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Abstract 

Background  Amblyopia treatment by occluding the healthy eye is known to be effective during a sensitive criti-
cal period. This study aims to clarify the factors for the total occlusion time (TOT) required for the amblyopic eye 
to achieve a normal visual acuity (VA) level of 1.0 (0.0 logMAR equivalent). This could contribute to an efficient treat-
ment plan for eyes with hyperopic anisometropic amblyopia.

Methods  Subjects were 58 patients (26 boys and 32 girls; age range, 3.6-9.2, average, 5.8 ± 1.3 years) with hyper-
opic anisometropic amblyopia. All the subjects had initially visited and completed occlusion therapy with improved 
VA of 1.0 or better in the amblyopic eye at Kindai University Hospital between January 2007 and March 2017. Using 
the subjects’ medical records, we retrospectively investigated five factors for the TOT: the age at treatment, the initial 
VA of the amblyopic eye, refraction of the amblyopic eye, anisometropic disparity, and the presence of microstrabis-
mus. Patient’s VA improvement at one month after treatment was also evaluated to confirm the effect of the occlu-
sion therapy.

Results  The initial VA of the amblyopic eye ranged from 0.1 to 0.9 (median, 0.4). The TOT ranged from 140 to 1795 
(median, 598) hours with an average daily occlusion time of 7 hours. The initial VA of the amblyopic eye and pres-
ence of microstrabismus were the significant factors for the TOT (p < 0.01). To achieve VA of 1.0 or better, patients 
with an initial VA of ≤ 0.3 in the amblyopic eye required a longer TOT. Moreover, patients with concomitant microstra-
bismus required a 1.7-fold longer TOT compared to those without microstrabismus.

Conclusion  Longer daily occlusion hours and early start of the treatment will be necessary for patients with poor 
initial VA or microstrabismus to complete occlusion therapy within the sensitive critical period.
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Background
Unilateral amblyopia arises from abnormal visual experi-
ence when visual information is not properly transmitted 
to the visual cortex [1]. Its occurrence is usually due to 
anisometropia or strabismus (including microstrabismus) 
or a combination of both. When diagnosed early, unilat-
eral amblyopia can be effectively treated by occluding the 
healthy eye to improve visual acuity (VA) of the ambly-
opic eye [2–4]. This treatment however is only effective if 
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performed and completed within the critical period with 
high sensitivity [5–7].

In this study, we also assessed the total occlusion time 
(TOT) required for patients with various initial VA to 
achieve a uniform outcome measure (final VA of ≥ 1.0 or 
0.0 logMAR equivalent). Because eyes with poor initial 
VA tend to show more distinct occlusion effect, using a 
uniform outcome measure for the TOT could avoid the 
effect of the initial VA differences. To our knowledge, 
this approach has not been used in studies on amblyopia 
treatment. Moreover, patient’s VA outcome and cumula-
tive occlusion time at one month after the initiation of 
occlusion therapy were also investigated to examine their 
relationship with the final TOT.

For the affected eye to obtain a normal VA level of 1.0 
within patient’s critical period, which is the ultimate goal 
for amblyopia treatment, this study aims to investigate 
the influential factors for the TOT in patients with aniso-
metropic amblyopia.

Methods
Patients
Subjects were 58 patients with unilateral hyperopic ani-
sometropic amblyopia (26 boys and 32 girls; age range, 
3.6-9.2 years, average, 5.83 ± 1.33 years). Table  1 shows 
the subjects’ clinical characteristics.

