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INTRODUCTION

Amblyopia is decrease in best-corrected visual acuity in one or both 
eyes due to abnormal binocular interaction or visual deprivation 
during visual immaturity in early life in the absence of structural 
abnormality of the eye or the posterior visual pathways.1,2 Prevalence 
is approximately 3% and may vary depending on the population 
studied and the definition used.3

The causes of amblyopia include strabismus, anisometropia, high 
refractive errors, opacities in ocular media, high astigmatism or a 
combination of two or more etiologies in the same patient.

Introduction: Amblyopia is reduced visual acuity in one or both eyes due 
to abnormal visual development in early part of life. Purpose of this study 
was to evaluate and compare the retinal nerve fibre layer (RNFL) and 
central macular thickness (CMT) between amblyopic and fellow (normal) 
eyes using spectral-domain optical coherence tomography (SD-OCT).

Methods: This was a hospital based, cross-sectional comparative study 
conducted in the department of Ophthalmology, B.P. Koirala Lions Centre 
for Ophthalmic Studies (BPKLCOS), Institute of Medicine (IOM), Tribhuvan 
University Teaching Hospital (TUTH). All consecutive cases of age ≥5 years 
and ≤15 years diagnosed with unilateral amblyopia from January 2013 to 
June 2014 were included in this study. RNFL and macular thicknesses were 
measured using SD-OCT and compared between fellow eyes.

Results: A total of 32 cases with unilateral amblyopia, 19 with hypermetropic 
anisometropic, 4 with myopic anisometropic and 9 with strabismic 
amblyopia were enrolled in the study. The mean age of presentation 
was 9.75±2.77 years. The mean CMT in amblyopic eyes (241±45.27 μm) 
was significantly greater than the normal fellow eyes (233.22±44.24 
μm), p= 0.042. The difference remained significant in hypermetropic 
anisometropic group but not in myopic anisometropic and strabismic 
group. The mean RNFL thickness was similar in amblyopic (104.16±13.64 
μm) and fellow eyes (104.03±13.06 μm).

Conclusions: The CMT was significantly greater in the amblyopic eyes 
than the normal fellow eyes. There was no significant difference in the 
RNFL thickness between the amblyopic and normal eyes.
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In a retrospective review of children diagnosed 
with amblyopia in the Nepal Eye Hospital 
(NEH) amblyopia was found in 0.7 % and 
anisometropia was the most common cause 
followed by ametropia in 29%, strabismus in 14%, 
mixed (strabismus and anisometropia) in 3% and 
stimulus deprivation in 1% of subjects.4 

OCT is a noninvasive, non-contact technique 
of visualizing the retinal structure in vivo with 
an axial resolution of up to 5 μm utilizing near-
infrared interferometry. RNFL thickness measured 
by OCT is almost equivalent to that measured 
histologically.5 OCT has been utilized to study 
RNFL and macular thickness in amblyopic 
eyes. Till the date, the literatures have shown 
conflicting results. Yoon et al6 and Yen et al7 
found thicker RNFL in eyes with anisometropic 
amblyopia. Kee et al8 and Altintas et al9 found no 
difference in the macular and RNFL thickness in 
amblyopic children. More recently, Huynh et al10 
and Al Haddad et al11 showed a thicker fovea 
in amblyopic children, while Quoc EB et al12 
found a thicker RNFL in adults with anisometropic 
amblyopia. To the best of my knowledge no such 
study has been done till now in Nepal, hence 
this study has been carried out to evaluate the 
difference in RNFL and CMT between amblyopic 
and normal fellow eyes using SD-OCT.

METHODS

This study was hospital based, cross-sectional 
comparative study conducted in the department 
of Ophthalmology, BP Koirala Lions Centre 
for Ophthalmic Studies (BPKLCOS), Institute 
of Medicine (IOM), Kathmandu, Nepal from 
January 2013 to June 2014. 

All consecutive patients diagnosed with 
unilateral amblyopia (whether strabismic or 
anisometropic) were included in this study. 
Exclusion criteria were patients above 15 years of 
age, younger subjects not cooperative enough 
for OCT examination, patients with organic eye 
disease (corneal opacity, cataract, glaucoma 
or retinal disorders including history of intraocular 
surgery and laser treatment) and diagnosed 
cases of isoametropic and combined amblyopia 
(strabismic and anisometropic). 

