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ABSTRACT 

Purpose: Amblyopia is one of the most common causes of visual loss in children affecting 0.2% to 1.1% of school going 

children. A difference in refractive error between the two eyes (anisometropia) is a common cause of amblyopia, being present 

as the only identifiable amblyogenic factor in 37% of cases and present concomitantly with strabismus in an additional 24% of 

clinical populations. 

Objective: The aim of this study is to determine the changes in retinal nerve fiber layer thickness and macular thickness in different 

types of amblyopia using optical coherence tomography. 

Patients and methods: This cross-sectional study was conducted at Ophthalmology Departments of Menoufia University 

Hospitals. It was carried out on 144 eyes of 72 patients with unilateral amblyopia divided as strabismic amblyopic group (n= 

24), derivational amblyopic group (n=11) and anisometropic amblyopic group (n=37). 

Results: there was no statistically significant differences in the mean of RNFL thickness and also mean of central & average macular 

thickness in amblyopic eye compared to fellow eye in all groups expect in (Deprivational group) there was highly statistically 

significant decrease in the mean of inferior RNFL thickness & highly statistically significant increase in the mean of central macular 

thickness in amblyopic eye compared to fellow eye. 

Conclusion: These findings suggested that there no changes in retinal nerve fiber layer thickness and macular thickness in different 

types of amblyopia using optical coherence tomography except in deprivational group These findings suggested that there no changes 

in retinal nerve fiber layer thickness and macular thickness in different types of amblyopia using optical coherence tomography except 

in deprivational group .This may be a diagnostic tool to differentiate between deprivation amblyopia and different types of amblyopia. 

Also this may encourage further neurological investigation s to know pathophysiological neurological changes that occur which may 

have its influence for a future therapy of deprivation amblyopia. 

Keywords: Optical coherence tomography, amblyopic children. 

INTRODUCTION 

Amblyopia can be defined as reduced best corrected visual 

acuity (BCVA) in one or both eyes caused by abnormal visual 

experience during visual development. It may be caused by 

sensory deprivation, image blur from refractive errors, 

strabismus, or combination of these factors1. 

The three main types of amblyopia are: strabismic, 

anisometropic and from vision deprivation. It has been thought 
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that only functional changes in visual cortex and lateral 

geniculate body can be observed in patient with amblyopia. 

The matter of retinal changes in amblyopia is still inconclusive 

and under investigation2. 

Amblyopia usually associated with changes in the 

distribution of ocular dominance patterns in the visual cortex, 

cell shrinkage in the lateral geniculate body, and optic nerve 

hypoplasia3. 

Retinal nerve fiber layer (RNFL) is considered a very 

sensitive indicator of early glaucoma preceding other 

structural and functional changes of glaucomatous damage4. It 

remains a questionable topic in amblyopia study Does RNFL 

thickness differ in amblyopic eyes or not? This could be 

possible through comparing RNFL thickness in normal fellow 

and amblyopic eyes in order to make more clinically useful 

normative databases of RNFL thickness which help early 

diagnosis and monitoring of glaucoma and optic nerve 

disorders5. Many techniques can be used to assess retinal nerve 

fiber layer thickness such as scanning laser polarimetry (SLP), 

red free ophthalmoscopy and optical coherence tomography 

(OCT)6. 

Optical coherence tomography (OCT) is a non-contact, 

noninvasive method of using low-coherence interferometry to 

detect the echo magnitude and time delay of back scattered 

light reflected off an object of interest leading to exploration 

of microstructure within turbid media. OCT is similar to US 

but using light instead of sound and measuring optical rather 

than acoustic or radio wave and hence the term (optical),7. 

OCT provides a cross sectional image of the anterior eye and 

retina and hence the term tomography (imaging by sectioning). 

OCT image in vivo has a high resolution similar to a 

histological section by light microscopy in vitro8. OCT 

imaging is based on correlation techniques that compare the 

back scattered or back reflected light signal to reference light 

traveling a known path length (direct detection of light echoes 

is not possible because the speed of light is very high),9. 

Aim of the Work 

The aim of this study is to determine the changes in retinal 

nerve fiber layer thickness and macular thickness in different 

types of amblyopia using optical coherence tomography. 

