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Purpose: The aim of this paper was to examine the distribution of macular, retinal nerve fiber layer
(RNFL) thickness and optic disc parameters of myopic and hyperopic eyes in comparison with
emmetropic control eyes and to investigate their variation according to axial length (AL) and
spherical equivalent (SE) in healthy children. Methods: This study included 293 pairs of eyes of 293
children (145 boys and 148 girls), ranging in age from 6 to 17 years. Subjects were divided
according to SE in control (emmetropia, 99 children), myopia (100 children) and hyperopia (94
children) groups and according to axial AL in 68 short (<22.00 mm, 68), medium (from >22.00 mm
to 25.00 mm, 189) and long eyes (>25.00 mm, 36). Macular parameters, RNFL thickness and optic
disc morphology were assessed by the Cirrus™ HD-OCT. AL was measured using the IOL-Master
system. Littmann’s formula was used for calculating the corrected AL-related ocular magnification.
Results: Mean age (+ SD) was 10.84 + 3.05 years; mean (4 SD) SE was +0.14 & 0.51 D (range from
—8.75 to +8.25 D) and mean AL (+SD) was 23.12+1.49. Average RNFL thickness, average
macular thickness and macular volume decreased as AL and myopia increased. No correlations
between AL/SE and optic disc parameters were found after correcting for magnification effect.
Conclusions: AL and refractive error affect measurements of macular and RNFL thickness in
healthy children. To make a correct interpretation of OCT measurements, ocular magnification
effect should be taken into account by clinicians or OCT manufacturers.
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1. Introduction

Optical coherence tomography (OCT) is a nonin-
vasive, noncontact technology that provides cross-
sectional images of the retina. The instrument uses
specific algorithms to automatically measure retinal
thickness (RT) and retinal nerve fiber layer (RNFL),
to quantify optic nerve head (ONH) morphology
and to assess changes in retinal diseases.! This is
especially important in children because visual loss
associated with retinal disease can negatively in-
fluence their visual development.?

Wang et al.® revealed that magnification attrib-
utable to axial length (AL) and refractive error has
minimal impact on measurements of macular and
RNFL thickness in 120 children, but they asserted
that transverse measurements such as optic disc
diameter should be corrected by magnification ef-
fect. However, other studies conducted in adults*”
and children®” found that AL*" and refractive
error”%® influence the measurements of OCT. The
studies mentioned earlier*® referred that AL-relat-
ed ocular magnification should be taken into ac-
count to ensure better accuracy in the measurements
made with OCT. Previous studies used time domain
OCT (Stratus OCT); however, spectral domain
(SD-OCT) such as Cirrus HD-OCT offers a higher
axial resolution and scanning speed than conven-
tional time-domain techniques.” These OCT devices
(Stratus and Cirrus OCT) did not apply the cor-
rection for magnification effect. As referred Ctori
et al.,'” ocular magnification of retinal images is
affected by refractive error, corneal curvature, re-
fractive index, AL and anterior chamber depth as
well as the distance from the eye. Spectralis SD-
OCT employs an automatic modification process in
order to neutralize the effect of ocular magnifica-
tion.'Y Ocular magnification is a factor of disagree-
ment between both devices (Spectralis SD-OCT
and Cirrus OCT) because of the scan path used.
Spectralis SD-OCT uses a circular scan path, and
Cirrus OCT interpolates the scan from a 200 x 200
A-scan cube centered on the optic nerve.°

Lim and Chun® compared, in a sample of 35
children younger than 10 years, the peripapillary
RNFL thickness, macular thickness and total mac-
ular thickness of high myopic eyes with a mean
spherical equivalent (SE) of —7.93+1.46 D with
those of low myopic eyes with a mean SE of
—1.414+1.32 D, concluding that high myopic chil-
dren had significantly lower values of overall

peripapillary RNFL thickness, macular thickness
and macular volumes than low myopic children. In
this study,® the authors corrected for ocular mag-
nification effect. Tas et al.’ divided a sample of 164
hyperopic children into three groups according to
their SE as low, moderate and high hyperopia group
and found that the mean RNFL and the RNFL of
inferior and nasal quadrants were thicker in children
with high hyperopia than in children with low hy-
peropia. However, these differences disappeared
after correction of magnification.® Savini et al.* used
the magnification correction for evaluating RNFL
thickness and ONH parameters (optic-disc area and
rim area) in 45 healthy adults (mean age: 39.4 £ 7.2
years), dividing their sample into three groups
according to AL as short, medium and long eyes.
The authors revealed that AL influences measure-
ments of both RNFL thickness and ONH para-
meters and suggested caution when measurements
of myopic and hyperopic eyes were compared with
the normative database of the instrument.*

Huynh et al.? corrected in 1309 6-year-old chil-
dren transverse disc OCT measurements for mag-
nification and concluded that AL appears to have a
stronger effect on disc and rim area than the re-
fraction. All of the aforementioned studies utilized
Stratus-OCT to take the measurements. As previ-
ously reported by Savini et al.,* the Cirrus HD-OCT
and Stratus-OCT should behave similarly, when
AL-induced ocular magnification is accounted for.

The aim of this study was to evaluate the dis-
tribution of macular and RNFL thickness and
ONH parameters of myopic and hyperopic eyes
in comparison with emmetropic control eyes and
to investigate the variations of these parameters
according to AL and refractive error in healthy
Caucasian children. Measurements were performed
with SD-OCT and corrected for magnification. To
our knowledge, there are a small number of studies,
which analyze the impact of both AL and refraction
on OCT measurements in Caucasian children.

2. Materials and Methods
2.1. Patients

This was a cross-sectional study that included 293
eyes of 293 healthy children (145 boys and 148 girls)
ranging in age from 6 to 17 years selected from a
previous study database.!! The sample was classi-
fied according to the cycloplegic SE refraction of
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both eyes, and subjects were divided into three
groups: 99 emmetropic eyes as a control group (45
boys and 54 girls), 100 myopic eyes (46 boys and 54
girls) and 94 hyperopic eyes (54 boys and 40 girls).
Emmetropia was defined as a cycloplegic SE be-
tween +0.75 and —0.25 D.'? The myopic group was
further categorized into three subgroups according
to the SE: low myopia (SE between —0.50 and
—3.00 D), moderate myopia (SE between —3.25 and
—6.00 D) and high myopia (SE greater than —6.00
D).'%!3 The hyperopic group was similarly catego-
rized into low (SE between +1.00 and +3.00 D),
moderate (SE between +3.25 and +6.00 D) and
high (SE greater than +6.00 D) hyperopia. As the
effect of AL on macular and RNFL thickness and
optic disc parameters was investigated, our sample
was also divided into three groups according to
the magnitude of AL: short (<22.00 mm, 68 eyes,
33 boys and 35 girls), medium (from >22.00 mm
to 25.00 mm, 189 eyes, 88 boys and 101 girls) and
long eyes groups (>25.00 mm, 36 eyes, 19 boys and
17 girls).**

Exclusion criteria for the study were a corrected
distance visual acuity worse than 20/25 in either
eye and a refractive cylinder of more than 2.00 D
because the degree of corneal astigmatism influences
the ONH parameters and peripapillary RNFL
thickness measurements by the Cirrus HD-
OCT.'16 Subjects with a previous history of ocular
surgery, trauma, pathology or ocular medication
and those with tilted optic disc, anisometropia more
than 1.00 D or strabismus were also excluded from
the study.

