amblyopia at their first visit.

17 (44%) children were found to have residual mild amblyopia 
worse than 6/9 but better than 6/30 at their final follow up visit. 
All but one of  the 17 children were older than 4 years at presen-
tation, 6 (35%) presented with a magnitude of  anisometropia of  
≤ 3.00 D, 10 (59%) had presented with dense amblyopia at their 
first visit and 4 (24%) were noted to have poor compliance with 
the offered treatment.

2 children (5%) had residual dense amblyopia at their final fol-
low up visit, both children initially presented above the age of  
7, presented with a magnitude of  anisometropia > 3.00 D and 
were noted to have poor compliance with the offered treatment. 
These 2 children had no evidence of  fusion or stereopsis at their 
final visit. Final visual acuity distributed by age of  presentation is 
portrayed in Figure 2.

At the final visit, 7 (17.9%) children showed a stereopsis of  60 
seconds of  arc or better and 9 (23.1%) had no evidence of  stere-
opsis. Of  these 9 children, 8 presented above the age of  4 years 
and presented with dense amblyopia. Following treatment, 6 of  
these 9 children had residual mild amblyopia and 3 children had 
residual dense amblyopia.

Presenting degree of  anisometropia, compliance, age at presenta-

tion and initial visual acuity were all statistically analyzed to deter-
mine effect on final visual acuity. Table 3 portrays the unadjusted 
association between these four factors and success of  treatment. 
Upon univariate analysis, presenting degree of  anisometropia (P 
= 0.0311) and compliance with treatment (P = 0.0063) were both 
initially found to be statistically significant in regards to success 
of  treatment. However, once the confounding effect was adjust-
ed by multivariate regression analysis, the adjusted association of  
compliance on the success of  treatment was no longer statistical-
ly significant. Multivariate logistic regression analyses identified 
magnitude of  anisometropia at presentation as the only factor 
found to have significant effect on successful treatment. For every 
one diopter decrease in magnitude of  anisometropia, there was an 
approximately 40% higher odds of  achieving a final VA of  6/9 
or better, while adjusting for all other factors including compli-
ance with treatment, presenting visual acuities and age at first visit 
(point estimate 0.62, 95% CI 0.39-0.97, P =0.039).

Discussion

The results from this study demonstrate that magnitude of  
anisometropia has a significant influence on the final visual acuity 
of  children diagnosed with hyperopic and astigmatic anisometro-
pia, while presenting age, presenting visual acuity, and compliance 
to treatment regimen do not.

The literature currently remains contradictory regarding the ma-
jor factors that influence final visual outcome in children with 
anisometropia. These factors include the effect of  age at presen-
tation and initiation of  treatment, and the influence of  degree of  
anisometropia on treatment success. Hussein et al., demonstrated 
an increased risk of  treatment failure if  treatment was started af-
ter the age of  6 years old [8]. However, Cobb et al., and Chen et 
al., found no correlation between age and treatment success [13, 
14]. Our data demonstrated that age had no significant impact on 
the success of  treatment.

A statistically significant positive trend exists in our data among 
children presenting with lower degrees of  anisometropia and suc-
cessful treatment. This finding is consistent with the findings of  
Lee et al., and Cobb et al., who have demonstrated a positive in-

Figure 1. Reason for presentation to referring doctor.
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fluence of  smaller refractive errors on treatment success, while 
Hussein et al., demonstrated no effect of  the amount of  differ-
ence in refraction between both eyes on treatment success [8, 14, 
15]. Our data differs from several other studies with regards to the 
effect of  compliance and presenting visual acuity on treatment 
success. Our study demonstrated that presenting with worse visu-
al acuity had no significant correlation with success of  treatment, 
which was inconsistent with the results of  Hussein et al., and 
Chekitaan et al., [8, 16]. The age of  participants in these two stud-
ies is 3 years and above, whereas our study included participants 
younger than 1 year of  age [8, 16]. Visual acuity measurements in 
young children are more difficult and less accurate than in older 
children, resulting in a lack of  standardized initial visual acuity in 
our study (Allen picture singles, Snellen’s singles or Snellen’s lin-
ear depending on cooperation) which might explain our findings.
Furthermore, compliance had no significant effect on the success 

of  treatment according to our data. These results are in contrast 
to several other studies, perhaps due to differing criteria used in 
defining compliance among studies [8, 13, 16].

