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vl 7k erE=2o (optical coherence tomography, OCT)L itk Zo SElAAY & ehu] ARl anti—vascular
alo] TS HjALGA o g FoJste] AR JAS endothelial growth factor, anti—VEGF) &< 2|57} g¢
& = e A FH|2A g, E5] ubagke] X, HEEAA X8 53 B o AEst skFE £4o] 2
A, x| 2of w9 S8 HAto|th o} 7kA] dE & FZo] =glo} TD OCToA A4 4= = o8 714 &
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L} ofg] 913t Ax} SD OCTof| A= 2T EQo] o2 (segmenta—
tion software error), ZAARA] 2J3t of2|(operator—induced
acquisition error), ¥4 patient motion or eccentric fix—
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ol olelat 057} PUEA
obm.A} STk T AARb

9] HlEo] o]z} Q=X

=
=
S ok
= =

=
=

oA 2



- thgtotatet

200849 1295 20094 11%377}x] 29| olz}e]

2
T
oF

o
ﬂlIO 1o
o o
N

w e
/il
o

2
fr

>
N
)
2
=)
SO
a=)
=]
i)
ok
o|N

El

Mg

ox

o

<l

ok

1

3
Loy o

SD OCT AAF= Spectralis HRA+OCT (Heidelberg
Engineering, Dossenheim, Germany)S AR&-5}e] 19]
Sl Aol ©Js) AlREIC). High speed mode o]
g5}0] TR 66 mmo]) Y Hoj= 768 YA o]
Folzl 25719 B scand ol-&ste] HARSHYTE Eve
tracking2 3= automatic real time (ART) 7|52 A&
sto] Ao 1, 3, 6 mm Y-S L= S5
ZM(volume scan)S ARSI THFig. 1). kA ol )
L LofA] HL slte] EEAM (volume scan)S & A7
o EZ3FAF L o]u]x] A Zr(image quality score)o]| 16
dB mjgto]il @ 77} AeiA Eor RS 4 jle BF
AL 2 A4 A|Llskel

SD OCTellA Aeh= o7 A AP e/ Wt
AAAA @ F(inner retina misidentification), <%=t 7

=¢HE 4

AAA ©Z(outer retina misidentification),

st3[x| 2011d M52 H M8 =-

AA 9 F(incomplete segmentation line), 77434
7] @F(no segmentation line)Q} 1 2| ojujz] 52 @
F(out of register), F4lo]g 27 (off center), 23
0%}.‘2,1‘_:, 95 (degraded), FHF YA 257 (cut edge)

=319 (Fig. 2). A & B scanof|4] WAyst=
i‘%—% AA G FAF 1 mm G oA 22 Ak}
R B4 277t oA A e B shtz Ak e
H o2 FHe @77F o8 A Sl A AdE LRl
23}k
=l

—

AT % 5 1 mm 9 Wel 277t Qle 270
A= %LJ TA(macular center thickness, MCT)
oF gt 1 mm o] Fut A Fatel kA

(foveal thlckness FT)E 7|1238}9 1 AAALAA 259 4]
gt Ao whet WakEA o] 1/3 vte] 075 735 (mild),
1/3 o4 2/3%= Z5%(moderate), 2/3 2I}3t= 2R E
ZZ(severe) 0.7 HE2319t}. E3F SD OCTo|A A3t
= aZEfo® FAEY &7t Sl A0S SEeE
BAsto] MCTet FTE A4tEstolth(Fig. 3). 444 o s
TRt ef= pEloR BAS| Ay Fof A
10% 52 50 um o8] zpo|7} QA b, af
ofgo® 9AE 2 9l oEw Holalgly FPUIHEE

