cHstetatets|x| 2010 A 51 # X 8 S
J Korean Ophthalmol Soc 2010;51(8):1084—1091
pISSN: 0378-6471

eISSN: 2092-9374

DOI': 10,3341/jkos,2010.51.8,1084

SHHEIEl) T2 ABER Ho UMD HKO)
Clorst @F 2

P AHEY Qo WIHEHESY|(SD-0CT)0IA H7ls @RS SutAst| wel BAsI0 B sl IRl Bt
|

CH&faf & 160tS iAo R S5 HARE AT FAQH 400t 2ot B0l QlE 450t Afatst HEHO| Qe 319t
A S 2 SD—-OCT (3D—-1000, Topcon Corp.,Japan)Z 12X6 mm radial scans A&t 2t2E9| AZHO|M LEILIE @F 9| 89

o BEE ZAlSID 2F7O| HAUEE Fosicl] etz Hlusiln,

Zak A 162 & 772H66.38%)01 M EA& 1 0lde @FVF AU JHY S0t LF= YUFMY WEA 2F LFEAL
(25.86%), &Hsa O\E*OI QF = 10.34%, 2T AYES 2F= 15.52%, 2N 4 2B = 8.6%AULt HY @F Hir= 2ot
He|7h AE B2 & 90%= FYCt 37.5%01 Hlsh ESol =/UCE YU EHL0| tHE ZEO LY FAI H HEL2 5=
Bl=7F ZUACHp O 01).
ZE: SD-0CTe gtzetof wat Cidet 2FE 20|22 OCTE dide if 7ol 7isds o G50 F0{0F ot
(CHStetarek S| X 2010;51(8):1084-1091)

w7 th22kod (Optical Coherence Tomography, OCT) AE olgA W9k’ Ray et al>2 TD—-OCT7F 4o
o el As] Boho] glo] FA% MFGH AW 1k RS FUAAMA BA, oln|Nr} FBHA g
7R 55| U A%o] Ane] S84k AEA WA BA|, 2w ok, S0 5 /2 BRI oha
o] AzF e MM EEE(Time—domain OCT, TD—OCT) ok odt £AISS AR I YA SHRE
2 840 nme) 3Pzt 25 nme| thelEe] YA olgA 7t Aoy|w Wyl Nek W AR W] TN & 5 ek
AA(interferometer) & B3t 4 Alzhel g £xolt wbHo] HZo] SHT AdEY 9o WIHGEY
& (reference mirror) 25| ¥hALE| o] U2 Wl o] HlgEA] (Spectral—domain OCT, SD—OCT)-& 50 nm] tfe}&S
S S48 10 ume] = A= oju|x|e} 21 4003] Zk= superluminesent FHPo2 1A 7|&(reference
A—scan £E2 ZH @k o]gdt TD-0CTE a2 g mirror)& 0]838 7HAd AHEZLS A1 o] JHE 3o

of el glol B712el WS FPARAN ek

=

W3S Eslo] 5-8 ume] = A= 29 20,0003] o)A¢

A B Wk TR RS AorIE Sl & o A—sean B3 G4 9A Bk wjebA SD-0CTE
3 el WA 1 Ml ok HaE ekt 53] TD-OCTe| uls) e &= guipag o 445 Kol
AT So] AYVUTNANY, PuuRS Sl Okt F F 5 ek SD-0CTe) Ty, whE ofn)x] 35,
gas ARo] §eA7 W FERALAA@nti-VEGE) @3t olu]x| A £xEge E-& TD-0CT| Hls|
Fq AE7F Q) HFEWA AR AueEe] 4G I FbuS A2 A0 SHo A4 SD-0CTE ¥
SR 2ol 7EY TD-0CTY ofE oldfdt B £ 0RE B4 4 glrks H2 93 Bavh thow o

oA 7] ¢17L7} m|EEe o A= SD—OCT SRk
H317h gick ' oo RS SD-0CT7F Yor]s 9

=3 4 20109 12 69 = HASHY: 20108 68 30 S5 HEglo] HEE Bty SHAsiEE 0 27) ojd
"AYAK O Y 2 A 2ol 7k WA E4stsich.

