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Purpose: To investigate retinal nerve fiber layer (RNFL) thickness using swept source (SS)-optical coherence tomography
(OCT) in healthy Koreans and to evaluate the effects of age on the distributional variability of thickness.

Methods: We performed a retrospective review of 309 normal eyes presenting for examination of peripapillary nerve fiber layer
thickness measured by SS-OCT (DRI OCT-1, Atlantis SS-OCT, Topcon, Tokyo, Japan) from July 2014 to February 2016. The
patients were between the ages of 20 and 79 without systemic or ocular disease. The patients were divided into 3 age groups of
20 to 39 years (85 eyes), 40 to 59 years (140 eyes), and 60 to 79 years (84 eyes). The groups were matched based on average
RNFL thickness and quadrant and 12 o’clock position RNFL thickness.

Results: The average RNFL thickness of the inferior quadrant was the thickest of the layers and revealed a bimodal distribution.
In the three groups, the thicknesses of the average RNFL, quadrant, and 12 o’clock RNFL decreased with age. There was sig-
nificant difference in the measurements (p < 0.05) of quadrant RNFL thickness except that in the nasal quadrant (p = 0.068).
Conclusions: The thickness of the circumpapillary retinal nerve fiber layer measured by SS-OCT differs according to age and
analysis of normal values by age can be useful in the diagnosis of disease.
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Statistical Computing, Vienna, Austria)S ARE-5}3.0H 2z}
daiEe) B4 243 Sla) A AagAe, 7
Hoj22)= JYufz] EAMEA(One-way analysis of var-
iance [ANOVA]S, A48 7}o]A54 % (Pearson’s Chi-

square test) S o319k E3E 7F P AAAGERY
inj

A 3099 = Group 12 852h Group 2= 1409,
Group 3+= 849toilom HiF AH-E Group 12 313 +
5.4A), Group 2+ 52.6 + 4.7A), Group 3+= 67.4 + 614

Table 1. Subject distribution by age group

. 2)
LG A 2 p<0.0012 FoJ3t Ao]E HGlrk(Table 1).

AR DA ARG WA g Ee B
S 106.1 £ 7.6 pm ZHE|oul, 7+ 7 A7) 3
o T Group 12 1102 = 6.9 um, Group 2= 106.0
+ 7.0 pm, Group 3+ 102.0 = 7.1 ym=Z A7 o] F71gHo
el SAHCR oA fashlth(p<0.001).

AR o] 45 Sl shEo] 1383 + 13.6 pmi
7WF =T, AFE 1309 £ 142 pum, 02 77.5 = 8.4 um, H|
5715 +9.7 pm =22 A SHEUH. FER vl
FHIL o5T} HISLE FARILH,
ogfe Y2 B AFLolA T 4 o 4
A HISS ALl YA Al ol A7
AT AR AR AV frelst
A 7F48Hs oFAFo] QItkp<0.001) (Table 2, 3, Fig. 1).

