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ABSTRACT

Background: Optical coherence tomography (OCT) can accurately assess the optic nerve and retinal fiber
layer (RNFL) to closely look at the anatomical ocular pathology of amblyopia.

Objectives: This study aimed to determine and compare optic nerve parameters and RNFL in amblyopic and
normal Filipino children using OCT.

Methodology: Forty-two eyes of 21 normal participants and 40 eyes of 20 amblyopic participants underwent
complete eye examinations and OCT scanning of optic nerve and RNFL. The following data were collected:
age, refraction, intraocular pressure, optic nerve parameters (including rim area-vertical cross-section,
average nerve width, disc diameter, cup diameter, rim length, vertical integrated rim area, horizontal
integrated rim width, disc area, rim area, cup area, cup to disk area ratio, cup-to-disk horizontal ratio, cup to
disc vertical ratio), and peripapillary RNFL.

Results: There was a statistically significant difference between normal and amblyopic groups with regard to
the following parameters: cup area, rim area, cup-disc area ratio, cup-disc horizontal ratio, cup-disc vertical
ratio, superior RNFL, and inferior RNFL. The rim area was significantly smaller in amblyopic eyes compared to
normal whereas the cup-disc area ratio, cup area, cup-disc vertical and horizontal ratios were significantly
largerinamblyopic eyes. The RNFLinferiorly and superiorly were also thinner inamblyopic eyes.

Conclusion: As measured by OCT, some optic nerve parameters and RNFL thickness in Filipino children were
significantly differentin amblyopic eyes compared to normal.
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Introduction

Amblyopiais the decrease in best-corrected visual acuity
with no clinical evidence of organic eye pathology. It can be
caused by abnormal visual experience during the period of
visual development by uncorrected strabismus, refractive
errors, or visual deprivation such as cataract [1]. This
description of amblyopia was made when quantitative
methods of disc and retinal nerve fiber layer measurement
were not available and were mainly based on subjective eye
examination. Previous studies on amblyopia identified the
lateral geniculate nucleus as the primarily affected part [2].
The introduction of new ophthalmic technology which can
accurately assess the optic nerve and retinal fiber layer
(RNFL) such as the optical coherence tomography (OCT)
resulted in current studies to closely look at the anatomical

ocular pathology of amblyopia. OCT allows detailed
noninvasive, noncontact examination of the posterior
segment. It is almost similar to a histologic examination of
the retina and optic nerve and gives a more accurate and
reproducible measurement [3]. Lempert et al. found that
eyes that were presumed to be amblyopic actually had a
subclinical optic nerve pathology [4,5]. Studies on the RNFL
also found a significant difference in its thickness between
amblyopic, especially those from refractive causes, and
non-amblyopic eyes [6,7].

This study aimed to determine optic nerve parameters
and RNFL thickness in normal and amblyopic eyes of Filipino
children using an OCT and determine if there are significant
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differences. These may help ophthalmologists in
distinguishing normal from amblyopic eyes using an OCT
especially in cases where it is challenging to diagnose with
justastandard ophthalmic examination.

Methodology

An analytic cross-sectional study was conducted in the
Department of Ophthalmology and Visual Sciences of the
Philippine General Hospital. This study was approved by the
University of the Philippines Manila Review Ethics Board
and was conducted in accordance with the guidelines set by
the Declaration of Helsinki. Assent and informed consent
were obtained from all the participants and their parents or
caregivers. A minimum number of 20 children for each
group were recruited and enrolled to detect differences of
0.77 millimeter between the rim area of normal eyes and
amblyopic eyes at 80% statistical power and 5% level of
significance.

Twenty-one participants aged 6 to 10 years from a
nearby school with a best-corrected visual acuity (BCVA) of
20/20 or better, both eyes and with normal findings based
on standardized ophthalmologic eye examination, were
randomly recruited and assigned in the normal group. The
participants had no ocular problems such as congenital
cataracts, corneal opacities, and retinal lesions other than
refractive errors between -3.00 to +3.00 diopters (D) and
astigmatism less than -1.50 D. Twenty participants aged 6 to
10 years who were patients of the Section of Pediatric
Ophthalmology and Strabismus diagnosed with amblyopia
in one or both eyes from refractive error or/and strabismus
were purposely selected due to low number of patients to
allow random selection. Amblyopia was defined in this
study as BCVA of less than 20/20 despite correction of
refractive error and strabismus and with no current clinical
evidence of any ocular pathology based on standardized
ophthalmologic eye examination. All participants were
normal on neurological examination.