All the subjects had initially visited and completed 
occlusion therapy with improved final VA of ≥ 1.0 (0.0 
logMAR equivalent) in the amblyopic eye at Kindai Uni-
versity Hospital between January 2007 and March 2017. 
After an optical treatment period of 1 to 2 months, occlu-
sion therapy was initiated when no more VA improve-
ment was observed in the amblyopic eye. In this study, 
only glasses wear and occlusion of the healthy eye, and 
no other treatments were performed. Patients of a young 
age who could not perform VA and fixation tests with a 
visucope, with previous treatment, spherical equivalent 
difference between both eyes of < 1.00 D, astigmatism of 
> 2.00 D, an implementation rate (the number of occlu-
sion hours actually performed ÷ the number of occlusion 
hours prescribed) of < 80%, or organic diseases (cataract, 

corneal opacity, ciliary entropion, developmental abnor-
malities, etc.) were all excluded.

The study protocol was approved by the Ethics Com-
mittee of Kindai University and adhered to the tenets of 
the Declaration of Helsinki. Because all the subjects in 
this study were under the age of 16, informed consent 
was obtained from their parents or legal guardians.

Occlusion period, the TOT, and the influential factors 
for the TOT
Using the subjects’ medical records, we retrospectively 
investigated 5 factors for the TOT for the amblyopic 
eye to achieve VA of 1.0 or better: age at treatment, the 
initial VA of the amblyopic eye, anisometropic dispar-
ity, refraction of the amblyopic eye, and the presence or 
absence of microstrabismus. The number of occlusion 
hours performed at home was recorded by the subject 
every day and used as the daily occlusion time. The dura-
tion between the day when the occlusion had been initi-
ated and the day when the amblyopic eye had achieved 
VA of ≥ 1.0 for the first time was defined as the occlusion 
period. The TOT (hours) was obtained by multiplying 
the daily occlusion time (hours) by the occlusion period 
(days). The presence of microstrabismus was determined 
by the definition of Lang [8] in patients with eccentric 
fixation or strabismus of < 10 △.

Statistical analysis
Multiple regression analysis was used to determine the 
influential factors for the TOT. The correlation between 
the TOT and the initial VA of the amblyopic eye was ana-
lyzed using Spearman’s rank correlation. The influence 
of the presence of microstrabismus was examined by the 
Mann-Whitney U test. The difference in the amblyopic 
eye’s initial VA between the two subgroups was analyzed 
using Student T test. The amblyopic eye’s VA after 1 
month of occlusion therapy was analyzed by the Mann-
Whitney U test. A probability level of < 5% was consid-
ered statistically significant.

Table 1  Subjects’ clinical characteristics

Values are mean ± standard deviation

Refraction value (D) the healthy eye +2.50 ± 1.30 (0 to 7.75) the affected eye +5.60 ± 1.30 (3.25 
to 8.75) anisometropic parallax +3.32 ± 1.22 (1.00 to 6.00) 

Visual acuity the healthy eye median, 1.2 (0.8 to 1.5) the affected eye median, 0.4 (0.1 to 0.9)

Age at treatment (year) 5.8 ± 1.3 (3.6 to 9.2)

Microstrabismus presence in 22 patients (38%), absence in 36 patients (62%)

Daily occlusion time 5 hours in 21 patients (36%), 8 hours in 37 patients (64%)
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Results
The TOT ranged from 140 to 1795 (median, 598) hours. 
Of 58, 14 (24%) subjects required 451-600 hours (Fig. 1). 
The average daily occlusion time was 7 hours. Table  2 
shows the analysis results for the 5 factors. The presence 
of microstrabismus and the initial VA of the amblyopic 
eye showed a significant correlation with the TOT (p < 
0.01, multiple regression analysis).

Correlation between the TOT and the presence 
of microstrabismus
The TOT for the subjects with microstrabismus was 
significantly longer than the TOT for those without 
microstabismus (p < 0.01, Mann-Whitney U test; Fig. 2). 
Moreover, the subjects with microstrabismus required a 
1.7-fold longer TOT than those without microstrabismus 
to achieve VA of 1.0 in the amblyopic eye.

