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Abstract  

Background:  Amblyopia is a unilateral or bilateral decrease  

of visual acuity caused by deprivation of pattern vision or  

abnormal binocular interaction, for which no cause can be  

detected by physical examination of the eye and which in  
some cases, can be reversed by therapeutic measures.  

Aim of Study:  To examine amblyopic eyes in a comparative  
study with age matched controls to detect possible changes  

in macular, Ganglion cell layer (GCL), choroid, peripapillary  
retinal nerve fiber layer (RNFL) measurements using optical  

coherence tomography (OCT), and foveal avascular zone  
(FAZ) area using optical coherence tomography angiography  
(OCTA).  

Patients and Methods:  A case control observational study.  
Forty eyes of forty participants divided into 4 groups. 30  

patients with unilateral amblyopia due to strabismus, ani-
sometropia and sensory deprivation (each group included 10  

patients) compared with 10 controls. OCT & OCTA were done  
using (Heidelberg Engineering, OCT spectralis, Germany).  

Results: As regard mean GCL thickness and FAZ area in  
superficial capillary plexus (SCP) and deep capillary plexus  

(DCP), there was no statistically significant difference between  

patients' groups and control group. Also there was no statisti-
cally significant difference in RNFL thickness between am-
blyopic groups and control group except nasal quadrant in  

strabismic and sensory deprivative groups, there was statisti-
cally significant difference. For sub-foveal thickness there  

was statistically significant difference in strabismic, anisome-
tropic groups, but no significant difference in sensory depriv-
ative group.  

Conclusion:  Patients with unilateral amblyopia were prone  
to have a higher central macular thickness in sensory depriv-
ative group only, with no difference in thickness regarding  

other groups, and thinner nasal quadrant RNFL thickness in  

strabismic and sensory deprivative groups only, when compared  

to control eyes.  
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Introduction  

AMBLYOPIA  is the most common vision deficit  
in children, affecting 2-5% of children in the UK  

and the second most common cause of functional  

low vision in children in low income countries.  
Unilateral amblyopia is a developmental defect of  
vision, and has two main causes: (1) A difference  

in the optical properties of the two eyes, reflected  

in a different spectacle prescription for the right  

and the left eye (anisometropia) and (2) Strabismus  

(misalignment of the visual axes). Some children  

have both anisometropic and strabismic amblyopia  
('combined' or 'mixed mechanism' amblyopia) [1] .  

Rarely, congenital or early childhood obstruc-
tion of the visual axis, for example by lid ptosis  

or by opacities of the cornea, crystalline lens or  
vitreous, can give rise to amblyopia by deprivation,  

as the retina does not receive a clear image [1] .  

Although it has been reported that amblyopia  

primarily causes cerebral anatomical alterations  
in lateral geniculate bodies and the visual cortex,  

it can also affect retinal layers and vascular struc-
tures [2] . Contrary to the general belief that the  
amblyopic eyes are structurally normal, significant  

alterations have been found in the rerinal nerve  

fiber layer (RNFL), ganglion cell layer (GCL) and  

foveal thickness in patients with amblyopia. How-
ever, a consensus on retinal abnormalities has not  

been reached [3] . Optical coherence tomography  
(OCT) is a non-invasive and non-contact type of  
fundus imaging with high repeatability and relia-
bility that is not influenced by uncorrected refrac-
tive errors or illumination conditions. Therefore,  

OCT has been described as a useful tool in present-
ing subtle macular pathologies [4] .  

Optical coherence tomography angiography  

(OCTA) is a non-invasive diagnostic imaging tech- 
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nique. It provides images of the retinal vasculature  
in a few seconds without the need to use a dye,  

eliminating the risk of allergic reactions and patient  
discomfort [5] . OCT-A obtains images of the retinal  
vessels by comparing the signals of a series of  

consecutive B-scans performed at the same location  

[6] . The temporal evolution of the optical coherence  
tomography (OCT) signal, caused by the motion  

of scattering particles such as erythrocytes within  

vessels, allows the visualization of functional blood  
vessels [5] . Furthermore, OCT-A is able to examine  
the size and the contour of the foveal avascular  

zone (FAZ) [7] .  

