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Abstract

Aim: To measure the macular thickness, macular volume and peripapillary retinal nerve fiber layer (RNFL) in healthy Caucasian chil-
dren using spectral domain optical coherence tomography (SDOCT) and analyze the correlation of these values with age, refraction,
and biometric measurements.

Materials and methods: In this cross-sectional study, we recruited 270 healthy children (150 female and 120 male) aged 6 to 17
years with no ocular abnormalities. All children underwent a detailed eye examination. The measurements were obtained using a
SDOCT device (SOCT Copernicus REVO). Main outcome measures were macular thickness, macular volume and RNFL thickness.
Their correlations with age, refractive error, anterior chamber depth (ACD) and axial length (AL) was analyzed. Right eyes of all subjects
were selected for analysis.

Results: In this study group (mean age 10.70+2.82 years), the average peripapillary RNFL thickness was 117.11+9.15 um, the central
macular thickness was 232.10+15.81 um, the average macular thickness was 286.70+9.82 pm, and the average macular volume was
8.01+0.28 mm?®. The average values for the biometric data were: axial length - 23.16+0.94 mm, anterior chamber depth - 3.64+0.26
mm, the spherical equivalent (SE) value - +0.81+0.58 diopter. Central macular thickness, inner macular thickness (superior, inferior,
nasal, temporal quadrants) values, total macular thickness and macular volume were significantly higher in males than in females. We
found a positive correlation between central macular thickness, inner nasal macular thickness, outer inferior macular thickness values,
and age. Also, we found a significant correlation between the average macular thickness values and the average macular volume values
(p<0.0001). RNFL measurements did not correlate with age (p=0.199). Almost all macular parameters were consistently positively cor-
related with SE. A significant correlation was also found between the central macular thickness, inner inferior macular thickness, inner
nasal macular thickness and the ACD. We found a significant correlation between the average macular thickness, macular volume, inner
superior macular thickness, outer macular thickness (superior, inferior, nasal, temporal quadrants) values and the AL.

Conclusion: This study found normal reference ranges for RNFL and macular parameters measured by SOCT Copernicus REVO in
healthy Caucasian children aged 6-17 years. This normative values could be very useful in early diagnosing and monitoring of optic
neuropathy, glaucoma and macular diseases in childhood.
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INTRODUCTION

ODUCTIO children worldwide are visually impaired.'? To decrease
The number of children suffering from blindness world-  the risk of blindness, it is critical to diagnose children with
wide is approximately 1.4 million. An estimated 19 million =~ ROP early and treat the evolving disease before permanent
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damage has occurred. Optical coherence tomography is a
non-invasive, noncontact method that uses low-coherence
interferometry to perform high-resolution cross-sectional
imaging of tissue morphologic features, providing an op-
tical biopsy.®> Spectral domain OCT (the latest generation
of the technology) provides higher resolution (up to 5 um)
and decreased acquisition time in comparison to the pre-
vious time-domain OCT.* This is extremely useful while
performing OCT examination in uncooperative children.
OCT enables detection of morphological changes in the
retina that cannot be seen with traditional ophthalmosco-
py. Thus, various macular diseases could be diagnosed at
an early stage. Sometimes computer perimetry is difficult
to perform in children. Functional losses proven by pe-
rimetry correspond to morphological changes evidenced
by OCT, as shown in many previous studies.>” Optical co-
herence tomography makes also possible quantitative mea-
surements of retinal thickness, including the retinal nerve
fibre layer thickness. This enables the early diagnosis of ju-
venile glaucoma as well as the detection of various optic
neuropathies. All OCT devices have an integrated norma-
tive database only for adult subjects of 18 years and older.
Because the OCT data are based on age, it is not appro-
priate to compare measurements in children with the adult
database. There are some published studies for normative
database in children obtained by several old OCT devices.®
So far, no data have been reported about the new genera-
tion SDOCT devices (such as SOCT Copernicus REVO).
Therefore, we aimed in this study to report the normative
values for SDOCT measurements of macular thickness,
macular volume and peripapillary retinal nerve fiber layer
(RNFL) thickness in children.