Informed consent was taken from the parents or 
caretaker of every patient before evaluation and 
inclusion in the study. Detailed eye examination 
was performed, including best corrected 
visual acuity (BCVA), cycloplegic retinoscopy, 
orthoptic evaluation, slit-lamp biomicroscopy, 
dilated fundus examination and intraocular 
pressure measurement.

Diagnosis of amblyopia was made when: 1) The 
difference in BCVA between the two eyes was 
two or more Snellen lines in the absence of any 

organic lesion that could result in a decrease in 
vision or 2) The BCVA was less than 6/12 bilaterally 
on the Snellen’s chart in the absence of any 
organic lesion that could result in a decrease 
in vision. For refractive amblyopia, diagnosis 
was made with above criteria along with the 
presence of amblyogenic refractive error as 
mentioned earlier.

OCT examination was done using Spectralis 
SD-OCT (Heidelberg Engineering). A single user 
performed the retinal scans in all the cases and 
all sectoral and global RNFL thickness and central 
macular thickness were measured.

Data Analysis was done by using statistical 
package for social service (SPSS) version 20.0. 
The parameters compared were central macular 
thickness (CMT) and RNFL thickness, global as 
well as quadrant thickness consisting of superior, 
nasal, inferior and temporal. The RNFL and CMT of 
amblyopic eyes were compared with the normal 
fellow eyes using Paired t-test. For the comparison 
in different types of amblyopia Wilcoxon test was 
used.

RESULTS

Amblyopia was diagnosed in 53 patients. Ten 
patients with isoametropic amblyopia, 3 with 
combined amblyopia (anisometropic and 
strabismic) and 8 with decentered OCT scans 
and missing data were excluded. An analysis 
was then performed on 32 patients. There were 
17 male and 15 female patients with mean 
age of 9.75±2.77 years. Demographic data are 
summarized in Table 1.

Table 1. Demographic and baseline data

Age (mean) 9.75±2.77 years
Gender (frequency/%)
Male
Female

17 (53.1%)
15 (46.9%)

Laterality
RE
LE

18 (56%)
14 (44%)

Mean BCVA (decimal) 0.31±0.14
Types of amblyopia
Hypermetropic anisome-
tropic
Myopic anisometropic 
Strabismic

19 (59.4%)
4 (12.4%)
9 (28.1%)

Mean BCVA in decimal notation was 0.31±0.14 in 
the amblyopic eyes and 0.92±0.16 in the control 
eyes. The difference was statistically significant 
(P< 0.001) using paired t test. Out of 32 cases, 
BCVA of 6/12 with Snellen acuity was present 
in highest number (9 eyes, 28.1%) in affected 
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eyes while BCVA of 6/6 with Snellen acuity was 
present highest number (25, 78.1%) in control 
eyes. The mean refractive error of the amblyopic 
eyes was +3.30±1.89 D spherical equivalent in 
hypermetropic anisometropic amblyopes and 
-6.06±1.25 D spherical equivalent in myopic 
anisometropic amblyopes. Similarly, the mean 
refractive error of the control eyes was +0.51±0.86 
D spherical equivalent in hypermetropic and 
-1.69±1.56 D spherical equivalent in myopic 
anisometropic amblyopes. The difference was 
statistically significant in hypermetropic group. 

Out of 9 patients with strabismic amblyopia, 5 
(55.6%) cases had esotropia and 4 (44.4%) had 
exotropia. The mean amount of deviation of 
eyes with esotropia was 23.6±11.61 Δ for near 
and 22.4±12.6 Δ for distance. The mean amount 
of deviation of eyes with exotropia was -25±17.32 
Δ for near and -25±10 Δ for distance.

Mean RNFL thickness was 104.16±13.64 µm in 
amblyopic eyes and 104.03±13.06 µm in control 
eyes. Using paired t-test there was no significant 
difference in RNFL thickness between amblyopic 
and normal eyes. Wilcoxon test was used to 
compare the RNFL thickness in different groups 
of amblyopia, as the sample size was less than 
30 in each group and normal distribution of data 
were not found. Mean retinal nerve fibre layer 
thickness in hypermetropic group was greater in 
amblyopic eyes, 105.42±13.61 µm compared to 
104.79±12.86 µm in control eyes but the difference 
was not significant. Table 2 shows mean RNFL 
thickness of overall amblyopic and control eyes 
as well as in different subgroups.

