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Feasibility of Quadruple Arterial Phase of Motion Insensitive
Radial Volumetric Imaging Breath-Hold Examination with k-Space
Weighted Image Contrast in the Detection of Hepatocellular
Carcinoma in Patients with Chronic Liver Disease
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Guk Myung Choi, MD, Ho Kyu Lee, MD, Kyung Ryeol Lee, MD

Department of Radiology, Jeju National University Hospital, Jeju National University School of Medicine, Jeju, Korea

Purpose: To evaluate the detection performance of hepatocellular carcinoma and
image quality in patients with chronic liver disease with quadruple arterial MR imag-
ing using radial volumetric imaging breath-hold examination (VIBE) with k-space

weighted image contrast (KWIC).

Materials and Methods: Forty-four patients underwent liver MR examinations with
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quadruple arterial imaging using radial VIBE-KWIC sequence (full-frame and four

sub-frame images). Diagnostic performance was evaluated with receiver operating
characteristics (ROC) for detection of hepatocellular carcinoma. The image quality

and severity of artifact were scored by using the five-point scale.

Results: The area under the ROC curve (Az) value of Hepatocelluar Carcinoma (HCC)
detectability was the highest on third sub-frame images, followed by full-frame im-
ages. The Az values of third sub-frame and full-frame about the detection of HCC were
statistically significantly different from the Az value of first sub-frame images. The full-
frame and four sub-frame images showed acceptable image quality and low degree

artifact with rating of higher than grade 3.

Conclusion: Quadruple arterial MRI using radial VIBE-KWIC is a feasible method for
detecting hepatocellular carcinoma in patients with chronic liver disease without
deterioration of image quality. The third sub-frame and full-frame image are supe-
rior to other sub-frame images in detecting hepatocellular carcinoma.
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= 5.0 ms, TE = 2.0 ms, dlice thick—ness = 2.5 mm, flip
angle = 12°, FOV = 303 x 305, matrix size = 384 X 241)
7| o851 A9iTt 0.025 mmol/kel] THA2E E0] 2
Al(Primovist; Bayer Healthcare, Berlin, Germany)S &5
AFZ1(Spectris Solaris EP; Medrad, Warrendale, PA, USA)S
ARESH] 1.2 mL/sQ] £E 2 Uk Hule Esto] Fofoly
GAI Yo Brk= Al 20 mLe] Ae] AlFeE Ut
O}, T2 ZRGARS S TAX] AHAA turbo spine—echo G4t
T} single-shot, echo-train, spin—echo (9|5} SS-ETSE) FARS
AU

T S 71 flot] 2GATE U & ARe] A
ghof 2GANI7E 2F 501 24= o] ZRI=H, Ao A 62712
7| Q7 F A SR o 52 = 52t 4709
U] Y= AR LA =H, oF 20%2] A
CHFig. 1). 1212 AR 5719 sub—frame FAES 7/Jof
7| {15t KWIC Ald & ARE-SHITT.

i

N

Radial VIBE-KWICZ OF8%H AR 527 /=5 471 st
o] 2 160719 radial spokesE &E5IPT, D57 nE

spokesZ k—space©l] THHZ & 731210 full-frame HAFT}
KWIC 74 W B3l 4712] sub—frame FAFS A
T}, KWICE k-spaceS 9 299] Nyquist radiusE 7|50 2

N ox
o ok
ach

CHotS/S2l2tRlX] 2018;79(4):181-190  jksronline.org



o|2lot 9|

o 1 Breath hold
Monitoring . .
) i announcement R Start T1CE with radial-VIBE KWIC
T1 NonCE < > : o 6 5o0s g 1st-4th sub-frame image
1
S < =
1 20 secs (5 secs per each sub-frame)
Contrast Contrast reaches

injection left ventricle

Fig. 1. Schematic timing diagram for T1-weighted quadruple arterial MR imaging using radial VIBE-KWIC.
KWIC = k-space weighted image contrast, T1CE = contrast-enhanced T1-weighted image, VIBE = volumetric imaging breath-hold examination
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Fig. 2. Principles of the radial acquisition with KWIC reconstruction technique.
A. Schematic diagram of the four-interleaf angle-bisection reordering acquisition shows simple example composed of eight projection views. For
making full-frame image, k-space data are serially obtained radially projection views which are grouped into four interleaved subsets. And data

from all subsets are combined for the reconstruction of full-frame images.

