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Effect of Optical Correction on Choroid Structure in Children with

Amblyopia
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Abstract

Purpose: To compare the choroidal thickness (ChT) in strabismic and
non-strabismic amblyopic children undergoing or recovered amblyopia
treatment.

Methods: Subjects were recruited from pediatric ophthalmology and
optometry clinics at King Fahad Medical City. Measurements include
visual acuity, ocular alignment tests, refraction, and retinal ChT by optical
coherence tomography depth (EDI-OCT).

Results: This study findings showed a statistically significant difference
in mean scores of foveal and temporal ChT between amblyopic and
non-amblyopic eyes for non-strabismus amblyopia group with a mean
difference (28.5, 39.7 um) respectively and a p-value =0.007 <0.05, while,
nasal ChT of amblyopic eyes was not statistically significant in all study
groups eyes. The foveal and temporal ChT in amblyopic eyes of children
recovered from amblyopia was significantly thinned (299.62 + 30.24
pm ,271.85 + 25.54 pum) respectively and within the average choroidal
thickness of children p value= (P = 0.030) <0.05 and (P = 0.038) <0.05.

Conclusion: The present findings suggested that myopic anisometropic
amblyopes had thinner nasal ChT and thicker foveal and temporal ChT. The
ChT in children recovered from amblyopia were significantly decreased
after optical correction compared to those undergoing amblyopia treatment
and controls. Such a reduction was to compensate for refractive error and
improve visual acuity.

Keywords: Amblyopia; Strabismus; Optical correction; Choroidal
thichness; Optical coherence tomography.

Background

Amblyopia was defined as a reduction in the best-corrected visual acuity
in one or both eyes with the presences of amblyogenic factors[1,2]. The
condition is caused by many predisposing visual abnormalities such as
strabismus, refractive errors, and stimulus deprivation (e.g., congenital
cataract) [1].

The incidence of amblyopia is considered high in individuals with risk
factors including prematurity, low birth weight, nutritional status, smoking
during pregnancy, and family history [3]. Poor depth perception (difficulty
in judging object in a given space) is a symptom of amblyopia. While signs
of amblyopia are mostly associated with unilateral cases including ptosis,
inward or outward eye deviation, closing one eye, and head tilting [1].

The treatment of amblyopia is most effective during the critical period
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of the visual development, which is from the age of 3- to
7-years-old [4]. Treatment is effective if cause of ambyliopia
is identified and treatment is prescribed accordingly, inducing
a clearer retinal image in both eyes and obtaining normal
vision. One of the most important amblyopia treatments is
inspecting for any stimulus deprivation conditions such as
congenital cataract treated by surgical intervention early
in life. Other strategies of treatment are prescribing optical
correction, patching and penalization for the dominant eye

[5].

Amblyopia may induce retinal abnormalities in the
affected eye such as retinal choroid thickness. The choroid is
a vascular structure located between the sclera (outer layer)
and the retina (inner layer) that is responsible for supplying
the outer retinal structure with blood [6].The retinal choroid
is primarily supplied by nerve fibres, parasympathetic,
sympathetic, and trigeminal sensory nerves. The choroid
innervations are significantly essential to regulate the blood
flow based on retinal activity needs [7].

A previous study assessed the choroid structure changes
before and after anisohypermetropic amblyopia treatment for
Asian children aged between of 3- to 8-years using (ED-OCT).
The results revealed significant differences in the choroid
thickness before and after initiating the treatment plan and
lower mean choroid thickness after amblyopia treatment [8].
This study did not include subjects with strabismic amblyopia
thus, it is not clear if the choroidal structure affected by the
types of amblyopia. Another study assessed choroid thickness
in unilateral amblyopia subjects and found thicker choroid
in both amblyopic eye and fellow eye in amblyopic children
compared to normal subjects [9]. In addition, another study
evaluated choroid thickness in anisometropic amblyopia
and strabismic amblyopia in comparison to the normal
age-matched group and found thicker choroid thickness in
strabismic amblyopia subjects than that in anisometropic
amblyopia and significantly reduced in control subjects [10].
The findings of previous studies may not be representative as
they were limited to particular type of amblyopia or specific
treatment (i.e., optical correction). Besides, previous studies
did not discuss the correlation between choroid thickness and
all amblyopia types. Controls included in previous studies
had normal vision without refractive error. This is necessary
to confirm that change in choroidal thickness and structures
following treatment are related to the refractive status or
amblyopia itself.

