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Abstract:

PURPOSE: The purpose of the study was to obtain a pediatric reference database for optic disc parameters
and interocular symmetry. To ascertain factors that modify these parameters (age, spherical equivalent [SE],
and sex).

METHODS: This was a cross-sectional study. 90 patients aged 5—17 years fulfilled all the inclusion criteria. After
a full examination including cycloplegic refraction, all patients underwent optical coherence tomography (OCT)
of the papilla using the three-dimensional (3D) scan protocol of the Topcon 3D 2000 OCT device. We provide
reference values for optic disc parameters in the pediatric population. We also retrieved interocular symmetry
reference values for these parameters.

RESULTS: The multivariate regression analysis did not reveal variations in any of the optic disc parameters
associated with age, sex, or SE (all P> 0.126). The 95" percentile limit for absolute interocular differences
for the cup-to-disc area ratio was 0.24. The multivariate regression analysis revealed the absence of a
correlation between asymmetry of the optic disc parameters and age, sex, and the interocular difference in
SE (all P> 0.105).

CONCLUSION: Pediatric reference databases for optic disc parameters and ranges of normality for interocular

symmetry provide key diagnostic support in diseases that affect the optic nerve.
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INTRODUCTION

ptic disc parameters can vary in children as a

result of disease, potentially leading to loss
of vision and even blindness.!"! Furthermore, the
detection of interocular asymmetry with optical
coherence tomography (OCT) in optic nerve
parameters could provide added value in the
evaluation of measurements taken in each eye
individually.™

No currently marketed OCT devices have
reference values for patients aged <18 years, thus
limiting its application in children.?

This study aims to provide reference values for
optic disc parameters and interocular symmetry
to help ophthalmologists detect ocular disease
in pediatric patients.

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

© 2024 Saudi Journal of Ophthalmology | Published by Wolters Kluwer - Medknow

MeTtHoDS

We performed a prospective cross-sectional
study in which we analyzed optic disc parameters
in healthy children aged 5-17 years.

The study participants were recruited from a
tertiary hospital and a primary care center. The
parents or guardians of children aged 12 years
or older signed the relevant informed consent
documents before the examinations. The study
was approved by our local Clinical Research
Committee.

The exclusion criteria were as follows:
birth at <37 weeks of gestational age or
bodyweight of under 2500 g, best-corrected
visual acuity (BCVA) lower than 0.1 logMAR
or a difference in BCVA of more than 1 line
between both eyes, abnormalities of ocular
motility or strabismus, absence of stereopsis
with the TNO test, fundus abnormalities,
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previous ophthalmological surgery, orbital abnormalities,
spherical equivalent (SE) greater than + 5.5 diopters (D),
and astigmatism greater than three-dimensional (3D).
Other exclusion criteria were inability to cooperate in the
examinations and poor-quality testing (i.e., a test with a quality
lower than 40, blinking, movement, or misalignment) and the
presence of known systemic diseases, ocular diseases that can
cause structural damage, and family history (first-degree) of
retinal or neuroophthalmological disease.

All patients underwent a complete ophthalmological
examination including BCVA, refraction with and without
cycloplegia (3 drops of cyclopentolate 1% every 10 min,
3 times), stereopsis with the TNO test, color vision with the
Ishihara test, the examination of intrinsic and extrinsic ocular
motility, anterior segment examination with a slit lamp, and
funduscopy with indirect ophthalmoscopy. Finally, after
pharmacological mydriasis, the patient underwent OCT of
the optic disc using the 3D scan protocol of the Topcon 3D
20000CT device (Topcon Corporation, Tokyo, Japan), in
which the area examined is 6 mm?, with a scanner density
of 512 (vertical) x 128 (horizontal).! This approach yielded
itemized thicknesses for the various optic disc parameters. Both
the examinations and the image capture were performed by
four ophthalmologists who had been trained in image capture
with this device. The reproducibility of the Topcon 3D 2000
device in children has been verified elsewhere.)