PATIENTS AND METHODS 

I. Patients: This cross-sectional study was conducted at 

Ophthalmology Departments of Menoufia University 

Hospitals. It was carried out on 144 eyes of 72 patients with 

unilateral amblyopia. 

Those patients were classified according to their 

amblyogenic factor into three groups: 

 Group I. Strabismic amblyopic group (n= 24). 

 Group II. Deprivational amblyopic group (n=11). 

 Group III. Anisometropic amblyopic group (n=37) 

And then anisometropia amblyopic group (III) was further 

classified according to their refractive power into three 

subgroups: 

 Sub group a) Anisoastigmatic subgroup (n=9). 

 Sub group b)  Anisohypermetroic subgroup (n=15). 

 Sub group c)  Anisomyopic subgroup (N=13). 

Ethical consideration and written informed consent:  

An approval of the study was obtained from Menoufia 

University Academic Ethical Committee. Every patient signed 

an informed written consent for acceptance of the operation. 

Inclusion criteria: included cooperative patients aged 7 to 18 

years old with different types of amblyopia, and in 

anisometropic group refraction equals or less than -8 diopters 

myopic, +6 hyperopic and 4 diopters astigmatism. 

Exclusion criteria: The following patients were excluded 

from the study:  

1. Uncooperative patients. 

2. Mixed amblyopia patients.  

3. Patients with severe amblyopia with poor or eccentric 

fixation. 

4. Patients with any structural abnormalities of the eye, 

either congenital or acquired. 

5. Mental retarded patients. 

II. All individuals included in this study were subjected to 

the following: 

1-Full history taking: Complete personal history taking 

including age, sex and residence. History of previous ocular 



Optical Coherence Tomography Changes in Children with Unilateral Amblyopia                               EJO(MOC) 2021;4:198-205   

Egyptian Journal of Ophthalmology (EJO), a publication of Mansoura Ophthalmic Center (MOC)                                        200 
 

operation, history of wearing glasses, history of previous 

occlusion therapy, or amblyopia therapy in general.  

2- Comprehensive ophthalmological examination: 

Unaided visual acuity and best corrected visual assessment 

by landot (broken ring “c”) chart, then the visual acuity will be 

converted into logarithm of minimum angle of resolution (log 

MAR) for easier statistical analysis. Pupillary dilatation and 

cycloplejia will perform with cyclopentolate Hcl 0.1%. 

• Fundus examination: using either slit lamp bio microscopy, 

using non-contact Volk 90 lens, indirect or direct 

ophthalmoscopy. 

• Slit lamp examination for anterior segment examination to 

exclude any anterior segment pathology. 

• Ocular tension will measure by Goldmann applanation 

tonometer or schiotz indentation tonometer. 

• Ocular motility assessment. Cover-uncover test. 

• Optical coherence tomography imaging. 

The peripapillary RNFL thickness for the four quadrants 

(superior, inferior, nasal, temporal) and the central macular 

thickness were measured by using Spectralis® spectral domain 

optical coherence tomography (Heidelberg engineering, 

Heidelberg, Germany) (Specralis software version 4.0). 

The CMT is defined as the central circle of 1 mm diameter 

in the macular image was measured by fast macular thickness 

protocol, 6 mm lines in a radial spoke pattern obtained in a 

continuous automated sequence. Internal fixation was used for 

all scans. Peripapillary RNFL thickness was measured using 

fast RNFL thickness (3.4 mm diameter) scan the central circle 

of the RNFL scan which is called “global” and the inferior, 

temporal, superior, and nasal thickness was used to calculate 

the difference between the ametropic and the normal eyes. The 

average of three sets of measurements were collected, 

calculated and tabulated then statistically analyzed and the 

values of the two eyes. 

Statistical analysis 

The data collected were tabulated & analyzed by SPSS 

(statistical package for the social science software) statistical 

package version 26 on IBM compatible computer. Quantitative data 

were expressed as mean & standard deviation (X+SD) and 

analyzed by applying student t-test for comparison of two groups of 

normally distributed variables and Mann-Whiteny test for non-

normally distributed ones. Chi-Square test was used to compare 

categorical variables. P value < 0.05 was considered statistically 

significant in all these tests. 