MATERIALS AND METHODS

This study was performed in a high school in December
2018 year. We evaluated 270 eyes from 270 children with
no ocular abnormalities except refractive error. This study
was performed in accordance with the Declaration of Hel-
sinki and was approved by the Local Ethics Committee
of the participating center. Written informed consent was
obtained from all parents of the children after explaining
the imaging modality to them and to the child. Autorefrac-
tometry, best-corrected visual acuity, slit-lamp biomicros-
copy, dilated indirect fundus examination, and intraocular
pressure measurements (using a noncontact tonometer)
were conducted. All of the included children were born at
term ( > 37 weeks gestational age) and with normal birth
weight ( = 2500 g). The inclusion criteria were: best-cor-
rected visual acuity (BCVA) of at least 0.7 (on the Snellen
visual acuity scale) in the 6-7-year olds and 0.8 in the old-
er groups, refractive error (in spherical equivalent) within
+5.00 diopters, intraocular pressure < 21 mmHg in both
eyes, cup-to-disc (C/D) ratio < 0.4, and C/D ratio asymme-
try < 0.2 between the 2 eyes. We excluded patients with a
history of intraocular surgery, strabismus, amblyopia, reti-

nal pathology, glaucoma. Patients with history of prematu-
rity, neurologic, metabolic or other systemic diseases were
also excluded.

Each subject underwent an initial ophthalmic examina-
tion including measurement of the BCVA (Snelen chart),
refraction, assessment of ocular motility, anterior segment
and fundus. The pupils were dilated with three drops of 1%
cyclopentolate at intervals of fifteen minutes, and the cy-
cloplegic autorefraction (UNICOS URK-700 autokeratore-
fractometer) was assessed 30-35 minutes after the last drop
was instilled. The biometric data-AL and ACD were mea-
sured using SOCT Copernicus REVO (Optopol Technolo-
gy SA, Zawiercie, Poland) before cycloplegia, and a mean of
ten measurements was used in the analysis. The measure-
ments performed by autorefkeratometer were repeated at
least 5 times, and the average value of those measurements
was recorded for each eye. In addition, the spherical equiv-
alent refraction values (SE = spherical error + 50% of cy-
lindrical error) were calculated from the average refractive
error values for each eye.

Optical coherence tomography
measurements

Images of the macular region were obtained using a SOCT
Copernicus REVO (Optopol Technology SA, Zawiercie,
Poland). This instrument uses a super-luminescent diode
light source with a peak wavelength of 830 nm (bandwidth,
50 nm), providing OCT images with an axial resolution
of 5 um, a transverse resolution of 12 um to 18 pm, and a
scanning speed of 80.000 A-scans per seconds. All included
subjects underwent SDOCT examination by a single operator.
Internal fixation was used to suppress ocular movements.
Multiple measurements were taken and the best centred
one with good signal strength was chosen for analysis. The
programs used for the present study were 3D scan proto-
cols. The macular thickness data are presented in the nine
ETDRS areas (Early Treatment Diabetic Retinopathy Study
Research Group 1985) (Fig. 1).° The peripapillary RNFL
thickness parameters that were automatically calculated by

Figure 1. Macular thickness for the nine Early Treatment Dia-
betic Retinopathy Study regions using SOCT Copernicus REVO.
Al = central, A2 = inner superior, A3 = inner temporal, A4 =
inner inferior, A5 = inner nasal, A6 = outer superior, A7 = outer
temporal, A8 = outer inferior, A9 = outer nasal area. The central
subfield (A1) measures 1 mm in diameter, the inner (A2-A5) and

outer (A6-A9), 3 and 6 mm, respectively.
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the SDOCT device and divided into regions including infe-
rior, superior, nasal and temporal quadrant thickness.

Statistical analysis

The data of right eyes of the 270 subjects were analysed us-
ing SPSS 19.0. Descriptive statistics were reported as mean
and standard deviation. The normality of the distribution
of the study sample was assessed by the Shapiro-Wilk test/
Kolmogorov-Smirnov test. Independent two-sample t-test
was used to test the difference between the two genders if
a normal distribution was present or the Mann-Whitney
test otherwise. Correlation analysis and Pearson’s correla-
tion coeflicients, and Spearman’s correlation coefficients
were used to evaluate the effect of age, sex, SE and AL on
the macular and RNFL thicknesses. P values less than 0.05
were considered to be statistically significant.

