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BFZEEERESR (EX)  Development of a computer aided system for detecting early CT signs of

hyperacute stroke
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WFFER - OMEEL (3£32) © The purpose of this study is to develop a computer-aided diagnosis (CAD)
system for detecting early CT sign of hyperacute stroke in unenhanced CT images. In this study,
methods for enhancing, detecting and visualizing hyperattenuation regions of hyperacute stroke on
unenhanced CT images were proposed. The effectiveness of the proposed methods was demonstrated
using observer performance tests. Experimental results show that the developed system has the potential
to accurately indicate early CT signs of hyperacute stroke in unenhanced CT images. Development of a

robotic CAD system by integrating these methods is expectable.

SR TERR
(BEHHAL - 1)
[ERESETA LiEESE &t
2007 4B 1, 400, 000 420, 000 1,820, 000
2008 700, 000 210, 000 910, 000
2009 A 800, 000 240, 000 1, 040, 000
FHE
R
&l 2,900, 000 870, 000 3,770, 000

WFFesy B« [ Sk

BATRE D SF - fIH © NESRERIREE S « B EE

F—U— N EHEG LY, BESESEES X7 A, CT, BB, SRR



1. BFFERRAG SO 5=

(1) Computed tomography(CT)I%, A
EOHEBRZE O DOBEERRAELED 1D
Thd. —MICEPEHNNEZEOZ KNI,
magnetic resonance imaging(MRI) 23 4L T W\
HEEINTWSD., oL, et EIAHl
72 EORIEEN S MRI 2 HIV T 24 FFfEe s L
TV ORI —E TR O TN D, ZhiTxt
L T CT I3 24 FRF[EIATH] T & Helger il LI i
NTEDLID, %< Oliigk CaMEHMIEZEIC
XL CEE ML CT &AM T TnD. &
5T, BUTTER STV 2 BN 98 12 %)
% i Ag Vs R U O I LT LT B HL A
CT g2 HWHNTEY, ZOHA K74
YOHTYH, BEE CT Mo BmEME & Aok
MR STV D.

(2) AMEHIREZED 1 > TH D T RINENIRE
BAED CT BEZWCIx, FIEERWN &l
KCHBRETH0MEM (L2 RET 52 &
WEETHL. PELEE LT, L X
BEDOWRES DO RABAL £ 7213 — B K IE, R pisE
RO, Bkl DB ME, dense MCA sign
& PEIEAL D R BN R 0 FE A2 7 D i AL
WEFOND. TOHRT, L XD D
AHAB L E 721X —EH KRB, B LOKHEERD
ANHBREDS, &b EERYIMENLELTH D
EWVbilTng.

(3) T b ORI EC—EREIE, i
Ko TKEED CTEMETL, JKEE - A
FOBERNAHABIC 2D Z LIk T2
5. —F, BT /)4 RXOEFEET S CT @iz k-
TIE, JKEE - ABD=2 I A MIbED
L TN THHID, EFRIKAE - HED
BERZ S 2 b IEMICRHRT A2 L3 L W
LENTWS. 2%V, EMick-TlZS
JRAE - HEOBERORHAB (L2 HRHT 2

CLIFSHINETHD EWVWRD. TDIEY,

IEHEIC BVERIIMFEZE 2 29 2 72D IC I E
B ODORRER L BN MLETH DN, FOBhrz
KT D702, CT MAEOTRGMREZ
T, HAOHVTEBAFEIC L > TRF /(A X%
B S E 2 HERRALLN TS, LavL,
WG EOBEINIPIE < BREDOHIMIZ S
DY, PWEIRERNEE->TVWEEHT
T RIZZIT AN Z LIRS Tl
W, DFEY, RALIHOEBLEIZ L > TE
T A RERR S, IR M 2 b o4 i RE
i XL FEDIE) DHEENTEEL
AN

2. WMEOBEM

AMFFED BHIE, Haf CT BB 224
b4 A58 2E oD i FE AR WUk D 2 HH D 7= 5D D
a ¥ a—4XE2H (CAD) v 27 A%
BTHETHA.

3. WHFED Tk

(D) BRI ZERT 522 L2 LT 5

A KK T 4V EBRET D, £, BEAF
D 4AFEHD ) A XK T 1 Vv H & OPEREH
ATV, BT D 7 4 VX OENMEZ Gt
T5.

(2) EAMFEEDOE A T T NENTIZHED

AR O FIEABRBET 5. £, K
FIEORRKIGH O FEBIVE AR T 5720, Bl
£23# 928 (Receiver Operating Characteristic

Analysis: ROC fi##r) % $179.

(3) RO RA 2 BAY & L 72 B
FHRATICH S 72 a7~ v B VEA B
T5. £, BREBIEA T2 2K
RET B 728, WEHIE BEEMREEITD.

(4) ZAaT7~y VU 7ER, AvEHiiEsE
DAL A DR HIE EBALIZIB W T, BfR
BN AR S D0 BEEERICI VR
AET . BARMZ 5k LT, BIEEICLD
I I REIEE D 7 #:Ab & ROC fEATIC X - CTHE
i3 5.