A prospective study was conducted to examine the
correlation between the choroid and the axial eye growth in
children with refractive errors and controls aged between 10
to 15 years. The results exhibited a significant increase in
choroidal thickness in controls compared to myopic children,
who had shown less thickening and faster axial length growth
in 18 months. It was suggested that the findings supported
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existing phenomena, which stated that choroid mechanisms
contribute to the regulation of children's eye growth [11].
Thus, there is a need for a study to confirm wither the changes
in the choroidal thickness is related to types of amblyopia or
its treatment.

Procedure

A total of 42 children participated in this observational,
cross-sectional prospective study. They were recruited from
Optometry and pediatric ophthalmology clinics at tertiary
hospital. They were divided into three groups: Non strabismus
ambyliopia group, comprising 12 children, Strabismus
ambyliopia group, comprising 12 children and age and sex
matched control group in good general and ocular health,
comprising 18 children. Amblyopic children aged between
3 to 12 years with reduction in best corrected visual acuity
by two lines in Log MAR between both eyes. [2] Amblyopia
in children is caused by strabismus [12], refractive errors
[13] and deprivation [14]. The severity of amblyopia was
classified based on visual acuity of the amblyogenic eye as:
mild amblyopia of 20/30 to 20/40 (log MAR 0.20 to 0.30 ),
moderate amblyopia worse than 20/40 to 20/100 (log MAR
0.30 to 0.70) , and sever amblyopia being worse than 20/125
(log MAR 0.80) [15]. Children control groups with refractive
errors (i.e. Myopia or hyperopia, astigmatism) were included
in this study to compare axial length and choroidal structure
between amblyopic children and controls and investigate
the cause of changes, which could be related to amblyopia
or its treatment. Children that are not age matched or with
glaucoma, ocular hypertension, prior refractive surgery,
laser treatment, retinal diseases, or neurological diseases or
following existing treatment plans with prescribed regular
medications were excluded from this study.

Ocular examination

Each child underwent a full ophthalmic examination,
including visual acuity using log MAR chart and choroidal
thickness using optical coherence tomography. General
ocular assessment including extraocular muscles test,
binocular function, and fundus assessment with prescription
of amblyopia treatment were performed by pediatric
ophthalmologist. Children’ medical history was obtained
from the parents/caregiver [16].

Choroid thickness measurement

The choroid thickness was assessed in both amblyopic
and control subjects using enhanced depth optical coherence
tomography ED-OCT [17]. The resulting images were
evaluated to determine the luminal, stromal, and total
choroidal area changes in both subjects by comparing the
ED-OCT images obtained before treating amblyopic subjects
and after six months of treatment by optical corrections and
patching therapy.
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Ethical consideration

Ethical approval was obtained from the scientific research
deanship at tertiary hospital. Its protocol was explained to
each participant at the time of recruitment and informed
consent was obtained from the caregivers/parents according
to the Declaration of Helsinki.