A ARLe] 12417 ARG5S oA S-S

Total Group 1 Group 2 Group 3 p—value*
Subject number 309 85 140 84
Sex (M:F) 154:155 40:45 70:70 44:40 0.792
Age 50.22 + 14.50 31.29 + 5.44 52.62 + 4.69 67.37 + 6.09 <0.001
BCVA 0.97 + 0.06 0.99 + 0.04 0.97 + 0.06 0.94 + 0.05 <0.001
Spherical equivalent -0.10 + 1.22 -0.32 + 1.05 -0.08 + 1.29 0.09 + 1.24 0.095
Values are presented as mean + SD unless otherwise indicated.
M = male; F = female; BCVA = best corrected visual acuity.
*One-way analysis of variance (ANOVA).
Table 2. Distribution of RNFL thickness in the 4 quadrants and 12 clock-hour sectors
. Overall Age group (years)
Variable (n = 309) 20-39 (n = 85) 40-59 (n = 140) >60 (n = 84) prvalue
Mean RNFL (um) 106.1 + 7.6 110.2 + 6.9 106.0 + 7.0 102.0 + 7.1 <0.001
4 quadrants (um)
T 77.5 £ 8.4 80.6 + 9.9 772+ 7.5 75.0 £ 6.9 <0.001
S 1309 + 14.2 137.0 + 13.9 131.0 + 14.0 124.5 + 12.1 <0.001
N 77.5 £ 9.7 80.3 +10.3 77.4 +10.3 75.1+£72 0.068
I 138.3 + 13.6 143.6 + 13.8 138.5 + 13.2 1325 + 11.8 <0.001
Clock-hour (um)
09 (T) 65.7 + 7.7 69.2 +7.9 65.0 +7.2 63.5+73 <0.001
10 (T) 922 +13.1 96.5 + 13.8 92.0 +12.8 88.4 +11.5 <0.001
11 (S) 142.5 + 20.9 149.6 + 21.8 143.6 + 19.6 133.3 + 189 <0.001
12 (S) 128.6 + 22.9 133.7 + 21.4 128.2 + 24.6 123.9 + 20.7 0.070
01 (S) 122.0 + 20.6 129.3 + 18.8 1214 +21.2 115.7 £ 194 <0.001
02 (N) 91.6 + 14.3 93.7 + 13.8 929 +15.7 87.4 + 11.0 0.172
03 (N) 63.9 +9.2 65.2 + 104 643 +9.5 62.1 +72 0.517
04 (N) 76.2 + 11.0 79.7 + 12.7 749 + 11.2 74.6 + 7.6 0.062
05 () 114.1 + 19.9 120.9 + 20.6 113.5 + 20.1 108.1 + 16.6 0.001
06 (I) 150.6 + 21.9 154.3 + 22.6 150.1 +£22.2 147.7 + 20.4 0.305
07 () 149.6 + 21.0 154.0 +22.8 151.7 + 20.3 141.7 + 18.1 <0.001
08 (T) 75.0 £ 9.8 77.1 £ 12.0 74.9 £ 9.2 72.8 £7.9 0.007

Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer; S = superior; T = temporal; N = nasal; I = inferior.
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Table 3. Slopes and annual rates of decrease for mean, 4 quad-
rants, and 12 clock-hour sectors RNFL thickness

-x&E 9

of AL 4t Ak RN R 515 et 42

0|57} ulZo] g 5 The] B9e] WejE ek

S Slope (um/year) WoichFig. 2). AAR O R 6] HWaFo| 150.6 + 21.9 um
ez €55 ) e 27 $AE ASR UeRliL, 7 2ER shle) 19
Tqa“dRNfL(:;‘;‘) 0172(0.227, 0119 <0.001 S ) Group 12 6] H5Fo] 1543 + 22.6 pm, Group 2=
T -0.136 (0.199, -0.074)  <0.001 Al Rl 1517 + 20.3 pm, Group 3= 64 ®3¥e] 147.7
S -0.280 (-0.386, -0.175)  <0.001 + 204 ym= 7P FAA SAE A AA et 2w
N -0.070 (-0.144, 0.005) 0.068
I -0.238 (0.339, -0.136)  <0.001 27
Clock-hour (um) 180
09 (T) -0.129 (-0.187, -0.071) <0.001 160
10 (T) -0.218 (-0.316, -0.12) <0.001 ="
11 (S) 0.432 (-0.586, -0.277)  <0.001 2 120
12 (S) -0.163 (-0.340, 0.013) 0.070 £ 100
01 (S) -0.294 (-0.450, -0.137)  <0.001 & 50
02 (N) -0.077 (-0.187, 0.033) 0.172 s
03 (N) -0.024 (-0.095, 0.048) 0.517 o o 0e 2050
04 (N) -0.080 (-0.165, 0.004) 0.062 »0 RS
05 (I) -0.251 (-0.402, -0.099) 0.001 . e I
06 (I) -0.088 (-0.258, 0.081) 0.305 9 10 M 12 1 2 3 4 5 6 7 8
07 () -0.338 (-0.496, -0.180)  <0.001 Clock hour sectors
08 (T) -0.103 (-0.178, -0.028) 0.007 Figure 2. Distribution of Retinal nerve fiber layer (RNFL)

RNFL = retinal nerve fiber layer; CI = confidence interval; S =

thickness according to group. This schimatized graph repre-

superior; T = temporal; N = nasal; I = inferior. sent the it is thinner in the older age group.
A 250 + Slope =-0.136 (95% Cl =-0.199 to -0.074) B 250 Slope =-0.28/ (95% Cl = -0.386 to -0.175)
200 - 200
5 5
§ 150 g 150 E
@ g?; > 250 Slope = -0.172 (95% Cl = -0.227 t0 -0.116)
2 — "
T 100 7 : L 100 -
P4 P4
o i i o
200
50 +
€
0 0 2 150
20 30 40 50 60 70 80 20 30 40 5 60 70 80 T
Age Age E . o RELE! 1
= !i!l 0-3.{."'!,5.._1’-! I ! 0 o ,_ b "8!' -
C D S 100 — ‘L bl - “2... LR
250 Slope =-0.07 (95% CI =-0.144 to 0.005) 250 Slope =-0.238 (95% Cl =-0.339 to -0.136) s
200 200 50
I s
@ 150 1 S 150
2 £ 0
& o 20 30 40 5 60 70 80
Z 100 2 1007 Age
50 4
0 0
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age Age