U“’koV“J ZAAIG A= Z2F 325 um o4, 255 um B[Rt

it HU J
ol
Eé
ol

270(line scan)of|A] @57 QHAY

Vol [mm
897

Figure 1. Example of Spectralis volume scan output display. (A) Fundus image showing scan area and individual horizontal
line scans. (B) Cross-sectional image and segmentation line of a normal eye with inner retina layer segmentation at the in-
ternal limiting membrane and outer retina layer segmentation at the Bruch’s membrane. (C) False-color thickness map with
overlying 1, 3, 6 mm concentric circles, corresponding thickness measurements and thickness map.
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Figure 2. Types of artifacts. (A) Inner retina misidentification. (B) Outer retina misidentification. (C) Incomplete segmenta-
tion line. (D) No segmentation line. (E) Off-center. (F) Out of register. (G) Cut edge. (H) Degraded.
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Figure 3. Segmentation error correction and retinal thickness maps. (A) Line scan from a patient with age-related macular
degeneration. White arrows indicate places where automated segmentation algorithm fail to follow the retinal pigment epi-
thelium (RPE) pattern created by drusen. Automated macular center thickness (red rectangle) and foveal thickness (red circle)
measurements are shown. (B) Same cross-sectional image with segmentation manually adjusted to follow the RPE contour of the
outer retina boundary. Note the changes in macular center thickness (red rectangle) and foveal thickness (red circle)
measurements. Red arrows point to thinner retinal areas associated with drusen not seen on the uncorrected thickness map.
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1l 1= O = - =
WAAH LS AAkeE 0.15 +0.14, gupAst 0.38 +£0.28, &
% 0.42 £0.30, FAPgA =g 0.39 £ 0.30,

SPSS version 15.0
(SPSS Inc, Chlcago, IH)% /\}%?5‘}93\# ZRIATH A A4
ok} apasto] Gl qlolA] @R o] MRS o]t
J=AE LolE 7] 93l chi—square analysis 53l H| w5}

Atk BE A FHL p<0.05 vgoz Hec.

F3|X] 2011E M 52 # M8 =

ol A 0.28 £0.20, FAvo|erHARHIEA 0.74

2677}194 B2l 2 A Gdo|As 21270(79.4%) 9
A7HolA, ZA1E 1 mm 9 YollA= 717(26.6%) 2] A~
Mol A Aol sht ojite] 058 walrh BEANL 7
Zhe] eholagl AA] G 0F F BT A
A o=(BEAN: 53.9%, eolAM: 12.5%)7}F 73 et
A0 oo R ogd AAEY eR(EEAN 44.6%,

JAATM: 10.5%), FRF AT o7 (BE27 21.0%,

AL 8.4%), Wdat AALA eF(EE2: 21.0%,
ZRIAT: 6.9%) o)t FAEARAY 7= o sh
o) Aol A= WaEA 2okch. FAR 1 mm JeiolA
= Y AAER eR(EFAM 17.2%, RIS
9.6%)7} 714 &3 1 treog Yk AALA o5
(BE270: 9.0%, 2FAAT0: 3.4%) 4=o|QcH(Table 1). &
AlHolgr o= =A19 B (foveal depression)< ﬂ%@

A= 149712] A7 = 47)(2.7%) of| A 2=l =7F
Tutdol A 12.5%2 7 E3tH(Table 2).
AghE o7 WiEe Wy AAEE R/ A 1

oX,

=

Table 1. Frequency and percentage of volume scans and percentage of individual line scans with any artifacts for all diagnoses

Artifact _ All _ Center 1 mm
No. of scans % scans % lines* No. of scans % scans’ % lines*

IRM 56 21.0 6.9 24 9.0 34
ORM 119 44.6 10.5 46 17.2 9.6
ISL 144 53.9 12.5 0 0 0
NSL 0 0 0 0 0 0
Degraded 3 1.1 0.1 1 0.4 0.1
Out of register 14 5.2 0.8 0 0 0
Cut edge 56 21.0 8.4 0 0 0

All = artifacts within entire volume scan; Center 1 mm = artifacts within center 1mm fovea; IRM = inner retina misidentification; ORM =
outer retina misidentification; ISL = incomplete segmentation line; NSL = no segmentation line.

*Number of volume scans with given artifact type seen in at least 1 B-scan; "Percentage of volume scans with specific type of image artifacts;
*Percentage of total individual line scans with specific type of image artifacts.