HEA 457 HYS 17
Blofeystm el otul

Tel: 02-2290-8570, Fax: 02-2291-8517 AFL HFEH
E-mail: brlee@hanyang.ac.kr I:H OJ—I' =
2 =29 2Xl= 2009E tHetetutsts| M1015] SatisloM FHo =
2HEEQS 2008 9¥HE 2009 3U7HA] EY Qe E T

1084 www ophthalmology. org



Figure 1. Type of artifacts of Fourier-domain OCT in current study. (A) IRBM, inner retina boundary misidentification. (B) ORBM,
outer retinal boundary misidentification. (C) Off center fixation: white arrow, center of OCT; yellow arrow; center of retina. (D)
Degraded image, note that Q factor of this image is 30.98, which means signal strength of OCT is low.
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AR AFgE SD-OCT: 3D OCT-1000 Mark 11
(software version 3.20, Topcon corp., Tokyo, Japan)2.
2 5 ume & ArEe} 29 27,000 A—scan oju]jx] &
&5 71X a1 QI Ao WA= 6 mmx12 radial scan
protocol (0.5 seconds; 12 radial scans with 1024 A—scans
each)& o] §dle] HE IFNES AR 199 43
HARE A AFSAT 2]k AReE Y
o mEsgt Bae] @) ntet g 28114 st
g3t olulx|7k AW 2E skl o] EFAZL
A RS AFEAI(n=dn)®, BlEAonE Ht &
308 % &35}tk 3D macular cube scan©] 12 radial
scantich U HAE ALY 5 eks Aol A
§F E4T oju A7} 128702 YR ol 0. B4 1
o] HAF5}o] 12 radial scan2 2 HA1o T2 EEZE H
shsict

O

E dFofA= SD-OCT7L vt o575 34 Jauys
Al A 25 (inner retina boundary misidentification, IRBM),
vkl AA A @ F(outer retina boundary misidentification,
ORBM), &A% o]t @ = (off center artifacts, OFA), 71
g3 BAskel JAFSE @ F(Degraded image, DI) 47}4
2 EFslch(Fig. 1).
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Figure 2. Examples of artifact scoring. (A) OCT image shows inner retina boundary misidentification of central macula. 1 point is
given due to presence of error. Because deviations of horizontal and vertical line are more than two thirds of the central macula re-
spectively, 4 points are added. Therefore, the sum of error scores in this scan is 5 points. (B) OCT image shows outer retina boun-
dary misidentification of the outer macula. One point is given due to presence of error. Only 1 point is added because deviation of
the horizontal line is less than one third of the outer macula and deviation of the vertical line is from one third to two thirds of the
outer macula. The sum of error score is 2 points.
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Figure 3. Examples of wrong measured MT. (A) Overestimation of MT due to IRBM. (B) Overestimation of MT due to ORBM.
(C) Underestimation of MT due to IRBM. (D) Underestimation of MT due to ORBM. MT =macular thickness; IRBM = inner retina
boundary misidentification; ORBM = outer retina boundary misidentification.
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Table 1. Demographic data in current study

Disease groups (n=116)

Normal (n=40) IRP (n=45) SRP (n=31) Prvalue

Age (yr) 54.65 + 13.59 57.81 + 12.70 60.64 + 11.09 0.03"
Sex (Male : Female) 16 : 24 19:26 17 : 14 0.42"
Diagnosis (number) DME 25 eAMD CNV 20

RVOME 10 nonAMD CNV 9

FTMH 4 Others 2

ERM 4

Others 2

"ANOVA test, 'Pearson chi-square test. IRP=intraretinal pathology; SRP=subretinal pathology; DME=diabetic macular edema;
RVOME =retinal venous occlusion with macular edema; FTMH =full-thickness macular hole; ERM =idiopathic epiretinal membrane; eAMD
CNV =choroidal neovascularization due to exudative age-related macular degeneration; nonAMD CNYV =choroidal neovascularization due to other

various macular disease.

Table 2. Frequency of artifacts in spectral-domain OCT based on underlying pathology

Normal IRP SRP Total
IRBM 20.0% (n=8) 35.60% (n=16) 12.90% (n=6) 25.86% (n=30)
ORBM 0% (n=0) 6.7% (n=3) 19.40% (n=7) 8.62% (n=10)
Both (IRBM +ORBM) 10.0% (n=4) 35.6% (n=16) 45.2% (n=14) 29.31% (n=34)
Off center fixation 0% (n=0) 17.78% (n=8) 13.79% (n=4) 10.34% (n=12)
Degraded image 7.5% (n=3) 22.22% (n=10) 17.24% (n=5) 15.52% (n=18)

37.5% (n=15)
66.38% (n=77)

Presence of any errors
Overall rate of errors

88.89% (n=40)

96.7% (n=30)

IRP=intraretinal pathology; SRP=subretinal pathology; IRBM=inner retinal boundary misidentification; ORBM =outer retinal boundary
misidentification. Retinal boundary misidentifications can be coexisted with off center fixation or degraded image error.