Data analysis
Data were analyzed using an Excel spreadsheet and SAS
9.3 (SAS Institute Inc., Cary, North Carolina, USA).

The reference database of the optic disc parameters was
analyzed using only right-eye measurements since using data
from both eyes in the same patient could yield less reliable
results.®” In the case of interocular symmetry, both eyes were
assessed.

All measurements are expressed as the mean and standard
deviation (SD), median, range, and percentiles. Univariate and
multivariate analyses were performed taking into account three
independent variables (age, sex, and SE). The tables generated
with the reference values took these factors into account.

Symmetry was calculated, first, by analyzing the means for
the parameters in both eyes and subtracting the measurement
for the left eye from that of the right (positive values when the
right eye value is greater and negative when that of the left eye
is greater), and second, by obtaining the interocular difference
in absolute values (only positive values). The interocular
difference values considered to be within the normal range
were established with the p95 of the absolute interocular
difference. The intraclass correlation coefficient (ICC) was
calculated to measure the interocular correlation or level of
agreement.

Univariate and multivariate analyses were performed to
ascertain the effect of age, sex, and the interocular difference in
SE on the symmetry of the different parameters. The regression

coefficient and P value were extracted. Statistical significance
was set at P <0.05.

ResuLts

For the statistical analysis of the reference database for optic disc
parameters, we eventually obtained reliable measurements for
90 of the 140 patients evaluated at baseline: 14 children did not
fulfill the inclusion criteria, and of the remaining 126, 36 were not
sufficiently cooperative to enable us to obtain images of sufficient
quality to be included in the study. Of these, 48 (53.3%) were
girls and 69 (76.7%) were European. The mean SE was 0.78 (SD
1.52) D, and the cylinder value was—0.43 (0.55) D.

The descriptive values for the different papillary parameters
in the pediatric population are shown in Table 1.

The univariate analysis revealed a statistically significant
positive correlation between SE and disc area (0.214 [SD
0.031], P = 0.043). However, no statistically significant
correlations were found in the multivariate analysis for
SE (P >0.087), age (P > 0.126), or sex (P > 0.179). Table 2
shows the variation in papillary parameters by the SE group.

The analysis of interocular symmetry was based on values from
78 children since, in 12, an image of suitable quality was only
achieved for the right eye.

The results of the global analysis of interocular symmetry for
the papillary parameters are shown in Table 3. The ICCs for
all interocular symmetry parameters were high (>0.65), except
for ring area and vertical disc diameter, in which we found an
ICC of 0.60 and 0.58, respectively.

We measured the impact of age and the interocular difference
in SE on the symmetry of the optic disc parameters. The
multivariate regression analysis revealed a lack of correlation
between asymmetry in the optic disc parameters and age, sex,
and the difference in interocular SE (P> 0.105 for all values).

Discussion

The reference ranges for optic nerve parameters have been
evaluated by several authors. However, to the best of our
knowledge, the present study is the first to provide reference
values for optic disc parameters in the pediatric population
using OCT with the Topcon 3D 2000 protocol.[®] We also
provide interocular symmetry values for these parameters.

A reduction in ring area or volume could indicate a loss of
pRNFL. Therefore, the availability of pediatric reference
databases such as the present could prove highly relevant
when making the differential diagnosis with conditions such as
glaucoma in patients with suspect papillae. This is particularly
important in children, in whom difficulties arising from lack
of cooperation often prevent reliable visual fields from being
obtained, and thus, diagnostic conclusions from being reached.

