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Sibs S3x|ol S0l =Y U XBA

S YHRI0|A] Cirrus HD OCT (optical coherence tomography)E 0|06t Ho HUtE7| 2 HUtE SXZ SFotn 1 e 4nt
ol e YotEuct,
CHAlgp g 258 = 5008 CHA S Z Cirrus HD OCTQ| macular cube 512 X128 combination scang &t Ho| HALXI7} 35| H&0 2
Aot & CHE 2B AAXIE Z2H 13| 271 AJSHRACH A, «E 3 20N YUEetel #ades Lot S-x(7te
SUAEAL(ICC, Intraclass correlation coefficient)& £A5t0d Bt=2M0F XIS HIIGHALC
Znk o AARXLO| ofet B EEFEAH 2 EEHE Bh] SFX[7H9] ICCE 0.99, 0.960|1, M ZALK oJ§t ESHX|7H] ICC= 0.98,
0960|2100, 9719 7Y SU=7| SHX|Q| ICCE 25 0.930|40(UCH A A I ZHO|MS FUtEo| g Fox|gt
BrE o Mol o, 2E0I40| Olxle 2 A,
ZE: Cirrus HD OCT= oA & 98 HUIE7et 2 84 =g Ao BrE40 T H0| 25 ol ZHE 20| o2 Eits
Zeoto] ¢ttt 2 Z1p #EO REsHA LY 2 o,
(CHEtotutsta| X| 2011;52(10):1182—1188)
W7rA =24 (optical coherence tomography, OCT) Germany), Spectral OCT/SLO (Ophthalmic Technologies
whulo] 25k BAul S ALsHA A ] A 9] o Inc, Toronto, Ontario, Canada), RTVue—100(Optovue
GAro g AFdlFE 717|124 o]F o]g3dlo] Wuro] Inc, Fremont, Califonia, USA), 3D SD—OCT (Bioptigen,
AE H7el=s AL W] L5 BA451e] X7 HA Research Triangle Park, North Carolina, USA), Cirrus
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Al f-8t0], MRE AR ATl Qo]
SR OCTE AW of4le] W B¢ F4ER
tolAl, 7)&olie 2 4008]9] 270 shw oF 8-10

um@] = sjAH= (axial resolution) S 7H21 A7k o] Wizk

OCT (Carl zeiss Meditec Inc, Dublin, CA) & & dX 7}
2|7} ek’ OCT7h A2} s =7t FHold gArS: Alashw
A o AEst ko] 7hsskAl HARRE HARE S A
o ol TAJF 4= gick’ whebd oju] TD-OCTS

e > tlo 4t wo rlo
>
oy Ho
o T

= H
ol

Aet=297] (time—domain OCT, TD-0OCT)7} dg] o]
SE o o= Flo] H3HFourier transform)<
Tl FEE dol STt o WEL e H F2 &
HEHgo WA HEEY7](spectral domain  OCT,
SD—OCT)7} Aslo] BHstem gIrk’ d4) JAaze
2 ARE A Q)= SD-0CT+ TopeonAke] OCT-1000, Canon
Akl SPOCT, Spectralis HRA+OCT (Vista, Heidelberg,
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SD-OCTE o|-§-ste] HhE/dof gt o] AE7} o] Fol Al
o, TD—OCT¢I! Stratus OCT (Carl zeiss Meditec Inc,
Dublin, CA) 2.t} SD—OCTo| A Ai}A] Alo] X =7} ¢
EL, F 7HA OCTAte] &7 7He] A= 9 #el/dS
YojArhs Aol YFHYE ! ey Az
SD-OCT zk7be] put 3t 7}e) 7lzz0] B 4t 3l
712A] ol gt At 9 w3 Q@ dol tiet A=
3 Aol 1B E o dAtolA= At Tl
SD—OCT % Cirrus HD OCT (version 3.0.0.64)E o|&
of ol Ul W PuLEAer I 84 S,
B, 4l 4 FHolde| BAE &AMk, SR Y ¥
£/(repeatability) 9 &2} 7+ A& (reproducibility )&
%3 SD-OCTe| gk 24e] etae obmset.
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: 3 of FjugAile
(BCVA, snellen), 8] &A oA (CT—80 Non—Contact
Computerized Tonometer, Topcon, Tokyo, Japan)Z& o]-&
& okor @ ZHEZ M A (ARK—510A, NIDEK, Japan)2 o]
23} LW} (spherical equivalent)S =435+, 3+ 9
O AARAZE M6 HAR ZQERE 9 SQHEo) o] -5
2 AAsigth 2E OCT scand SU3gk #u|el Cirrus
HD OCTE o]|&3}te] e Y BAME AFel & macular cube
512x128 combination scan® 2 ZAslglom, AZA7]