Correlation between the TOT and the amblyopic eye’s 
initial VA
A negative correlation was observed between the TOT 
and the initial VA of the amblyopic eye (rs = -0.72, p < 
0.01, Spearman’s rank correlation coefficient; Fig.  3). 
Using the median TOT (598 hours), the correlation was 
further examined in two subgroups: the subjects with a 
TOT of < 598 hours (30/58, 52%) and those with a TOT 
of ≥ 598 hours (28/58, 48%). The amblyopic eye’s initial 
VA (median) was 0.5 in the subjects with a TOT of < 598 
hours and 0.3 in those with a TOT of ≥ 598 hours. A sig-
nificant difference in the amblyopic eye’s initial VA was 
observed between these two subgroups (p < 0.01, Student 
T test). The subjects with initial VA worse than 0.3 in the 
amblyopic eye required a longer TOT.

The amblyopic eye’s VA after one month of occlusion 
therapy
At one month after occlusion therapy, the amblyopic 
eye’s VA (median) was 0.9 and the average cumulative 

Fig. 1  Distribution of the TOT for the amblyopic eye to reach VA of 1.0 or better. Most of the patients (14/58, 24%) required 451- 600 hours 
in occlusion

Table 2  The investigated five factors for the total occlusion time

RC Regression coefficient, SD Standard deviation, SRC Standard regression coefficient, VAA Visual acuity of the amblyopic eye, AP Anisometropic parallax, D Dioptre; 
RVA Refraction value of the amblyopic eye

Factors Average ± SD RC SD SRC P value

Initial age (year) 5.83 ± 1.33 (3.17-9.17) 28.76 26.99 0.10 0.29

VAA initial 0.4 (median) (0.1 to 0.9)
final 1.0 (median) (0.8 to 1.5)

1127.21 210.37 0.64 <0.01

AP (D) +3.32 ± 1.22 (1.00 to 6.00) -42.48 37.54 -0.13 0.26

RVA (D) +5.60 ± 1.30 (3.25 to 8.75) 8.34 31.49 0.03 0.79

Micro- strabismus presence in 22 patients (38%)
absence in 36 patients (62%)

-241.98 85.67 -0.30 <0.01
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occlusion time was 215 hours in the eyes without micro-
strabismus. Compared to that, the amblyopic eyes with 
combined microstrabismus had a median VA of 0.5 and 
an average cumulative occlusion time of 237 hours, show-
ing significant differences from those in eyes without 
microstrabismus (p < 0.01, Mann-Whitney U test). The 
eyes without microstrabismus showed a better response 
to the occlusion therapy

Discussion
Our results have demonstrated that patients with initial 
VA of 0.3 or worse in the amblyopic eye or with com-
bined microstrabismus required a longer TOT. Par-
ticularly, patients with microstrabismus showed poorer 
VA improvement in the amblyopic eye one month after 
the start of occlusion therapy and required a 1.7-time 
longer TOT than those without microstrabismus. These 
are important factors for a successful treatment plan in 
patients with hyperopic anisometropic amblyopia.

Fig. 2  Boxplots showing the TOT for the patients with and without microstrabismus. The top and bottom of the boxes represent the top 
and bottom quartiles, and the whiskers represent the maximum and minimum values. The TOT for the patients with microstrabismus 
was significantly longer (p < 0.01, Mann-Whitney U test)

Fig. 3  The correlation between the TOT and the initial visual acuity (VA) of the amblyopic eye. A significant negative correlation was observed (rs = 
-0.72, p < 0.01, Spearman’s rank correlation coefficient). Of 58, 28 patients required a TOT longer than the median TOT (598 hours) and their median 
initial VA of the weaker eye was 0.3. The other 30 patients with a TOT less than 598 hours had the median initial VA of 0.5 in the weaker eye
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The relationship between daily occlusion dose and 
treatment effect has been studied previously [9–11]. 
These studies assess the effect based on the VA improve-
ment from baseline in patients with different levels of ini-
tial VA [12]. However, patients with different initial VA 
could contribute to the treatment effect differently even 
if they have achieved the same level of VA improvement 
after treatment. For instance, the treatment effects seen 
in the amblyopic eyes with initial VA of 0.1 and 0.3 (or 
1.0 and 0.5 logMAR) and a 2-line VA improvement after 
occlusion (final VA of 0.5 and 1.0, or 0.3 and 0.0 logMAR) 
should be considered different although the VA improve-
ments are the same. When measuring the TOT in this 
study, we therefore used a uniform goal (final VA of 1.0) 
for all the patients regardless of their amblyopic eyes’ ini-
tial VA. This could minimize any possible effect on the 
assessment results due to their initial VA differences.