RESULTS

A total of 307 Caucasian children were recruited for this
study. Of these, 32 were excluded because of failure to ob-
tain parental consent, and 5 children were excluded be-
cause the children did not cooperate during the SDOCT
examination. The average age of all 270 children [150 girls
(55.6%) and 120 boys (44.4%)] involved in the study was
10.70+2.81 years (range 6-17).

Measurements

The mean peripapillary RNFL thickness was 117.11£9.15
pm, the central macular thickness was 232.10+15.81 um,

Table 1. Biometric parameters® of healthy pediatric patients

the average macular thickness was 286.70+9.82 um (Fig. 2)
and the average macular volume was 8.01+0.28 mm?®. For
the biometric data: the mean axial length was 23.16+0.94
mm, the mean anterior chamber depth was 3.64 0.26 mm,
the mean spherical equivalent value was +0.81+0.58 diop-
ters. Table 1 shows the axial length, ACD and SE values for
the right eyes of all children included in the study.

In the correlation analysis, no significant correlation was
found between the ages of the patients and the peripapillary
RNFL thickness (p > 0.05). Also, no significant correlation
was found between sex of the children and NRFL thickness
(Table 2). However, there was a significant positive correla-
tion between the age of the patients and AL values (r = 0.249,

Histogram
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Figure 2. Normal distribution of average macular thickness.

Measurement Male (n=120) Female (n=150) p valueb Total (n=270)
Anterior chamber depth

3.69+0.27 3.59+0.26 0.006 3.64+0.26
(mm)
Axial length(mm) 23.46+0.89 22.92+0.91 0.000 23.16+£0.94
Spherical equivalent

1.00+0.75 0.65+1.10 0.000 0.81+0.98

(diopters)

¢ Mean+SD (normal range); b Mann-Whitney Test.

Table 2. Average peripapillary retinal nerve fiber layer thickness® in healthy children using SOCT Copernicus REVO

Area Male (n=120) Female (n=150) p valueb Total (n=270)
Superior 146.42+14.83 147.59+14.80 0.517 147.07£14.80
Inferior 147.45+14.04 149.79+15.16 0.194 148.75+14.68
Temporal 79.3949.11 80.27+10.39 0.469 79.88+9.83
Nasal 93.98+14.98 91.77+14.37 0.218 92.75+14.66
Total 116.814£9.04 117.3619.27 0.628 117.1149.51

» Mean+SD (normal range); ® Independent samples t test.
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p =0.000), as well as significant positive correlation between
the age and ACD values (r = 0.165, p = 0.007). In the correla-
tion analysis, a significant negative correlation was found be-
tween the SE values of the patients and the ACD (r = -0.344,
p<0.0001) and AL values (r = -0.255, p < 0.0001). No signifi-
cant correlation was found between the SE values and the age
(r = -0.110, p = 0.07). Also, there was a significant positive
correlation between the ACD values of the patients and AL
values (r = 0.471, p < 0.0001). We found a correlation be-
tween macular parameters and some biometric data. There
were significant differences in the average macular thickness
and average macular volume between boys and girls. Boys
were found to have greater macular thickness than girls in
the central macular thickness and inner ring regions (Table
3). There was a significant correlation between the average
macular thickness values and the average macular volume
values (r = 0.958, p < 0.0001). In the current study, average
inner macular thickness were statistically significantly higher
than average outer macular thickness (¥ = 0.724, p < 0.0001).
Macular thickness in the superior inner, inferior inner, tem-
poral inner, superior outer and inferior outer quadrants
were significantly correlated with SE (Spearman correlation
analysis, p = 0.007, 0.006, 0.024, 0.001, 0.02 respectively).
Macular thickness in superior inner, superior outer, inferior
outer, temporal outer, and nasal outer quadrants were sig-
nificantly correlated with AL (Spearman correlation analy-
sis; p = 0.011, 0.000, 0.000, 0.000, 0.000, respectively). Also,
the average macular thickness and the average macular vol-
ume were significantly correlated with AL. In the correlation
analysis, a significant correlation was found between the cen-
tral macular thickness, inner inferior macular thickness and
inner nasal macular thickness values of the patients and the
ACD (Spearman correlation analysis, p = 0.008, 0.046, 0.044,
respectively). Significant correlation was found between the
NRFL (average NRFL, superior and inferior quadrant) val-
ues and the AL, but no such correlation was found between
NRFL and ACD.