(signal strength)7} 5 o]a}el A9 Lo 4 A L|akgct
(Fig. 1). Cirrus HD OCT%: 5 um9| =& Z3A=S 714
I z4 27,0009 axial scan $E=& 2l ¢l+= SD-OCT
2 512x128 macular cube, 200200 scan¥} 5—line raster
"llo] Qlth. o] 3 macular cube 512128 combination
scan #AE A7M(Raster scan)4] 02 S 66 mm
o) Bl S 512 A—scansS LAI5H= 1287H9] hor—
izontal scan lines2 &A= Ao 2 200200 scan HHA]
3} ukEs) 247)2) Solgt Holvt qlof st o
& 512x128 scang AME3HACE” o We] AAR7} 33
Q4om P 2 AR §HS 2ok, o2 25
o AARZE Zh2p 1914 71 Algjste] gt
F 399l HAEe]l BE 53] HARS AlYsT)
e $AT W W T PAEAE SO,

ot @

Macular Thickness:Macular Cube 512x128

oo.|© os

500 ym

T

400 pm
1300 um

200 pm

ILM - RPE thickness (um)

100 ym

ILM - RPE

RPE

Central subfield
thickness

Comments Physician's Signature

High-definition mode

Volume Average
thickness
mm® um
99 276
Figure 1. Standard output of
g‘o’}’m‘/’gﬁ%gg“ Cirrus OCT, 512 X 128 mac-

Carl Zeiss Meditec, Inc.
All Rights Reserved
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ular cube (version 3.0.0.64,
Carl Zeiss Meditec).
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Table 1. Demographics

st3|x| 20114 ™ 52 # ™ 10 3-

Demographics Results

Age (mean + SD, yr [range]) 34.32 4+ 9.30 (24.00 ~61.00)
<35 years 13/25 (52%)
>35 years 12/25 (48 %)

Sex (M/F) 8/17

BCVA " (snellen) 1.0

Refractive error (SE*, mean + SD, diopter [range])
IOP (mean + SD, mm Hg [range])

2.97 + 2.59 (:9.13~ +1.13)
14.54 + 2.34 (11.00 ~20.00)

"BCVA = best corrected visual acuity; 'SE = spherical equivalent.

2D
.

Figure 2. The macular thickness map of the right eye. F = fo-
vea; S1 = superior inner; T1 = temporal inner; I1 = inferior
inner; N1 = nasal inner; S2 = superior outer; T2 = temporal
outer; 12 = inferior outer; N2 = nasal outer.

o] uf 3+ TF7/= ETDRS (Early Treatment Diabetic
Retinopathy Study) subfield2 UirolA & ZX)21= 7]
Zo% 1 mm, 3 mm, 6 mm 739 3719 TA¥l, =4
Y(central circle), ¢F2 Y(inner ring), BFZZ Y(outer
ring) S A5, HIS, 515, 0|59 4290 R JLEso]
% 97 o] FHEA BHEAE LetAckFig. 2).0

olm

AM M
SPSS version 12.0 (SPSS Inc, Chicago, lII) 282 =3 %]
7+ WA EAS=(intraclass correlation coefficient, ICC)E
RAtel W AR dotum, 9y, 9 Y B
g SIS B L AR o] v

of are nAEAE Polrgie) Y W 2
X*Eﬂ k= A of u)X]= g3FS Pearson’s correlation
coefficients o]-gsto] JHHAE EA8I%eH, A
w2 Jhul=74| 9] Zjoli= independent (—test®E H7Fstth