Aim of the work:  

To compare amblyopic eyes with age matched  

control eyes to detect possible changes in macular,  

GCL, choroid and peripapillary RNFL measure-
ments using OCT and FAZ area using OCTA.  

Patients and Methods  

This study is a case control observation study  
it included 40 eyes of 40 patients attending outpa-
tient clinic of Ophthalmology Department of Re-
search Institute of Ophthalmology in Giza, from  
the period October 2020 till December2020. Those  

patients were asked to participate and were enrolled  

in this study. The ethical standards stated by the  

ethical committee of Ain Shams University hospi-
tals, were followed. All participants underwent,  

full ophthalmological examination including man-
ifest and cycloplegic refraction using (Topcon  
Auto-refractometer RM 8900). Uncorrected visual  

acuity (UCVA) and best corrected visual acuity  

(BCVA) using Snellen's chart, with conversion to  
logarithm of minimal angle of resolution (Log-
MAR) for statistical analysis. An eye was classified  
as being amblyopic when the BCVA in one eye  

was at least two Snellen visual acuity lines worse  
than the fellow eye, and the anisometropia was  
defined as an inter-ocular difference in refraction  

of at least 1.5 diopters (D). Cover, cover-uncover,  

alternate cover test and extraocular muscle move-
ments were examined. Anterior segment examina-
tion with slit lamp biomicroscopy. Posterior seg-
ment examination with indirect slit lamp  
biomicroscopy using (Volk +90 lens), and indirect  

ophthalmoscope using (+20 D lens) was done.  

Inclusion criteria were age between 7-18 years  
and amblyopia in one eye due to strabismus, ani-
sometropia or sensory deprivation. We excluded  

patients with history of prematurity, trauma, neu-
rologic disease, or systemic conditions that could  
alter the microvasculature (including diabetes,  

hypertension, cardiovascular disease, and renal  

disease), uncooperative patients, those with poor  

fixation and patients with refractive errors more  

than 6 D.  

Patients were divided into four groups: Group  

(I): Control group (10 patients). Group (II): Stra-
bismic amblyopia (10 patients). Group (III): Ani-
sometropic hypermetropic amblyopia (10 patients).  

Group (IV): Sensory deprivation (10 patients).  

OCT was done to measure the macular, GCL,  
peripapillary RNFL, and choroid thickness & OC-
TA was done to measure FAZ area using (Heidel-
berg engineering, OCT spectralis, Germany).  

Macula scan:  

OCT images were generated by the fast volume  
scan: 20°x20°  (6x6mm) raster scans consisting of  

25 horizontal lines. For each horizontal line, nine  
B-scans were averaged with the automatic real-
time mode to reduce speckle noise. Whereas scans  

with significant image artifacts were excluded.  
The retinal thickness in each frame was calculated  

as the distance between the first signal from the  

vitreo-retinal interface and the signal from the  
outer border of the retinal pigment epithelium  

(RPE). Spectralis OCT provides a circular map  

analysis in which the average thickness is displayed  

as a color code or numeric values in the nine Early  
Treatment Diabetes Retinopathy Study (ETDRS)  
areas. The ETDRS map consists of three concentric  
rings with diameters of 1mm (central), 3mm (inner),  

and 6mm (outer), the inner and outer rings are  

divided into four areas. All these measurements  
were calculated automatically by the software in  

different planes. Macula map for measurement of  

total thickness and GCL.  

Optic disc and peripapillary RNFL scan:  

Using SD-OCT (Spectralis) with a 3.46mm-
diameter scan circle centered on the optic disc, the  

Spectralis OCT software allows for automatic  
segmentation of the upper and lower borders of  

the RNFL to calculate the average RNFL thickness.  

Peripapillary RNFL thickness values are divided  

into 4 quadrants, namely superior, inferior, nasal  
and temporal.  

Choroidal thickness:  
The SD-OCT with enchanced depth imagining  

(EDI) system was used to measure Choroidal thick-
ness. Choroidal thickness was manually measured  
at fovea, 1 and 3mm nasally and temporally using  

horizontal line scans from 9am to 12pm to avoid  

diurnal variation. The choroid was measured from  
the outer portion of the hyper-reflective line corre- 
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sponding to the RPE to the inner surface of the  
sclera.  