Table 4 includes information about previous studies of optic
disc parameters in children.
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Table 1: Optic disc parameters in healthy children aged 5-17 years (n=90)

Mean (SD) Range Percentiles

pi p5 p25 ps0 p75 p9s pa99
Disc area (mm?) 2.58 (0.46) 1.79-3.98 1.79 1.86 2.24 2.58 2.82 3.36 3.97
Cup area (mm?) 0.65 (0.48) 0.02-2.58 0.02 0.13 0.29 0.53 0.90 1.80 2.57
Rim area (mm?) 1.94 (0.43) 1.17-3.08 1.17 232 1.58 1.91 221 2.72 3.05
Cup-to-disc area ratio 0.24 (0.15) 0.01-0.69 0.01 0.05 0.12 0.23 0.33 0.55 0.68
Linear cup-to-disc-ratio 0.47 (0.15) 0.10-0.83 0.10 0.23 0.34 0.48 0.58 0.74 0.80
Vertical cup-to-disc ratio 0.47 (0.15) 0.11-0.89 0.11 0.23 0.35 0.47 0.57 0.74 0.85
Cup volume (mm?) 0.12 (0.13) 0.00-0.76 0.00 0.00 0.02 0.09 0.16 0.37 0.70
Rim volume (mm?) 0.61 (0.37) 0.04-1.43 0.04 0.12 0.27 0.60 0.85 1.04 1.37
Horizontal disc 1.71 (0.17) 1.32-2.06 1.32 1.45 1.59 1.72 1.79 2.02 2.04
diameter (mm)
Vertical disc diameter (mm) 1.91 (0.19) 1.55-2.63 1.55 1.63 1.78 1.92 2.02 222 2.39

p: percentile, SD: Standard deviation

Table 2: Papillary parameters in healthy children aged 5-17 years (7=90) by spherical equivalent group

SE (D)
-5.5-—1D (n=13) —-1-+2D (n=62) +2-+5.5D (n=15)
Mean (SD) Percentiles 5 and 95 Mean (SD) Percentiles 5 and 95 Mean (SD) Percentiles 5 and 95

Disc area (mm2) 2.28 (0.28) 1.97 2.65 (0.46) 1.85 2.55(0.48) 1.79-3.50
2.75 3.40

Cup area (mm?) 0.55(0.29) 0.02 0.68 (0.51) 0.15 0.59 (0.51) 0.08-2.00
0.90 1.85

Rim area (mm2) 1.73 (0.29) 133 1.98 (0.45) 1.26 1.96 (0.39) 1.39-2.30
2.08 2.74

Cup-to-disc area ratio 0.24 (0.12) 0.01 0.25 (0.15) 0.06 0.22 (0.15) 0.04-0.55
0.38 0.59

Linear cup-to-disc-ratio 0.46 (0.16) 0.10 0.47 (0.16) 0.24 0.44 (0.15) 0.20-0.75
0.62 0.76

Vertical cup-to-disc ratio 0.47 (0.15) 0.11 0.47 (0.15) 0.24 0.46 (0.17) 0.23-0.87
0.61 0.74

Cup volume (mm3) 0.11 (0.10) 0.00 0.12 (0.14) 0.00 0.09 (0.10) 0.00-0.35
0.28 0.43

Rim volume (mm3) 0.58 (0.37) 0.04 0.62 (0.36) 0.14 0.60 (0.43) 0.06-0.85
1.20 1.34

Horizontal disc diameter (mm) 1.61 (0.12) 1.47 1.73 (0.17) 1.42 1.71 (0.17) 1.42-1.91
1.75 2.03

Vertical disc diameter (mm) 1.79 (0.12) 1.62 1.94 (0.18) 1.66 1.88 (0.21) 1.55-2.20
1.95 222

D: Diopters, SD: Standard deviation, SE: Spherical equivalent

Table 3: Interocular symmetry of optic disc parameters based on optical coherence tomography in healthy children aged
5-17 years (n=78)

Right eye, Left eye, Interocular difference (right eye—left eye) Absolute interocular difference