2.2. Examaination protocol

All subjects underwent a comprehensive ocular ex-
amination that included visual acuity measurement,
stereopsis assessment, motility exam, cycloplegic
refraction, anterior segment and dilated fundus ex-
amination. Cycloplegia was induced with three drops
of cyclopentolate 1% separated by 5 min, to achieve
adequate mydriasis (>6 mm).? At least 30 min after
the last drop, autorefraction was performed with an
autorefractometer (Topcon KR-8100P), followed by
a subjective refractive refinement.

The same experienced examiner (I. B.-G.) per-
formed all of the measurements in both eyes in a
random order 15 days after the initial ocular ex-
amination in order to avoid any effect induced by
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cycloplegia. Only data from one eye randomly se-
lected in each patient were included in the study.
The AL was measured using the IOL-Master system
(Version 5.2.1, Carl Zeiss Meditec, Jena, Ger-
many).'” Three consecutive AL readings were taken
and averaged. Only the AL measurements with a
signal-to-noise ratio greater than 2 were included in
the database.' All measurements were performed
without pupil dilation. Intraocular pressure was
determined and analyzed in a previous study,'? and
all children included in the analysis were self-
reported healthy.

The study followed the tenets of the Declaration
of Helsinki, and informed written consent was
obtained from the children’s legal guardians.

2.3. OCT (Cirrus™ HD-OCT)
measurements

Measurements of the RNFL thickness, ONH para-
meters and macular thickness were obtained
using an SD Cirrus™ HD-OCT system (Version
5.0.0.326, Carl Zeiss Meditec, Dublin, CA, USA),
without cycloplegia. All of the scans were performed
by a single experienced examiner (I.B.-G.).

Optic disc cube 200 x 200 protocol was utilized
to assess RNFL thickness (average and all four
quadrants: superior, nasal inferior and temporal)
and ONH measurements. This protocol generates
200 x 200 cube images with 200 linear scans that
are performed by 200 A-scans. Cirrus™ HD-OCT
software algorithms automatically detect the center
of the optic disc and place a calculation circle of
3.46 mm diameter evenly around it. In each series of
scans, average RNFL thickness and RNFL thick-
ness in each quadrant (superior, inferior, temporal
and nasal) were analyzed.”'® The macular images
were obtained using a macular cube 512 x 128
protocol. This protocol produces 128 horizontal
scans at high resolution (512 A-scans per B-scan).
RT was calculated using the built-in Macular
Analysis software on the Cirrus device, which is
automatically determined by taking the difference
between the inner limiting membrane and the reti-
nal pigment epithelium and provides average RT of
nine zones including a 1 mm central zone and av-
erage macular thickness over a 6 mm scan diameter.
Macular volume is determined on the basis of the
radius of the circle subtended by the scan lines. The
total macular volume corresponds to the sum of the
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volumes of the neural retina in the central 6 mm of
the macula.'” The technique of OCT,*?%?! as well
as its reproducibility in children,'® has already been
described in several reports. For image acquisition,
an internal fixation target was used to ensure proper
alignment of the eye. Three sequential measure-
ments were taken, and the best centered one with
signal strength of >7 was chosen for analysis. Scan
quality was checked for every OCT image, and
manual correction of the boundary detection was
enabled if segmentation errors were present. If an
involuntary saccadic eye movement was detected
during the scan, it was discarded and repeated.'®?!

2.4. Correction for ocular
magnification

Cirrus HD-OCT provides printout values of retinal
features by taking default AL and refraction, which
are set to xg =24.46mm and 0 D, respectively.
However, deviations of those previously defined
parameters in the eye that is being scanned can lead
to significant variations in the magnification. Litt-
mann®? showed that the true length of a transverse
retinal measurement can be derived ast =p-q- s,
where p is the camera constant related to the OCT
imaging system, ¢ is a factor that depends on the
opto-geometrical characteristics of the given eye and
s is the size of the retinal feature taken from the fundus
image. Specifically, the factor ¢ may be estimated
by the formula ¢ = (z — 1.82mm) - 0.01306° /mm?,
which depends on the AL (z), but neglects further
rectifications caused by refractive power.’*?* As a
consequence, the OCT reading t;, will be corrected
in order to achieve the true size t = M - ¢, where
the correction M = (zr —1.82mm)/(24.46 mm-—
1.82mm). As on-axis measurements of the optical
instrument will not be corrected, areas taken from
B-scans follow the same correction factor M. Fi-
nally, areas inferred from en-face images undergo a
two-fold correction that is applied by means of the
factor M?2. The latter also occurs for volumes.

The correction for magnification effects on the
transverse scale of the OCT data, which is based on
the Littman’s formula, uses a factor g taken from
schematic eyes that are based on prototypal adult
ocular dimensions. However, the accurate applica-
tion of the ¢ factor to scale retinal image sizes
on a child population should be subject to a re-
evaluation that, to the authors’ knowledge, has not

been reported in the literature so far. In fact, such
analysis deserves a comprehensive treatment in
virtue of its own relevance that is out of the scope of
the present study. Accordingly, the results pre-
sented here, founded on the invariance of the factor
q, should be considered as an advantageous ap-
proach to the unconditionally prerequisite to rectify
pediatric OCT data.