B. For the reconstruction of sub-frame images, KWIC divides the k-space into three regions based on the circular Nyquist radius and fills the
spokes. For example, spokes obtained first among all acquired radial spokes are filled in k-space. The next spokes are filled without the center. The
last obtained spokes are used to fill only the outermost part of the k-space so that it has little effect on the resolution. Therefore four sub-frame
KWIC images have different k-space cores and the surrounding k-space is similar.

KWIC = k-space weighted image contrast

Al 7H0] HHo 2 L] spokesS LT oS SH, A HiK|
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Table 1. Mean Area Under the ROC Curve for Detection of Hepato-
cellular Carcinoma

Az Value for the p-Value'
HCC Detection F A1l A2 A3 A4

F 0.884 +0.025 - 0.009* 0.151 0744 0572
Al 0.812 + 0.031 - - 0218 0017 0.115
A2 0.846 + 0.028 - - - 0.130  0.460
A3 0.894 + 0.023 - - - - 0.359

A4 0.869 + 0.026 - - - - -

Values are the mean + standard deviation.

*Results were considered statistically significant at p-value < 0.05.
*p-value based on pairwise comparison of ROC curves.

A1 = first sub-frame, A2 = second sub-frame, A3 = third sub-frame, A4 =
fourth sub-frame, F = full-frame, HCC = Hepatocelluar Carcinoma, ROC =
receiver operating characteristics
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Fig. 3. MR images obtained in a 64-year-old man with a hepatocellular carcinoma. Contrast-enhanced 3D Radial k-space weighted image con-
trast, volumetric imaging breath-hold examination during hepatic arterial dominant phase imaging comprised one full-frame and four sub-frame
images (A-E). The full-frame and sub-frame images show a focal enhancing lesion (arrows) in right hepatic lobe. Third sub-frame image (D) shows
tumor with greater conspicuity and best arterial enhancement than other arterial images (A-C, E). Much better image quality and lesser artifacts
were seen on full-frame image. The arterial enhancing lesion was pathologically proved to be a hepatocellular carcinoma after right anterior sec-
tionectomy.

Full-frame First sub-frame Second sub-framsg

Full-frame First sub-frame

Third sub-frame Fourth sub-frame

D E

Fig. 4. MR and CT images obtained in a 63-year-old man with a hepatocellular carcinoma. Full-frame and four sub-frame images using contrast-
enhanced 3D Radial k-space weighted image contrast, volumetric imaging breath-hold examination during multiple hepatic arterial dominant
phases at 5-second temporal resolution (A-E), show gradually increasing enhancing lesion (arrows) in left hepatic lobe. Third sub-frame image (D)
depicts an enhancing tumor (arrow) more clearly with best arterial enhancement than other arterial images (A-C, E). Three months follow-up CT (F)
after transcatheter arterial chemoembolization demonstrates accumulation of iodized oil (arrow) in a hepatocellular carcinoma in left hepatic lobe.

TACE = transcatheter arterial chemoembolizatio
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Table 2. Composite Sensitivity, Specificity, PPV, and NPV for Detection of Hepatocellular Carcinoma

F Al A2 A3 A4
Sensitivity (9o) 91/118 (77) 81/118 (69) 84/118 (71) 91/118 (77) 89/118 (75)
Specificity (%) 525/586 (90) 533/586 (91) 533/586 (91) 536/586 (91) 536/586 (91)
PPV (%) 91/152 (60) 81/134 (60) 84/137 (61) 91/141 (65) 89/139 (64)
NPV (o0) 525/552 (95) 533/570 (94) 533/567 (94) 536/563 (95) 536/565 (95)

A1 = first sub-frame, A2 = second sub-frame, A3 = third sub-frame, A4 = fourth sub-frame, F = full-frame, NPV = negative predictive value , PPV = posi-

tive predictive value

Table 3. Results of Overall Image Quality of Quadruple Arterial MRI
Using Radial VIBE-KWIC

Table 4. Results of Artifact Severity of Quadruple Arterial MRI Using
Radial VIBE-KWIC

Overall Image p-Value! . . p-Value'
Quality’ ’ F Al A2 A3 A4 Artifact Severity' Al A2 A3 A4
F 4057+0904 - 000" 0000° 0002 0005 F 384110888 - 0007 0008° 004" 0010°
Al 3761£0937 - - 0774 0454 0572 Al 364840846 - - 077 0777 0782
A2 373940852 - - - 0289 0421 A2 362540779 - - - 0523 0990
A3 381840815 - - - - 0941 A3 365940713 - - - S 0482

A4 3.807 £ 0816 - - - - -

A4 3614 £0.799 - - - - -

Values are the mean + standard deviation.