Statistical analysis

The statistical software used to conduct the analysis
is IBM-SPSS Statistics version 17.0, which suits the type
of variables for the collected data and targeted analysis.
Normality assumption tested using Normal Q-Q Plot in order
to compare the choroid thickness measurements between
the study groups. One-way Analysis of Variance (ANOVA)
statistical test was used to check significant differences (at
0=0.05) between study groups. The results of the retinal
choroid thickness change in amblyopic and non-amblyopic
eyes were analyzed by paired samples t-test, we considered
there was a significant difference when P-value less than
(P<0.05).
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Results

A total of 42 children were enrolled in the study and
divided into three groups. Table 1 showed demographic
characteristics and clinical ocular parameters of studied
groups. There is no significant difference in age and gender
between groups. Fixation pattern results revealed that all
participants from controls and non-strabismus amblyopia
groups had a central pattern, while children within the
strabismus amblyopia group had an eccentric pattern.
In addition, the degree of amblyopia severity was about
41.7% of patients within the non-strabismus amblyopia
group with a higher degree of severity compared to the
strabismus amblyopia group. Non-strabismus amblyopia
group reported full extraocular muscles compared to the
strabismus amblyopia group that exhibited limited abduction
or adduction of extra ocular muscles. Furthermore, a higher
percentage of strabismus children had limited abduction than
limited adduction of extra ocular muscles.

Table 1: Descriptive analysis of demographic characteristics and ocular parameters of studied groups

Variable Non-Strabismus Amblyopia
(n=12)
Gender Male n (%) 7(58.3%)
Age MeantSD 98+1.8
Amblyopia Treatment Status
Undergoing 8 (66.7%)
Recovered 4 (33.3%)

Fixation Pattern

Central 12 (100%)
Eccentric 0 (0.0%)
Degree of Severity

Mild 4 (33.3%)
Moderate 3 (25.0%)
Severe 5 (41.7%)
Extra Ocular Muscles

Limited Adduction 0 (0.0%)
Limited Abduction 0 (0.0%)
Full 12 (95.7%)
Visual acuity Mean = SD

Amblyopic 0.65+0.36
Non amblyopic 0.31+£0.33
Spherical equivalent

Amblyopic -1.06 £7.24
Non amblyopic 0.79 £4.57

Strabismus Amblyopia

Group

Total
Control (n=18)

(n=12)
6 (50.0%) 10 (55.6%) 23 (54.8%)
83+27 9.4+20 92£22
3 (25.0%) 9 (50.0%) 20 (47.6%)
9 (75.0%) 9 (50.0%) 22 (52.4%)
0(0.0%) 18 (100%) 23 (71.0%)
12 (100%) 0 (0.0%) 13 (29.0%)
6 (50.0%) 0(0.0%) 10 (41.7%)
6 (50.0%) 0(0.0%) 9 (37.5%)
0 (0.0%) 0(0.0%) 5 (20.8%)
3 (25.0%) 0(0.0%) 3(7.0%)
9 (90.3%) 0 (0.0%) 10 (25.2%)
0 (0.0%) 18 (100%) 29 (67.8%)
0.43+0.17 0.15+0.15 ’
0.18 +0.14 013+0.15 ]
1.33 + 3.54 0.42 +3.40 ]
254 +4.12 0.21+3.49 ]
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Non-strabismus amblyopia group reported higher positive
VA-log MAR mean scores for both eyes compared to other
groups. On the other hand, strabismus amblyopia group
reported higher positive spherical equivalent SE mean scores
for both eyes compared to other groups. A statistically
significant difference in visual acuity measurements mean
scores between amblyopic and non-amblyopic eyes was
found for patients within the two amblyopia groups (n=24)
with a P-value <0.001. Moreover, there were significant
differences between amblyopic and non-amblyopic eyes in
spherical equivalent measurements mean scores with P-value
<0.001.

Comparing Choroidal Thickness between Study Groups

ANOVA test used to compare choroidal thickness
measurements within study groups showed that there are no
statistically significant differences between the three groups
in mean scores with p-values greater than (.05). Moreover
there were insignificant differences between amblyopic
or non-amblyopic eyes choroidal thickness with p-values
greater than (.05) (Table 2).
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Comparing Choroidal Thickness between Amblyopic
and non-Amblyopic Eyes

Thereareno statistically significant differences in choroidal
thickness (Nasal, Foveal, and Temporal) measurements
mean scores between amblyopic eye and non-amblyopic
eye for patients within strabismus amblyopia group with
p-values >.05 (significance level). A statistically significant
difference was found in ChT-Foveal mean scores between
amblyopic and non-amblyopic eyes for patients within the
non-strabismus amblyopia group with p-value =.007 <.05
and mean difference of (M=28.5) um where amblyopic eyes
had higher ChT-Foveal mean score. Moreover, a statistically
significant difference in ChT-Temporal mean scores between
amblyopic and non-amblyopic for patients within the non-
strabismus amblyopia group with p-value =.007 <.05 and
mean difference of (M=39.7) um (Table 3).