Table 2. RNFL thickness overall and in different 
subgroups

RNfL        
thickness

Amblyopic 
eyes Control eyes

P   
valueMean 

(µm) SD Mean 
(µm) SD

Overall (n=32) 104.16 13.64 104.03 13.06 0.923
Hypemetropic 
anisomtropic 
(n=19)

105.42 13.61 104.79 12.86 0.913

Myopic 
anisomtropic   
(n=4) 96.50 11.96 100.25 2.99 1.000
Strabismic 
(n=9) 104.89 14.74 104.11 16.64 0.552

Note: Paired t-test was used for overall cases 
(n=32) and Wilcoxon test was used for different 
subgroups, P value significant when < 0.05.

The mean CMT in amblyopic eyes of all 32 cases 
was 241±45.27 µm while in normal fellow eyes was 

233.22±44.24 µm. It was thicker in amblyopic eyes 
and the difference was statistically significant 
(mean interocular difference= 7.78 µm, p=0.042) 
using paired t-test.

When compared in different types of amblyopia 
mean central macular thickness of amblyopic 
eyes was greater than the control in all types. 
However, the difference was statistically significant 
only in the hypermetropic anisometropic 
amblyopes (mean interocular difference= 11.58 
µm, P=0.026). Table 3 shows CMT in overall cases 
as well as in different subgroups.

Table 3. Central Macular Thickness in different 
groups

Types of  
amblyopia

Amblyopic 
eyes

Control 
eyes

P  
value

Mean 
(µm) SD Mean 

(µm) SD

Overall (n=32) 241 45.27 233.22 44.24 0.04

Hyper-
metropic 
Anisometropic 
Amblyopia

235.05 43.82 223.47 40.37 0.026

Myopic 
Anisometropic 
Amblyopia

214.50 5.07 208.25 6.70 0.109

Strabismic 
Amblyopia 265.33 50.12 264.89 47.26 0.859

Note: Paired t-test was used for overall cases 
(n=32) and Wilcoxon test was used for different 
subgroups, P value significant when < 0.05.

DISCUSSION

Amblyopia is the most common cause of unilateral 
visual impairment in children.13-15 It develops in 
children up to the age of 6–8 years and may 
persist life-long. Amblyopia may have various 
effects at different levels of the visual pathway. 
In case of eye misalignment, a blurred image 
in one eye or occlusion of the eye, the animal‘s 
binocular neurons are found to disappear from 
the visual cortex and only monocular neurons are 
identified.16 Receiving input from the amblyopic 
eye causing atrophy for the cells in the lateral 
geniculate nucleus has been reported.17-19 
Several experiments have demonstrated that 
light deprivation can cause modifications of 
retinal ganglion cells, such as cell loss,20 mean 
nuclear volume diminution in ganglion cell 
cytoplasm, internal plexiform layer thinning in rats 
and cats,21 and reduction in optic nerve size area 
in mice.22 In many studies, retinal changes were 
investigated using imaging devices. OCT studies 
of RNFL and macular thickness in amblyopia 
reported different findings.
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In our study, comparative evaluation of RNFL 
and macular thickness in amblyopic and normal 
fellow eyes was done in 32 children where the 
mean central macular thickness in the amblyopic 
eyes (241±45.27 μm) was greater than that of the 
fellow eyes (233.22±44.24 μm). The difference 
was statistically significant with mean interocular 
difference = 7.78 μm and p = 0.042. Among 
subgroup, the difference was significant only for 
the hypermetropic anisometropic amblyopes 
(mean interocular difference = 11.58 μm, p = 
0.026) but not the myopic anisometropic (mean 
interocular difference = 6.25 μm, p = 0.109) and 
strabismic group (mean interocular difference 
= 0.44 μm, p = 0.859). Similarly, Al Haddad et 
al11 also measured RNFL and macular thickness 
in 45 patients with unilateral amblyopia and 
compared with the fellow eyes. He found 
significantly greater mean central macular 
thickness in the amblyopic eyes (273.8±30.8 μm) 
compared to the fellow eyes (257.9±21.5 μm), p 
= 0.001. The difference was significant only for 
the anisometropic amblyopes (mean interocular 
difference = 19.5 μm) but not the strabismic group 
(mean interocular difference = 8μm). Huynh et 
al10 also measured slightly thicker foveal thickness 
in amblyopic eyes with SD-OCT, although the 
difference was not statistically significant.