An ophthalmic examination including BCVA testing using
the linear Snellen chart was done to detect amblyopia,
cover and uncover testing with prisms to assess strabismus,
slit lamp examination, fundus examination, air puff
tonometry torule out glaucoma, and cycloplegicautomated
refraction to measure refractive errors. These were all done
by a single examiner. Although only the Snellen chart was
used to measure visual acuity for standardization purposes,
the visual acuity determination was only conducted by the
Pediatric Ophthalmology fellow who was trained to
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determine if the inability to further read the letters was due
toilliteracy. Biometry was also done to measure axial length.
The presence of glaucoma had to ruled out since it can
significantly affect the optic nerve parameters. Similarly,
myopia, a refractive error, is associated with a long axial
length which can also significantly affect RNFL thickness.
Data on age at consult, refraction for both eyes, intraocular
pressure, and axial length were recorded.

The optical coherence tomographer (Stratus OCT,
software v.4.0; Carl Zeiss Meditec, Inc., Dublin, CA) was used
to measure optic nerve parameters and retinal nerve fiber
layer thickness through dilated pupils. A built-in refraction
correction was used for focusing on patients with significant
errors of refraction. A total of 17 parameters (13 optic nerve
parameters and 4 RNFL thickness) were taken. Three fast
optic disc scans were performed and the measurements
were averaged before analysis. All scans were performed by
a single experienced operator. Only scans that were free of
artifacts, complete, and have signal strengths of at least five
were accepted. The optic nerve head scan used six radially
oriented four-millimeter linear scans centered on the optic
nerve head. The disc reference points were placed at the
termination of the retinal pigment epithelium at the optic
nerve head (ONH).The measurements were based on this
anatomical marker.

Parameters that were examined in all eyes included the:
l.rimarea

2.average nerve width

3.discdiameter

4. cup diameter

5.rimlength

The following optic nerve head measurements were
derived from a summary of the six individual radial scans:
1. verticalintegratedrimarea
horizontal integrated rim width
discarea
cuparea
rimarea
the cup/disc arearatio
cup/disc horizontal ratio
cup/discvertical ratio

O N s WN

The superior, nasal, inferior, and temporal peripapillary
RNFLthickness were also measured. The fast RNFL thickness
acquisition protocol was used. The RNFL was differentiated
from other retinal layers by using a thresholding algorithm
and was measured in an automated fashion.
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Student's t-test was used to compare the baseline
characteristics of the left to right eyes of the normal
participants and the eyes of the normal participants to the
amblyopic participants. The distribution of the data from the
groups being compared was parametric. The optic nerve
parameters and RNFL thickness between the left and right
eyes of normal subjects, more amblyopic and fellow eyes of
amblyopic subjects, more amblyopic eyes and right eye of
normal subjects and fellow eyes of amblyopic eyes and right
eye of normal subjects were compared. Analysis of Variance
(ANOVA) was utilized to test for variability of the three types
of amblyopia. Data were tabulated using Microsoft Excel
version 2016 (Microsoft Corporation, Redmond, WA, USA)
and were subjected to statistical analysis using Stata 14
(StataCorp, College Station, TX: StataCorp LP).

Results

A total of 42 eyes of 21 normal participants and 40 eyes of
20 amblyopic participants were included in the study. The mean
age for the ophthalmologically normal group was 7.52+1.76
years, not significantly different from the amblyopic group
which was 7.25+1.76 years (p=0.63). Significant differences with
refraction in spherical equivalent [+0.75 diopter (-0.12, +1.09)
vs. -1.75 (-7.15, +3.03), p<0.01] and axial length [22.63+0.70
millimeters vs. 23.75+1.89, p<0.001] were noted.

Ophthalmologically Normal Group

There was no significant difference in the baseline
characteristics, optic nerve parameters, and RNFL between
the left and the right eye of the normal group where all had
p>0.05. As such, values from the right eye were used for
succeeding analysis.