2.5. Statistical analysis

Statistical analysis was carried out with the com-
mercially available statistical package SPSS version
22.0 (SPSS, Chicago). Kolmogorov—Smirnov tests
were used to assess sample distribution, and all
variables were normally distributed. Analysis of
variance (ANOVA) was used to investigate differ-
ences in mean values among the groups of children
classified by AL and SE. To determine pairwise
differences, a Bonferroni post hoc analysis was
conducted when the groups were of equal sizes, and
the Games—Howell post hoc test was used when the
group sizes were unequal. Multiple linear regression
model was constructed with RNFL thickness,
RNFL thickness in the four quadrants, rim area,
disc area and average cup-to-disc ratio as the de-
pendent variables, and AL, SE and age as covari-
ates. We also built multiple linear regression model
with average macular thickness, central macular
thickness and macular volume as the dependent
variables and AL and SE as covariates. AL and SE
were analyzed separately as they were highly cor-
related (r = 0.86). All linear regression models were
examined for the presence of multicollinearity
(variance inflation factor and tolerance statistics).
Likewise, the independence of error assumption
was assessed with the Durbin—Watson test. Resi-
duals were ensured to be normally distributed. All
data were found to exhibit homoscedasticity by
assessing the plots of standardized predicted values
vs studentized residuals. The presence of any sig-
nificantly influential case was assessed by Cook
and Mahalanobis distances. A value of p < 0.05 was
considered statistically significant.

3. Results

The entire group was composed of 293 eyes from
293 subjects. The mean age (£ SD) was 10.8 +3.1
years (range, 617 years). Mean (£ SD) SE and AL
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of the whole sample were +0.14 £3.41 D (range,
—8.75 to +8.25 D) and 23.12+1.49mm (range,
20.24-27.24 mm), respectively. All parameters were
normally distributed.

3.1. Analysis stratified by SE

The mean (+SD) of descriptive and OCT para-
meters obtained from the entire sample and in the
control, myopic and hyperopic groups are shown
in Table 1(a), as well as the comparisons among
them. Table 1(b) shows post hoc analysis to deter-
mine pairwise differences among groups classified
according to SE refraction.

Statistically significant differences in average
RNFL were found between control and myopic groups
(p = 0.002, Bonferroni post hoc test) and between
myopic and hyperopic groups (p < 0.001). We also
obtained statistically significant differences in inferior
RNFL thickness between control and myopic groups
(p < 0.001) and between myopic and hyperopic
groups (p < 0.001) as well as in nasal RNFL thickness
between control and myopic groups (p =0.003) and
between myopic and hyperopic groups (p < 0.001).
Regarding the macular parameters, statistically sig-
nificant differences in the three parameters evaluated
among the three groups assessed (average macular
thickness, central macular thickness and macular
volume) were found, as shown in Table 1(a).

Table 2(a) summarizes descriptive and OCT
parameters in the control group and in the myopic
and hyperopic groups subdivided into three

OCT measurements in children

refractive subgroups and the comparisons among
them. Tables 2(b)-2(e) show post hoc analysis to
determine pairwise differences among groups classi-
fied according to SE refraction subgroups (Games—
Howell post hoc analysis). It should be observed that
we did not include rim area, disc area and RNFL in
temporal quadrant in these tables, because we did not
find pairwise differences among them.

Statistically significant differences in average
RNFL thickness were found between high myopic
subgroup compared with low myopic subgroup,
control group and low, moderate and high hyperopic
subgroups (p < 0.05 for all comparisons, Games—
Howell post hoc test). No significant differences be-
tween high and moderate myopic subgroups were
found. We also found statistically significant differ-
ences in superior and inferior RNFL thickness be-
tween high myopic subgroup compared with all
subgroups analyzed (p < 0.05 for all comparisons),
except for the moderate myopic one. Concerning the
nasal RNFL thickness, statistically significant dif-
ferences were found between high myopic subgroup
compared with control group and moderate and high
hyperopic subgroups (p < 0.05 for all comparisons).
Statistically significant differences in cup-to-disc
ratio (C'/D) between high myopic subgroup com-
pared with high hyperopic subgroup (p < 0.05) were
obtained. No significant differences between other
diagnostic subgroups were found (Tables 2(b)-2(e)).

The results also revealed statistically significant
differences in average macular thickness between
high myopic subgroup compared with moderate

Table la. Descriptive and OCT parameters in the entire group and in the three groups examined: emmetropic, myopic and

hyperopic groups.

All subjects Myopic Emmetropic Hyperopic p (by one-way

(n =293) (n = 100) (n=99) (n=94) ANOVA)
Age (years) 10.84 £ 3.05 12.11 £ 2.76 11.88 + 2.97 9.08 + 2.57 <0.001*
Axial length (mm) 23.12 + 1.49 24.51 + 1.11 23.12 £ 0.79 21.64 £ 0.89 <0.001*
SE refraction (D) +0.14 £ 0.51 —3.32 £ 2.32 +0.34 +£ 0.41 +3.99 £+ 1.82 <0.001*
Average RNFL (um) 99.46 + 11.21 95.20 + 10.04 100.39 £+ 11.31 103.02 £+ 10.91 <0.001*
Superior RNFL (um) 123.63 £+ 22.76 121.89 £ 25.00 123.53 £ 23.81 125.60 + 18.90 0.49
Temporal RNFL (pm) 72.73 + 16.33 72.47 + 15.98 74.51 + 17.78 71.15 + 15.07 0.35
Inferior RNFL (um) 125.75 £+ 23.01 116.70 £+ 17.81 130.11 £+ 21.33 130.82 + 26.64 <0.001*
Nasal RNFL (um) 70.20 £ 15.07 65.16 + 12.29 72.12 + 16.77 73.53 + 14.63 <0.001*
Rim area (mm?) 1.56 £ 0.29 1.58 £ 0.28 1.55 £ 0.30 1.54 £ 0.31 0.60
Disc area (mm?) 1.88 £+ 0.34 1.85 £ 0.34 1.94 £+ 0.42 1.84 £ 0.30 0.06
Cup-to-disc ratio (C/D) 0.34 £ 0.19 0.35 £ 0.19 0.36 + 0.17 0.31 £ 0.18 0.08
Average macular thickness (um) 281.94 + 21.45 275.52 + 30.65 282.90 £ 12.37 287.74 £ 14.42 0.002*
Central macular thickness (pm) 253.60 = 19.80 255.56 + 20.05 259.21 + 19.30 245.53 £ 17.40 <0.001*
Macular volume (mm?) 9.56 £+ 0.69 9.06 £+ 0.63 9.57 £ 0.53 10.02 + 0.64 <0.001*

Note: *Statistically significant.
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Table 1b. Post hoc analysis to determine pairwise differences among groups classified
according to SE refraction (Bonferroni post hoc analysis).