RESULTS 

72 patients (144 eyes) are included in this study, age of the 

studied groups was 7-18 years, 50% for each amblyopic and 

fellow eyes (72 eyes for other one), patients were 

demographically distributed into 38 male and 34 female (Table 

1). 

Table (1): Demographic data of the patient 

Demographic N=72 

Age, range (mean ± SD), years 8-18 (13.2±3.19) 

Sex 34 females 

38 males 

Regarding peripapillary RNFL, there was highly 

statistically significant increase in the mean of Nasal RNFL 

thicken (89.56±32.53) in amblyopic eye compared to fellow 

eye (75.21±16.59) but there were no statistically significant 

differences between two eyes as regard the mean of superior, 

inferior and temporal RNFL thickness (Table 2). 

Table (2): RNFL thickness of all study group 

 Amblyopic eye 
(n=72) 

Fellow eye 
(n=72) 

t. test P value 

RNFL thickness     
Superior  132.28±31.11 130.57±20.45 0.39 0.70 
Inferior 126.13±24.40 123.99±21.20 0.56 0.58 
Nasal 89.56±32.53 75.21±16.59 3.33 0.001** 
Temporal 77.53±17.53 83.38±25.09 -1.62 0.11 
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Also, according to amblyogenic factor classification in 

amblyopic eyes, there was highly statistically significant 

decrease in the mean of inferior RNFL thickness in 

amblyopic eye (deprivational group), (109.33±9.97) 

compared to fellow eye (120±9.42), (Table 3). However, 

there was statistically significant decrease in the mean of 

superior RNFL (112.67±25.52), inferior RNFL 

(123.11±27.45) and nasal RNFL (72.56±12.60)  with 

statistically significant increase in the mean of temporal 

RNFL (76.89±11.65) in amblyopic eyes (anisoastigmatic  

subgroup)  compared to fellow eyes, while there was 

statistically significant increase in the mean of superior 

RNFL (148.60±45.02) and nasal RNFL (106.87±50.46) in 

amblyopic eyes (anisohypermetroic subgroup) compared to 

fellow eyes, (Table 4). 

Table (3): RNFL thickness in Deprivational group 

RNFL thickness 
Amblyopic eye 

(n=11) 

Fellow eye 

(n=11) 
F test P-Value 

Superior 130.67±5.39 129±3.58 0.925 0.397 

Inferior 109.33±9.97 120±9.42 -6.325 0.001** 

Nasal 64.00±12.03 78.33±22.65 -2.461 0.057 

Temporal 100.67±15.34 83.00±11.63 2.462 0.057 

Table (4): RNFL thickness in Anisometropic group 

RNFL thickness  
Amblyopic eye 

(n=37) 

Fellow eye 

(n=37) 
T- test P-Value 

Superior 

Total  127.00±39.29 122.47±21.22 0.757 0.460 

Anisoastigmatic amblyopia 112.67±25.52 124.80±20.91 3.753 0.020* 

Anisohypermetropic amblyopia 148.60±45.02 126.33±23.77 1.45 0.018* 

Anisomyopic amblyopia 105.15±23.09 104.00±0.00 1.554 0.364 

Inferior 

Total 127.65±31.90 129.94±23.85 -0.815 0.427 

Anisoastigmatic amblyopia 123.11±27.45 128.40±21.33 3.439 0.026* 

Anisohypermetropic amblyopia 139.67±36.26 135.00±27.73 2.14 0.06 

Anisomyopic amblyopia 116.54±25.76 109.00±0.00 2.071 0.286 

Nasal 

Total 86.53±37.82 77.88±14.26 0.921 0.371 

Anisoastigmatic amblyopia 72.56±12.60 81.60±17.90 5.160 0.017* 

Anisohypermetropic amblyopia 106.87±50.46 76.11±15.30 2.06 0.004* 

Anisomyopic amblyopia 84.85±35.85 77.00±0.00 1.573 0.361 

Temporal 

Total 71.47±9.45 69.94±31.34 0.205 0.841 

Anisoastigmatic amblyopia 76.89±11.65 63.00±9.92 3.696 0.021* 

Anisohypermetropic amblyopia 71.87±9.37 78.11±41.78 3.84 0.051 

Anisomyopic amblyopia 66.77±14.86 58.00±0.00 2.019 0.293 

 