mean (SD) mean (SD)  mMean(SD) p25 p5 p95 p97.5 p9o p95
Disc area (mm?) 257(047)  2.61(0.52) —0.04(035) -0.86 —0.64 044  0.60 0.50 0.65
Cup area (mm?) 0.66 (0.49)  0.63 (0.44) 0.04(0.36)  —0.65 —046  0.52 1.26 0.49 0.79
Rim area (mm?) 1.91 (0.42) 1.99 (0.50)  —0.08 (0.43) —147 -0.77 0.53 0.98 0.62 1.12
Cup-to-disc area ratio 0.25(0.15)  0.23 (0.14) 0.01 (0.11) —024 —0.16 021 0.36 0.17 0.24
Linear cup-to-disc-ratio 0.48 (0.15)  0.46 (0.15) 0.02(0.11)  —021 —0.17 024 030 0.18 0.25
Vertical cup-to-disc ratio 0.48 (0.15)  0.46 (0.14) 0.02(0.12)  -026 —023 023 0.30 0.23 0.26
Cup volume (mm?®) 0.12(0.13)  0.11(0.13) 0.01(0.07) -0.11  —-0.09 0.11 0.18 0.09 0.14
Rim volume (mm?) 0.61(0.34)  0.66(0.36) —0.05(025) —0.62 -052 0.53 0.62 0.52 0.61
Horizontal disc 1.71 (0.16) 1.72(021)  -0.01(0.14) —033 —029 022 0.23 0.22 0.29
diameter (mm)
Vertical disc diameter (mm) 1.91 (0.20) 1.93(0.19)  —0.02(0.18) —039 —034 025 0.44 0.32 0.39

SD: Standard deviation, p: Percentile
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Table 4: Main studies about optic disc parameters in children

Authors Device Differences Differences with age Differences Limit of normal
with sex with interocular
spherical symmetry in the
equivalent  cup-to-disc ratio
Patel et al ¥ Portable OCT device - Increase in the size of the papilla with age - -

iVue 100 SD-OCT No
SD-OCT RTVue -

Kiziloglu et al ' Small differences with adults - -

Bhoiwala ef al ') Small differences with adults -

<0.25

Huynh et al 2 StratusOCT, software ~ Mild - Mild
v. 4.0.4

Pang et al P! HRT II Mild No No -
He et al HRT 3 Mild Mild Mild -
Altemir et al.!*! Cirrus HD-OCT No - - <0.25
Pawar et al * Cirrus HD-OCT No No - <0.22
Al-Haddad et al B Cirrus HD-OCT No No No <0.20
Current study (Mufioz-Gallego ef a/) OCT Topcon 3D-2000 No No No <0.24

OCT: Optical coherence tomography, HRT: Heidelberg retinal tomography, SD: Standard deviation, HD: High definition

Patel et al.’! used a portable OCT device to measure the
development of the optic disc from the first day of life up to
13 years and found high ICCs for the diameter of the disc and
the cup-to-disc ratio, as well as a progressive increase in the size
of the papilla with age. Yabas Kiziloglu e a/.'? studied optic
disc parameters in Turkish children using the OCT iVue 100
SD-OCT device, and as in our study, did not find significant
differences in these parameters between boys and girls. The
authors compared their results with the adult database for the same
device and observed that in children, the optic disc and ring area
were larger than in adults and that the vertical cup-to-disc ratio
was lower in children than in adults.'"” These results are similar
to those reported by Larsson et al.l'"! with the Heidelberg Retina
Tomograph (HRT) and Bhoiwala ez al.l'"¥ with SD-OCT RT Vue.
In their study of adults based on stereoscopic images of the optic
disc, Varma et al.["*! found no differences in the various parameters
with age or SE, although they did find that the papilla was
2%-3% larger in males than in females. Nevertheless, numerous
studies found no differences in optic disc parameters according
to sex.101L14181 Similarly, Huynh ez a/." did not find differences
with sex, except in horizontal and vertical diameter, which were
slightly higher in males. In a study of adolescents, the same
authors found that optic disc diameter, disc area, and ring arca
were greater in females, whereas the cup-to-disc ratio was greater
in males; however, these differences were very small.?” Similarly,
in a study of African American children, Pang ef a/.*'! did not find
differences between the sexes, except for the cup-to-disc ratio,
which was higher in boys. He et /. also found that this ratio
was 0.03 units lower in girls. Pawar et al.** and other authors***!
did not find differences in optical disc parameters according to
sex. Therefore, we can conclude that even though there may be
small differences between the sexes, the clinical relevance of
these differences is minimal or almost nonexistent, owing to the
small ratio. Wenner et al.?% found that the optic disc in the eyes
of children with high hypermetropia was smaller than in those
with emmetropia. In the present study, the multivariate analysis
revealed no statistically significant correlation with age, SE, or sex.