4. WFIERCR

(1) CT Wi Lo ZE DR 2 H 1)
E LA R T 4 VA B RR L. 1B
FiEIT, AMEIMEEZED CT EIK FICHE D M
KEDOKAE & HE OB RS OARHBRAL
DOREHREZ SHESE DL ENTERE, v
L—a VERICEVBEFD 14 FEO /A
RIEI 7 4 V2 & OPRERI AT o 72, £ D
FER, A NIRRT Y ORIFERIC
LT, #EFEEFTITOT A NVZDOHFT
KbmEmWERRZAT 52 &Ebholz.

2) BELL /A XKW T 1 /v 45 (APMF) 23
B R A2 35 W C At BN AT ZE D R 2 & 2D
s, F DA FMEIZ- ST ROC fI#FTIC X - TEE
MzaAT > 7. BEFEIERSAED & 5 IR LAN D&
P I A5 ZE DA IR AN GR & B AL 7= i 26



) & IEH 49 %2 VT, 7 ANDORUHRREE IS
L ABEEER AT, TORE, BE7
4 VA%, ROC 1 — 7 F O FE{E (areas under
the ROC curves: AUC)fEZ% 0.875 75 0.929
\CEE L, MR Z 69%0° 5 89%C[H] &
BHIENTERE(KL)., LiEn-T, AF
EIZIE, EH CT \miEIZI T 5 At ZE
DAL IR D Fi HHBE & o T & B Al ReE
HHZ EVNREINT.

AUC value

.

=

Observer

X1 AR ORHIZEE S 5 AUC fE
DO LlE. FHRE XA CT O &, R
X APMF % V72 & & o AUC il &2 k.

(3) Ak BB Z B E LT,
FEAMEEDOE A N7 T ATz ik <K
WSk DR 5 Z 4R 5 U, A SERSE D>
O 5 IR¢ R LN 0 2 11 fipdodes Z€ AR IUBe 73 3R
O HNT-BE 26 B & ER 49 Bl ATFIE L
LTRSS, AR O A R 13K 92%,
FOL XD 1SS T OB 0. 16
BThHoT-. LEN-T, IEFEIT, KK
I NTFET D RELRMEBLEZBETE S
ZENbirote.

(4) [ERRAAT 9 20k A 2E o AKX W I sk o
HEERLOEfESOR 2 HE LT, &
EFITIC S 7R a7 vy B T EE
FER U7, fEYERME{R & or SRR & F AT
WWESERZ LT LICHET 52 & TR
WAk 2 A1 A L7z, FEER OO RE IR B I HR
FiEEEMH U7 mb R, AR aEk & 1 5 i
DD 7 A 3 T HIE EZENRD S
Nz, ZORERMND, Z7RAar<y By Ik
X, Ak EEORR IR 2 RRLTE D
T EDIREE T

(5) R LI 7RaT7<w v U TEN, Ak
HI) o A5 € D AR W U BB S oD i P E Bk B
THEERMIZAERTH 55, ROC fifhT 2 AW T
M U7z, SEBR T, MMEZERIEND 3 KM
LN o 2 ME 3 b4 2 D IR U 23 78 D B 1
72 18 Bl & &t 21 B2 M IED BE &
FAWT, 5 NOMRRHGHRZEIEIC L 58152
BB EIToT-. ZORE, KRIGEROF

P E (b0 ) Accuracy 13, HERETFIEICE -
T 82.6%)>5 86. 6% [ L, AUCfifi 0. 883
25 0,925 ([Z[A B L2 (X 2). BEEFERD
FERIND B AT ZE O AR I RE S D i BH
FERLICEALT, Z2ar~y B 7k,
=R O FEEZWIRE 1 & 17 L S8 5 RTEEMEN
BREIZHDZ EBRENT.

0.8

With Z-score maps

Without Z-score maps

True Positive Fraction

0 0.2 0.4 0.6 0.8 1
False Positive Fraction

X2 7-Aar~yv7OEHECL
BARIR I 5k H 12 BE -3 % ROC .

5. LE7pFEFKGmLE
(WFFEEA . WHIEo 4R e O IE# 1
(=S

(RGO (RE 7 44)

@D Z-score Mapping Method for Extracting
Hypoattenuation Areas of Hyperacute Stroke in
Unenhanced CT, (Noriyuki Takahashi, Du-Yih
Tsai, Yongbum Lee, Toshibumi Kinoshita,
Kiyoshi Ishii), Academic Radiology, 17(1), pp.
84-92, 2010. (&FHiH V)

@Improvement of Detection of Hypoattenuation
in Acute Ischemic Stroke in Unenhanced CT
using an Adaptive Smoothing Filter, (Noriyuki
Takahashi, Yongbum Lee, Du-Yih Tsai, Kiyoshi
Ishii, and Motomasa Kimura), Acta Radiologica,
49(7), pp. 816-826, 2008. (&HHHAH )

@) FEES R CT Wi 3317 A AN ZE D
FHEHET VTV A LO—#E, (B,
ez, W) B G, BETE
WORAE F 2 CEE, vol. J91-D, no.7, pp.
1914-1917, 2008.  (&HHAHY)

@ A R fE ek oo i Ag 72 & I A U 7= 2 A
FEFED CT Wi W 7L 3 XA, (B8R
#, miERe, BEUE B, g, o
BRPE AR FRHCE, vol.9, no. 1,
pp. 63-68, 2008.