Comparative groups according to SE refraction  p-value
Average RNFL (um) Emmetropic Myopic 0.002*
Emmetropic Hyperopic 0.36
Myopic Hyperopic <0.001%*
Superior RNFL (um) Emmetropic Myopic 0.90
Emmetropic Hyperopic 0.88
Myopic Hyperopic 0.77
Temporal RNFL (pm) Emmetropic Myopic 0.89
Emmetropic Hyperopic 0.44
Myopic Hyperopic 0.75
Inferior RNFL (um) Emmetropic Myopic <0.001%*
Emmetropic Hyperopic 0.68
Myopic Hyperopic <0.001%*
Nasal RNFL (um) Emmetropic Myopic 0.003*
Emmetropic Hyperopic 0.72
Myopic Hyperopic <0.001%*
Rim area (mm?) Emmetropic Myopic 0.90
Emmetropic Hyperopic 0.88
Myopic Hyperopic 0.85
Disc area (mm?) Emmetropic Myopic 0.13
Emmetropic Hyperopic 0.09
Myopic Hyperopic 0.11
Cup-to-disc ratio (C/D) Emmetropic Myopic 0.03*
Emmetropic Hyperopic 0.05
Myopic Hyperopic 0.02%*
Average macular thickness (um) Emmetropic Myopic 0.04*
Emmetropic Hyperopic 0.30
Myopic Hyperopic <0.001*
Central macular thickness (pm) Emmetropic Myopic 0.56
Emmetropic Hyperopic 0.001*
Myopic Hyperopic <0.001*
Macular volume (mm?) Emmetropic Myopic <0.001*
Emmetropic Hyperopic <0.001%*
Myopic Hyperopic <0.001*

Note: *Statistically significant.

and high hyperopic subgroups (p < 0.05 for all
comparisons, Games—Howell post hoc test), as well
as in central macular thickness between high myo-
pic subgroup compared with moderate and high
hyperopic subgroups (p < 0.05 for all comparisons).
Statistically significant differences in macular vol-
ume between high myopic subgroup compared with
all subgroups analyzed were found (p < 0.05 for all
comparisons), except for the moderate myopic one
(Tables 2(b)-2(e)).

3.2. Analysis stratified by AL

Table 3(a) shows descriptive and OCT parameters
in the three groups examined according to AL: short
(<22.00mm, 33 boys and 35 girls), medium (from

>22.00 mm to 25.00 mm, 88 boys and 101 girls) and
long eyes (>25.00 mm, 19 boys and 17 girls) and the
comparisons between them. Table 3(b) shows post
hoc analysis to determine pairwise differences
among groups classified according to AL.

Statistically significant differences in average
RNFL thickness and in the thicknesses in inferior
and nasal quadrants were found between short eyes
group compared with medium and long eyes groups
and between medium and long eyes groups
(p < 0.05 for all comparisons, Games—Howell post
hoc test). There were statistically significant dif-
ferences in average macular thickness, central
macular thickness and macular volume among short
eyes group compared with medium and long eyes
groups (p < 0.05 for all comparisons).

1850001-6



OCT measurements in children

JUROYIUSIS AT[RO1ISTIRIG,, 920N

<80 770 €70 o ST0  %1000> 19°0 00 g0 *100°0  %T100°0>  xT00°0> erdoredAy Y3
66°0 geo G9°0 ¥e0 %1070 96°0 €90 ¥€0 810 ¥100°0>  erdorodAy sye1epoIy
86°0 cL0 L€°0 «10°0 86°0 Sl 96°0 %x100°0 erdorodAy morg
90 ve0 x100°0> 790 11°0 x100°0> ordoxjeuruyy
90 +10°0 080 +100°0 erdofur mog
7€°0 R0°0 e1doAwr 9)eI9POIN
erdorodAy erdorodAy ordorjpowrury erdoAwr  erdoAwr erdoAwr  erdorodAy erdorodAy ordorjowrtuyy erdoAwr  erdoAw erdofw
9)RIOPOIN MO MO 9)RIOPOIN USIq 9)RIOPOIN \elg | MO 9)RIdPOIN ySIg

(wr) TANY To1edng

(urrf) TANY o8eioay

*(stsATeure 207 150d [[PMO[—seurer)) sdnoi3qns uorjoeIal G 01 SurpIodde payisse[d sdnoid Suoure sedULIDYIP osimIred oUTULIOOP 0} SISA[RUR 20Y 1504  "qg O[qRL

“JUROYTUSIS AT[ROIISIIRIG,, DION

+100°0> 09°0 + 9201 0L°0 + ¥¢'01 65°0 F 986 €G°0 F L9°6 LGS0 F GT°6 ¢5°0 F 016 760 + 08'S (guur) owmpoa IenorIy
*100°0> 89'TT F CT'SFC LE'ST F COFPT TS'ST F 8€LVC 0£'6T F TC6SC LG'ST F L6FSC 0SFC F €€°€6¢ T€8T F 9,097 (wrrd) ssowsryy Ie[noett [eI3uo))
x100°0 8L°8 F ¥7T6C 9V FT F 08°C6C TL'ET F L908T LETI F 06°C8C €8¢ F 65°9LC T0FT F FOFLE 86°CT F 88°€LT () ssows(dryy Iemoett 98eIoAy
*70°0 ¢T°0 + 620 6T°0 + 2¢0 8T°0 + 1€°0 LT°0 F 9€°0 120 + 1€°0 61°0 + 2¢°0 80°0 F L€0 (/o) oryex ostp-03-dnp
110 ¥¢0F €61 LC0F 06T ce0F 6LT Vo0 F ¥6°1 760 F 681 ¥€'0 F 981 LE0 F €81 (puuur) eore osI(T
18°0 760 F 991 060 F 29T ¢e0F 16T 0¢°0 F 99’1 ¢e0F 091 920 F LG'T 8T°0 F 44'T (guuur) eore wry
*100°0> CCVT F 1€°0L 96°CT F+ 96°6L T16°CT F I8L9 LLI9T FCT'cL ¥SO0T F+ 9869 L6°GT + 1L°L9 0L0T F ¢T'69 (wrf) TANY TeseN
*100°0> CS'IC F GC'8CT 89°¢C + C6°'IVI 99%C + 0662l €C°I¢ + TT°06T OT'9T + 00°'TZT L9°6T + S80°'9TT GL'ET + S9°C0T (wrf) TANY Iotepuy
6T°0 8C'6 F LE'0L PGOT +CT'L9 €961 + ¥6'SL SLLT F 19¥VL CV¥PI F ¢8¢L 0LTC F 08¢L O0LTT +F 9€°69 (wrf) TANY rezodu,
%£00°0 CV'GT F L8°6€CT 06'ST F S0°06T <¢0°0C F 0V I¢T I8¢ F €9°6CT G8°GC + 09'8CT LC'¢C + €C°LTT 88CT + 90°G0T (url) TANY 2010dng
*100°0> L0°6 F 00°C0T 0Z°0T + 9L90T 0€'IT + ¢¢66 TICTIT + 65°00T 066 F 9L°L6 G606 + 2976 9G¢°L + CT'L8 (wr) TANY o8etesy
+100°0> GG'0 FS69+ €80 F SFP+ 0S0F 00+ T¥V0FFPeE0+ LLOFFIT— 8L0F9SHF— TL0F ¥EL— (@) uorjoryer Hg
*100°0> LE°0 F 6L°0C 690 F 8¢'1¢ GL0 F 0v'cc 6L°0 F ¢1'¢C 780 F 16°€C 70'T F 8€°G¢C 97°0 F LE°GC (wur) q3Suol [exy
+100°0> YI'T + 9T'S GR'C F L8'S 6S°C F 696 L6'C F S8'TI LG°C F 9LTT 09C F ¥L°¢T I8¢ + T0°TT (seak) o3y
(VAONV (91 = u) (17 =) (L6 =u) (66 =) (6 = u) ¥z =) (L1 =)
Kem-ouo £q) e1dored Ay erdored Ay erdorod Ay ordoajeurtusy erdoAwr morT erdoAw erdoAwr Y3y
anpea-d yStyg 9)RIIPOIN Mo 91RIPOIN