As for interocular symmetry, we found that the highest
correlation was for cup volume, disc area, ring volume,

horizontal diameter, and cup area. Huynh et al.** found that the
mean interocular differences were <0.02 mm for the diameter
of the optic disc and of the cup, and <0.04 mm? for optic disc
area, cup, and ring area. In this case, the cup-to-disc ratio was
the most symmetrical parameter, with minimal interocular
differences; therefore, asymmetry was lower than 0.25 in 95%
of children.?¥ Altemir et al.*! also found the cup-to-disc ratio
to be the most symmetrical. Larsson et al.!''! found greater
intraocular differences for the cup-to-disc and ring-to-disc
ratios and lower differences for disc and ring areas in a study
performed with HRT. Yabas Kiziloglu et al.l'” studied the
interocular symmetry of optic disc parameters in Turkish
children using the OCT iVue 100 SD-OCT device and found an
interocular correlation of more than 0.75 for all the parameters,
although they did not set limits of normality. In our study,
the most symmetrical parameter was cup volume, followed
by disc area and ring volume. The ICC of the cup-to-disc
ratio was 0.682. Studies performed in adults also revealed
a high correlation between both eyes for disc area but a low
correlation for depth and cup volume, as in the Blue Mountains
Eye Study, which was performed with HRT3.7

In the case of suspected glaucoma, interocular symmetry in the
cup-to-disc ratio is known to be a predictor of future axonal
damage in patients with ocular hypertension.”**! Altemir et al.**
suggested considering an interocular difference in the cup-to-disc
ratio of 0.25 as pathological, thus reflecting the wide degrees
of symmetry they found in the proportions of this ratio. Pawar
et al.? set this limit at 0.22 and Al-Haddad ez a/.?% at 0.20. In our
study, a normal value for papillary asymmetry in the cup-to-disc
ratio would be 0.17 if we take into account p90, and 0.24 if we
take into account p95. Therefore, our values are similar to those
of the abovementioned studies. In fact, in the Blue Mountains
Eye Study (adult sample), the authors concluded that 24% of
patients with glaucoma had interocular asymmetry >0.2 in this
ratio compared with 6% of healthy patients."!

Few studies evaluate the potential influence of factors that
modify the interocular symmetry of optic disc parameters.
As in our study, Al-Haddad et al.B% did not find a correlation
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between the asymmetry of papillary parameters and age or
sex. Furthermore, we found no correlation with the interocular
difference in SE.

Our study is subject to a series of limitations. Axial length (AL)
was not assessed, although the correlation between AL and
SE in healthy children has previously been reported to be
negative.’?’ We were unable to analyze the relationship
between geographical origin and optic disc parameters, as
most of the children were from Europe.

CoNncLusIoN

Having pediatric reference values for the optic disc and
interocular symmetry could prove to be a very valuable tool
in cases of suspected diseases of the optic nerve.

Acknowledgments

The authors would like to acknowledge Beatriz De-Lucas-Viejo
and Javier Sambricio for their contribution to ophthalmological
examinations and Tomas O’Boyle for writing assistance. The
authors have no conflict of interest to declare. The preparation
of the article was funded by the National Institute of Health
Carlos III (Grant PI 17/01073, Instituto de Salud Carlos III,
Ministry of Economy, Industry and Competitiveness, Spain)
and co-funded by the European Regional Development Fund.

Financial support and sponsorship

Spanish National Institute of Health Carlos III (Grant PI
17/01073, Instituto de Salud Carlos III, Ministry of Economy,
L.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Creavin AL, Williams CE, Tilling K, Luyt K, Timpson N, Higgins JP.
The range of peripapillary retinal nerve fibre layer and optic disc
parameters, in children aged up to but not including 18 years of age
who were born prematurely: Protocol for a systematic review. Syst Rev
2016;5:144.