Amblyopic Group

The amblyopic group was composed of patients with 3
types of amblyopia: (a) strabismic alone, (b) refractive
alone, and (c) strabismic + refractive. Each patient's eyes
were further grouped into the more amblyopic eye and the
fellow eye. An Analysis of Variance showed no significant
differences among the three types in their more amblyopic
eyes and fellow eyes since all had p>0.05. As such, values
from the patients' eyes were grouped together.

The baseline characteristics, optic nerve parameters,
and RNFLwere also compared between the more amblyopic
eyes to the fellow eyes. There were no significant
differences found between them as all had p>0.05.

Ophthalmologically Normal versus Amblyopic group

A comparison was made between the eyes of the normal
participants and the more amblyopic eyes of the amblyopic
participants (Table 1).

Aside from the refraction and axial length, there were
other statistically significant differences between normal
and amblyopic groups on the following parameters: rim
area, cup-disc area ratio, cup-disc horizontal ratio, and
superior RNFL. The rim area was significantly smaller in
amblyopic eyes compared to normal while cup-disc area
ratio and cup-disc horizontal ration were significantly larger
in amblyopic eyes. The superior RNFL is also thinner in
amblyopic eyes.

A comparison was also made between the eyes of the
normal participants and the fellow eyes of the amblyopic
participants considering that there was no significant
difference between the more amblyopic eyes and fellow eyes.

There were also statistically significant differences between
normal eyes and the fellow eyes of the amblyopic groups on
the following parameters: cup area (0.50+0.26 millimeter? vs.
0.5140.83, p<0.03), rim area (2.03+0.36 millimeter? vs.
1.69+0.65, p<0.05), cup-disc area ratio (0.19+0.08 millimeter?
vs. 0.33:0.26, p<0.03), cup-disc horizontal ratio (0.46+0.11 vs.
0.58+0.20, p<0.02), cup-disc vertical ratio (0.40+0.10 vs.
0.51+0.20, p<0.05), superior RNFL (147.76+15.37 u vs.
134.45+18.43, p<0.02) and inferior RNFL (139.52+14.48 | vs.
129.30+15.27, p<0.04). The rim area was significantly smaller
in amblyopic eyes compared to normal while the cup-disc area
ratio, cup area, and cup-disc vertical and horizontal ratios were
significantly larger in amblyopic eyes. The RNFL inferiorly and
superiorly were also thinner in amblyopic eyes.

Discussion

This study found that there exist significant differencesin
optic nerve parameters and RNFL in both eyes of amblyopic
Filipino children compared to ophthalmologically normal
ones. These changes were identified using optic nerve
parameters and RNFL thickness measured by an optical
coherence tomographer. Similar results were found by
Lempert et al. and Yoon et al. [4-6]. The results of these
studies are contrary to those that found no evidence of
ocular pathology in amblyopic patients based on standard
ophthalmologic examination and can also complement
studies that identify the lateral geniculate nucleus as the
affected partinamblyopia [2].
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Table 1. Characteristics of eyes of normal right eyes and more amblyopic eyes.

Normal eye More Amblyopic eye p-value
N=21 N=20
Age (years) 7.52+1.76 7.25%1.76 0.63
Refraction in SE in diopters (quartile) 0.75 (-0.12,+1.12) -2.93 (-8.53,+3.60) 0.04
Intraocular pressure in mmHg 1244 123 0.55
Axial Length 22.6+0.7 23.942.2 0.02
Rim area (vertical cross section) in millimeter® 0.28+0.13 0.24+0.12 0.30
Average nerve width in millimeter 0.38+0.06 0.36+0.07 0.26
Disc diameter in millimeter 1.90+0.50 1.69+0.51 0.21
Cup diameter in millimeter 0.51+0.36 0.52+0.36 0.98
Rim length in millimeter 1.3840.51 1.18+0.45 0.18
Vertical internal rim area in millimeter’ 0.58+0.20 0.52+0.29 0.43
Horizontal internal rim width in millimeter® 1.92+0.20 1.77+0.28 0.07
Disc area in millimeter? 2.52+0.45 2.36+0.47 0.26
Cup area in millimeter® 0.50+0.26 0.77+0.57 0.07
Rim area in millimeter’ 2.03+0.36 1.51+0.61 0.01
Cup Disk (CD) area ratio 0.19+0.08 0.33+0.26 0.04
CD horizontal ratio 0.46+0.11 0.57+0.20 0.04
CD vertical ratio 0.40+0.10 0.50+0.22 0.10
Retinal Nerve Fiber Layer (RNFL) superior in micrometer (um) 147.76+£15.37 128.55+20.88 0.002
RNFL nasal (um) 84.48+14.12 79.85+30.45 0.55
RNFL inferior (um) 139.52+14 .48 131.25+18.05 0.12
RNFL temporal (um) 76.90+10.45 79.20+19.93 0.66