*Results were considered statistically significant at p-value < 0.05.
*p-value based on Wilcoxon signed rank test with Bonferroni correction.
*Image quality parameter scores, where 1 = unacceptable and 5 = excellent.
A1 = first sub-frame, A2 = second sub-frame, A3 = third sub-frame, A4 =
fourth sub-frame, F = full-frame, KWIC = k-space weighted image con-
trast, VIBE = volumetric imaging breath-hold examination
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186

Values are the mean + standard deviation.

*Results were considered statistically significant at p-value < 0.05.
*p-value based on Wilcoxon signed rank test with Bonferroni correction.
fImage quality parameter scores, where 1 = non-diagnostic and 5 = no arti-
fact.

A1 = first sub-frame, A2 = second sub-frame, A3 = third sub-frame, A4 =
fourth sub-frame, F = full-frame, KWIC = k-space weighted image con-
trast, VIBE = volumetric imaging breath-hold examination

YR o H A2 Qa5 Holal 3lH.

ntl

a o 1
(8. 9). JRIEN 5] GAFE i AJ710] ot FHD U
Q5 -2 U] S| GARE Al 1L ofi90i(10),

ing 2 view-sharing W' (12-14) = non-Cartesian acqui-
sition Y 5(7, 8, 15)2 °H&2t U 57| G 2P Al

= SYCRH 52 AlSt sEE 2/dsto] dukdos
o

@)
&
s}
=
=
L o
N
rfE
1°
ofn
=
N
of
oz
rlo
Q!
:

A1ZQ] parallel imag-
ing Yo = KPkEA0l 215 AITRS TETte 2 ks At
3 = [#olch(16). CAIP-

oM T FWY] FolM= 2 oA AR 7RI

R

ﬂ
o
o,
)
=
os}
o
=
=
)
il
oot
ol
el
rir
=
o
o
8
N

CHotS/S2l2tRlX] 2018;79(4):181-190  jksronline.org



). SFX|QF o] 7|92

=01 G54

27 ok sk, EW712] —21#7} S-S G ol A

72 4 itk CAIPIRINHA 7[H2 102E §8-2 342
2=

7k ol o] FAkS Algat 4 Qlrke, 17).
ARG 17] QoA T E S

[

e T
[olAl= o5 Qlg-=ol RIshA| 2 4= Ith(18).
Z|Zof| 7R time-resolved imaging with interleaved sto-
chastic trajectories (TWIST)U 4*F T174=% AlofjA; Ha)of
7171 (High resolution imaging with volume excitation key-
hole technique)-& keyhole®} view sharing 7 -2 ©}&6k= 7|
Holck(3, 19). Kim 5(3)2] B1of OJ5HH 4xHd T174x 1
Sl Hﬁloﬂ7|7]‘?§3 FUZIUOIA AL2Q1 ol =

o
OFARS BLAIGH W Qlojct. Sx|ub Zuh7| JatukS. BLAMS)E
At = 7&%*5_1 9L 66.50% 2 Bl A Yo Ak |

AL}, o] 7¥2 TR AR -2 A ZoHAl = 55

ok= FuRel B Gohe vl o= QU1 wizel, CAIPIRINHA
7|9 2 KWIC 7]%at Hlﬂa‘jﬂ 5ol T Aol
o] gHA| Ho, meps 52 FEAPOA AT =2 Sl
Lo = e 0”—’]‘— o] ol

H ALof|A] Al3YTE radial VIBE-KWIC 712 k-space &
Al BE2.9] oversampling= 5519 $-50] o5l #HAlIk= phase
error® QI 5 =2 JJ/\RW T U AT 5 Bl (signal -
to—noise ratio)2t G2 A FAIZ £ JATH(20, 21).
KWIC ZHT*J W2 Eo1] 79 k-space©llA] o}t —]
?Fotod undersamplm aero =M M(streak) QU
HY =F =50 PAsiteE %751%101] %‘

Pii
oo

TS E S 5 ‘21‘4 = AOlA] 7R o] SRR Q=
Al A7 Qb2 TSN Al HA] sub-framed} full-
frame 57| GO 77%2] RIPEE Ho| FEARe] 221
o JS @ PoHAE HlwA =2 ThA|L ko] Xthe-3
Hof 277 glct:

2 Aol= A 7] GAFel ThAEE St dEE-gol QLo
A A HA] sub-frame ETH= Al HA] sub-frame™t full-
frame©] B -=5t= 7S ZRISHIE,. Al HA sub-frame©|
THAIEE R BEE-E0] QlofA] T @<=t A2 A A sub-frame

Bt Al HA sub-frame®] 2G50l gt HHOl tix 7t
7| 29l A= AYzkek 4= 9tk Clarke 5(22) 04 = T3
THEZE FEAOA T FI7] G2 9okE Ul =2 sV

7} 2 Rk SIste] 7 94Tt S8 Ful 29
AHZ Z43E 5] 262 010 2oizl o] &2 Falo] St
SIE-2 R uf Slek. 2 POl 4 5l B

T 16004 212 AROlo]l AoiR|= Al WA sub-frame F/4©|
H]520t A[7]9] AojR] GAto = Q2] AN THAE O]

jksronline.org  CHSIZ/QlstRlX| 2018;79(4):181-190

o|2lot 9|

R -580] 7Y =922 ZRISISIT. webA] f-2 a-HollA]
Al B sub-frame G40 THAIEEQ ZIHHR] optimal time© 2}
S Qe

2o TF A | E Y 29A 2 F= AR = gadox-
etate disodium-2 5 710] UAJA Q] Aot 221 (transient se-
vere motion)= 10~20%°IA e 4 9lof, Yo E& &
AoHA AotAIZ 4= QJTH(23). Pietryga 5(23)0 THEH ga-

doxetate disodium ZFAIE ARSI A5 57| X715 HY

= Ao YAlA o=z Aot ZAlQlo] WSt e 447}01]
A FUY| G0l ZE DR A FUWY] ol o524
Az QIek QF5-=0f oSt e 55T U= Ealght
UEt., 22t of AFHolA A S| GOl LAY o
4 Aujjo]] T2 520l A HAOIA Al HA FU7 |2 2
= U] go| ZAISIGE-2 Hoglet. & drolAls =g o
2 A5 ES ARt AF=E2] H=TF BE sub-frameOlAl=
FAACRE Folulgh Aol HOX| QEULAITE U] FHA] sub-

2 4~ Ql= radial k-space ZEH
FAE Ak %Pi"ﬁ g 4 gl
‘IT—FOH =

S O
9
Qo
o
2
o

oz &
=1
a
=2
W
o}
&
E

AREARl Aol A Y Qs=o] H g7l Qloal= full-
frame image”t 7F¢ 45t Al HA sub-frame-S 1 TF
207 Q40%F 7o 7 LERI} Full-frame image—= KWIC
AT B oot A Fl=t BE sub-sets@] radial
spokesE TF &2 Hol wfet AlS RS- H|(signal-to—noise
ratio) S AN = S o= AZHECH(T). £9] radial

=2 O O

VIBE-KWIC+= radial k-space ZSRHOl 2]t A1 QIE-E9]

dhAYSR=|, o8] radial spokess A A4S full-
frame image”F Al Qg2 = 4= 98 7o g Holc}

o] ol o] AIFH A, 7+ AlEQre] Aol Zlsk]

ol ZRES S TRPF AQL=t, T SFshA Al lipiodol
o] zJzo] Rl ALY, Li-RADS 7Io|=2toks S5to] ZHA|E
U2 ZIetet 97t tii-2olQltt, 4, ts 57 [olA e
O] 2YZT L AlE S 8] 43 Foll A=A Al Aot
A| k= ok, A, 2 A7E S5k Bajo|ar, gk )

oicks ol

r

=2
>
o
2=}
>
o rlr

187



Radial VIBE-KWICE ©| 8¢t AlF SU7| 7 X7 3B B THMI R

i)
§

off |
oz
rlo

O & radial VIBE-KWICE 0]}
FArol o] st glo] Thg 7RIS 3
5

Al o7 7t 2t
SERFO A A
Sh=tll QoA R-8ot gholoh, ThAf|szet i

Al HA sub-framext full-frame image”} o
ub frame image=°l Blot] o Lottt 72|37 JARO]

J kg2 o] ko QoA full ~frame®] 7 Q=51

~
3
2 H 0BT
I:lo
o
mII,
rﬁ_

jﬂl
ﬂF

L

s
%] ﬂﬁoé

o ey
o

N

Acknowledgments
HAHE-2 ARl FAOR0] G| lof ZPAR= LY,

REFERENCES

1. Hawighorst H, Schoenberg SO, Knopp MV, Essig M, Miltner
P, van Kaick G. Hepatic lesions: morphologic and function-
al characterization with multiphase breath-hold 3D gado-
linium-enhanced MR angiography--initial results. Radiology
1999;210:89-96