2. Cameron JR, Megaw RD, Tatham AJ, McGrory S, MacGillivray TJ,
Doubal FN, et al. Lateral thinking — Interocular symmetry and
asymmetry in neurovascular patterning, in health and disease. Prog
Retin Eye Res 2017;59:131-57.

3. Muioz-Gallego A, Torres-Pefia JL, Rodriguez-Salgado M,
Ortueta-Olartecoechea A, Lopez-Lopez C, De la Cruz J, et al
Measurement of macular thickness with optical coherence
tomography: Impact of using a paediatric reference database and
analysis of interocular symmetry. Graefes Arch Clin Exp Ophthalmol
2021;259:533-45.

4. National Trading Syndicate Ltd. Optical Coherence Tomographt 3D
OCT-2000 Series. Available from: https://www.nts-bd.net/index.php/
eye-care/item/3d-oct-2000. [Last accessed on 2019 Jul 15].

5. Muioz-Gallego A, De la Cruz J, Rodriguez-Salgado M, Torres-Pefia JL,
Sambricio J, Ortueta-OlartecoecheaA, et al. Interobserver reproducibility
and interocular symmetry of the macular ganglion cell complex:
Assessment in healthy children using optical coherence tomography.
BMC Ophthalmol 2020;20:197.

6. Lee CF, Cheng AC, Fong DY. Eyes or subjects: Are ophthalmic
randomized controlled trials properly designed and analyzed?
Ophthalmology 2012;119:869-72.

7. Gonzalez Martin-Moro J, Pilo de la Fuente B. Population and sample

20.

21.

22.

23.

24.

25.

26.

217.

28.

Saudi Journal of Ophthalmology - Volume 38, Issue 1, January-March 2024

study. In: From the idea to scientific publication. Madrid, Spain:Soc
Espaiola de Oftalmologia; 2013. p. 51-6.

BancA, Ungureanu MI. Normative data for optical coherence tomography
in children: A systematic review. Eye (Lond) 2021;35:714-38.

Patel A, Purohit R, Lee H, Sheth V, Maconachie G, Papageorgiou E,
et al. Optic nerve head development in healthy infants and children
using handheld spectral-domain optical coherence tomography.
Ophthalmology 2016;123:2147-57.

. Yabas Kiziloglu O, Toygar O, Toygar B, Hacimustafaoglu AM. Optic

nerve head parameters measured with spectral-domain optical coherence
tomography in healthy Turkish children: Normal values, repeatability,
and interocular symmetry. Neuroophthalmology 2018;42:83-9.

. Larsson E, Nuija E, Alm A. The optic nerve head assessed with HRT

in 5-16-year-old normal children: Normal values, repeatability and
interocular difference. Acta Ophthalmol 2011;89:755-8.

. Bhoiwala DL, Simon JW, Raghu P, Krishnamoorthy M, Todani A,

Gandham SB, et al. Optic nerve morphology in normal children.
JAAPOS 2015;19:531-4.

. Varma R, Tielsch JM, Quigley HA, Hilton SC, Katz J, Spaeth GL,

et al. Race-, age-, gender-, and refractive error-related differences in the
normal optic disc. Arch Ophthalmol 1994;112:1068-76.

. Samarawickrama C, Pai A, Tariq Y, Healey PR, Wong TY, Mitchell P.

Characteristics and appearance of the normal optic nerve head in
6-year-old children. Br J Ophthalmol 2012;96:68-72.

. Elia N, Pueyo V, Altemir I, Oros D, Pablo LE. Normal reference

ranges of optical coherence tomography parameters in childhood. Br J
Ophthalmol 2012;96:665-70.

. Samarawickrama C, Wang JJ, Huynh SC, Pai A, Burlutsky G,

Rose KA, et al. Ethnic differences in optic nerve head and retinal
nerve fibre layer thickness parameters in children. Br J Ophthalmol
2010;94:871-6.