OCTA:  
A rectangular 1 0mm X 5mm area macular scan  

protocol was applied. OCTA of the superficial and  
deep networks were captured. Each scan was au-
tomatically segmented to visualize the retinal  
superficial capillary plexus (SCP) and deep capil-
lary plexus (DCP). SCP OCTA images were seg-
mented with the inner boundary at the internal  

limiting membrane (ILM) and the outer boundary  
at 10µm above the inner plexiform layer (IPL).  
DCP images were segmented with an inner bound-
ary 10µm above the IPL and the outer boundary  

10µm below the outer plexiform layer (OPL). FAZ  
area was measured at both the superficial and deep  

capillary plexus, using software "Draw region"  

tool to outline FAZ area manually, and software  

automatically calculate the outlined area.  

Statistical analysis:  
Data were collected, revised, coded and entered  

to the Statistical Package for Social Science (IBM  

SPSS) version 23. The quantitative data were  

presented as mean, standard deviations and ranges  

when their distribution found parametric. Also  
qualitative variables were presented as number  

and percentages. The measurement of inter observer  

reliability of FAZ area calculations were tested by  
using Intraclass correlation coefficients (ICCs).  

The comparison between two independent groups  

with quantitative data and parametric distribution  

were done by using Independent t-test.  

The confidence interval was set to 95% and the  

margin of error accepted was set to 5%. So, the p-
value was considered significant as the following:  
•p-value >0.05: Non significant (NS).  
•p-value <0.05: Significant (S).  
•p-value <0.01: Highly significant (HS).  

Results  

This study included total of 40 eyes of 40  
patients divided into four groups: Group (I): Control  

group (10 patients). Group (II): Strabismic ambly-
opia (10 patients). Group (III): Anisometropic  
hypermetropic amblyopia (10 patients). Group  
(IV): Sensory deprivation (10 patients). With a  

mean age of 10.50 ± 1.72 for control group and  
11.83±3.11 for amblyopic patients. In control group  
6 eyes belonged to 6 males and the other 4 eyes  
belonged to 4 females, while in amblyopic patients  

group 10 eyes belonged to 10 males and the other  
20 eyes belonged to 20 females. The base charac-
teristics of the studied groups are summarized in  

(Table 1). There was no significant statistical  
difference between these groups in terms of age  

and sex.  

The mean BCVA (±  SD) recorded using Log.  
MAR in control group was (0.0 ±0.0), while in  
strabismic, anisometropic and sensory deprivative  
groups were 0.38±0.14, 0.41 ±0.23 and 0.51 ±0.23  
respectively. There was statistically significant  

difference found between control group and the  

three amblyopic groups regarding BCVA ( p-value  
<0.001). (Table 2).  

Table (1): Demographic data.  

Control group  
No. = 10  

Patients group  
No. = 30  Test value  p-value  Sig.  

Age:  
Mean ±  SD  10.50± 1.72  11.83±3.11  –1.285•  0.206  NS  
Range  8-14  7-17  

Sex:  
Male  6 (60.0%)  10 (33.3%)  2.222*  0.136  NS  
Female  4 (40.0%)  20 (66.7%)  

Eye:  
Right  10 (100.0%)  10 (33.3%)  13.333*  0.000  HS  
Left  0 (0.0%)  20 (66.7%)  

p-value >0.05: Non significant (NS). p-value <0.05: Significant (S).  
p-value< 0.01: Highly significant (HS)  *:Chi-square test.  •: Independent t-test.  

Table (2): Shows the difference between 4 groups regarding visual acuity.  

VA  Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

p-value  

Mean ±  SD 0.00±0.00 0.38±0.14 0.41 ±0.23 0.51 ±0.23 <0.001  
Range 0-0 0.2-0.7 0.2-1 0.3-1  

p-value >0.05: Non significant (NS).  p-value <0.05: Significant.  •: One Way ANOVA test.  
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Structural OCT data:  
Total macular thickness:  

Comparison was done between control group  
and patients' group as regards mean total macular  

thickness in the central (1mm) and in the four  
quadrants (at 3mm and 6mm) and revealed that  
there was no statistically significant difference (p-
values were >0.05) except for central macular  

thickness in sensory deprivative group there was  

significant increase in thickness compared to con-
trol group with p-value 0.033 (Table 3).  