Table 2. Frequency of off-center artifacts by diagnosis categories

Disease category No. of scans Foveal depression* Off center’ %*
Normal 38 38 0 0
ERM 40 16 1 6.3
DME 40 12 0 0
CSC 42 15 1 6.7
Intermediate uveitis 22 16 2 12.5
MH 23 23 0 0
Dry AMD 32 23 0 0
Wet AMD 30 7 0 0
Total 267 149 4 2.7

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = central serous chorioretinopathy; MH = macular hole; AMD =

age-related macular degeneration.

*Number of volume scans with identifiable foveal depression on color retinal thickness map; "Number of scans with foveal depression located
outside of center 1-mm area; *Percentage of scans with identifiable foveal depressions that were off center.
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Table 3. Percentage of line scans with artifacts, stratified by artifact type and diagnosis categories

Artifact Normal ERM DME CSC Intermediate uveitis MH Dry AMD Wet AMD
IRM 0.8 36.1 2.9 0.4 2.4 8.2 0.1 0.3
ORM 2.6 5.7 6.1 8.4 8.7 8.2 9.0 40.0
ISL 1.6 13.2 16.2 14.2 10.7 4.4 11.4 8.3
NSL 0 0 0 0 0 0 0 0
Degraded 0.1 0.1 0 0.2 0 0 0 0

Out of register 0.7 0.7 1.5 0.4 0 0 2.0 0.3
Cut edge 4.9 5.6 12.2 6.0 5.1 5.4 13.6 14.4

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = central serous chorioretinopathy; MH = macular hole; AMD =
age-related macular degeneration; IRM = inner retina misidentification, ORM = outer retina misidentification; ISL = incomplete
segmentation line; NSL = no segmentation line.

Table 4. Percentage of line scans in center Imm with artifacts, stratified by artifact type and diagnosis categories

Artifact Normal ERM DME CSC Intermediate uveitis MH Dry AMD Wet AMD
IRM 0 13.0 0 0 0 18.3 0 0
ORM 1.6 1.0 1.0 8.6 0 0 12.5 55.3
ISL 0 0 0 0 0 0 0 0
NSL 0 0 0 0 0 0 0 0
Degraded 0.1 0 0 0 0 0 0 0

Out of register 0 0 0 0 0 0 0 0

Cut edge 0 0 0 0 0 0 0 0

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = central serous chorioretinopathy; MH = macular hole; AMD =
age-related macular degeneration; IRM = inner retina misidentification, ORM = outer retina misidentification; ISL = incomplete
segmentation line; NSL = no segmentation line.

Table 5. Comparison of artifact frequency by disease category versus normal eyes

Artifact ERM DME CSC Intermediate uveitis MH Dry AMD Wet AMD
IRM <0.001 0.001 0.182 0.016 <0.001 0.037 0.123
ORM 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ISL 0.039 0.895 0.166 0.002 <0.001 0.003 <0.001
NSL - - - - - - -
Degraded 0.971 0.305 0.623 0.447 0.436 0.359 0.374
Out of register 0.923 0.111 0.283 0.044 0.039 0.021 0.185
Cut edge 0.584 <0.001 0.302 0.902 0.703 <0.001 <0.001

The proportion of line scans with artifacts was compared for disease category compared with normal eyes. All values shown are p-values from
chi-square analysis. p <0.05 was considered significant and is shown in boldface. Dashes (-) indicate that the artifact was not observed and
frequencies were not compared.

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = Central serous chorioretinopathy; MH = macular hole; AMD = age-
related macular degeneration; IRM = inner retina misidentification; ORM = outer retina misidentification; ISL = incomplete segmentation
line; NSL = no segmentation line.

updatolq 36.1%, et AANE oR0] A Gl on] EoR nASY| Hnt F FWEAEA Mol B
AN 40%2 71 EFTE. FARE L mm B FS 495 um, FHEA FJolo] BEE 540 umolglrk
Yol et AANE ofe A FwAgelq  (Table 7, 8),

18.3%, l9u A7 470 A9 Aol gag

AollA] 55.3% & 71 ¥ WIS HATK(Table 3, 4). i =t
Akt apgho] Q= ¢l @] WiEE wwg

0 o QoA freleh ZfolE WAL, ol2Rl fo] & QA= FT de Zol7] Ak aslee] SD
= A% 1 mm 99 HelX= @ ZFck(Table 5, 6). ¢ OCTol A EAYsl= 2579 Mg dofi i ol 77}
FHoR Fofvt o= WA EFA T 177H(6.4%)0] FEFASA O vlAE Y2 dob HuAl sigleh 1 2
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Table 6. Comparison of artifact frequency in center 1-mm area by disease category versus normal eyes