DISCUSSION

In this study, we report normative data for NRFL thick-
ness, macular thickness and volume, assessed with SOCT
Copernicus REVO in 270 full-term, healthy children aged
between 6 and 17 years. Different authors indicate differ-
ent values of macular parameters because of different OCT
devices. In our study, the central macular thickness was
232.1+15.8 um, unlike that reported by AL-Haddad et al.
(249.1%20.2)19, Turk et al. (258.6+17.2)!1, and Barrio-Bar-
rio et al. (253.9+19.8)'2. Their results are similar in that
they used SD-OCT Cirrus. Pierro et al. (2010), compared
the values of macular thickness in adults with different
OCT device and found that the macular thickness was the
thinnest in SOCT Copernicus.!*> We found the same rela-
tionship in children. The mean macular thickness is less
at central level, increases in the inner perifoveal ring, and
then decreases in the outer perifoveal ring.

The sex comparison of macular parameters in the pres-
ent study showed that boys had significantly higher mac-
ular thickness at the fovea and the four inner quadrants
when compared to girls. While significant differences were
noted in some quadrants between boys and girls, howev-
er, there was no significant difference in average macular
thickness and volume. This finding is in agreement with the
results reported by Barrio-Barrio et al. and Huynh et al 1214
However, Turk et al. does not find a correlation between
age and macular thickness and macular volume.!!

Glaucoma in childhood is a rare disease that occurs
asymptomatically with gradual loss of ganglion cells. Di-
agnosis and follow-up are therefore difficult, especially for
children. It is of utmost importance to detect the disease
early before functional impairment occurs in the visual
field. Therefore, early evaluation of the nerve fiber layer in
children will support early detection, follow-up and treat-
ment of the disease. It is therefore reasonable to establish
a reference database for children. Turk et al. evaluated 107

Table 3. Average macular thickness® in the healthy children using SOCT Copernicus REVO

Area Male (n=120) Female (n=150) p value® Total (n=270)
Al 235.57£15.78 229.33+£15.33 0.01 232.10+15.81
A2 316.11+11.64 312.31+£11.33 0.07 314.00£11.60
A3 303.61£10.52 297.46x11.23 0.000 300.19+11.32
A4 313.79+£10.97 309.19+11.35 0.01 311.23+£11.40
A5 314.66£11.90 310.19+£11.98 0.03 312.18+£12.13
A6 275.71£11.30 277.24+11.68 0.278 276.56x11.52
A7 267.31£10.45 264.30£10.99 0.23 265.64+10.84
A8 271.48+11.84 271.75£12.07 0.85 271.63+11.95
A9 296.50+ 13.11 297.01+11.78 0.735 296.79+12.37
Total 288.30+9.68 285.42+9.78 0.16 286.70+9.82

@ Mean+SD (normal range); * Independent samples t test.
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children between 6 and 16 years of age and found that
the mean RNFL thickness was 106.45+9.47 ym.!! Yanni
et al. defined that the mean global RNFL thickness in 83
healthy children aged 5 to 15 years was 107.6+1.2 pm.'
Barrio-Barrio et al. found that the mean RNFL thickness
in 301 healthy white children aged 4 to 17 years was 97.4+9
pm with Cirrus HD-OCT.!? The average RNFL thickness
in our study of healthy Bulgarian children was determined
as 117.11£9.15 um. The quadrant thickness distribution
followed the classic “double hump” pattern seen in adults
with the thickest being the inferior followed by the supe-
rior then nasal and temporal, consistent with the “ISNT
rule”! However, there are various studies on this matter
that reported different variations. The sequence of average
RNFL thickness in study by Turk et al. was as follows: in-
ferior superior temporal nasal (ISTN).!! Leung et al. found
that the RNFL thickness decreased from superior to infe-
rior to temporal to nasal (SITN) quadrants, in contradis-
tinction to the ISNT rule.!” In this study, it was found that
the RNFL thickness decreased from the inferior, to superi-
or, to nasal to temporal quadrants, which is in accordance
with the “ISNT rule”.