2. Elsayes KM, Narra VR, Yin Y, Mukundan G, Lammle M,
Brown JJ. Focal hepatic lesions: diagnostic value of en-
hancement pattern approach with contrast-enhanced 3D
gradient-echo MR imaging. Radiographics 2005;25:1299-
1320

3. Kim BK, Kim MJ, Park BJ, Sung DJ, Cho SB. [Triple arterial
phase hepatic MRI using four dimensional T1-weighted
high resolutions imaging with volume excitation keyhole
techniques: feasibility and initial clinical experience in fo-
cal liver lesions). J Korean Soc Radiol 2013:69:223-234

4. Hong HS, Kim HS, Kim MJ, De Becker J, Mitchell DG, Kane-
matsu M. Single breath-hold multiarterial dynamic MRI of
the liver at 3T using a 3D fat-suppressed keyhole technique.
J Magn Reson Imaging 2008;28:396-402

5. Kanematsu M, Semelka RC, Matsuo M, Kondo H, Enya M,
Goshima S, et al. Gadolinium-enhanced MR imaging of the
liver: optimizing imaging delay for hepatic arterial and por-
tal venous phases--a prospective randomized study in pa-
tients with chronic liver damage. Radiology 2002;225:407-
415

6. Goshima S, Kanematsu M, Kondo H, Yokoyama R, Miyoshi
T, Nishibori H, et al. MDCT of the liver and hypervascular
hepatocellular carcinomas: optimizing scan delays for bo-
lus-tracking techniques of hepatic arterial and portal ve-
nous phases. AJR Am J Roentgenol 2006;187:W25-W32

188

7. Kim KW, Lee JM, Jeon YS, Kang SE, Baek JH, Han JK, et al.
Free-breathing dynamic contrast-enhanced MRI of the
abdomen and chest using a radial gradient echo sequence
with K-space weighted image contrast (KWIC). Eur Radiol
2013;23:1352-1360

8. Fujinaga Y, Ohya A, Tokoro H, Yamada A, Ueda K, Ueda H, et
al. Radial volumetric imaging breath-hold examination
(VIBE) with k-space weighted image contrast (KWIC) for dy-
namic gadoxetic acid (Gd-EOB-DTPA)-enhanced MRI of the
liver: advantages over Cartesian VIBE in the arterial phase.
Eur Radiol 2014;24:1290-1299

9. Brodsky EK, Bultman EM, Johnson KM, Horng DE, Schelman
WR, Block WF, et al. High-spatial and high-temporal reso-
lution dynamic contrast-enhanced perfusion imaging of
the liver with time-resolved three-dimensional radial MRI.
Magn Reson Med 2014;71:934-941

10. Zech CJ, Vos B, Nordell A, Urich M, Blomqvist L, Breuer J,
et al. Vascular enhancement in early dynamic liver MR im-
aging in an animal model: comparison of two injection
regimen and two different doses Gd-EOB-DTPA (gadoxetic
acid) with standard Gd-DTPA. Invest Radiol 2009;44:305-
310

11. Park YS, Lee CH, Yoo JL, Kim IS, Kiefer B, Woo ST, et al. He-
patic arterial phase in gadoxetic acid-enhanced liver mag-
netic resonance imaging: analysis of respiratory patterns
and their effect on image quality. Invest Radiol 2016;51:
127-133

12. Hope TA, Saranathan M, Petkovska I, Hargreaves BA, Her-
fkens RJ, Vasanawala SS. Improvement of gadoxetate arte-
rial phase capture with a high spatio-temporal resolution
multiphase three-dimensional SPGR-Dixon sequence. J
Magn Reson Imaging 2013;38:938-945

13. Beck GM, De Becker J, Jones AC, von Falkenhausen M, Wil-
linek WA, Gieseke J. Contrast-enhanced timing robust ac-
quisition order with a preparation of the longitudinal signal
component (CENTRA plus) for 3D contrast-enhanced abdom-
inal imaging. J Magn Reson Imaging 2008;27:1461-1467

14. Hadizadeh DR, Gieseke J, Beck G, Geerts L, Kukuk GM,
Bostrom A, et al. View-sharing in keyhole imaging: partial-
ly compressed central k-space acquisition in time-resolved
MRA at 3.0 T. Eur J Radiol 2011;80:400-406

15. Agrawal MD, Spincemaille P, Mennitt KW, Xu B, Wang Y,

CHotS/S2l2tRlX] 2018;79(4):181-190  jksronline.org



16.