. El-Dairi MA, Asrani SG, Enyedi LB, Freedman SF. Optical coherence

tomography in the eyes of normal children. Arch Ophthalmol
2009;127:50-8.

. Hellstrom A, Svensson E. Optic disc size and retinal vessel characteristics

in healthy children. Acta Ophthalmol Scand 1998;76:260-7.

. Huynh SC, Wang XY, Rochtchina E, Crowston JG, Mitchell P.

Distribution of optic disc parameters measured by OCT: Findings from
a population-based study of 6-year-old Australian children. Invest
Ophthalmol Vis Sci 2006;47:3276-85.

Huynh SC, Wang XY, Burlutsky G, Rochtchina E, Stapleton F, Mitchell P.
Retinal and optic disc findings in adolescence: A population-based OCT
study. Invest Ophthalmol Vis Sci 2008;49:4328-35.

Pang Y, Trachimowicz R, Castells DD, Goodfellow GW, Maino DM.
Optic nerve heads in pediatric African Americans using retinal
tomography. Optom Vis Sci 2009;86:1346-51.

He M, Liu B, Huang W, Zhang J, Yin Q, Zheng Y, et al. Heritability
of optic disc and cup measured by the Heidelberg retinal tomography
in Chinese: The Guangzhou twin eye study. Invest Ophthalmol Vis Sci
2008;49:1350-5.

Pawar N, Maheshwari D, Ravindran M, Ramakrishnan R. Interocular
symmetry of retinal nerve fiber layer and optic nerve head parameters
measured by cirrus high-definition optical coherence tomography in a
normal pediatric population. Indian J Ophthalmol 2017;65:955-62.
Huynh SC, Wang XY, Burlutsky G, Mitchell P. Symmetry of optical
coherence tomography retinal measurements in young children. Am J
Ophthalmol 2007;143:518-20.

Altemir I, Oros D, Elia N, Polo V, Larrosa JM, Pueyo V. Retinal
asymmetry in children measured with optical coherence tomography.
Am J Ophthalmol 2013;156:1238-43.¢1.

Wenner Y, Brauer V, Kunze K, Besgen V, Kuhli-Hattenbach C,
Bertelmann T, et al. Comparison of optic disc parameters in hyperopic
and emmetropic eyes of healthy children with HRT and OCT. Klin
Monbl Augenheilkd 2018;235:1129-37.

Li H, Healey PR, Tariq YM, Teber E, Mitchell P. Symmetry of optic
nerve head parameters measured by the Heidelberg retina tomograph 3
in healthy eyes: The Blue Mountains Eye study. Am J Ophthalmol
2013;155:518-23.¢l.

Fishman RS. Optic disc asymmetry. A sign of ocular hypertension. Arch
Ophthalmol 1970;84:590-4.

51


https://www.nts-bd.net/index.php/eye-care/item/3d-oct-2000
https://www.nts-bd.net/index.php/eye-care/item/3d-oct-2000

29.

30.

52

Muiioz-Gallego, et al.: Optic disc morphology in children

Quigley HA, Enger C, Katz J, Sommer A, Scott R, Gilbert D. Risk
factors for the development of glaucomatous visual field loss in ocular
hypertension. Arch Ophthalmol 1994;112:644-9.

Al-Haddad C, Antonios R, Tamim H, Noureddin B. Interocular
symmetry in retinal and optic nerve parameters in children as measured
by spectral domain optical coherence tomography. Br J Ophthalmol
2014;98:502-6.

31.

32.

Ong LS, Mitchell P, Healey PR, Cumming RG. Asymmetry in optic disc
parameters: The Blue Mountains Eye study. Invest Ophthalmol Vis Sci
1999;40:849-57.

Al-Haddad C, Barikian A, Jaroudi M, Massoud V, Tamim H,
Noureddin B. Spectral domain optical coherence tomography in
children: Normative data and biometric correlations. BMC Ophthalmol
2014;14:53.

Saudi Journal of Ophthalmology - Volume 38, Issue 1, January-March 2024