Ophthalmologically Normal Eyes

This study also provided baseline information on optic disc
parameters and RNFL thickness in normal Filipino children.
Mean disc diameter, disc area, rim area, horizontal integrated
rim width, and average nerve width were larger while cup
diameter was smaller in Filipinos compared to the European
Caucasian, East Asian, and Middle Eastern participants of
Huyn et al. (Table 2) [8]. Girkin et al. also found smaller optic
disc parameters among European Caucasians compared to
African-Americans [9]. Huynh et al. suggested that these
differences have genetic etiology rather than developmental
since they were seen in children and adults [8].

The RNFL thickness in this study was consistent with
several studies showing the superior and the inferior RNFL
being thicker than the nasal and the temporal [10-15].
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Compared with other studies, though the RNFL values in this
study were relatively higher for the superior and temporal
guadrants (Table 3). Similar to variations in optic disc size, RNFL
thickness may also vary interracially [16]. Samarawickrama
found larger mean cup-to-disc ratios and thicker RNFL in East
Asian children compared to European Caucasian children [17].

Amblyopic Eyes

This study found that the rim area was significantly
smaller in amblyopic eyes compared to normal ones while
cup-discarea ratio, cup area, cup-disc vertical and horizontal
ratios were significantly larger in amblyopic eyes. The bigger
cup-disc area can be associated with more myopic refraction
of the amblyopic group [18]. However, based on the same
article, the rim area was larger in the presence of myopia
which was not the case in this study. The RNFL, inferior and
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Table 2. Comparison of Optic Disc Parameters with Selected Studies

Huynh et al’ Present study
Eyes 866 53 199 42
Age range 6 6-10
Measuring equipment OCT OCT
Mean Refraction (diopter) +1.28+0.02 +0.75 (-0.12, +1.09)
Race European Caucasian Middle Eastern East Asian Filipino
Average nerve width in millimeter 0.38 +0.06 (H)
Horizontal 0.24 (0.234-0.246) 0.29 (0.27-0.30) 0.287 (0.284-0.290)
Vertical 0.34 (0.332-0.347) 0.37 (0.35-0.38) 0.364 (0.360-0.368)
Overall 0.292 (0.287-0.298) 0.33 (0.31-0.34) 0.328 (0.326-0.331)
Disc diameter in millimeter® 2.28 (2.24-2.32) 212 (2.01-2.22) 2.19 (2.16-2.22) 2.52+0.45 (H)
Disc Diameter in millimeter 1.91£0.43 (H)
Horizontal 1.56 (1.53-1.59) 1.52 (1.48-1.56) 1.52 (1.51-1.54)
Vertical 1.81 (1.78-1.84) 1.74 (1.67-1.82) 1.80 (1.78-1.81)
Cup area in millimeter’ 0.68 (0.64-0.73) 0.41 (0.33-0.48) 0.42 (0.40-0.44) 0.50+0.26
Cup diameter in millimeter 0.51+0.36 (L)
Horizontal 0.88 (0.84-0.91) 0.67 (0.60-0.73) 0.66 (0.64-0.68)
Vertical 0.88 (0.85-0.92) 0.69 (0.63-0.75) 0.63 (0.67-0.71)
Cup volume in millimeter® 0.10 (0.09-0.12) 0.04 (0.03-0.06) 0.05 (0.045-0.053)
Cup-to-disc ratio
Horizontal 0.56 (0.54-0.58) 0.44 (0.40-0.48) 0.43 (0.42-0.44) 0.46+0.11
Vertical 0.49 (0.47-0.51) 0.40 (0.36-0.44) 0.39 (0.38-0.41) 0.40£0.10
Cup-to-disc area ratio 0.30 (0.28-0.32) 0.19 (0.16-0.23) 0.19 (0.185-0.20) 0.19+0.08
Rim area in millimeter’ 1.62 (1.56-1.68) 1.74 (1.62-1.86) 1.80 (1.76-1.83) 2.03+0.36 (H)
Integrated rim area (vertical) in millimeter® 0.48 (0.44-0.52) 0.74 (0.63-0.86) 0.74 (0.71-0.77) 0.58+0.20
Rim area (vertical cross-section) in millimeter” 0.28+0.13
Horizontal 0.13 (0.11-0.14) 0.22 (0.19-0.25) 0.21 (0.20-0.22)
Vertical 0.24 (0.22-0.26) 0.36 (0.30-0.41) 0.35 (0.34-0.37)
Integrated rim width (horizontal) in millimeter® 1.58 (1.55-1.62) 1.72 (1.62-1.83) 1.74 (1.72-1.76) 1.92+0.20 (H)

