cHototntstal x| 2016 X 57 # M 5 =
J Korean Ophthalmol Soc 2016;57(5):800-807
ISSN 0378-6471 (Print) « ISSN 2092-9374 (Online)

http://dx.doi.org/10.3341/jkos.2016.57.5.800 Original Article
- = = o =
AHMEZAS WINEHEHAS 0|83 B4 Aot
o = =
YN ANSEO| 21| £

Retinal Nerve Fiber Layer Volume Measurements in Normal Children Using
Spectral Domain Optical Coherence Tomography
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Purpose: To measure retinal nerve fiber layer (RNFL) volume in normal children using spectral domain optical coherence tomog-
raphy (SD-OCT).

Methods: This study included 79 eyes of 54 normal children between 4 and 15 years of age evaluated from February 2012 to
November 2012. All participants underwent ocular examination and 3D-disc scanning using SD-OCT. RNFL volume was calcu-
lated between 2.5 and 5 mm diameter circles using the length, width, and height of each pixel derived from the RNFL thickness
map with Matlab software. The relationship between RNFL volume and thickness was analyzed.

Results: The RNFL volumes of the mean total, superior, nasal, inferior, and temporal areas were 1.48 + 0.09 mm3, 0.45 + 0.04
mm3, 0.29 + 0.04 mm3, 0.46 + 0.03 mm3, and 0.29 + 0.04 mm3, respectively. Comparing RNFL volume and conventional circum-
papillary RNFL thickness measured using built-in software, a strong correlation between mean total, superior, and inferior areas
(R=0.980, 0.953 and 0.932, respectively) and a moderate correlation between the nasal and temporal areas were observed (R
= 0.545 and 0.514, respectively). The negative correlations between RNFL thickness and RNFL volumes of the mean total, su-
perior, nasal, inferior, and temporal areas and age were not significant (p > 0.05).

Conclusions: This study reports RNFL volume measured from RNFL thickness map analysis in normal children. These data re-
garding RNFL volume of normal children may provide useful information for diagnosis and monitoring of pediatric glaucoma.
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bk A4 91 6 x 6 mm ]
ol A 540 x 540 pixels red, green and blue (RGB) 72 74
HE 353 5, 4249 pixelo A £dE RGB A2 A=
£ color scale barof| A &3t RGB M2 A K 9} H]w s},
AT 6 x 6 e o] o] e Rgjo] uba)
BAREe FAE S45HTh 1 pixel?] 7tz, A=, 019
ZolE= 6/540 mm=E, ‘(6/540) mm x (6/540) mm x (retinal
nerve fiber layer [RNFL] thickness of corresponding pix-
el/1,000) mm’ &= A4kt 7} pixel o] gho = A H -5
o] Rul& oIl ANAERFE SHEE A% 2.5 mm
oA 5 mm Afo]o] FHL thFo 2 HA Het, 45, HIS,
31%, o|ZolA Z4slriFig. 1, 2)."

EAsHA B2 SPSS &2 T (version 21.0, IBM Corp.,
Armonk, NY, USA)2 ©]-83}0] Pearson 2402 vk
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SD-OCT RNFL thickness map RGB info extraction from RNFL thickness map

Color scale bar
RGB info extraction from color scale bar

- = Compare RGB difference between RNFL thickness map and color bar
RGB difference = (Redmap — Redbar)? + (Greenmap — Greenbar)2 + (Bluemap — Bluevar)?
Selected color bar RNFL thickness map
pixel info with pixel info
minimal RGB difference
R:251 R:251
G:187 = G:188
B: 0 B: 0
R:249 R: 249
G:232 = G:232
B: 0 B 1

Figure 1. A process for measuring retinal nerve fiber layer (RNFL) thickness of each pixel in the RNFL thickness map. The RNFL
thickness map in the 6 X 6 mm’ (540 X 540 pixels) parapapillary area is converted to RGB color information (red arrow). The color
scale bar is also converted to red, green and blue (RGB) color format (black arrow). Then, each color pixel (blue and violet boxes)
in the RNFL thickness map is compared with the RGB dataset (black box) of the color scale bar, and the RGB difference is
calculated. We define RGB difference as (Red map — Red bar)2 + (Green map — Green bar)2 + (Blue map — Blue bar)z. Each differ-
ent minimal RGB position (pink and green boxes) is selected in the color scale bar and translated to the corresponding numeric
RNFL thickness measurement. SD-OCT = spectral domain optical coherence tomography.

. 6
1 pixel 1 pixel = 530 MM

RNFL thickness of pixel

Height fo00

Figure 2. Three-dimensional (3-D) structure of retinal nerve fiber layer (RNFL). (A) 3-D RNFL structure as the integral of a num-
ber of cube pixels. (B) The RNFL volume as the sum of ‘(6/540) mm X (6/540) mm X (RNFL thickness of corresponding pix-
el/1,000) mm’ within the measuring area. (C) RNFL volume between the 2.5- and 5-mm diameter circles, and RNFL thickness on
the 3.4-mm circle.

o] too] whg AAE dotE ke, Kruskal-Wallis AR T S HE restS AMEE A, 51, v, o]
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Table 1. Study characteristics

5.0 mm Ato] Fofx SAEH FH]
A A %HE 1.48 £ 0.09 mm3, AR (),
H]Z 0.29 + 0.04 mm’, 3= 0.46 + 0.03 mm’, ©]= 0.29
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2 v 77.89 + 11.36 um, 3=
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Age (years) 10.03 + 3.39 Aol o ‘%L—'Pﬂ%‘ﬁ s %ﬁ}fﬂ RAE A%