2 i,

tjArel 25me] Ltoli= 34.32 + 9.304](24.00—61.00

Table 2. Thickness and volume measurements

Measurements Results (mean + SD)
Foveal thickness (pm) 256 + 18.25
Average macular thickness (pm) 279.64 + 12.71
Total macular volume (mm?’) 10.03 4+ 0.48

Thickness measurements (um)

S1 (superior inner)

T1 (temporal inner)

I1 (inferior inner)

N1 (nasal inner)

S2 (superior outer)

T2 (temporal outer)

12 (inferior outer)

N2 (nasal outer)

320.83 + 15.93
306.78 + 14.64
314.02 + 16.27
323.44 + 18.34
278.49 + 12.60
260.09 + 18.24
267.96 + 16.90
297.83 +£19.23

ADgem, o] 5 354 mgke] 139 (52%), 354 o]/o]
1274(48%), 404 o]Afo] 8(32%)o|aL, A7}t 89
oAZ7} 1770l Qle}. H g Al e T Aol B oF ¢F 1.0
(20/20)0]21.01, ORI 11-20 mmHg® % HARH o)
Witk Bt FHAE A= —2.97 + 2.59Do|3l o
—5.0D m]gto] 40¢H80%), —5.0D oJAto] 10¢H20%),
—=7.0D o]Ato] 52H10%)o]ltH Table 1).

Cirrus HD OCTZ =43t =419} %=7|(Foveal thickness,
um)= 256.2 + 18.25 um, & M| (total macular
volume, mm’)= 10.03 + 0.48 mm’, B 327 (average
macular thickness, um) = 279.64 4+ 12.71 umo]ich. +
o "l 24 A] &y} vpAZE ¢ HTo|A H[Zo|
747} 323.44 + 18.34 um, 297.83 + 19.23 ymz 713 =
731, 00| 77} 306.78 + 14.64 um, 260.09+ 18.24 um
2 71 gketti(Table 2).

dAe] Aol F7kekel el S FAE F2sHAl
37kt (p<0.01), F s 9 Ho FRFA =
7Vohe AFOIGANE FAXCE ou] QA= AT
(p=0.06, p=0.13). 5k 2A] FEt TS5 FHlokE
2l 77']T4 ROW(p=0.03), & FuHuel Hit IRk
Al A2k p=0.04, p=0.04)- o] o2 Sl
7, & ‘1}3%”4 4 Ht SREEAE vt Aol A= e
2ol Al ZH2F 264.80 + 21.62 um, 10.17 + 0.46 mm’,

rlr rlr
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Table 3. ICCs and 95% limits of agreements of intraoperator Table 4. ICCs and 95% limits of agreements of interoperator
results results
Measurements Icc 95% limits of agreement Measurements Icc 95% limits of agreement
Foveal thickness 0.98 0.96~0.99 Foveal thickness 0.96 0.93~0.97
Average macular thickness  0.99 0.98~0.99 Average macular thickness ~ 0.99 0.98~0.99
Total macular volume 0.96 0.94~0.97 Total macular volume 0.96 0.94~0.98
Thickness measurements Thickness measurements

S1 (superior inner) 0.98 0.97~0.99 S1 (superior inner) 0.98 0.96~0.99

T1 (temporal inner) 0.98 0.97~0.99 T1 (temporal inner) 0.97 0.95~0.98

I1 (inferior inner) 0.98 0.97~0.99 11 (inferior inner) 0.96 0.94~0.98

N1 (nasal inner) 0.98 0.97~0.99 N1 (nasal inner) 0.98 0.97~0.99

S2 (superior outer) 0.93 0.89~0.96 S2 (superior outer) 0.95 0.92~0.97

T2 (temporal outer) 0.97 0.95~0.98 T2 (temporal outer) 0.95 0.93~0.97

12 (inferior outer) 0.97 0.95~0.98 12 (inferior outer) 0.96 0.93~0.98

N2 (nasal outer) 0.96 0.94~0.98 N2 (nasal outer) 0.98 0.97~0.99

*ICC = intraclass correlation coefficient.