Our study has several limitations, including a small study number 
reducing the power of  statistical analysis. Our reduced numbers 
is due to the fact that we excluded all children with mixed ambly-
opia (strabismic and anisometropic) since we wanted to examine 
children who would not have any presenting sign and would have 
only been identified by screening program or by routine optome-
trist visit. Our study is a retrospective review; the method in which 
vision was measured was not standardized, but rather depended 
on the level of  cooperation of  the child. However, final visual 
acuity was measured using Snellen’s linear in 38 of  the 39 chil-
dren. This study was conducted in a tertiary care centre, hence 
referrals were mostly for children who were diagnosed with am-

Table 2. Final outcomes after treatment.

Characteristic No (%)

Final visual acuity in worse eye
6/9 or better 20 (51.3)

Residual mild amblyopia 17 (43.6)
Residual dense amblyopia 2 (5.1)

Improvement in visual acuity

No improvement 1 (2.6)
1 line 3 (7.7)
2 lines 5 (12.8)

≥3 lines 30 (76.9)
Mean duration of  follow-up 22.5 ± 15.9 months

Figure 2. Final visual acuity differentiated by age at presentation.

20

15

10

5

0
0 to 4 >4 to 6 >6

Age at Presentation (Years)

N
um

be
r o

f 
su

bj
ec

ts

6/9 or better

6/12 to 6/24

6/30 or worse

Table 3. Unadjusted association between four factors and success of  treatment.

Variable Final VA worse than 6/9 (n=19) Final VA better than 6/9 (n=20) p-value
Good-to-fair compliance 13 (33.3%) 20 (51.3%) 0.0063

Age at first visit (months) (mean ± SD) 82.0 ± 23.5 70.1 ± 30.1 0.1012
Presenting VA (logMar) 0.88 ± 0.26 0.73 ± 0.45 0.0587

Magnitude of  anisometropia(D) 4.6 ± 1.5 3.5 ± 1.5 0.0311
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blyopia or failed previous treatment. This may represent a group 
with unique treatment challenges in comparison to a community 
optometrist practice that treats many other children diagnosed 
with anisometropia and have good compliance without the need 
for referral to our unit.

Our study adds to the limited literature on anisometropia among 
Canadian children and demonstrates the importance of  early 
screening for anisometropia to detect children with high magni-
tude of  anisometropia who are at a higher risk for residual ambly-
opia. Unlike several other Canadian provinces, there is no univer-
sal screening program in Ontario to effectively detect amblyopia 
or anisometropia in children [17]. In our study school screening 
(13%) was the third most common reason for presentation to the 
referring doctor, following routine eye examinations (30.8%) and 
complaints of  poor vision or double vision (15.4%). The rela-
tively low rates of  detection from school screening and following 
complaints of  poor vision compared to coincidental discovery on 
routine eye examinations found in our study speak to the need of  
effective early screening as children are usually asymptomatic and 
the depth of  amblyopia tends to increase with longer duration of  
undiagnosed amblyogenic refractive error [18].

Conclusion

Overall, our results demonstrate that the presenting degree of  
anisometropia has a significant influence on the final visual acuity 
of  children diagnosed with anisometropic hyperopia and astig-
matism confirming the necessity for early detection of  significant 
amblyogenic refractive error. In contrast with the literature our 
study demonstrated that compliance with treatment, age at pre-
sentation and initial presenting visual acuity did not influence the 
final visual outcome in children presenting with anisometropic 
amblyopia.
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