Ganglion cell layer:  

Comparison was done between control group  
and patients' group as regard mean GCL thickness  

in the central (1mm), and in the four quadrants (at  

3mm and 6mm) and revealed that there was no  
statistically significant difference in all quadrants  

(p-values were >0.05) (Table 4).  

Retinal nerve fiber layer:  

Comparison between control group and patients'  

group was done regarding RNFL thickness and  

revealed non statistically significant difference in  

all quadrants in patients with anisometropic am-
blyopia, also in strabismic and deprivative groups  
there was no statistically significant difference in  
superior, inferior and temporal quadrants (p-value  
>0.05). A statistically significant thinner nasal  

quadrant was found in strabismic and sensory  
deprivative groups (p-value 0.011, p-value 0.015  
respectively) (Table 5).  

Table (3): Comparison between control group and patients' group regarding total macular thickness.  

Full macular thickness  Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

p-value  

Central macular thickness:  
Mean ±  SD  252.60± 17.95  252.50±22.55  247.70± 18.37  271.10± 14.91  0.040  
Range  229-277  220-284  227-273  248-290  

3mm:  
Superior:  

Mean ±  SD  345.20± 12.46  334.00± 13.02  341.10± 18.55  346.50±30.34  0.504  
Range  326-365  317-360  316-368  283-396  

Inferior:  
Mean ±  SD  337.40± 10.05  331.10± 14.72  335.50± 17.42  335.00±23.26  0.867  
Range  318-349  307-353  312-361  277-356  

Nasal:  
Mean ±  SD  338.60± 13.42  332.50± 14.97  337.70± 19.18  341.80±24.14  0.726  
Range  310-356  308-362  311-369  285-363  

Temporal:  
Mean ±  SD  328.60± 10.44  318.60± 15.06  323.00± 16.12  327.80±24.22  0.541  
Range  313-344  300-340  302-343  268-352  

6mm:  
Superior:  

Mean ±  SD  306.60± 12.41  302.90±20.17  303.00± 12.25  300.40±21.71  0.882  
Range  275-317  281-340  287-323  254-318  

Inferior:  
Mean ±  SD  299.60± 17.75  291.20± 18.59  293.00± 12.52  282.20± 19.34  0.178  
Range  255-314  264-316  272-309  247-304  

Nasal:  
Mean ±  SD  318.90± 14.57  313.60± 17.18  317.00± 13.64  313.90±24.52  0.895  
Range  286-333  296-342  302-345  258-334  

Temporal:  
Mean ±  SD  290.40± 13.49  282.70± 13.89  286.20± 14.47  280.30±21.81  0.542  
Range  257-304  259-304  266-310  243-308  

p-value >0.05: Non significant (NS).  
p-value <0.05: Significant (S)  
•: One Way ANOVA test.  
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Table (4): Comparison between control group and patients groups regarding GCL.  

1547  

GCL thickness  Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

p-value  

GCL thickness:  
Mean ±  SD  12.00±3.13  14.10±5.36  12.70±3.43  15.30±3.65  0.271  
Range  7-17  7-23  7-17  9-22  

3mm:  
Superior:  

Mean ±  SD  54.30±2.67  49.60±6.11  52.90±5.65  52.70± 10.77  0.493  
Range  49-58  38-59  40-58  24-61  

Inferior:  
Mean ±  SD  52.80±3.82  50.60±5.13  52.50±2.80  50.30± 10.67  0.751  
Range  47-60  44-59  47-56  22-60  

Nasal:  
Mean ±  SD  51.50±4.33  48.50±5.72  51.70±3.97  51.30± 11.33  0.708  
Range  41-56  40-57  46-59  21-60  

Temporal:  
Mean ±  SD  48.40±3.37  45.00±6.85  47.40±3.44  45.70± 10.04  0.642  
Range  42-52  31-52  42-52  21-56  

6mm:  
Superior:  

Mean ±  SD  38.10±3.38  35.60±4.55  35.00±3.13  34.80±6.14  0.337  
Range  32-43  30-44  31-39  20-41  

Inferior:  
Mean ±  SD  37.20±6.53  35.30±5.50  35.50±4.22  30.70±4.60  0.055  
Range  27-47  27-47  30-42  24-36  

Nasal:  
Mean ±  SD  39.60±4.53  3 8.60±3.60  39.40±2.95  36.70±6.04  0.455  
Range  31-46  34-46  34-44  24-44  

Temporal:  
Mean ±  SD  39.20±4.26  34.40±7.35  37.40±5.23  32.10±7.53  0.072  
Range  30-45  23-47  32-47  22-43  

p-value >0.05: Non significant (NS). p-value <0.05: Significant (S). p-value < 0.01: Highly significant (HS). •: One Way ANOVA test.  