*ICC = intraclass correlation coefficient.

Table 5. Comparision of reproducibility (upper) and repeatability (lower) by age and spherical equivalent

Foveal thickness Average macular thickness Total macular volume
Age < 35 years 0.96 (0.92~0.98) 0.99 (0.98~0.99) 0.97 (0.95~0.99)
Age > 35 years 0.96 (0.91~0.98) 0.96 (0.92~0.98) 0.97 (0.94~0.99)
SE™ < -5.0 diopter 0.97 (0.95~0.98) 0.98 (0.97~0.99) 0.96 (0.93~0.98)
SE" > -5.0 diopter 0.91 (0.74~0.98) 1.00 (0.99 ~1.00) 0.99 (0.97 ~1.00)

Foveal thickness Average macular thickness Total macular volume
Age < 35 years 0.97 (0.94~0.99) 0.99 (0.98 ~1.00) 0.96 (0.92~0.98)
Age > 35 years 0.98 (0.96~0.99) 0.98 (0.96 ~0.99) 0.97 (0.94~0.99)
SE" < -5.0 diopter 0.98 (0.96~0.99) 0.99 (0.98 ~0.99) 0.96 (0.94~0.98)
SE" > -5.0 diopter 0.97 (0.93~0.99) 1.00 (0.99 ~1.00) 0.97 (0.91~0.99)

Data presented as intraclass correlation coefficient (95% limit of agreement).

"SE = spherical equivalent.

282.69 + 12.96 umo|gle.
14.86 um, 9.97 + 0.47 mm’, 278.21 +

o, ofRjel A 247} 252,17 + o &
12.37 um= A

7 ZRA] BFE £ gre] 0.01 mgke g Hit §-oet A} 2 A= ol ﬂ?% &sto] Cirrus HD OCT=& 4t
o5 BEolrt. 54 Al Tl ARl A o Wt W Sk Ho)
HAAP (intraoperator) Z747] 7F g ddATE 5 & Yoheal, SD- OCT—J HhE gl HL“ M
HebEA, F ka9 Fot gk FA A Z12F 0.98, A F-83 AEAIS gobE gttt WA (repeatability)
0.99, 0960]¢lom, Lo e S Aloe B - ojgt FY AL Y WRlor FA% dide
oA 0.93 o]0 & 2 HheAdg Kol F9JrH(Table 3) oz ¥l 2A4519S u dup} Al AXE=AS B
ESE AQYFAALS Loy dte] AARAHinteroperator) = A F#o]a1, AEA(reproducibility)-& HARR} 7+ 24 2] 9
A2 Atolo] U A EAS AIE 2, 2E 5 YA = F U= A 22 A9 Akl Ao 2 4lg
7\] ?% oA 0.95-0.998 =2 HdFS Uetilon 53] Ak o] ekt H At A= gobry] $js)
bR a]of| A o] vhEAdt QA o] thE SAFEETY o EA% Fl A= ZHAl W AT 4H(variance) ©]

‘31 ZtH(Table 4). Fhol] T3t ARA7E BAke] H]& eJuld o a = shx] o]Ake] oF
Bt HolE Aetste] 35415 7IEo® RS ARd 2 Z42] 11e] A=l (reliability), ¥H5d(repeatability),
= 4 & A (reproducibility )7} 7+ Ax]A)(consistency)dt 3=

T+ O83 —5.0DE 7|F£2& Ui 2ol F 1
oA ZzHe] g HASE HlaL 3

Aol WHEA @ 25 Ao

UebgeH(Table 5).