*refraction in diopter sphere

Table 3. Comparison of Retinal Nerve Fiber Layer Thickness with Selected Studies.

RNFL Chua et al" Gupta et al” EL Dairi et al” Savini et al** Salchow et al® Present study
Eye 181 25 36 54 92 42
Age range 16-55 6-13 5-14 15-54 4-17 6-10
Measuring equipment OCT OoCT OoCT OoCT OCT OCT
Mean Refraction (diopter) | Not specified Not specified - Not specified -0.57 2.43 +0.75 (-0.12, +1.09)
Location or Race Philippines Rhode Island, North Carolina, Bologna, ltaly Hispanic (91%) Philippines

USA USA African American (8%)

Caucasian (1%)

RNFL superior um 139.56+16.09 122+4.5 139.5+18.9 124.29+16.59 135.4+19.3 143.67+27.27 (H)
RNFL nasal um 84.66+16.06 76.4+3.3 87.9+23.3 81.24+17.9 83+18 80.31+17.74
RNFL inferior um 142.08+18.73 132+3.9 120.5+29.5 129.83+19.26 136.9£16.9 137.40+27.97
RNFL temporal um 76.10+11.46 73.514.3 75.3116 69.94+13.17 72.5+13.4 76.57+20.02 (H)

*refraction in diopter sphere
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superior, were also thinner in amblyopic eyes. Refraction can
significantly affect RNFL thickness with the more myopic
refraction or larger axial length leading to thinner RNFL in all
quadrants [19]. However, only the superior RNFL thickness
was significantly different between the two groups.

Although the rim areas in the more amblyopic and fellow
eyes were significantly smaller than the normal eyes, the other
optic nerve parameters were significantly larger. This is
contrary to the results of Lempert et al.'s where optic disc areas
were found to be significantly smaller in amblyopic subjects
compared with normal subjects [5]. This is also contrary to the
findings of Huynh et al. where there was no significant
difference between amblyopic and normal eyes [20].

The superior and inferior RNFL were also thinner in
amblyopic eyes in this study. This may be from amblyopia being
shown to reduce retinal ganglion cells and alter retinal receptive
fields and causes a decrease in nucleolar volume in ganglion cell
cytoplasm and thinning of internal plexiform layer in rats and
cats [21-22]. However, changes in optic nerve parameters and
RNFL thickness were also found to be significantly correlated to
intraocular pressure, refraction, and axial length making it
difficult to specify if the changes were from amblyopia or from
the factors that caused the amblyopia itself.

The significant differences in refraction and axial length
between the eyes of the normal group and amblyopic group
was expected since 18 out of 20 (90%) of the more amblyopic
eyes have refractive component. Despite the difference in the
optic nerve parameters and RNFL between amblyopic and
normal eyes, this study found no significant difference
between the more amblyopic and the fellow eyes of the
amblyopic group. These may suggest that despite the eye
being less affected, the changes noted in optic nerve
parameters and RNFL can be seen in both eyes of amblyopic
individuals. This finding is similar to those of Altintas et al. with
subjects having strabismic amblyopia and Repka et al. with
subjects having strabismic, anisometropic, and combined
amblyopia [23-24]. Repka et al. suggested that the non-
difference removes optic neuropathy as a component in
moderate amblyopia from anisometropia or strabismus [24].
However, our findings were in contrast to that of Yoon et al.
which revealed a significantly thicker RNFL in eyes with
refractive amblyopia [6]. Yen et al. also showed a significant
difference between amblyopic eyes from refractive causes
and the fellow less amblyopic eyes [7].