Table (5): Showing RNFL comparison between control group and amblyopic groups.  

RNFL  Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

Test  
value  

p - 
value  Sig.  

Superior:  
Mean ±  SD  125.40± 13.87  118.40±20.71  138.10± 13.35  115.90±31.55  2.206  0.104  NS  
Range  110-157  85-153  105-156  45-157  

Inferior:  
Mean ±  SD  132.00± 10.65  127.30± 18.65  148.90± 18.35  130.40±39.01  1.622  0.201  NS  
Range  116-150  103-155  113-173  44-191  

Nasal:  
Mean ±  SD  85.20± 13.16  68.30± 12.57  91.20± 10.75  69.00± 18.87  6.651  0.001  HS  
Range  64-100  51-90  75-106  30-94  

Temporal:  
Mean ±  SD  77.60±9.43  71.70± 13.28  72.30±4.95  72.70± 18.94  0.455  0.716  NS  
Range  62-97  50-88  63-78  25-97  

p-value >0.05: Non significant (NS).  p-value <0.05: Significant (S).  p-value <0.01: Highly significant (HS).  
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Choroidal thickness (Table 6) (Fig. 1):  

Comparison between control group and patients'  

group was done regarding Choroidal thickness at  

subfovea, 1mm and 3mm (nasal & temporal) and  
revealed the following:  

For subfoveal thickness there was statistically  
significant difference in strabismic, anisometropic  

groups (p-value 0.03 1, p-value 0.001 respectively)  
and no statistically significant difference in Sensory  

deprivative group (p-value 0.0073).  

At nasal 1mm there was statistically significant  

difference in strabismic, anisometropic and sensory  

deprivative groups (p-value 0.023, p-value 0.007,  

p-value 0.027 respectively). And for temporal 1mm  
there was no statistically significant difference in  
strabismic and sensory deprivative group (p-value  
0.053, p-value 0.050 respectively) and statistically  

significant difference in anisometropic group (p-
value 0.004).  

At temporal 3mm there was no statistically  

significant difference in all patients' group ( p-value  
>0.05). For nasal thickness at 3mm there was no  

statistically significant difference in strabismic  
and sensory deprivative group ( p-value 0.077, p-
value 0.205 respectively) and statistically signifi-
cant difference in anisometropic group ( p-value  
0.005).  

Table (6): Comparing choroidal thickness between control group and amblyopic group.  

Choroidal  
thickness  

Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

Test  
value  

p - 
value  Sig.  

Nasal 3mm:  

Mean ±  SD  165.20±22.27  197.10±46.91  217.20±38.22  187.80±44.39  3.039  0.041  S  

Range  126-213  114-272  146-266  133-290  

Nasal 1 mm:  

Mean ±  SD  262.00±3 8.34  317.20±76.28  328.70±34.35  315.30±47.68  3.306  0.031  S  

Range  202-339  200-470  267-397  210-378  

Subfoveal:  

Mean ±  SD  309.70±39.77  362.50±72.61  399.00±32.11  353.10±56.51  4.866  0.006  HS  

Range  238-363  243-511  324-437  230-415  

Temporal 1 mm:  

Mean ±  SD  288.20±44.90  335.20±78.01  361.30±22.40  335.80±49.49  3.363  0.029  S  

Range  213-341  232-501  313-386  240-389  

Temporal 3mm:  

Mean ±  SD  268.70±39.28  276.10± 100.09  317.70±22.44  286.20±43.85  1.331  0.279  NS  

Range  202-318  146-501  282-363  238-361  

p-value >0.05: Non significant (NS).  
p-value <0.05: Significant (S).  
p-value < 0.01: Highly significant (HS).  
•: One Way ANOVA test.  
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Table (7): Comparison between control group and patients' group regarding mean FAZ (mm 2) area in SCP and DCP.  