Figure 1. Scatterplot of mean and 4 quadrant retinal nerve fiver layer (RNFL) thickness according to age. (A-E) All graphs represent
a decreasing tendency of thickness by aging. CI = confidence interval.
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D 250 - Slope =-0.077 (95% Cl = -0.187 to 0.033) E 250 - Slope =-0.024 (95% CI =-0.095 to 0.048) F 250 Slope =-0.08 (95% CI = -0.165 to 0.004)
200 200 200
| =
3 = £
2150 4 £ 150 = 150
£ Q =
g 3 3
ol s w =
o 100 - Z 100 L 100
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4
50 50 50
04 0~ 0+
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Age Age Age
G 250 Slope =-0.251 (95% CI = -0.402 to -0.099) H 250 Slope =-0.088 (95% CI =-0.258 to 0.081) I 250 Slope =-0.338 (95% Cl = -0.496 to -0.18)
200 200 200
= =
3 = £
< 150 - = 150 ~ 8 150
= 8 =
3 I S
2 s 2
L 100 Z 100 T 100
Z b4
o 2
50 & 50 50
0 0 4 04
20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age Age Age
J 250 Slope =-0.103 (95% Cl = -0.178 to -0.028) K 250 Slope =-0.129 (95% Cl = -0.187 t0 -0.071) I— 250 - Slope = -0.218 (95% Cl = -0.316 to -0.12)
200 200 - 200
€ g
= 150 E 150 - : 150 5
= g =
3 3 s
=3 L Jy L
L 100 Z 100 - L 100 -4
b4 4 =
2 2
50 50 50 - .
0 0+ 04
20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age Age Age

Figure 3. Scatterplot of 12 clock-hour sectors of retinal nerve fiber layer thickness (RNFL) according to age. (A-L) All graphs repre-
sent a decreasing tendency of thickness by aging. CI = confidence interval.
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Table 4. Distribution of RNFL thickness in the 4 quadrants and 12 clock-hour sectors (Group by 10’s)

Overall

Age group (years)

Variable (m=309) 20°s(n=37) 30°s(m=48) 40°s(n—41) 50's@ = 99) 60's(@m =51) 70's@ =33 2 vale
Mean RNFL (um) 106.1 + 7.6 1112 + 6.7 1094 + 69 106.1 + 6.1 1060 + 7.4 1002 + 7.8 1047 + 50  <0.001
4 quadrants (pm)
T 775+ 84 81.4+90 799+107 785+74 167+7.6 T40+68 764 +70  <0.001
S 130.9 + 14.2 141.6 + 11.8 133.5 + 14.4 130.8 + 150 131.1 + 13.7 121.7 + 12.7 129.0 + 9.8  <0.001
N 775 +97 797+ 100 80.7 +10.6 758 +8.5 78.0+10.9 73.8+80 77.0 £52 0.006
1 1383 + 13.6 142.9 + 122 1442 + 149 139.6 + 11.6 138.1 + 13.9 129.8 + 11.6 136.7 + 10.8  <0.001
Clock-hour (um)
09 (T) 657 +77 684+68 69.7+87 668+71 642+7.1 62.6+70 649+77 <0.001
10 (T) 922 +13.1 979+ 13.4 955+ 142 950+ 124 907 +12.8 873 +11.8 90.1 + 11.0  <0.001
11(S) 142.5 +20.9 156.9 + 19.9 144.0 + 21.7 149.7 + 16.7 141.1 +20.3 130.6 + 18.4 137.5 + 19.3  <0.001
12 (S) 128.6 + 22.9 136.6 + 21.1 131.5 +21.5 121.1 +22.4 1312 +25.0 121.3 £225 1279+ 17.1  0.034
01 (S) 122.0 + 20.6 1302 + 183 128.7 + 19.4 120.9 + 20.9 121.6 + 21.4 112.1 +21.3 121.3 + 147 <0.001
02 (N) 91.6 + 143 924 +13.0 948 + 144 921+ 146 932+ 162 854 +11.1 90.5+ 103  0.033
03 (N) 63.9+92 664+99 643+108 61.5+88 654+95 614+82 632+54 0.118
04 (N) 762 +11.0 784 + 135 80.7 +12.0 738 +8.6 754+ 12.1 739 +83 756 + 6.3 0.010
05 (1) 114.1 + 19.9 1183 + 18.4 123.0 +22.1 1147 + 18.0 113.0 £ 21.0 104.2 + 14.0 114.0 + 18.7 <0.001
06 (I) 150.6 + 21.9 151.1 +22.6 156.7 + 22.6 149.8 +20.3 1502 +23.0 142.7 + 189 1553 +20.5  0.224
07 (1) 149.6 + 21.0 159.7 +20.7 149.6 + 23.6 153.5 +22.7 151.0 + 19.4 142.7 + 17.8 140.1 + 18.6 <0.001
08 (T) 750 +9.8 798+ 112 751 +123 752+ 11.1 748 +83 717+69 745 +9.1 0.004

Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer; T =

180
160
140 —
120
100

80

Mean RNFL (um)

60 —

40 —

20

9 10 11 12 1 2 3 4 5 6 7 8
Clock hour sectors

Figure 4. Distribution of retinal nerve fiber layer thickness
(RNFL) thickness according to age (group by 10’s). This schim-
atized graph represent the it is thinner in the older age group.

£ TolA 3A] W] AAAERFY YA RSL
SFAZF 7V ok Ao YEith 3 7F HEE 12412
o] FAIE vwslE wf 14], 541, 7Al, 84], 9A], 104], 11
AloflA Aido] F7FEREE f-ogh Aol 9L aL(p<0.05),
HE FIoA ¢ 4 LJ,:L | YeEhHick(Table 2, 3,
Fig. 3; Fig. 1, 32 ZtZ} 453} 124]29] RNFL #7415
wA)51eE o).

104] THol@ AJAIAG=Z0] HlubAl AA 02 =i B
S BAshE 20jof| A 111.2 + 6.7 pm, 3000l 4] 109.4 +
6.9 pm, 40t A 106.1 + 6.1 pm, 50tof|A] 106.0 + 7.4 pm,

temporal; S = superior; N = nasal; I = inferior.

60T Ol A 1002 + 7.8 um, 70T ol A 104.7 £ 5.0 ume] 2
= B, 45 9124 Z] FA| e FFadhes &
A& R tH(Table 4, Fig. 4).

inl &

B APl g3 gharlof| A sbgrbe wzb g
715 olgste] AHol Atk W AnE FHelst ¢ glo]
Hash Az A gz £ A7) 98 Al
AFoltt. AWA o7 mrlH WA TEHA 7S o8
sto] ZA3 AAAGTERS YA 850 P4 T
A= 7120 AFEEE e—lmv&%%}ogﬂi =43t 5

2|9k GAEH B1Zo A 7MY ST, Theog AFEo] £
7L F o] Bow] moRs L}EHH ua, Azo| 273t

S8 SA7 oot ekl m&S Helth

2 AFo)A] AFEE9E DRI OCT-1S I s o}

®i%o] 100 nm<) 5% 7hia Bl S AHgst,
A-scanZ 100,000 HzO] &= 2 AJ8Y3}al 8 um = AT
2 7x) 2 Qo] 7|&o] Au Rt Aetsla wEA A
8} 2= 9l Zu|o|t}? Ha et al’S 3F20l &AM} 55012
gt} SRl S oJ%eke tae® SD-OCT
o SS-OCTS] 24 ATFS vwgh @ Aol vy,
SS-OCTZ 243t AAAGFZ9 WulilAde=0
A7t SD-OCT= 243 SR So5b] Sa7 =4
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Table 5. Comparison of RNFL thickness with other research in Korea

Our study Lee et al'” * Leem et al’ *

(0 = 309) (n = 66) p-value (@ = 406) p-value
Temporal 77.5 + 8.4 89.70 + 14.65 0.53 101.95 + 14.18 0.54
Superior 130.9 + 14.2 135.53 + 22.65 0.89 147.96 + 15.63 0.65
Nasal 77.5 £ 9.7 102.89 + 29.13 0.31 96.20 + 14.50 0.66
Inferior 138.3 + 13.6 132.98 + 20.19 0.86 142.85 + 15.31 0.65
Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer; n = number of eyes.
*Unpaired r-test.
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