® CT Wiz 2 FWIRE MY BT v
TV XLOR%E, (W, 2 GHE, 2%



W) B, FHE ), A B
SMEEE, 63(8), pp. 835-842, 2007. (##HE

AY)

©® Adaptive Partial Median Filter for Early CT
Signs of Acute Cerebral Infarction, (Yongbum
Lee, Noriyuki Takahashi, Du-Yih Tsai and
Kiyoshi Ishii), International Journal of Computer
Assisted Radiology and Surgery, vol. 2, pp.
105-115, 2007. (&FHAY)

@ A novel noise reduction filter for improving
visibility of early CT signs of hyperacute stroke:
evaluation of the filter's performance --
Preliminary clinical experience-, (Noriyuki
Takahashi, Yongbum Lee, Du-Yih Tsai and
Kiyoshi Ishii), Radiation Medicine, vol.25,
pp.247-254,2007. (&EHAE D)

(3] GH8ff)

@D Hyperacute Stroke in Unenhanced CT:
Z-score  Mapping Improves Radiologists’
Performance in Quantification of
Hypoattenuation Areas, (Noriyuki Takahashi,
Du-Yih Tsai, Yongbum Lee, Kiyoshi Ishii,
Toshibumi Kinoshita, Hajime Tamura, Kenro
Iwaki, Shoki Takahashi), 95th Scientific
Assembly and Annual Meeting of Radiological
Society of North America (RSNA2009), Chicago,
USA, November 29 - December 4, 2009.

®@ HEMCT l[2BIT D Z-score ¥ v B TIEIC
X 2 A B A RE ZE R I G PH ) E O ckE,  (F
WHle, 2R, SERE, AHE, FHEEH,
EYERR), B AR RIS 3T IRk
PR E, R, 10/22-24, 2009.

@ HH CT (2351 2 2 HA M4 28 iz ofn 5 5 )
TEDUE  BEEFERIZLD z-score v v B
U IEOFHN, (SR, SIRERS, &R
@, %%

BEE, KTRX, OHEEM, A

15,), BARBSBREN S RAC S5 47
[m 225 k2, FKH, 10/10-11, 2009.

@ Z-score Mapping Based on a Voxe-by-voxel
Analysis: Can it Help Quantify Hypoattenuation
Areas of Hyperacute Stroke in Unenhanced CT?,
(Noriyuki Takahashi, Yongbum Lee, Du-Yih Tsai,
Kiyoshi Ishi, Toshibumi Kinoshita, Kenrou
Iwaki), 94th Scientific Assembly and Annual
Meeting of Radiological Society of North

America  (RSNA2008), Chicago, America,
November 30-December 5, 2008.
® Computer-aided Detection Scheme for

Detection of Hyperacute Stroke in Unenhanced

CT, (Noriyuki Takahashi, Yongbum Lee, Du-Yih
Tsai, Kiyoshi Ishi), 92nd Scientific Assembly and
Annual Meeting of Radiological Society of North
America (RSNA2007), Chicago, America,
November 25-30, 2007.

® Can a CAD Scheme be Useful for
Hyperacute Stroke in  Unenhanced CT?,
(Noriyuki Takahashi, Yongbum Lee, Du-Yih Tsai,

Kiyoshi Ishi), 92nd Scientific Assembly and
Annual Meeting of Radiological Society of North
America  (RSNA2007), Chicago, America,
November 25-30, 2007.

@ R EHRAT 2 - CT g IC BT 5 4
PEHA A JE R (B ORE, (EfEHlZ, 288
i, ZEUEH) B, AHE, AWEE), H
A2 35 MRS, 4
B, 10/25-27, 2007.

SEYS CT Wi 1T 25 2 M JE D 1F1E
PIET ATV R LAORG, (R, mEHI
Z, W) B, aE), EAESRESR
AR 19 FEEKFERS (B 149 FIKE),
&, 10/6, 2007.

(Z D)

i B TARE R OB RO R
FRESCNAE &AL T 5.
http://www. clg. niigata—u. ac. jp/ tsai/

6. WFIEHLR

(D) BFFefR A
H fEHE (SAI TOKUGI : TSAI DU-YIH)
BB RT: « ER - Hd%
FgeEFE 50178464

(2) WFFE55 14

A Bt (KIMURA MOTOMASA)
PR - B TR - Bz
WoeEH‘ S 30161582

% 5% (LEE YONGBUM)
BB KT - EtFR - iR
et Ek= 10334658

(3) HET T
B

e YA oy
=8 H2 (TAKAHASHI NORIYUKI )

HHR R AR FBEREAOTIER - RIFHE -
Bed