It is important to determine the presence or absence of
amblyopia so that better management can be administered

Phil J Health Res Dev July-September 2021 Vol.25 No.3, 64-70

or to discontinue amblyopia treatment for those who are
non-responsive to the treatment [25]. OCT can be used as an
adjunct when it is difficult to diagnose amblyopia based on
standard eye examination alone. Although only a few eyes
were measured, the provided values by this study can be used
as references to determine normal and significant differences
in the optic nerve and RNFL parameters which can better
establish if the eye in consideration is amblyopic or not.

This study was limited by the number of participants
recruited especially in the amblyopic group. Recruiting
participants with just one type of amblyopia proved
challenging despite conducting the study in a high-volume
patient eye center. The refractive error of the amblyopic
group was also significantly different from the normal group
and was on the myopic side which can explain the significant
difference in the cup-to-disc area. However, it did not
explain the larger rim area and thinner superior RNFL
thickness only in the amblyopic group. Since the study had
limited participants, the findings cannot be directly
attributed to amblyopia alone. As such, the authors
recommend that a multicenter study be conducted to be
able to recruit the needed number of participants and
determine if a larger rim area and thinner superior RNFL can
be used as indicators to assist in the diagnosis of amblyopia
despite the refractive state.

Conclusion

Some optic nerve parameters and RNFL thickness in
Filipino children were significantly different in amblyopic
eyes and even their fellow eyes compared to normal eyes.
The differences cannot just be attributed to the refractive
state of the amblyopic group.

References

1.  Elflein HM. (2016) Amblyopie. Epidemiologie, Ursachen,
Risikofaktoren [Amblyopia. Epidemiology, causes and
risk factors]. Der Ophthalmologe : Zeitschrift der
Deutschen Ophthalmologischen Gesellschaft, 113(4):
283-288. https://doi.org/10.1007/s00347-016-0247-3

2. Sloper J. (2016) The other side of amblyopia.
Journal of American Association for Pediatric
Ophthalmology and Strabismus, 20(1), 1.e1-1.e13.
https://doi.org/10.1016/j.jaapos.2015.09.013

3. Xie W, Zhao M, Tsai SH, Burkes WL, Potts LB, et al.
(2018) Correlation of spectral domain optical coherence
tomography with histology and electron microscopy in
the porcine retina. Experimental eye research, 177,



Difference in Optic Nerve Parameters and Retinal Nerve Fiber Layer Thickness

10.

11

12.

13.

14.

181-190. https://doi.org/10.1016/j.exer.2018.08.003
Lempert P, Porter L. (1998) Dysversion of the optic disc
and axial length measurements in a presumed
amblyopic population. Journal of American Association
of Pediatric Ophthalmology and Strabismus 2:207-13.
Lempert P. (2000) Optic Nerve hypoplasia and small
eyes in presumed amblyopia. Journal of American
Association of Pediatric Ophthalmology and
Strabismus 4: 258-66.

Yoon SW, Park WH, Baek SH, Kong SM. (2005) Thicknesses
of macular retinal layer and peripapillary retinal nerve
fiber layer in patients with hyperopic anisometropic
amblyopia. Korean Journal of Ophthalmology 19:62-67.
Yen MY, Cheng CY, Wang AG. (2004) Retinal Nerve
Fiber Layer Thickness in Unilateral Amblyopia.
Investigative Ophthalmology and Visual Sciences
45(7): 2224-2230.

Huynh S, Wang XW, Rochtchina E, Crowston J,
Mitchell P. (2006) Distribution of Optic Disc
Parameters Measured by OCT: Findings from a
Population-Based Study of 6-Year-Old Australian
Children. Investigative Ophthalmology and Visual

Sciences47(8):3276-3285.
Girkin CA, McGwin G Jr, Xie A, DeLeon-Ortega J. (2005)

Differences in optic disc topography between black and

white normal subjects. Ophthalmology 112:33-39.
Larrea JM, Martinez L, Fernandez |, Peralta MA, Morote