17.

Dutruel SP, et al. Improved hepatic arterial phase MRI with
3-second temporal resolution. J Magn Reson Imaging 2013;
37:1129-1136

Kim BS, Lee KR, Goh MJ. New imaging strategies using a
motion-resistant liver sequence in uncooperative patients.
Biomed Res Int 2014;2014:142658

Budjan J, Riffel P, Ong MM, Schoenberg SO, Attenberger Ul,
Hausmann D. Rapid Cartesian versus radial acquisition:
comparison of two sequences for hepatobiliary phase MRI
at 3 tesla in patients with impaired breath-hold capabilities.
BMC Med Imaging 2017;17:32

18. Yu MH, Lee JM, Yoon JH, Kiefer B, Han JK, Choi BI. Clinical

19.

jksronline.org

application of controlled aliasing in parallel imaging results
in a higher acceleration (CAIPIRINHA)-volumetric interpo-
lated breathhold (VIBE) sequence for gadoxetic acid-en-
hanced liver MR imaging. J Magn Reson Imaging 2013;38:
1020-1026

Li H, Xiao Y, Wang S, Li Y, Zhong X, Situ W, et al. TWIST-VIBE
five-arterial-phase technology decreases transient severe
motion after bolus injection of Gd-EOB-DTPA. Clin Radiol

LHOIE S 2I2tRlX| 2018;79(4):181-190

20.

21.

22.

23.

o|2lot 9|

2017,;72:800.e1-800.e6

Theilmann RJ, Gmitro AF, Altbach MI, Trouard TP. View-or-
dering in radial fast spin-echo imaging. Magn Reson Med
2004;51:768-774

Spuentrup E, Katoh M, Buecker A, Manning WJ, Schaeffter
T, Nguyen TH, et al. Free-breathing 3D steady-state free
precession coronary MR angiography with radial k-space
sampling: comparison with cartesian k-space sampling and
cartesian gradient-echo coronary MR angiography--pilot
study. Radiology 2004;231:581-586

Clarke SE, Saranathan M, Rettmann DW, Hargreaves BA,
Vasanawala SS. High resolution multi-arterial phase MRI
improves lesion contrast in chronic liver disease. Clin Invest
Med 2015;38:E90-E99

Pietryga JA, Burke LM, Marin D, Jaffe TA, Bashir MR. Respira-
tory motion artifact affecting hepatic arterial phase imaging
with gadoxetate disodium: examination recovery with a
multiple arterial phase acquisition. Radiology 2014;271:426-
434

189



Radial VIBE—KWICE O 8¢t AlF SU7| 2 X715 FE 2 THEY LS W T899 & B2t

Ot 7Pt Stxjo)] ZHE QL] 0] glof XIglo|
o DIZior k 7 EYAIEES] OS] Radial MK B4V
FARS S| ZH XD I BB Al THs A B4

ojgIof - 7Pt - ol - U5 - AT - ol - o

2H: ok 7RZE 3EXFOYA] radial volumetric imaging breath—hold examination (O]8F VIBE) with k-space weighted
image contrast (O5F KWIC) &2 O] &3t Al 57| TF X718 GAdo] THAIZE QY BHA 5 /o] A2 g7 kst xt

s

CHat e & 447] FHAHE O R radial VIBE-KWIC ARS 2% 57 97| 7F A7 5894k Aldotolct. 7+
A|FEQFO] ZITHs-2- receiver operating characteristics (P15} ROC)Z, ZIWFA] Aol 2131} QlF-2-0] A= 54 A2 Af

Z3t: ROC curve@] oFfitHA] 22 Al 1A sub—frameClA 7FE 2 282, full-frameClA] = HAIZ 2 ZHS Bglom X
HAY sub—framed} H]w st S22 0 2 3 OI6HA| =ttt Auba JAiko] A 9l QFg-50] A= W.E GAJOoA] Zickat ot
SF AL O] JARS ALS 4= Q)T full-frame®l|A 7F =& A2 B
ZAE: Radial VIBE-KWIC= O]QOP ARS ST 7F AP S G FAde] Ao A5t glo] THAAE S BRASH=T| Q)

Aot oSk okl Al oty Fdelett

190 CHPHEAFOISRIX] 2018;79(4):181-190  jksronline.org




