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Abstract: In order to overcome drawbacks in manual identification of vulnerable atherosclerotic
plaques, a method for automatic identification of vulnerable plaques is proposed based on computerized
analysis of intravascular ultrasound images. First, the Contourlet transform is combined with the
Snake model to segment images and detect lumen borders and external elastic membranes. Two cate-
gories of new features representing texture and elasticity of plaques are then automatically extracted to

quantitate the features of plaques . The texture features consist of first - order statistics and features
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from the gray-level coocurrence matrix, and the elastic features are extracted from strain tensors esti-
mated by nonrigid image registration. Finally. three types of features are used to design classifiers in-
cluding Fisher linear discrimination, support vector machines, and generalized relevance learning vec-
tor quantization. The experimental results on 124 plaques, consisting of 36 vulnerable and 88 nonvul-
nerable ones, reveals that 20 morphological features, 24 texture features and 6 elastic features has sig-
nificant difference (P<C0. 05) between the two types of plaques. The Support Vector Machine(SVM)
outperformes the other two classifiers with the sensitivity, specificity, correct rate, and Youden’s in-
dex of 91. 7%, 97.7%, 96.7%, and 89. 4% , respectively. Therefore, the proposed method can auto-
matically and accurately identify vulnerable plaques.

Key words: intravascular ultrasound; atherosclerotic vulnerable plaque; feature extraction; pattern

recognition; image segmentation
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Fig.1 Examples of vulnerable and nonvulnerable plaques
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Fig. 2 Morphological feature extraction
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Fig.5 Results of image segmentation for two cases. Each
case is shown in one column. Original images are
shown on the first row, and the results by manual
tracing, the proposed method and the gradient vec-
tor flow snakes were superimposed on images on the

second, third and fourth rows, respectively
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Fig. 6 Strain estimation for a plaque using nonrigid

image registration
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Fig. 7 Scatter plots for three types of features,

where from top to bottom, y-axes represent

the morphological feature WT,,,, (maximum

thickness), and x-axes indicate the mor-

phological feature PA., the texture feature

Ct8, and the elastic feature ery 3. Lines are

the optimal discriminant planes obtained by

using SVM.,

W E ) . 5 R B P (False Negative, N, Bl %}
PABEE )l A 5 BE P Ny 7,48 FH 1 (False Posi-
tive, P, BRI AR 55 45 5 B 1) O 2y 45 BE O Oy 6577 24
WT..5 C8 Bt & B, FN f§ £ 6, FP [§ £ 5;
WT,wF ero s G BT FN 5 7, FP [ 5., R H
Ji PRI DR A A T 285 R AL [R) A7 A8 R 5 BT 2 (9 4 G
PE(R* =0.72) , W H A B ZIURE B A [ 2K
SVFFAE A AH G PE IF AN 5 e n WT . 5 Cr8 [al [



2516 2 K LR %19 %
R* AN K (0. 32) (AL ol 41 B #h 7215 M8 . 28 b Ar YT R 91, 1% F1 74. 9% . Ik F SVM 1943 2t

R, SRR AE 5 30 PE R AE SR X TE SRR E YA 25 4b
Fo, ZRPFAESL IR F X 4 B BB E, AT AR EUAS o
FEM A3 RO PR DL R 3C 4.3 T 2R 4550,
4.3 HEFR

M FREA B /D (n=124, 1 36 i 5 BT Hk
88 il 2 1 BEHL) , SR FH B8 — 35 Kl 43 VI 5 4R 5
A RIE S 3 0 MR TR n— 1 ME R4
INGRAF SR 1K T A 1 — AR R I 4 5 St A7
n YCIXAE B 43 PRI A A R A 3 A A O T 4
Mk 7 —w

P 43 = SR AL, X 45 Fh o S g AT U 45
Mk, RWS BB T . SYM R A Z 2
AR B S 80 15 GRLVQ H L gk R v s
25 Y, JE AN B A BEAS B 30 %0, B B B2 IR S
P4 ISE T 11 A F0 26 AN AL, 432K TEM H5 4R
U (sensitivity , SEN) 45 & (specificity,
SPC) . # i & (correct rate, CR) ., 2§ & #5 %§
(Youden’s index, YD) :

SEN=TP/(TP+FN)
JSPCTN/(TNJrFP)
1CR=(TP+TN)/(TP+FN+TN+FP) '
YI=SEN+SPC—1

(15)
Hrp TP,FN, TN, FP 4350y HH P AR B E
BAE AR B . T 5 S B B S it /D TR 5 I B
B B0 L AR — i R S AR A B A%
A T AR AR fR o AL T o 1 238 0 AN e i V) s e AUk
PRIV S P O - 195 00 T 240 8 i B0 B B 4
RS i
2R B AN R AR 1 43 245 B0 il an 2= 1 A
2 FiR, SVM Xl 2R 835 3 1 58 4 1IE 7 1 X
A3 X 4 4 T 48 ARt A AR 5. SEN 3k #
91.7%,SPC ik 3] 97. 7%, CR #l YI 43 % 3% %
96. 7% H1 89. 4% . Ui Bl SVM H A5 & 4 (1972 1k e
J1. i Fisher 28 3 ] 8 2% U1 45 45 L 1R 47, CR
ik 98, 4% H R 45 v CR KA 78. 9%,
YT 82 TR T T 40% . Ui W Hz Ak fig S AR 2%
1M GRLVQ 78 2825 A6 M4 I R4 1 4 2 45 21
FZEAR K, SPC ¥4 . B SEN A5, i i 4 CR

&b
HE o

F1 B-RllGEEWDEMERE

Tab.1 Classification results on training sets by
using leave-one-out cross validation
o WL RIEE
TSN SPC (R VI

Fisher 98.4% +8.6% 98.4%+8.9% 98.4%+8.8% 96.8% +17.4%
SVM 100% 40 100% £0 100% £0 100%£0
GRLVQ 85.6%%4.6% 99.0%£1.2% 95.1%+1.5% 84.6% +4.6%
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Tab. 2 Classification results on test sets by

using leave-one-out cross validation

R SEN SPC CR YI
Fisher 80. 6% 77.3% 78.9% 57.8%
SVM 91.7% 97.7% 96.7% 89.4%

GRLVQ  80.6% 94.3% 91.1% 74.9%
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Tab. 3 Classification results on test sets by leave-one-out

cross validation when various feature sets are used

FRAE 4 SEN SPC CR YI

B ME  80.6%  90.9%  88.6% 71.5%
AL 88.9%  93.2%  92.7% 82.1%

SREE S 91.7% 97.7%  96.7% 89.4%
5 3 i

I LA A9F 5T 2 W1 2 10 BB A KR A% . e
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