'sdnoi3qns aA110RIIRI 991} 0jul peprarpqns sdnoid srdoredAy pue ordoLw o1y ur pue dnoid [013u0d oY) ur s1ejeurered )0 pue dA1dLIISI(T

*A|uo asn euossad o4 */T/8T/60 UO £02°€8'E]"LYT Aq
WI0D"D14IUB 19SP |JOM MMM WIOJJ PaPe0 JUMo( *19S YieaH '1do ‘rouu|

G 9lqRL

1850001-7



1. Bueno-Gimeno et al.

“JUeOyTUSIS A[[ROIISIIRIG,, DI0N

1¢°0 110 x*100°0> x100°0>  %T100°0>  %I00°0> ¢6°0 66°0 60°0 90°0 aro x€0°0 erdored Ay ySty
ar’o 60°0 x100°0>  %T100°0>  %I00°0> 86°0 10 L0°0 ¢€0 #70°0  ®erdorodAy ojetopoy
60°0 x100°0>  xT00°0>  %100°0> 820 S7'0 ¥€0 610 erdorodAy morg
x60°0 %x600°0 x*100°0> €8°0 97°0 88°0 ordoxjourury]
Gc'0 €000 180 16°0 erdoAwr mor
€C°0 260 erdoAur 93eIOPOTN
eidoredAy erdoredAy ordorjowrtuyy  erdoAwr erdoAw eidoAwr  erdoredAy erdoredAy ordomewrury erdoAwr  erdofwr  erdoAw
99RIOPOIN MO MO 9)RIOPOTA YStH 9)RIOPOIN \\elg} Moy 9JeIOPOIN  USIH
(gurua) swmpoa renoey (gumu) swnjoA Ie[nORIN

‘(swshreue 20y 3s0d [[PmO[-sowrer)) sdnoiSqns uoryorIel g 03 SuIpiodde poyisse[d sdnois Suoure soousIoPIp osmmired SUIULILIOP 0} SISATUR 201 1504  *OF d[qE],

“JUROYTUSIS A[[ROIISIIRIG, DI0N

86°0 60°0 x100°0 90°0 «100°0> %6000 Gg0 ¢80 4l €20 c€0 %1070 erdorod Ay ySty
600 ¥800°0 L00 xT00°0>  %T00°0 66°0 €20 g0 950 160 erdorsdAy oyerspoy
86°0 8L.°0 11°0 ¥¢0 c90 cro G9°0 Gv0 erdorad ATy mog
880 010 g0 ¥€0 670 €80 ordoxjeurtuyy
980 €L0 860 16°0 erdofwr moy
86°0 16°0 e1doAw 9)RIDPOIN
erdorodAy erdorodAy ordomowuyy erdoAwr  erdoAw eidoAwr  erdorodAy erdorodAy ordorowrmuy erdoAw eidoAwr  erdoAw
9)eISPOIN Mo Mo 9)RISPOIN yStyg 9)RISPOIN MO Mo 9)eISPOIN yStg
(wrf) ssous[OI) IeoRW 03RIOAY (@/o) oryex ostp-04-dnpy

(stsAretre 20y 1s0d TPMO—seurer)) sdnoidqns uorjoeIjal FG 01 Surproode payissed sdnois Suoure seouLILHIP asimIred oUTULIdOP 0 SISA[RUR 201 1504  'PF 9[qR,

“JuROYTUSIS A[[ROT)STIRIG,, 910N

820 ¥9°0 LT°0 %6000 700 %*100°0> z8°0 g10 %600 «10000>  4100°0>  %100°0> erdorodAy ySIg
68°0 89°0 810 ¢c0 %6000 ¥1°0 60°0 80°0 €0°0 ¥100°0>  erdoradAy syerapoly
¥6°0 LT°0 9%°0 90°0 8L°0 600 90°0 ¥100°0 erdoted4y moT
¢1o 190 x€0°0 180 €0 x100°0 ordoxjeurtyy
680 8¢0 160 «10°0 e1doAwr morT
6¢°0 9T°0 erdoAur 93eIOPOIN
erdorodAy erdorodAy ordorjowrtuyy erdoAwr  erdoAw eidoAwr  erdorodAy weidoredAy ordormjowituy  vrdoAwx erdofw erdoAw
9)RIOPOIN \elg | Mo 9)RIOPOIN USTH 9)RIOPOIN Mo \elg | 9)RIOPOIN St
(wrf) TANY 1eseN (un?) TANY Ioteyuy

*(stsATere 207 150d TPMO—seourer)) sdnoidqns uorjoeIal HG 01 Surproode paiisse[d sdnoid Suoure sedULIDYIP osimired SUIULIOIOP 0 SISA[RUR 201 1504  "OF 9[R],

*Ajuo &sn feuossed Jo4 “LT/8T/60 UO £02°€8°€8° 21T Aq
WI0D"D14IUB 19SP |JOM MMM WIOJJ PaPe0 JUMo( *19S YieaH '1do ‘rouu|

1850001-8



J. Innov. Opt. Health Sci. Downloaded from www.worldscientific.com
by 147.83.83.203 on 09/18/17. For personal use only.

OCT measurements in children

Table 3a. Descriptive and OCT parameters in the three groups examined according to AL: short, medium and long eyes.