Sex (male/female) 30724 2L, 4154 Aolol A YurAAH 5] Rriet AL B

Visual acuity 0.81 + 0.28 = oeio] 2otk A clod JEAELL OEARS. 1 od

Refractive error (dipoters) -0.15 + 1.13 F o] S7ketell et Al FoA fhashs Fe A

Intraocular pressure (mm Hg) 13.42 + 5.21 oV EAA o7 8 ol5)x| 9 THFig. 3). AT AlE3}

Values are presented as mean + SD unless otherwise indicated. o] 4-74, 8-11A), 12-15A4]2] Fto 2 o] ELAIsH Alo]

Table 2. RNFL volume and thickness based on quadrant in normal children and correlations between measurements

RNFL volume (mnr) RNFL thickness (yum) R

Total mean 1.48 + 0.09 107.11 + 7.19 0.980

Superior 0.45 + 0.04 130.61 + 12.16 0.953

Nasal 0.29 + 0.04 77.89 + 11.36 0.545

Inferior 0.46 £+ 0.03 133.18 + 11.11 0.932

Temporal 0.29 + 0.04 86.81 + 10.43 0.514

Values are presented as mean + SD unless otherwise indicated.

RNFL = retinal nerve fiber layer.

"Pearson's correlation analysis; all correlation is significant at <0.01 level of p-value.

Table 3. Analysis of RNFL change in children according to age

Variables 4<~ <8 years 8<~ <12 years 12<~<15 years p—value* p—valueT

Mean age (years) 6.80 + 1.47 10.01 + 1.58 13.04 + 1.66

Number (eyes) 25 27 27

RNFL volume (mm’)
Total mean 1.49 £+ 0.09 1.51 £+ 0.09 1.45 £ 0.08 0.063 0.081
Superior quadrant 0.45 + 0.04 0.46 + 0.04 0.43 + 0.04 0.065 0.141
Nasal quadrant 0.29 + 0.04 0.29 + 0.04 0.28 + 0.04 0.891 0.630
Inferior quadrant 0.46 + 0.03 0.46 + 0.03 0.45 + 0.03 0.116 0.222
Temporal quadrant 0.29 + 0.04 0.29 + 0.03 0.28 + 0.04 0.088 0.057

RNFL thickness (um)
Total mean 108.04 + 7.02 108.63 + 7.39 104.32 + 6.22 0.075 0.068
Superior quadrant 131.36 + 10.75 133.96 + 12.36 126.16 + 11.72 0.083 0.124
Nasal quadrant 78.32 + 13.51 78.59 + 10.62 75.64 + 11.61 0.471 0.242
Inferior quadrant 134.24 + 10.89 134.67 + 10.32 129.96 + 11.60 0.323 0.187
Temporal quadrant 88.20 + 9.46 87.30 + 9.70 85.36 + 11.69 0.241 0.082

Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer.
*Kruskal-Wallis test; +Jonckheere—Terpstra test.
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Figure 3. Retinal nerve fiber layer (RNFL) volume in children
according to age. (A) Total mean RNFL volume. (B) Superior
quadrant RNFL volume. (C) Nasal quadrant RNFL volume.
(D) Inferior RNFL volume. (E) Temporal RNFL volume.
*Correlation coefficient; "Statistical significance was tested us-
ing Person’s correlation test.
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Table 4. Mean RNFL volume and thickness according to sex

RNEL vol § RNFL thickn,
Size A volume (mm”) NFL thickness (pm)
Gender Total . . Total . .
(eyes) (years) Superior Nasal Inferior Temporal Superior ~ Nasal Inferior ~ Temporal
mean mean
Male 45 1011+ 148+ 045+ 029+ 045+ 029 + 107.00 + 130.78  79.40 + 132.50 + 85.18 +
3.21 0.09 0.38 0.03 0.03 0.04 7.24 + 12,50 10.78 110.19 9.43
Female 34 991+ 1494+ 045+ 029+ 046+ 029 + 107.26 + 130.38  75.88 + 134.06 + 88.97 +
3.67 0.09 0.04 0.04 0.04 0.04 7.22 + 11.88 11.95 12.32 11.40
p-value” 0.798 0.793 0.948 0.947  0.582 0.885 0.872 0.887 0.175 0.543 0.110
Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer.
“Independent -test.
Table 5. Comparison of studies reporting optical coherence tomography-measured RNFL in normal children
Author Age range Size RNFL thickness (um)
(years) (eyes) Mean Superior Nasal Inferior Temporal
Huynh et al’ 6 1,369 103.7 + 11.4 129.5 + 20.6 81.7 +£ 19.6 127.8 £ 20.5 75.7 + 14.7
Salchow et al® 4-17 92 107.0 + 11.1 1354 + 19.3 83.0 + 18.0 136.9 + 16.9 72.5 £ 134
Ahn et al’ 9-18 72 105.5 134 70 132 87.8
Song et al® 5-14 200 104.67 £ 9.07  131.84 + 18.71 73.85 + 14.26 133.87 + 18.58 78.49 + 12.91
Yoon and Kang* 5-15 94 110.8 + 10.1 140.1 + 17.5 799 + 145 134.1 + 14.8 89.2 +16.8
Kang et al' 6-18 127 105.39 £ 9.22  131.26 £ 14.09  78.0 £ 152 13434 +£ 1291 81.31 +17.2
Cho et al’ 4-17 148 106.39 + 12.8 135.3 + 20.6 71.9 +20.8 130.9 + 23.0 86.3 + 18.9
Lee et al (present) 4-15 79 107.11 £ 7.19  130.61 + 12.16 77.89 + 11.36  133.18 + 11.11  86.81 + 10.43
RNFL volume (mm”)
Lee et al (present) 4-15 79 1.48 + 0.09 0.45 + 0.04 0.29 + 0.04 0.46 + 0.03 0.29 + 0.04
Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer.
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