Regarding, refractive power classification of 

anisometropic group, there was no statistically significant 

differences in the mean of central and average macular 

thickness in amblyopic eye compared to fellow eye in all 

subgroups except in anisoastigmatic subgroup, there was 

statistically highly significant increase in average macular 

thickness (296.78±15.99) compared to fellow eye 

(283.40±48.84), (Table 5). 
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Table (5): Macular thickness and volume in Anisometropic group 

Anisometropic group 
Amblyopic eye 

(n=37) 

Fellow eye 

(n=37) 
T- test P-Value 

Central Macular 

thickness 

Total 265.06±10.25 261.41±14.11 1.173 0.258 

Anisoastigmatic amblyopia 268.33±14.14 267.20±9.44 1.628 0.179 

Anisohypermetropic 

amblyopia 
258.93±12.27 256.78±14.88 2.31 0.05 

Anisomyopic amblyopia 257.23±29.98 276.00±0.00 0.388 0.765 

Average macular 

volume 

Total 8.95±0.29 8.48±0.66 3.163 0.006** 

Anisoastigmatic amblyopia 8.61±0.63 8.40±0.49 3.426 0.262 

Anisohypermetropic 

amblyopia 
8.99±0.43 8.38±0.66 

2.642 0.133 

Anisomyopic amblyopia 8.15±1.26 8.37±0.00 3.812 0.163 

Average macular 

thickness 

Total 294.29±33.08 291.88±29.28 0.365 0.720 

Anisoastigmatic amblyopia 296.78±15.99 283.40±48.84 32.157 0.022* 

Anisohypermetropic 

amblyopia 
291.20±34.82 299.44±18.99 11.45 0.053 

Anisomyopic amblyopia 280.92±48.04 289.00±0.00 16.32 0.073 

 

DISCUSSION 

OCT achieves reliable cross-sectional stratification of the 

retinal layers. It enabled detailed exploration for pathological 

changes in the retina. Also, it permitted meticulous results and 

analysis for peripapillary nerve fiber layer2. In our study, we 

analyzed the thickness of peripapillary RNFL and macula 

thickness and volume comparing between the amblyopic and 

fellow eye for 72 patients (144 eyes) by SD- OCT. 

Regarding peripapillary RNFL, there was highly 

statistically significant increase in the mean of Nasal RNFL 

thicken (89.56±32.53) in amblyopic eye compared to fellow 

eye (75.21±16.59) but there were no statistically significant 

differences between two eyes as regard the mean of superior, 

inferior and temporal RNFL thickness. Also, according to 

Amblyogenic factor classification in amblyopic eyes, there 

was no statistically significant differences in the mean of 

RNFL thickness in amblyopic eye compared to fellow eye in 

all groups expect in (deprivational group) there was highly 

statistically significant decrease in the mean of inferior RNFL 

thickness in amblyopic eye (109.33±9.97) compared to fellow 

eye (120±9.42) 

Regarding, refractive power classification of 

anisometropic group   there was no statistically significant 

difference in amblyopic eyes (anisomyopic subgroup) 

compared to fellow eyes.  However,  there was statistically 

significant decrease in the mean of superior RNFL 

(112.67±25.52), inferior RNFL (123.11±27.45) and nasal 

RNFL (72.56±12.60)  with statistically significant increase in 

the mean of temporal RNFL (76.89±11.65) in amblyopic eyes 

(anisoastigmatic  subgroup)  compared to fellow eyes, while 

there was statistically significant increase in the mean of 

superior RNFL (148.60±45.02) and nasal RNFL 

(106.87±50.46) in amblyopic eyes (anisohypermetroic 

subgroup) compared to fellow eyes. 

Several previous studies indicated results similar to our; 

For instance, Bob11, found no significant difference in RNFL 

thickness in the amblyopic and the fellows' eyes was 

(103.4±12.0) and (103.4±17.2) respectively. This study was 

limited to anisometropia hyperopic amblyopic children. The 

conclusion of Repk 12 and his colleagues reached to similar to 

the previous results with various types and degrees of 

refractive errors and a wide age range, not confined to certain 
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type of refractive error or children only. They concluded that 

RNFL thickness was insignificantly‖  thicker  in  hyperopic  

amblyopic  eye. Also, Colen et al.,13 confirmed their results 

when they studied strabismic amblyopia in children and also 

reported no statistically difference in thickness of retinal nerve 

fiber layer between amblyopic and normal fellow eyes using 

nerve fiber analyzer. 