Reportedly, 30-50% of anisometropic amblyopia 
patients have concomitant microstrabismus [13–16]. In 
patients with anisometropic amblyopia, occlusion ther-
apy is usually initiated after no more VA improvement 
observed in the amblyopic eye with optical treatment. 
A previous study however has pointed out the need for 
occlusion therapy in anisometropic amblyopia patients 
with combined microstrabismus [17]. Although all the 
patients in this study (with or without microstrabismus) 
could achieve a final VA of 1.0 or better in the amblyopic 
eye, the poor VA improvement at 1 month after occlusion 
and 1.7-time longer TOT observed in the patients with 
microstrabismus suggested possible treatment resistance 
in these microscopic eyes. We suspected that eccentric 
fixation and strabismus-induced suppression might have 
caused the longer TOT in these eyes. This also indicated 
the importance of fixation and suppression tests and the 
determination of combined microstrabismus before the 
start of occlusion therapy. It is however not an easy task 
in clinical practice to determine visual fixation and inhi-
bition before treatment especially in patients of young 
age. Our results suggest that the VA outcome at one 
month after occlusion could help distinguish between 
anisometropic amblyopia patients with and without con-
comitant microstrabismus.

With this information, patient’s daily occlusion dose 
can be adjusted accordingly with consideration given to 
the patient’s required TOT and critical period.

The initial VA of the amblyopic eye was the other sig-
nificant factor for the TOT. A previous study reported 
that patients with initial VA of 0.3 to 1.3 logMAR in the 
amblyopic eye require occlusion for at least 6 hours per 
day to obtain the maximal VA improvement [10]. The 
present study also showed that patients with initial VA 
of 0.3 or worse required a longer TOT than those with 
initial VA of > 0.3 to achieve a final VA of 1.0 or better. 

Because the initial VA of the weaker eye indicates the 
level of the eye’s VA development, it takes a longer treat-
ment period to promote the VA development in ambly-
opic eyes with worse initial VA. Based on patient’s initial 
VA of the amblyopic eye, the required TOT can be pre-
dicted and the daily occlusion dose can be determined 
accordingly.

This study has some limitations including the nature 
of a retrospective study. Because only the patients who 
could achieve a final VA of ≥ 1.0 in the amblyopic eye 
and patients with an implementation rate of ≥ 80% for 
performing occlusion at home were included, the num-
ber of subjects in this retrospective study was relatively 
small. A future prospective study with a large group of 
patients will be necessary to further assess the relation-
ship between the amblyopic eye’s VA improvement and 
the TOT.

In conclusion, anisometropic amblyopia patients with 
initial VA of ≤ 0.3 or concomitant microstrabismus 
require more total hours in occlusion to obtain a nor-
mal VA level of 1.0 or better in the affected eye. Particu-
larly, patients with microstrabismus require a 1.7-time 
longer TOT than patients without microstrabismus. 
These results help predict patient’s required TOT and the 
optimal daily occlusion dose can be determined accord-
ingly. A subsequent evaluation of VA outcomes after one 
month of occlusion can verify the presence of concomi-
tant microstrabismus and if necessary, the treatment plan 
can be further modified for better efficiency to complete 
the treatment within patient’s critical period.
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