Control group  
No. = 10  

Strabismic  
amblyopia  
No. = 10  

Anisometropic  
amblyopia  
No. = 10  

Sensory deprivative  
amblyopia  
No. = 10  

p - 
value  

SCP:  

Mean ±  SD  0.29±0.05  0.35±0.12  0.33±0.10  0.31 ±0.04  0.412  

Range  0.17-0.35  0.19-0.5  0.22-0.5  0.25-0.39  

DCP:  

Mean ±  SD  0.23±0.05  0.27±0.11  0.30±0.08  0.25±0.05  0.154  

Range  0.14-0.28  0.18-0.46  0.19-0.41  0.15-0.32  

p-value >0.05: Non significant (NS).  
p-value <0.05: Significant (S).  
p-value <0.01: Highly significant (HS).  

OCT-A data (Table 7) (Fig. 2):  

Mean FAZ area in SCP:  

Comparison was done between the control group  
and patients' group regarding mean FAZ area in  
SCP and revealed that there was a no statistically  

significant difference (p-value was 0.0412).  

Mean FAZ area in DCP:  

Comparison was done between the control  
group and patients' group regarding mean FAZ  
area in DCP and revealed that there was no sta-
tistically significant difference ( p-value was  
0.154).  

Fig. (1): Choroidal thickness (A) Control (RT eye), (B) Strabismic (LT eye), (C) Anisometropic (RT eye),  

(D) Sensory deprivative (LT eye).  



1550 Optical Coherence Tomography Findings in Amblyopia  

(A)  

(D)  

(B)  

(C)  

Fig. (2): FAZ in SCP (Left) and DCP (Right) of (A) Control (B) Strabismic amblyopia, (C) Anisometropic amblyopia (D)  

Sensory deprivative amblyopia.  

Discussion  

For many years, amblyopia has been considered  
a disorder of the visual system that represents  
unilateral or bilateral reduction of visual acuity in  
which an organic cause could not be detected [8] .  

New horizons in understanding the etiopathol-
ogy of amblyopia are offered by OCT which seems  

to highlight morphologic anomalies in the retina  
of the amblyopic eye [9] . A series of studies that  
aimed to analyse macular thickness, optic nerve  
morphology and also choroidal thickness in the  
amblyopic eye have been published in the last  
years. The results are often contradictory because,  

when conducting an OCT in patients with ani-
sometropia it is important to correct the magnifi- 
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cation of the device according to refraction and  
axial length of the eye. Also, results differ depend-
ing on the device used [9] . Another limitation  
regarding accurate interpretation of OCT in children  

emerges from the inexistence of international es-
tablished normative values of macular and RNFL  

parameters in children [10] .  

OCTA is a new and non-invasive method of  

retinal and optic nerve head imaging based on high  

resolution analysis. No dye is required to visualize  

the microvascular network, because the movement  
of blood cells provides contrast [11] . OCTA obtains  
blood flow and density in a repeatable and repro-
ducible manner [12] , achieving volumetric angi-
ograms with structural and functional vascular  

information and the possibility of segmentation at  

different depths [13] .  

Regarding macular thickness:  
In this study on comparing control group and  

patients' groups as regards mean total macular  
thickness in the central (1mm) and in the four  
quadrants (at 3mm and 6mm) we found the follow-
ing:  

For the sensory deprivative group there was  

significantly thicker central macular thickness  

(1mm) with (p-value 0.033) and no statistically  
significant difference in four quadrants of macular  

thickness (at 3mm and 6mm) with (p-value >0.05).  
This was similar to a study conducted by Kasem  

and Badawi, 2017 on 12 amblyopic patients (sen-
sory deprivation), they found that central macular  
thickness showed a significant variance between  

the amblyopic eyes and the fellow eyes ( p=0.021),  
while the average macular thickness showed an  
insignificant difference ( p-value >0.05) [14] .  

In our study, for the strabismic and anisome-
tropic groups there was no statistically significant  
difference in mean central macular thickness and  

macular thickness in four quadrants (3mm and  
6mm) (p-values were >0.05). And this was consist-
ent with a study conducted by Araki et al., 2014  

and Araki et al., 2017 [15,16] .  