Several studies were done about amblyopia and give 

several results in contrast to our study showed no significant 

results according to anisometropic amblyopic eye and this 

supported by Altintas et al.,14, who reported that the RNFL 

thickness was thicker in amblyopic eyes, but that the 

difference was not statistically significant. Similar results were 

reported by Kee et al.15 and Firat et al.16 

A different result with our study as regarding to 

anisohyperopia Singh et al.17 reported that in 

anisohypermetropia only inferior quadrant RNFL was found 

to be significantly thicker in eyes with greater refractive error 

but our study temporal quadrant was the thicker. Other studies 

measured RNFL thickness in patients with unilateral 

amblyopia (strabismic and refractive) and found no significant 

difference between the eyes of strabismic amblyopes; 

however, they found RNFL to be significantly thicker in 

refractive amblyopes. They postulated that amblyopic eyes 

have a thicker retina due to the arrest of the physiological 

postnatal ganglion cell reduction Yen et al.,18 With the 

booming technology, Yoon et al.19 studied 31 patients with 

hyperopic anisometropic amblyopia, they found RNFL 

thickness was more in amblyopic eyes than in fellows.  

Al-Otaibi et al.20 enrolled 93 patients in their study; 36 

candidates suffering from unilateral strabismic amblyopia, 33 

with anisometropic amblyopia and 24 patients were mixed 

type. They noticed increased circumpapillary retinal nerve 

fiber layer thickness in all types of amblyopia. researches 

carried out with Wu et al.21 supported increased RNFL 

thickness in anisometropic amblyopic eyes than in fellow eyes. 

According to amblyopic factor classification in amblyopic 

eyes, there was no statistically significant differences in the 

mean of central & average macular thickness in amblyopic eye 

compared to fellow eye in all groups expect in deprivational 

group, there was highly statistically significant increase in the 

mean of central macular thickness in amblyopic eye 

(270.67±11.81) compared to fellow eye (266.67±11.25).  

Also, according to refractive power classification of 

anisometropic group, there was no statistically significant 

differences in the mean of central and average macular 

thickness in amblyopic eye compared to fellow eye in all 

subgroups except in anisoastigmatic subgroup, there was 

statistically highly significant increase in average macular 

thickness (296.78±15.99) compared to fellow eye 

(283.40±48.84). Against to our study according to CMTD 

Demircan et al.21  who done observations on CMT in 

anisohypermetroic subjects and found significantly greater 

mean central macular thickness in anisometropic amblyopic 

eyes among participants aged 5 to 12 years, but not in those 

who were older. To the best of our knowledge there are no 

studies in the literature on CMT in anisoastigmatism 

amblyopia.22 

Another study of KonuralpYakar, et al.23 reported no 

significant difference in central macular thickness, as CMT 

was (266.9±23.2) and (263.9±22.84), while RNFL thickness 

was (111.9±12.9) and (109.7 ±9.42) in the amblyopic and 

fellow eyes respectively. Unlike the previous study, this one 

was limited to anisomertopic hyperopic amblyopic "adults. 

Additionally, two other studies were limited only to unilateral 

strabismic amblyopia and ended with the above results 

reporting no difference between amblyopic and normal fellow 

eyes as a control group: the study of Xu et al.24 and the second 

was the study of Reza Zarei et al., which had the same results 

but with use of scanning polarimetry25. 

CONCLUSION 

These findings suggested that there no changes in retinal 

nerve fiber layer thickness and macular thickness in different 

types of amblyopia using optical coherence tomography except 

in deprivational group These findings suggested that there no 

changes in retinal nerve fiber layer thickness and macular 

thickness in different types of amblyopia using optical 

coherence tomography except in deprivational group. This may 

be a diagnostic tool to differentiate between deprivation 

amblyopia and different types of amblyopia. Also, this may 

encourage further neurological investigations to know 
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pathophysiological neurological changes that occur which may 

have its influence for a future therapy of deprivation amblyopia. 
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