In this study, RNFL values were not affected by age
in agreement with other reports. Some authors suggest-
ed that nerve fiber layer losses happened later in life after
the age of 50 years, hence the absence of RNFL correla-
tion with age in children. RNFL thickness evaluation with
OCT devices may be used for both research and clinical
purposes to diagnose and follow-up the optic neuropa-
thies and diseases that affect the central nervous system,
which include traumatic and toxic optic neuropathy, op-
tic neuritis, compressive optic neuropathy, and hereditary
optic neuropathies.

A positive correlation between age and central macu-
lar thickness was reported by Barrio-Barrio et al.!? and
Al-Haddad et al.'® After correlation analysis, we were able
to find such correlation in the present study. Barrio-Barrio
et al. and Al-Haddad et al. found no correlation between
macular thickness and spherical equivalent.!®!? In this
study, we also found such a correlation.

Limitations of this work include the mostly uniform eth-
nic group (Caucasian race) so the effect of race and ethnic-
ity could not be tested. We also excluded patients with high
refractive errors and increased cup-to-disc ratios; norma-
tive data for these groups were not established.

CONCLUSIONS

This study established normal reference ranges for RNFL
and macular parameters measured by SOCT Copernicus
REVO in healthy Caucasian children 6-17 years of age.
SDOCT is fast, non-invasive, harmless method that allows
repeatability studies. It provides an objective, quantita-
tive evaluation of the structure of the macula and NRFL,
which makes the process very suitable for children, where

cooperation is limited. This adds another database to the
available literature on normative values using other OCT
devices and facilitates evaluation of OCT measurements in
children with optic neuropathies, glaucoma and macular
diseases. Future studies involving pediatric patients to be
performed in addition to our study will contribute to the
formation of a normative SDOCT database for the pediat-
ric population.
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Pe3rome

Llenb: VisMepuTh TOMIMHY MaKy/Ibl, MAKY/IAPHBI 00bEM 1 NepUIanuULApHble HeilpodubpunsapHbie knyoku (RNFL) 3popoBbix
IeTelt 6eIoit pachl C IOMOIIBIO OLTUYECKON KOTepeHTHO ToMorpadui crekrpanpHoit obmactu (SDOCT) u mpoaHanmn3upoBaTb KOp-
PEIALNIO STUX 3HAYEHUIT C BO3PACTOM, pedpaKiiyeit 1 6110MeTPUIeCKUMI U3MEPEHNAMM.

Marepuanbl n MeToAbl: B sTom nccnegosanny Mbl BKIounmm 270 350poBbix getelt (150 sxeHckoro moma n 120 My»CKOro 1ona) B
BO3pacTe OT 6 [0 17 yteT 6e3 HapyIueHNit 3peHs. Bce meTu mpouum getanpHoe obcefoBane r1as. VisMepeHs IpOBOANIICH C 110-
moupio npubopa SDOCT (SOCT Copernicus REVO). OcHoBHbIe M3MepeHsI ObUIM B OTHOLICHIN TOMIIMHBI MAaKy/Ibl, MAKY/IIPHOTO
06béma 1 tormmuyasl RNFL. VIx koppersinum ¢ Bo3pacToM, pedpaKIfOHHOI OLMOKOIL, ITy6uHoIT mepenHeit kaMepsl (ACD) u oceBoit
mnuHoit (AL) 6puty mpoaHanM3upoBaHsl. 11 aHa/mi3a ObUIY BHIOPAHDI IIPaBble I7Ia3a BCEX YIaCTHUKOB.