=
WAL G 27 e

Aol (accuracy), BFAd(validity)#} 28 Z3H4(conformity)2
o7 ool 7] o8| ALgaleh ! 2A8lH 0z 11 Zho] 19| 717t
45 W 7F dAE7F £30, 09 TRESE IR BT}
o F2 AL uich Y daH oz SS9
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A o, HE 0.9 ol A dA=7F EFstaL, 0,75
T e R 787 dA=E UEhie, SAA

SD-OCTE2 AlxIJAME R T2 &
Sl 3 s 71 Ate] Hek ARl Aol 21T
JukA © 2 Stratus OCTHC} 3T o =44 =
ABILI ey = ajo] 23] 7F Al gl
2 L}E]—‘)ﬂ:‘r S Cirrus HD OCT.J 7855, A A
’6‘-’] W&

=

é =t
olo] BHIE7|9] 186.86 + 21.47 qu]- H]E’ﬁ}?&% o
FAA S = e w2k £ F =4
AFolA s siAlgtol 0‘01*1 ol#gt ML arzfafof
5, W Agko] Mcte Wadt SD-OCT 7} 7|59 B
SHE AAFAE o= 2] ﬂ%ﬂq aERE Fhelo]A
Cirrus HD OCT 9] A+ SR 22 E ol o] 9]
7t Qlekar 3 4= Qlek A Zﬂf‘&@% o[ Aol A A
AFgS oHA] ¢4 OCTE Al3gh 29 ShbeA o] 2ha: 3

717} 7Fsslths goleh Y = :rL N Aetel
o e 24 Alof| Qb it R ] RIRA] H]
5, A5 o515, o5 AR AL JoE YEhgon o
L 7129 Legarreta et al”’3} Kiernan et al'of 2Jgh
Aot AxJRIth. oA Y HSo] FAA Yehuhes A ST
skx o2 fEgHithake] AlX17 02 9] 423 (convergence)
o o3t Ao AgzhgTy 0

wol7t WarAle] de = Ae ofe] dtolA ¥
SHRANE R BATE itk Halke glow, 1 ‘?‘;ﬁH
opafo] ta Al obd] egto] Wk M Kanai et al”' @
Guedes et al”& F41 201 o] ufe} Wsl7} ¢la, 1
9] HEL to]o wpet At 514 2™, Panda—Jonas
ey AN ZZ 0] W7k o 0.2%% sk Pebat
DAz Url 130 0.3%% 7HAasicta k4t ]9}
el & ool A tolof uhet IRAE Srbsko
folal obxul Bl Hulw Zsks A molth
o] Ay}= Kashani et al,” Huang et al'9] 917 Ak} &
AYatH, Upolof whe 4149w o] BA @ ko] = (dropout)
o olg 7Pae) ol ko] 2t Fof it el 7bs
4 STsE - ek
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=ABSTRACT=

The Measurements of Macular Thickness and Volume with
SD-OCT in Normal Eyes

Na Hee Kang, MD, Hyun-jin Kim, MD, Jeong-hee Lee, MD

Department of Ophthalmology, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: We investigated reproducibility and repeatability of average macular thickness and volume measurements in
normal eyes with Cirrus HD OCT (optical coherence tomography).

Methods: Fifty normal eyes from twenty-five subjects without medical and ocular histories were included. Macular cube
512 x 128 combination scanning using the Cirrus HD OCT was performed for a total of three times on the same visit by an
experienced technician. Then other two technicians performed one more macular scanning respectively. Within-results,
the intraclass correlation coefficient (ICC) was calculated for each parameter studied to evaluate repeatability and
reproducibility. The correlation between macular measurements and demographic variables (age, gender, and spherical
equivalent) were also investigated.

Results: The ICCs for intraoperator reproducibility were 0.99 on the average macular thickness and 0.96 on the macular
volume. And the ICCs for interoperator repeatability were found to be 0.98 and 0.96, respectively. The ICCs for measure-
ments of nine regional retinal thickness also were higher than 0.90. The retinal thickness was correlated with age, gender
and refractive error. However, neither age nor refractive error affected to reproducibility and repeatability.

Conclusions: The retinal thickness and macular volume measurements using Cirrus HD OCT in healthy volunteers
showed excellent reproducibility and repeatability. Therefore, Cirrus HD OCT has been recognized as an useful tool for di-
agnosis and mornitoring of variable maculopathies.

J Korean Ophthalmol Soc 2011;52(10):1182-1188

Key Words: Cirrus HD OCT, Macular thickness, Macular volume, Reproducibility & repeatability, Spectral domain OCT
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