I. (2020) Agreement in retinal nerve fiber layer values
and comparison in children using two optical coherence
tomography devices. Grado de concordancia y
diferencias entre los valores de capa de fibras nerviosas
de la retina peripapilar en nifios mediante dos tipos de
tomografia de coherencia dptica espectral. Archivos de
la Sociedad Espanola de Oftalmologia, 95(4), 171-177.

https://doi.org/10.1016/j.0ftal.2019.12.011

Chua JL, Santos V, Chua H. (2006) Measurement of
macular and retinal nerve fiber layer thickness in normal
Filipino eyes using optical coherence tomography.
Philippine Journal of Ophthalmology 31(2): 63-67.
Gupta G, Donahue P, You T. (2007) Profile of the
Retina by Optical Coherence Tomography in the
Pediatric Age Group. American Journal of
Ophthalmology 144(2):309-310.

El Dairi M, Holgado S, O'Donnel T, Buckley E, Asrani S,
Freedman S. (2007) Optical coherence tomography
as a tool for monitoring pediatric pseudotumor
cerebri. Journal of American Association of Pediatric
Ophthalmology and Strabismus. 11(6): 564-570.
Savini G, Zanini M, Carelli V, Sadun A, Ross-Cisneros
F, Barboni P. (2005) Correlation between retinal
nerve fibre layer thickness and optic nerve head

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

size: an optical coherence tomography study. British
Journal of Ophthalmology 89:489-492.

Salchow D, Oleynikov Y, Chiang M. (2006) Retinal
Nerve Fiber Layer Thickness in Normal Children
Measured with Optical Coherence Tomography.
Ophthalmology 113: 786—-791.

Varma R, Bazzaz S, Lai M. (2003) Optical
tomography-measured retinal nerve fiber layer
thickness in normal latinos. Investigative

Ophthalmology and Visual Sciences 44:3369—-3373.
Samarawickrama C, Wang JJ, Huynh SC, Pai A, Burlutsky

G, Rose KA, et al. (2010) Ethnic Differences in Optic
Nerve Head and Retinal Nerve Fibre Layer Thickness
Parameters. British Journal of Ophthalmology
94(7):871-6. doi: 10.1136/bjo.2009.158279.

Ma X, Chen Y, Liu X, Ning H. (2016) Effect of
Refractive Correction Error on Retinal Nerve Fiber
Layer Thickness: A Spectralis Optical Coherence
Tomography Study. Medical Science Monitor.
22:5181-5189. doi: 10.12659/msm.898564. PMID:

28030536; PMCID: PMC5215193.
Sowmya V, Venkataramanan VR, Prasad V. (2015)

Effect of Refractive Status and Axial Length on
Peripapillary Retinal Nerve Fibre Layer Thickness:
An Analysis Using 3D OCT. Journal of Clinical and
Diagnostic Research. 2015 Sep;9(9):NC01-4. doi:
10.7860/JCDR/2015/14112.6480. Epub 2015 Sep 1.

PMID: 26500931; PMCID: PMC4606260.
Huynh SC, Samarawickrama C, Wang XY, Rochtchina

E, Wong TY, Gole GA, et al. (2009) Macular and nerve
fiber layer thickness in amblyopia: the Sydney

Childhood Eye Study. Ophthalmology 116(9):1604-9.
Rasch E, Swift H, Riesen AH, Chow KL. (1961) Altered
structure and composition of retinal cells in dark-reared
mammals. Experimental Cellular Research 25:348-63.
Alotaibi AG, Al Enazi B. (2011). Unilateral
amblyopia: Optical coherence tomography findings.
Saudi journal of ophthalmology, 25(4):405—-409.
https://doi.org/10.1016/j.sjopt.2011.06.001
Altintas O, Yuksel N, Ozkan B, Caglar Y. (2005)
Thickness of the retinal nerve fiber layer, macular
thickness, and macular volume in patients with
strabismic amblyopia. Journal of Pediatric
Ophthalmology and Strabismus 42:215-221.
Repka MX, Goldenberg-Cohen N, Edwards AR.
(2006) Retinal nerve fiber layer thickness in
amblyopic eyes. American Journal of Ophthalmology
142:247-251.

Park SH. (2019) Current Management of Childhood
Amblyopia. Korean journal of ophthalmology 33(6),
557-568. https://doi.org/10.3341/kjo.2019.0061

Phil J Health Res Dev July-September 2021 Vol.25 No.3, 64-70



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