Z at

A 11678 1169k - FAk= 52¢F, ofAk= 6420l
< 42 40¢ke| gl o IRP-2 45¢h SRP-2 31

(<]

Qrolgich. 3 4eke] B toli= 54.65 % 13.504], IRP 2
2 57.81 £12.70A], SRP2 60.64 + 11.094]| it} IRP
T % FeIUEES 250 PURFS FUE Fupgy
S 109k, B4 Bureker 49k, AFINLUF 4L, 7]
g 20k0] EFH i SRPENE 424 APTA
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71ef 2%Fo] &3ch(Table 1).

SD—-OCT HAFES A|SHEe 1169F & 77| 4] 4 171
o]AFe] =7} UrALQ) o 66.38%2 Q& HIEE B4
o} QA A 2= 10%K8.6%), WAA A4 /=
309H(25.86%), FAlolE 7= 129K10.34%), HAF 4

A5 182K(15.52%) o A ettt SAlolE Fe= 7
gt WHEAEA] ekorar Ao At UERG T Table 2).

SD-0CT7} gt=t= Z17ke] @.5of tigt Haes AARF
o A9 0~54, FHoToRet HAY YIS ©

LI =
0~18 HAE Z=th WAA o7 0 5 8%
Aapore (.65 + 1,447, IRPZL 0.75 + 1.1274, SRPZL
0.82 + 1447 0]gic}. Bl o] YA efE 44
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o} 0.61 +1.28%, IRP: 0.73 +1.024, SRP# 0.63 +
L03F olgich YAA 79 - it FAFAA B4
o} 0.00 £0.014, IRPZ 0.17 +0.55%, SRP 0.13 +
0.347 o]9ic}. 3k 2= AL 0.04 +0.157, IRP
T 0.34 +0.66%, SRPZ 0.27 + 0.4240]Q)t}. FA]olet
Q2L Moo A 91913 IRP 2 0.15+0.367, SRP
2 0.20 £ 0.4180)qlt}. RATIFE S e7+= 44 A
AFoF 0.07 + 0.26 A, IRPZ 0.13 + 0.34%, SRP 0.10 +
0.3173 o]3tk(Table 3).

WAA AT AAdete] vl AR(IRP, SRP)<]
OF 47t o =9 FAHOR ou| Qe ApolE B
oA SITH(p>0.05). FA 7] 7% A HREH o
B2 et vls) AW o7 Axvh =4 vyt F4
QERL|0] 9 AAetat AWt 1] FAA Zfo|7t
EFLEA] QForout A4l e B lof A At} IRPE Ato]
oA IRPo] FAFCRE ou] QA B =2 AAF
A2 BPH p=0.013, Table 4). FAH ojgt o=
3/4etat SRP<E Atolof] FA Ao &2 o] 9]
3(p=0.040) IRP Ato]ofA= A<
HAH(p=0.053). FA3 J4E5
o ol & ApolE Kolx| ¢kokth(Table 4).
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Table 3. Average error score (AES) of artifacts based on underlying pathology

IRBM ORBM Off center Degraded
Diagnosis CM OM CM OM fixation image
Range 0 ~5 Range 0~1
Normal 0.65 + 1.44 0.61 + 1.28 0.00 + 0.01 0.04 £0.15 0 0.07 £ 0.26
IRP 0.75 £ 1.12 0.73 £1.02 0.17 £ 0.55 0.34 £ 0.66 0.15 £ 0.36 0.13 +£0.34
SRP 0.82 +1.44 0.63 + 1.03 0.13 +£0.34 0.27 + 0.42 0.20 £ 0.41 0.10 £+ 0.31
Total 0.73 + 1.29 0.67 + 1.11 0.10 + 0.41 0.22 + 0.51 0.10 + 0.31 0.10 £+ 0.31

CM=central macular area; OM=outer macular area; IRBM=inner retinal boundary misidentification, ORBM =outer retinal boundary
misidentification; IRP=intraretinal pathology; SRP=subretinal pathology.