Artifact ERM DME CSC Intermediate uveitis MH Dry AMD Wet AMD
IRM <0.001 - - - <0.001 - -
ORM 0.613 0.680 0.001 0.282 0.271 <0.001 <0.001
ISL - - - - - - -
NSL - - - - - - -
Degraded 0.305 0.305 0.293 0.447 0.436 0.359 0.374
Out of register - - - - - - -

Cut edge - - - - - - -

The proportion of line scans with artifacts was compared for disease category compared with normal eyes. All values shown are p-values from
chi-square analysis. p <0.05 was considered significant and is shown in boldface. Dashes (-) indicate that the artifact was not observed and
frequencies were not compared.

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = Central serous chorioretinopathy; MH = macular hole; AMD = age-related
macular degeneration; IRM = inner retina misidentification; ORM = outer retina misidentification; ISL = incomplete segmentation line;
NSL = no segmentation line.

Table 7. Percentage of volume scans, stratified by artifact severity and diagnosis categories

Artifact severity Normal ERM DME CSC Intermediate uveitis MH Dry AMD Wet AMD
Mild 5.3 20.0 2.5 11.9 0 8.7 12.5 23.3
Moderate 0 10.0 0 4.8 0 8.7 6.3 23.3
Severe 0 2.5 0 2.4 0 34.8 6.3 36.7
Clinically significant error 0 0 0 0 0 8.7 6.3 43.3

ERM = epiretinal membrane; DME = diabetic macular edema; CSC = Central serous chorioretinopathy; MH = macular hole; AMD =
age-related macular degeneration.

Table §. Impact of artifacts on center 1-mm thickness measurements
Average | AMCT|"

Artifact severity No. of scans Average | AFT|*

Mild 29 5.7 4.3
Moderate 17 25.1 18.1
Severe 23 36.4 39.7
Clinically significant error 17 49.5 54.0

Thickness measurement changes after segmentation error corrections.

“No. of scans = number of volume scans per artifact severity grade; TAverage of the absolute value of differences between automated and
corrected manual macular center thickness measurements (micrometers); iAverage of the absolute value of differences between automated and
corrected foveal thickness (micrometers).
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=ABSTRACT=

Artifacts Associated with Spectral-Domain
Optical Coherence Tomography

Hyung Jun Kim, MD, Hyewon Chung, MD, PhD, Hyung Chan Kim, MD, PhD

Department of Ophthalmology, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Korea

Purpose: To report frequencies of image artifacts associated with spectral-domain optical coherence tomography
(SD-OCT) and to evaluate the impact of artifacts on foveal thickness measurements.

Methods: This retrospective study included 267 eyes of 267 patients who underwent OCT volume scanning using
Spectralis HRA+OCT (Heidelberg Engineering, Heidelberg, Germany). Macular volume scans of normal and diseased
eyes were systematically evaluated for image artifacts within each scan overall and within the center 1-mm area. The fre-
quency of each artifact type was compared for scans stratified by diagnosis category.

Results: Among the volume scans, 79.4% had at least 1 artifact overall, and 26.6% had at least 1 artifact in the center
1-mm area. The highest percentage of inner retina misidentification occurred in the epiretinal membrane (36.1%), whereas
the highest percentage of outer retina misidentification occurred in neovascular age-related macular degeneration (wet
AMD, 40.0%). Clinically significant artifacts involving the center 1-mm area were observed in 6.4% of volume scans and
were most common in wet AMD (43.3%).

Conclusions: Image artifacts in SD-OCT volume scanning are common, but relatively less common in the center 1-mm
area of scans. Clinicians should carefully review scans for artifacts when using SD-OCT images and retinal thickness
measurements because clinically significant artifacts may affect retinal thickness measurements.

J Korean Ophthalmol Soc 2011;52(8):943-951
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