Likewise, S. Agrawal et al23 compared the 
mean macular thickness between normal and 
amblyopic eyes in 51 patients with unilateral 
strabismic (n = 29) and anisometropic (n = 22) 
amblyopia. Mean macular thickness in the 
amblyopic eyes was 277.5 μ ± 15.3 and in the 
fellow normal eyes was 272.4 μ ± 13.1 (P < 0.05). 
However, on subgroup analysis, the difference 
was statistically significant in strabismic (P = 0.01) 
and not significant in anisometropic amblyopia 
(P = 0.08). This variation in result is probably due 
to different study population. In our study, mean 
RNFL thickness was 104.16±13.64μm in amblyopic 
eyes and 104.03±13.06 μm in control eyes. There 
was no significant difference between the fellow 
eyes. In the similar study done by Al Haddad et 
al11 the mean RNFL thickness in the amblyopic 
eyes (95.4±39.2 μm) was also not significantly 
different from that of the fellow eyes (94.0±19.2 
μm), p=0.8.

Similarly, Elvan Yalcin et al24 evaluated whether 
there was a difference in peripapillary RNFL 
and foveal thickness between hyperopic 
anisometropic amblyopic and normal individuals 
with optical coherence tomography. His results 
are comparable to this study. The mean RNFL 
thickness in amblyopic eyes was 101±10.77 
microns; in fellow eyes was 104.4±10.95 microns, 
and 105.08±10.10 microns in normal controls but 
the difference was not statistically significant. 
The mean foveal thickness in amblyopic eyes 
was 220±38.25 microns, in fellow eyes was 
202.87±31.01      
       

microns, in normal control eyes was 198.91±22.50 
microns and this difference was statistically 
significant.

However, Yoon et al25 showed conflicting results in 
his study done in 31 patients with hypermetropic 
anisometropic amblyopia. The mean macular 
thickness was 252.5 μm and 249.7 μm, and the 
mean RNFL thickness was 115.2 μm and 109.6 
μm, in the amblyopic eye and the normal eye, 
respectively. The difference in RNFL thickness was 
statistically significant (P=0.019), but no significant 
difference was found in macular thickness 
(P>0.05). They concluded that RNFL in patients 
with amblyopia was significantly thicker and the 
amblyopic process may involve the peripapillary 
RNFL, but not the macula. In contrast to the result 
of our study, Kee et al8 in his study found that the 
average thickness of the fovea was 157.4 μm in 
normal eyes and 158.8 μm in amblyopic eyes. 
There was no significant difference between the 
two groups (p=0.551).

Both our findings and those of Al Haddad support 
Yen‘s hypothesis of a thicker retina in amblyopia. 
Yen attributed that to an arrest of the normal 
postnatal reduction of ganglion cells which 
requires sharply focused objects as appropriate 
stimuli ; in their study, however, significant 
differences were obtained in RNFL thickness.7 
Other possible hypothesis is that ageing affects 
the normal and amblyopic eyes differentially, 
with the former being affected more, producing 
a thinner macula on OCT. Thinning of retinal 
nerve fibre layers with increasing age has been 
reported in the study of Kanamori et al.26

The changes in macular thickness in the 
amblyopic eyes have opened a new horizon for 
the future researches in the field of amblyopia. 
The interpretation and clinical significance of our 
results should be considered in the future studies. 
The increased central macular thickness may 
have a role in pathogenesis of amblyopia. It may 
also serve as a tool in monitoring the treatment 
outcome if future studies show changes in OCT 
with amblyopia therapy.

CONCLUSIONS

In this study, the retinal nerve fibre layer and the 
central macular thicknesses were measured 
using spectral domain optical coherence 
tomography. 

The central macular thickness was significantly 
greater in the amblyopic eyes compared to the 
fellow (normal) eyes. There was no significant 
difference in the retinal nerve fibre layer 
thickness between amblyopic and normal eyes. 
Further studies including adequate sample size, 
considering the duration and types of amblyopia 
are required to confirm the difference between 
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amblyopic and normal eyes.
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