Pesynbrarbl: B sroii rpymniie (cpeguuit Bospact 10,70 + 2,82 ropa) cpepHsia Tomuuua nepunamisgpaoit RNFL cocraswra 117,11
+ 9,15 um, HeHTpasbHasA TOMMHA MaKy/bl cocTaBuma 232,10 + 15,81 pum, cpefHAsa TOMLMHA MaKy/Ibl coctaBuia 286,70 * 9,82 um,
a cpepHuit 06béM Makyibl coctaBua 8,01 + 0,28 mm®. CpepHue 3HadeHMUs1 GMOMETPUYECKUX M3MEPEHUIT COCTABIIN: OCEBasl JIMHA
23,16 + 0,94 mm, rny61/1Ha nepenHeit Kamepsl — 3,64 + 0,26 MM, 3HaYeHMe ctioepw{ecxoro sxsuBanenTa (SE) - + 0,81 + 0,58 TVOTIATPUIA.
IleHTpanbHasA TOMIVMHA MaKy/Ibl, 3HaUeH)s BHYTPEHHeJT TOMIMHBI MaKy/Ibl (BepXHsAA, HYDKHAA, HOCOBAs, BCOYHBII KBaJJPaHT), 00-
Ijas TOMIYHA MaKy/Ibl X 06BEM MaKy/Ibl ObIIM 3HAUMTEIBHO BBIIIE Y MaJIbYMKOB, YeM Y JieBOUeK. Mbl 0OHAPYKM/IU HOTIOXKUTETbHYIO
KOPPENALMIO MEXTY 3HAYEHUAMNU LIEHTPATbHOI TOMIIMHBI MaKYy/Ibl, BHYTPEHHEN TONIIMHBI Ha3a/lbHI MaKy/Ibl, HAPY>KHOI HIKHE
TOJILIMHBI MAaKyJIbl ¥ BO3PACTOM. MBI TakKe 0OHAPYKM/IU 3HAUNMTEIbHYI0 KOPPE/IALMIO MEXK/Y CPEIHIMY 3HAYeHUAMY TOJIIMHBI Ma-
KY/Ibl ¥ CPEHMUMI 3HAYeHMAMU MaKy/sipHOro o6béma (p <0,0001). Vismepenns RNFL He koppenuposau ¢ Bospactom (p = 0,199).
ITouTty Bce MaKy/IAPHBIE ITapaMeTPhl HAXOAW/IVCD B IIOCTOSHHOI ITOIOKUTENbHON KoppenAlym ¢ SE. SHaunTeNbHas KOppeALys 6biia
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TaKXKe 0OHApy)KeHa MEX/Y IIeHTPATbHOI TOMIIMHOM MaKy/Ibl, BHYyTPEHHE! TOMIIMHON HIDKHEN MaKy/Ibl, BHYTPEHHEI TOJIMHOM
HasambHOI Maky/bsl 1 ACD. Mbl 00HAPY>KI/IN 3HAYUTETBHYIO KOPPEALINIO MeXXY 3HAYCHIAMI CPefHElT TO/IIVHbI MAKYIIBL, 06BbéMa
MaKyJIbl, TOMIVHBI BHYTPeHHell BepXHell MaKy/Ibl, TOMIMHBI HAPY>KHOI MaKy/bl (BePXHETO, HMKHEr0, HOCOBOTO, BICOUYHOTO KBa-
npanrta) u AL.

BbiBoAbI: B aTOM nccenoBaHny ObUIM YCTaHOBJICHbI HOpMajlbHble pedepeHcHble 3HaueHMsA RNFL 1 Maky/nIApHBIX ITapaMeTpoB,
nsmepennsie ¢ nomorbio SOCT Copernicus REVO, y 310poBbIX fieTeit 6eroit pachl B Bodpacte 6-17 ieT. DT HOpMaTHBHbIE 3HAYEHS
MOTYT OBITb IIO/IE3HBI /IS paHHelT AMAaTHOCTVKY Y MOHUTOPUHTA HeBPOIIATUH 3PUTENBHOTO HePBa, IJTayKOMbI 1 MaKyILIPHOI 60/Ie3HN
y merein.

KnioueBble cnoBa

IIyOMHa TIepefiHell KaMephl, 0CeBas JUIMHA, JeTHU, TONMIIMHA MAKyIIbl, epPUIAIUIAPHbIE HellpopuOpPUIIAPHbIE KITyOKM CeTYaTKH,
cepryeckmit 5KBUBaTEHT
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