Comparing Choroidal Thickness based on Amblyopia
Status

The results showed no significant difference between
the recovered and undergoing amblyopia treatment groups

Table 2: Correlation between Mean scores of Choroidal Thickness of amblyopic and control groups.

Amblyopic eye Non amblyopic eye
Group
ChT-Nasal ChT-Foveal ChT-Temporal ChT-Nasal ChT-Foveal ChT-Temporal
Strabismus 25054259 | 305.2%37.2 278.3+27.4 266.2+22.4 | 318.3+31.3 289.3 £ 28.0
Amblyopia (n=12)
Non-Strabismus 263.0£19.3 | 329.0+36.2 300.5 £ 45.7 2455+28.8 | 30051457 258.5 £ 44.0
Amblyopia (n=12)

C°";;°e' ('31'31";;"9“ 25029 +23.63 | 302.92+33.19 | 27363%27.08 | 2454+234  296.8+29.8 268.9 +26.8
P-value* 0.647 0.559 0.586 0.151 0.396 0.353
Table 3: Correlation between mean scores of Choroidal Thickness of Amblyopia group

Strabismus Amblyopia (n=12) Non strabismus amblyopia (n=12)
Group Mean Non- amblyopic Mean
N difference P-value* | Amblyopic eye yop difference | P-value*
Amblyopic eye on- (R-L) eye (R-L)
Amblyopic eye
ChT-Nasal 259.5+259 266.2+£22.4 -6.7 0.565 263.0%£19.3 2455+ 28.8 17.5 0.167
ChT-Foveal 305.2+37.2 318.3+31.3 -13.2 0.498 329.0 + 36.2 300.5+45.7 28.5 0.007
ChT-
278.3+27.4 289.3 £ 28.0 -1 0.403 300.5+45.7 258.5 +44.0 39.7 0.007
Temporal

* Comparison of mean scores of ChT between amblyopic and non-amblyopic eyes within each Amblyopia group using Paired Samples T-test (at

significance level of .05)
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in mean scores for nasal choroidal thickness measurements
within the amblyopic eye with (P = .196) > .05. However,
there was statistically significant differences in ChT (foveal,
and temporal) mean scores within amblyopic eye between
recovered patients and undergoing treatment patients with
(P =.030) <.05 and (P = .038) <.05, and mean differences
(M=31.38) um, (M=26.51) um respectively. Mean scores for
both foveal and temporal choroidal thickness measurements
for amblyopic eye were higher within undergoing treatment
patients group compared to recovered patients (Table 4).

Results demonstrated that ChT-Foveal measurement
mean scores were higher compared to nasal and temporal
choroidal thickness measurements within the amblyopic
eye for both groups, where within undergoing treatment
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amblyopia status group, patients reported highest ChT-
Foveal; mean scores for amblyopic eye compared to other
areas of the choroidal layer. Furthermore, results of Two
independent samples T-test comparing choroid thickness
measurements in non-amblyopic eye showed that there
were no statistically significant differences between the
(recovered and undergoing treatment) groups in mean
scores for (nasal, foveal, and temporal) choroidal thickness
measurements in non-amblyopic eye. Despite that, patients
within undergoing treatment amblyopia group reported
highest ChT (Nasal, Foveal, and Temporal) mean scores
in the non-amblyopic compared to recovered patient group
(Table 4 & Figure 1).