Axial length Axial length Axial length p-value
<22.00 (mm) >22.00 to 25.00 (mm) >25.00 (mm) (by one-way
n = 68 n =189 n = 36 ANOVA)

Age (years) 8.48 £ 2.46 11.37 £ 2.86 12.51 £ 2.70 <0.001*
Axial length (mm) 21.15 £ 047 23.35 £ 0.81 25.67 £ 0.54 <0.001*
SE refraction (D) +4.24 £ 2.19 —0.30 £ 1.92 —5.30 £+ 2.18 <0.001*
Average RNFL (um) 104.78 £ 10.59 98.75 £+ 10.85 93.17 £ 10.19 <0.001*
Superior RNFL (um) 126.31 £ 17.56 124.56 £+ 24.16 113.72 £ 21.88 0.17
Temporal RNFL (um) 69.62 £ 15.35 73.45 £ 16.16 74.83 £+ 18.60 0.18
Inferior RNFL (um) 137.40 £ 22.54 124.05 £+ 21.67 112.61 £ 21.55 <0.001*
Nasal RNFL (um) 76.26 + 14.61 68.95 + 14.76 65.22 £+ 14.49 <0.001*
Rim area (mm?) 1.55 £ 0.30 1.56 £ 0.29 1.61 £ 0.26 0.46
Disc area (mm?) 1.83 £ 0.28 1.89 £ 0.33 1.94 £ 0.45 0.28
Cup-to-disc ratio (C/D) 0.28 £ 0.17 0.34 £ 0.19 0.33 £ 0.18 0.01*
Average macular thickness (um) 288.87 £ 13.97 280.90 £+ 24.11 274.36 + 13.52 0.002%*
Central macular thickness (um) 243.33 £ 15.93 256.40 £ 19.57 258.17 £+ 21.08 <0.001*
Macular volume (mm?) 10.40 £ 0.60 9.65 £+ 0.54 8.87 + 0.44 <0.001*

Note: *Statistically significant.

Table 3b. Post hoc analysis to determine pairwise differences among groups classified according to AL (Games—Howell post hoc

analysis).
Comparative groups according to AL p-value
Average RNFL (pm) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) <0.001*
Medium eyes (>22.00mm to 25.00mm) Long eyes (>25mm) 0.01%*
Long eyes (>25mm) Short eyes (<22 mm) <0.001*
Superior RNFL (pm) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.78
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.03*
Long eyes (>25mm) Short eyes (<22 mm) 0.01%*
Temporal RNFL (pm) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.18
Médium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.91
Long eyes (>25mm) Short eyes (<22mm) 0.32
Inferior RNFL (pm) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.001*
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25 mm) 0.01%*
Long eyes (>25mm) Short eyes (<22 mm) <0.001*
Nasal RNFL (um) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.002%*
Medium eyes (>22.00mm to 25.00mm) Long eyes (>25mm) 0.34
Long eyes (>25mm) Short eyes (<22 mm) 0.001*
Rim area (mm?) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.98
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.41
Long eyes (>25mm) Short eyes (<22 mm) 0.45
Disc area (mm?) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.33
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.82
Long eyes (>25mm) Short eyes (<22 mm) 0.41
Cup-to-disc ratio (C/D) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.006*
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.03*
Long eyes (>25mm) Short eyes (<22 mm) 0.18
Average macular thickness (um) Short eyes (<22 mm) Medium eyes (>22.00 mm to 25.00 mm) 0.003*
Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.06*
Long eyes (>25mm) Short eyes (<22 mm) <0.001*
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Table 3b.

(Continued)

Comparative groups according to AL

p-value

Central macular thickness (yum)  Short eyes (<22 mm)

Long eyes (>25mm)

Macular volume (mm?) Short eyes (<22 mm)

Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm)

Medium eyes (>22.00 mm to 25.00mm) <0.001*

Medium eyes (>22.00 mm to 25.00mm) Long eyes (>25mm) 0.18
Short eyes (<22 mm) 0.001*
Medium eyes (>22.00 mm to 25.00 mm) <0.001*
<0.001*
Short eyes (<22 mm) <0.001*

Long eyes (>25mm)

Note: *Statistically significant.

140001

120004

100004

Average RNFL thickness {microns)

| a0

2000 2200 2400 26,00 28.00

Axial length {mmj
——

Fig. 1. Correlation between average RNFL thickness (mpu)
and AL (mm).

3.3. Linear regression analysis

Average RNFL thickness (Fig. 1) and the thickness in
superior, inferior and nasal quadrants were shown
to decrease as the AL increases. Linear regression
revealed significant negative correlations of AL with
average RNFL thickness and thicknesses in superior,
inferior and nasal quadrants. Consistent relationships
of SE with average RNFL thickness and thicknesses in
superior, inferior and nasal quadrants were also
found. These associations are described in Table 4.

Table 5 displays the results of the linear regres-
sion analysis of the relationship of AL and SE with
macular parameters. AL correlated negatively with
average macular thickness (Fig. 2) and macular
volume and positively with central macular thick-
ness. In contrast, negative SE was also negatively
associated with average macular thickness and
macular volume and positively with central macular
thickness.

Table 4. Results of multivariate-mixed model analysis of the association between AL, SE and age and
RNFL thickness, RNFL thickness in the four quadrants, rim area, disc area and average cup-to disc-ratio.

Beta Regression coefficient (95% CI) Standard error p-value F-value

Axial length (mm)

Average RNFL (um) —0.56 —2.96 (—3.86 to —2.07) 0.45 <0.001%* 8.12
Superior RNFL (um) 0.28 —2.85 (—4.78 to —0.93) 0.98 0.004* 0.18
Temporal RNFL (um) 0.18 0.96 (—0.43 to 2.35) 0.70 0.17 0.15
Inferior RNFL (pm) —0.04 —5.65 (—7.51 to —3.78) 0.85 <0.001* 0.52
Nasal RNFL (um) 0.01 —3.37 (—4.60 to —2.13) 0.60 <0.001*  4.64
Rim area (mm?) 0.28 0.01 (—0.01 to 0.40) 0.01 0.34 2.97
Disc area (mm?) —0.05 0.01 (—0.02 to 0.04) 0.01 0.65 8.75
Cup-to-disc ratio (C/D)  0.17 0.01 (—0.01 to 0.01) 0.01 0.31 0.70
SE refraction (D)
Average RNFL (pum) 0.35 —1.15 (—1.55 to —0.76) 0.19 <0.001%* 0.84
Superior RNFL (ym)  —0.08 ~1.35 (~1.90 to —0.40) 0.42 0.001*  2.10
Temporal RNFL (um)  —0.15 0.29 (0.32 to —0.91) 0.30 0.53 1.90
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OCT measurements in children