In contrast, Al Haddad et al., 2011 found that  
the central macular thickness was significantly  

increased in amblyopic eyes as compared to that  

of the fellow eyes in anisometropic amblyopia, but  

not in strabismic amblyopia [17] . Park et al., 2011  
additionally reported finding no statistically sig-
nificant differences in the total macular thickness  

between the amblyopic and normal fellow eyes in  
unilateral amblyopia, with these eyes also showing  

no significant differences in the refractive errors.  

Based on these findings, they believed that it is  

possible that a change in the macular thickness of  
amblyopic eyes relates to refraction [18] . However,  
Al Haddad et al., 2011 also reported that ani-
sometropia alone did not lead to such a difference,  
which suggests that there could possibly be a  
correlation between amblyopia and the development  

of the retinal layers [17] .  

Regarding ganglion cell layer thickness:  
This study found that there was no statistically  

significant difference on comparing GCL thickness  

between control group and amblyopic groups with  
(p-value >0.05).  

That was similar to two studies conducted by  

Araki et al., 2014 and Araki et al., 2017 they found  

that there was no significant difference in GCL  

thicknesses among the strabismic, anisometropic  
amblyopic patients and control eyes with ( p-value  
>0.05) [15,16] .  

Also Kim et al., 2013 conducted a study on 14  

unilateral pseudophakic children with deprivational  

amblyopia. They stated that there was no statisti-
cally significant difference on comparing GCL in  

sensory deprivative group ( p-value >0.05) [9] .  

On the other hand, Park et al., 2011 reported  
that the GCL-IPL thickness was thinner in ambly-
opic eyes than in fellow eyes [18] . In contrast,  
Tugcu et al., 2013 found that the GCC thickness  
was thicker in amblyopic eyes than in controls [19] .  
The causes of these differences in results may be  

related to factors in the study design, such as which  

structures were measured; for example, whether  

the nerve fiber layer thickness was included in the  
inner retinal thickness. Additionally, that hetero-
geneity of the SD-OCT model that was used for  
the study is one of the factors to cause the different  

results [19] .  

Regarding retinal nerve fiber layer:  
Comparison between control group and patients'  

group was done regarding RNFL thickness and  

revealed non statistically significant difference in  

all quadrants in patients with anisometropic am-
blyopia, also in strabismic and deprivative groups  
there was no statistically significant difference in  
superior, inferior and temporal quadrants (p-value  
>0.05). And statistically significant less thickness  
in nasal quadrant in strabismic and sensory depriv-
ative groups (p-value 0.011, p-value 0.015 respec-
tively).  

Kim et al., 2013 conducted a study on 14 uni-
lateral pseudophakic children with deprivational  
amblyopia, and 14 age matched normal children,  

they found no significant difference in superior,  
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inferior and temporal quadrants (p-value >0.05)  
that was similar to our study but, their study found  

that nasal RNFL thickness was significantly greater  
in amblyopic eyes than in normal eyes (p=0.037)  
[9] .  

Another study for sensory deprivational ambly-
opia conducted by Bansal et al., 2016. They found  

that the patients with unilateral cataract showed  

significant thinning of superior, nasal, and temporal  

RNFL compared to the fellow eyes as well as age  
matched normal eyes. In bilateral cataract, there  

was statistically significant thinning of RNFL in  
superior and nasal quadrants as compared to age  

matched normal eyes [20] .  

For anisometropic group Araki et al., 2017  
stated that there was no statistically significant  

difference in superior, inferior, nasal and temporal  

quadrants (p-value >0.05) that was consistent with  
our study [16] .  

For anisometropic and strabismic groups a study  
conducted by Atakan et al., 2015 on 61 amblyopic  

(30 strabismic, 31 anisometropic), the RNFL was  

found thinner in anisometropic group compared  
to control eyes, and there was no statistically  
significant difference were found in all values  
between groups (p>0.05), that was similar to our  
study [21] . For strabismic group they found that  
RNFL was slightly thicker comparing to control  
group, but not significantly different. That was in  

contrast to our study that found non significant  
difference in all quadrants except nasal quadrant  

that was significant smaller in comparison to control  

group (p-value=0.011) [21] .  