Table 4. Comparison of average error score between each group ('P-value)

Error type
IRBM (CM) IRBM (OM) ORBM (CM) ORBM (OM) Off center fixation  Degraded image
N-I 0.932 0.853 0.114 0.013 0.053 0.671
I-S 0.976 0.929 0.904 0.871 0.763 0.938
S-N 0.885 0.998 0.509 0.212 0.04 0.945

IRBM=inner retinal boundary misidentification; ORBM=outer retinal boundary misidentification, CM=central macula; OM=outer
macula; N-I=comparison of AES between normal and intraretinal pathology groups; I-S=comparison of AES between intraretinal and
subretinal pathology group; S-N=comparison of AES between normal and subretinal pathology group. "ANOVA test with Turkey’s multiple
comparison test.

Table 5. Average numbers of scans which show wrong measured macular thickness in SD-OCT

Normal IRP SRP
Number of scans Number of scans *P-value Number of scans P-value
OMT due to IRBM 0.98 +2.22 1.64 +2.28 0.572 1.40 £ 2.11 0.275
UMT due to IRBM 0.88 +2.60 1.53 +2.49 0.482 1.50 + 3.49 0.680
OMT due to ORBM 0.12 £ 0.40 0.31 +1.17 0.572 0.50 + 0.76 0.275
UMT due to ORBM 0.02 +0.16 1.44 +2.44 0.000 0.55 + 1.19 0.0519

OMT =overestimation of macular thickness; UMT =underestimation of macular thickness; IRBM =inner retinal boundary misidentification;
ORBM =outer retinal boundary misidentification; IRP =intraretinal pathology; SRP=subretinal pathology. "Mean comparison of the number
of abnormal scans between normal and pathology group by ANOVA test.

AE FEAAY RESAsH theh 3 wollA] dojR oju A& HAsto] oF 42%9] o7 WAES Byt
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o]l = ZAH 9= ARt 0.88%, IRP 1.53%, ness TREZZ AP BE olu|x|9 QRE FA3lo]
SRP 1.50%0]9ich. | 4A A efa St} 35 oju]x|2] oF 92%0f|A] s} o4l @77t WAgITka Wt
Ayl Ao kot 0,127, IRPZ 0.31%, SRP 0.50% Tk H vrEs ookt SD-0CTeF TD-OCT 7+
o|gly RE=AY Aol Aol (0.02%, [RPE 1.44%, =2 nwdt Ho et al'®e] dFo| A 73.8%2] TD—OCT
SRP+t 0.55%0]¢lth(Table 5). o]F IRP*RF A/AtR ot OF WS Btk B oA o7 FRo TAge
FEEArE BEEAEE VErt BAFHOR w9kt 3l o] 4e] @75 ZH= SD—OCT o]u]x] H]&o| 66.38%
(p=0.001, Fig. 3). 931 o] Ho et al’®o] BFE3} Topcon Radial T2 E o]

UL 2F BT 73.6%HTHs Wkt on|7] 55 oF
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FEA O B AToAE AR FE Zd A Live
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=ABSTRACT=

Analysis of Various Artifacts Produced by Spectral-Domain Optical
Coherence Tomography Based on Macular Pathologies

Yong Woon Shin, MD, Ju Hyang Lee, MD, Jae Yeon Jun, MD, Yumi Song, MD,
Hee Yoon Cho, MD, Byung Ro Lee, MD

Department of Ophthalmology, Hanyang University College of Medicine, Seoul, Korea

Purpose: To report the frequency, severity and various types of artifacts associated with spectral-domain optical coher-
ence tomography (SD-OCT) based on macular pathologies.

Methods: Data was collected retrospectively from 116 eyes of 116 subjects. SD-OCT (3D-1000, Topcon Corp., Japan)
imaging was performed in 40 healthy eyes, 45 eyes with intraretinal pathology (IRP) and 31 eyes with subretinal pathology
(SRP). The scan protocol was 12x6 mm radial scan. The frequency and types of artifacts were investigated in each scan
and were analyzed based on macular disease. Additionally, the effect of artifacts on the measurement of macular thick-
ness was studied.

Results: Errors occurred in 77 eyes (66.38%). Inner retinal boundary misidentification (IRBM) was the most common error
(25.86%), with the frequencies of other types of artifacts being 10.34% for off-center fixation, 15.52% for degraded image
and 8.6% for outer retinal boundary misidentification (ORBM). The overall error rate of SD-OCT in the retinal pathology
group was much higher than that in the normal group. Macular thickness was underestimated in the IRP group because
the outer retinal boundary of the IRP group tended to be misidentified toward the inner retina (p <0.01).

Conclusions: SD-OCT can frequently cause various types of artifacts in patients with macular disease. When interpreting
OCT images, the artifacts of SD-OCT should be considered in order to obtain accurate macular thickness and to prevent
erroneous clinical decisions.
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