Table 4: Comparison between mean scores of Choroidal Thickness Mean for the Recovered and Undergoing amblyopia Treatment Groups

Amblyopic Eye Mean + SD Non-Amblyopic Eye Mean +DS
Amblyopia Status
CT-Nasal CT-Foveal CT-Temporal CT-Nasal CT-Foveal CT-Temporal
Recovered (n=13) 251.69+24.54 | 299.62+30.24 | 271.85+2554 | 25515+23.33 | 298.0+830.26 & 271.38 +32.00
tm‘j?m"g treatment 266.8+231.02 @ 331.00+3594 298363338 | 258.00+28.85 & 31582+39.31  281.27 +28.88
Controls Right- Left (n=18) | 250.29 +23.63 | 302.92+33.19 | 273.63+27.08 @ 24541234 296.8 £ 29.8 268.9 £ 26.8
P-value* 0.196 0.03 0.038 0.792 0.225 0.439
Choroidal Thickness Mean scores
350 331
315.82
e 298.08 — 299.6 298.36 3023 ;536
71.3 266.8 271. ¥:3 268.9
258
e 255.15 951,69 245,
4 250
]
£ 200
s
=
T 150
O
=
S 100
50
]
A > > > > > > >
& & F & & & & &S
» & & C\ & & c\ b &
& <N «2 & <2 & <
& ¥ < &
(9

H Recovered (n=13)

m Undergoing treatment (n=11)

Figure 1: Comparison for Choroidal Thickness Measurements Mean Scores for the Amblyopic and

non-amblyopic eyes based on Amblyopia Status
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Discussion

The mean scores of temporal and foveal ChT between
amblyopic and non-amblyopic eyes for the non-strabismus
amblyopia group were compared in this study. The present
findings showed that nasal choroidal area in amblyopic eyes
were not statistically significant between controls, recovered,
and undergoing amblyopia treatment subjects. Vincent et al.'s
proved that thinnest choroid is in nasal area and thickest in
foveal &temporal regions in myopic anisometropic eyes. It
has been proposed that thinner choroid nasal to the fovea is
the most vulnerable to alteration during myopia development.
A temporal crescent at the optic nerve head (peripapillary
atrophy) is typical in myopic individuals and is assumed
to involve chorioretinal stretching during axial elongation,
exposing the underlying sclera [18]. Previous study was in
agreement with our results because non-strabismic subjects
recruited were myopic anisometropic amblyopic children.

Our findings showed that foveal and temporal choroidal
areas in amblyopic eye of children recovered from amblyopia
were significantly narrowed and within the average choroidal
thickness of the children (Table 4 and Figure 1).

Foveal and temporal choroidal areas in the amblyopic
eye were significantly decreased after wearing optical
correction compared to those undergoing amblyopia
treatment and controls. Previous research had shown that
nonvascular smooth muscle cells in the stroma had a role
in accommodation by varying choroidal thickness. The
accommodation was impaired in amblyopic eyes than in
normal eyes due to a choroidal compensation mechanism.
Previous studies assumed that amblyopic subjects, after
commencing amblyopia therapy, their eyes will initiate an
alternative compensatory mechanism that reduce stromal
areas and nonvascular smooth muscle cells, to compensate
for refractive error and improve visual acuity. According
to our findings, only amblyopic eyes showed a reduction
in stromal area after therapy as a compensatory mechanism
[8,19].

The study was limited by small sample size. Future, larger
studies are recommended to investigate ambyliopia treatment
more thoroughly.

Conclusion

The present findings suggested that choroidal thickness
could be altered by different types of amblyopia. Myopic
anisometropic amblyopia; could exhibit thin nasal CT area due
to myopic development alterations (axial length elongation);
with thick foveal and temporal regions. The foveal and
temporal choroidal areas in amblyopic recovered eyes were
significantly decreased after wearing optical correction
compared to those undergoing amblyopia treatment and
controls. Such a reduction compensated for refractive error
and improved the best-corrected visual acuity.
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