(Continued)

Beta  Regression coefficient (95% CI) Standard error p-value F-value

Inferior RNFL (um) 0.15 —2.72 (—3.50 to —1.93) 0.40 <0.001* 10.12
Nasal RNFL (pm) 0.01 —1.35 (—1.88 to —0.82) 0.27 <0.001* 0.99
Rim area (mm?) —0.33 —0.03 (—0.01 to 0.01) 0.05 0.85 2.06
Disc area (mm?) 0.20 0.01 (1.88 to —1.97) 0.06 0.14 10.79
Cup-to-disc ratio (C/D) —0.24 —0.02 (—0.08 to 0.06) 0.03 0.74 0.33
Age (years)
Average RNFL (um) —0.45 —0.12 (—0.19 to —0.05) 0.22 0.42 0.66
Superior RNFL (um) 0.23 0.03 (0.10 to —0.05) 0.48 0.07 3.57
Temporal RNFL (pm) 0.04 0.01 (—0.2 to 0.03) 0.35 0.06 5.47
Inferior RNFL (um) 0.08 0.01 (—0.01 to 0.03) 0.46 0.08 3.90
Nasal RNFL (um) 0.17 0.03 (0.01 to —0.06) 0.31 0.08 8.21
Rim area (mm?) 0.15 0.42 (—0.84 to 3.95) 0.01 0.36 0.84
Disc area (mm?) 0.05 0.43 (—1.51 to 2.37) 0.01 0.06 421
Cup-to-disc ratio (C/D)  0.11 1.86 (—1.55 to 5.26) 0.04 0.30 1.10

Note: *Statistically significant. CI, confidence interval.

Table 5. Results of multivariate-mixed model analysis of the association between AL, SE and age and average macular

thickness, central macular thickness and macular volume.

Beta  Regression coefficient (95% CI)  Standard error  p-value  F-value

Axial length (mm)

Average macular thickness (um) —0.42 —3.24 (—5.05 to —1.43) 0.92 0.001%* 0.56

Central macular thickness (um) — —0.43 —0.03 (—0.10 to —0.00) 0.02 <0.001* 0.30

Macular volume (mm?) —0.08 —1.91 (—2.06 to —1.75) 0.03 <0.001* 17.09
SE refraction (D)

Average macular thickness (pm) 0.45 —1.86 (—2.63 to —1.04) 0.38 <0.001* 10.90

Central macular thickness (um) 0.04 —0.71 (—1.41 to —0.08) 0.39 <0.001* 0.44

Macular volume (mm?) —0.04 —0.11 (—0.13 to —0.09) 0.03 <0.001* 6.70
Age (years)

Average macular thickness (pum) 0.32 0.71 (—0.14 to 0.15) 0.28 0.19 2.10

Central macular thickness (um) 0.16 1.41 (0.63 to —2.19) 0.39 0.007* 11.26

Macular volume (mm?) 0.32 1.43 (0.90 to —1.95) 0.01 <0.001* 0.43

Note: *Statistically significant. CI, confidence interval.

4. Discussion

In the present study, we investigated the impact of
AL and refractive error on OCT measurements
taking into account the effect of ocular magnifica-
tion for transverse measurements. Elia et al.?”
asserted that related ocular magnification had a
minimal effect on RNFL and macular thickness
measurements. In their work, refractive errors ran-
ged from —2.50 D to +6.25 D and did not measure
AL. However, we considered a suitable correc-
tion for ocular magnification because Cirrus HD-
OCT (Carl Zeiss Meditec) provides printout values
of retinal features assuming default AL and refrac-
tion, which are set to xy=24.46mm and 0 D,

respectively. However, significant variations in the
magnification applied to the fundus image are evi-
dent, provided that AL and refraction (the latter
leading to minimal changes) of the evaluated eye
deviate from that considered by default. For this
reason, some studies carried out in adults® and
children®%* corrected OCT measurements for ocu-
lar magnification, similar to our study. It should be
mentioned that the Littmann formula employed in
our analysis for the correction of retina-related sizes
normally to the optic axis cannot be directly applied
to a given retinal layer thickness, which constitutes
an erroneous procedure followed in numerous
studies. Note that a measurement of any layer
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Fig. 2. Correlation between average macular thickness (mpu)
and AL (mm).

depth is governed by the source coherence, which is
unaltered by the geometrical magnification inherent
to the formation of fundus images.

Our findings showed that average RNFL thick-
ness of all quadrants, except for the temporal one,
were thinner in myopic eyes when compared with
hyperopic and emmetropic eyes. On the other hand,
we did not find statistically significant differences
among the three groups evaluated in the rim area
and disc area. However, we found statistically sig-
nificant differences between control and myopic
groups and between myopic and hyperopic groups
in cup-to-disc ratio. When we compared pairwise
differences among the groups classified according to
AL, we did not find statistical significance in rim
and disc area parameters.

We also categorized the myopic and hyperopic
groups into subgroups according to SE and
obtained that the average RNFL thickness and the
RNFL thickness in the superior, inferior and nasal
quadrants were thinner in high myopic subgroup
compared with low myopic subgroup, control group
and low, moderate and high hyperopic subgroups.
With reference to rim and disc area, our results did
not show statistically significant differences in post
hoc analysis. These results are in agreement with
the results of earlier studies carried out in both
adults?® and children,® which revealed significantly
lower values of average peripapillary RNFL thick-
ness in high myopic subjects. In Caucasian children,

Barrio-Barrio et al.’” found a significant association
between RNFL (without correction for magnifica-
tion) and SE and a tendency toward significance
between AL and RNFL. In our series, there were no
significant differences in temporal quadrant thick-
ness among the groups and subgroups evaluated.
This would be in agreement with that given by Lim
and Chun,® who found that temporal RNFL thick-
ness remained unaffected by increasing myopia.

Tas et al.% reported significant differences be-
tween low and high hyperopia groups regarding the
average RNFL thickness and the RNFL thicknesses
of inferior and nasal quadrants in hyperopic chil-
dren. These findings also are consistent with our
data. However, the authors® found that differences
among hyperopia subgroups in RNFL thickness
disappeared when the magnification attributable to
SE/AL was taken into account. We also investi-
gated the effect of AL on OCT measurements. We
found that the average RNFL thickness and the
thickness in the inferior and nasal quadrants de-
creased as AL increased. This finding is in agree-
ment with the previous report. However, in the
present study, associations among ONH parameters
and AL or SE after applying the correction for oc-
ular magnification, as other researchers reported,’*
were not found. Huynh et al.? referred an increasing
optic disc area and a decreasing rim area with lon-
ger eyes in a sample predominantly hyperopic.
Likewise, Savini et al.* observed an inverse associ-
ation between AL and OHN parameters (disc and
rim areas). It should be highlighted that before
applying the correction for ocular magnification,
negative correlations of AL and negative SE with
disc and rim areas were found. These associations
disappeared when the correction for ocular magni-
fication was implemented. Our results did not show
correlation among disc and rim areas with AL, SE
and age, as we reported in Tables 4 and 5.