Regarding choroidal thickness:  

Our study found that there was significantly  
greater choroidal thickness at nasal (1mm and  
3mm), sub-foveal and temporal 1mm (p-value  
<0.05) and non-significant difference at temporal  

3mm on comparing anisometropic group with  

control (p-value >0.05). Regarding strabismic  
group it was significantly greater at nasal 1mm  
and sub-foveal, non-significant difference at nasal  
3mm and temporal 1mm, 3mm.  

Tenlik et al., 2014 conducted a study on total  

53 subjects with hyperopic anisometropic ambly-
opia and 53 age-matched controls were included  

in this prospective study. Their study stated that  

choroidal thickness shows significance difference  

(thicker) (p-value <0.001) in all sectors including  

temporal 3mm that was in contrast to our study  

that found no significance difference in temporal  

3mm regarding anisometropic group [22] .  

Another study conducted by Aygit et al., 2015  

on 40 patients with anisometropic amblyopia, 40  
patients with strabismic amblyopia and 40 age-
matched controls. In agreement to our results they  
found that subfoveal choroidal thickness of both  
anisometropic and strabismic amblyopic eyes were  
significantly thicker than that of the fellow eyes  

of the corresponding groups and the control eyes  

(p<0.05 for all). But in contrast to our study they  
found non significance difference at 1mm nasal  

[23].  

It is believed that the choroid plays a role in  

emmetropization and refractive error development.  

Previous studies have established that a variety of  

young animals undergo rapid changes in choroidal  

thickness in response to imposed defocus to adjusts  

the position of the retina and maintain clear vision  
[24].Therefore, Aygit et al., 2015 extrapolated that  
in amblyopic eyes, this choroidal compensation  

does not occur, explaining why choroidal thickness  

was thicker than in fellow eyes and the normal  

control eyes.  

To our knowledge our study is the first study  
on sensory deprivation regarding choroidal thick-
ness. We found significantly greater choroid thick-
ness at 1mm nasal and temporal ( p-value <0.05),  
non significant difference at 3mm temporal, 3mm  
nasal and sub-foveal (p-value >0.05).  

Regarding SCP and DCP:  

Comparison was done between the control  
group and patients' group regarding mean FAZ  
area in SCP and DCP. Our study found that the  

FAZ in both SCP and DCP was larger but not  
statistically significant (p-value was 0.0412 &  
0.154) respectively.  

Sobral et al., 2018 conducted a similar study  
on total of 52 children, 26 in the amblyopic group  

and 26 in the control group. In the amblyopic  

group, 16 children had strabismic amblyopia and  

10 had anisometropic amblyopia. In subjects, the  
mean area of FAZ of the SCP was higher in the  

amblyopic eye than in the control eye, although  

the difference did not reach statistical significance  

(p=0.2104). The FAZ area of the DCP was also  
larger in the amblyopic eye than the contralateral  
eye, again not reaching statistical significance  
(p=0.0907) [25] .  

Another study conducted by Miki et al., 2019  

stated that the mean area of FAZ of the SCP and  

DCP was smaller in the amblyopic eye than in the  
control eyes, this was in contrast to our study that  
was larger but it also did not reach statistical  

significance (p>0.05) [26] .  
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To our knowledge our study is the first study  
on sensory deprivation regarding FAZ area in SCP  

and DCP, we found that the FAZ in both SCP and  
DCP was higher but not statistically significant  

(p-value >0.05).  

Our study was limited by small sample size.  

Further researches including larger sample size are  

needed for more evaluation of OCT and OCTA  
findings in amblyopic patients.  

Conclusion:  
Patients with unilateral amblyopia were prone  

to have a higher central macular thickness in sen-
sory deprivative group only, with no difference in  

thickness regarding strabismic and anisometropic  

groups, while there was thinner nasal quadrant  

RNFL thickness in strabismic and sensory depriv-
ative groups only, when compared to control eyes.  
Also there was significant increase in sub-foveal  

choroidal thickness in strabismic and anisometropic  

group with no difference in sub-foveal thickness  

in sensory deprivative group. Regarding GCL and  
(SCP, DCP) in FAZ area there was no significant  

difference between amblyopic groups and control  
group.  

Further studies are needed on larger number of  

patients to evaluate the results of OCT and OCTA  

findings in amblyopic patients.  
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