The results of our study differ from those
obtained in previous studies. We did not apply the
Littmann formula to the RNFL thicknesses as it has
been justified above. This could explain the dis-
agreements between our results and those given by
other investigators in studies in which the Littmann
formula has been applied or has not been correctly
implemented.*?” As other authors suggested, when
this formula is applied, the relationships of OCT
measurements with other refractive or anatomical
parameters might change, except for age.*® Other
factors that may have accounted for differences
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between our study and previous one would be the
diverse races analyzed, the number of subjects, the
range of refractive error included in the study and
the different devices used to take the measurements.

To our knowledge, there are no studies evaluat-
ing the effect of both AL and SE on OCT mea-
surements, especially in Caucasian children. To this
date, only two previous studies have been con-
ducted in Spanish children evaluating OCT para-
meters.?”?” There are some differences between our
study and these previous ones,?>?” such as the range
of age, the amount of refractive error and the
parameters included in the analysis. In spite of this,
we obtained some results similar to those given by
these authors.?”?” Although AL and SE are signif-
icantly correlated, the analysis of the effect of these
parameters on OCT measurements was justified as
the refractive error is the result of the balance
among the refractive power of the optical elements
of the eye and AL. Therefore, both parameters are
not representing exactly the same.

With reference to macular parameters, the longer
the eye, the thinner was the average macular
thickness and the smaller macular volume. We also
found thinner average macular thickness and
smaller macular volume in myopic eyes compared
with hyperopic and emmetropic eyes. However,
central macular thickness was thinner in hyperopic
eyes in comparison to myopic and emmetropic eyes.
When comparing the refractive subgroups, our
results showed that average macular thickness and
macular volume decreased as the level of myopia
increased. In contrast, we found thinner central
macular thickness in shorter and more hyperopic
eyes. These results are in agreement with those
provided by other researchers in both adults®® and
children.® Wu et al.?® reported that RT in indivi-
duals with high myopia and long eyes was thicker in
the foveola and fovea, but thinner in the inner and
the outer macular regions. These authors also
showed smaller macular volume in subjects with
high myopia.?® Lim and Chun® also obtained thin-
ner macular thickness and lower macular volumes in
high myopic children. It has been suggested that
these relations would be owing to the mechanical
globe elongation linked with myopia, resulting in
retinal stretching and thinning.®?° This could ex-
plain the decrease in RNFL and macular thickness.
Ostrin et al.,’ in a study performed in adults,
reported that high myopes tend to have a thinner
subfoveal choroid and larger scleral canal. They

OCT measurements in children

referred that these relationships might help to ex-
plain the increased risk in glaucoma. Our outcomes
showing RNFL thinning, average macular thinning,
smaller macular volume and central macular
thickening in longer and more myopic eyes support
this suggestion. It should be noted that there were
few highly myopic children in our sample as the
population with high myopia is much reduced, es-
pecially in white children and therefore less popu-
lation is required to have a relevant sample.'? Note
that in our sample the mean age (£SD) was
10.8 =31 as Foster and Jiang®' referred; the prev-
alence rates of high myopia at this age in Caucasian
children are less common.

We did not find age-related changes of the RNFL
thicknesses, ONH parameters and macular thick-
ness. In contrast, a positive association was found
between central macular thickness and macular
volume with age. Barrio et al.>” reported positive
associations between average macular thickness and
macular volume with age, but they did not find
correlation between RNFL and age. Huynh et al.?”
also reported thinner central macular thickness in
younger children. However, some previous pediatric
studies have shown that RNFL thickness was not
associated with age.?” % It seems that the onset of
decrease in the RFNL with age does not appear to
be significant until the age of 15 years.** We con-
sider, as Huynh et al.** suggested, that the growth
of macular, RNFL and optic disc parameters is al-
most complete at birth or soon after it. Therefore,
we believe that these correlations are likely to be
clinically insignificant.

In the Cirrus HD-OCT, the normative database
is not available for patients under 18 years of age.
Furthermore, when the database was built, the
manufacturers did not take into account the effect
of AL and refractive error, although several studies
have shown the significant effect of both parameters
on OCT measurements,?*%20:2%:32 regardless of age.
In addition, a magnification correction is not pro-
vided by the Cirrus HD-OCT manufacturers. Kang
et al.” proposed that the effect of ocular magnifica-
tion should be taken into consideration for myopic
eyes greater than —4.00 D. Myopia is the most
prevalent refractive error in the world, and the
number of people with myopia continues to increase
worldwide.?> A lot of research is currently being
conducted to investigate causes and development of
myopia. High levels of myopia are linked with ocu-
lar pathologies such as retinal detachment and
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chorioretinal degeneration risk of developing glau-
coma. It is considered very important to follow up
changes in retinal parameters in myopic and in
glaucoma patients. This is feasible with OCT devi-
ces, but it is reported that each instrument results
in variability in RT measurements, due to the
algorithms used by each OCT. Therefore, we con-
sider that the magnification on lateral measure-
ments'’ such as disc, rim area and macular volume
must be corrected for establishing diagnosis and
treatment protocols, specially in myopic and glau-
coma patients.

Therefore, from our point of view in future
improvements of the instrument or when the soft-
ware is updated, the manufacturers might introduce
corrections to take into account the effect of related
ocular magnification and set up a new database
including subjects below 18 years old.

In summary, the average RFNL thickness and
the RFNL thickness in the superior, inferior and
nasal quadrants as well as the average macular
thickness and macular volume decrease as the AL
and the level of myopia increase, even considering a
correction of the magnification effect. Furthermore,
the RFNL in the temporal quadrant is thicker in
longer eyes and the central macular thickness is
thicker in longer and more myopic eyes. No corre-
lations between AL/SE and ONH parameters are
present after correction for magnification effect.
Clinicians should be cautious when eyes with
shorter or longer AL are measured and should take
into account the effect of ocular magnification in
order to avoid errors in the interpretation of the
data from Cirrus™ HD-OCT, regardless of age.
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