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Tissue Characterization of Coronary Plaque Based on Fractal Analysis
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Abstract: A precise tissue characterization of coronary plaque based on fractal analysis by using radiofre-
quency (RF) signal is proposed. The RF signal is obtained by intravascular ultrasound (IVUS) method,
which is used for the diagnosis of the acute coronary syndromes (ACS). In the proposed method, the RF
signals reflected from the different tissues are supposed to have the different complexities. The effectiveness
of the proposed method is verified by a series of experiments using IVUS RF signals obtained from the

coronary arteries of a rabbit and a human patient.

1 0000
gooboooobbboooobobbooooboog
gooboooobbooobobbooobobooon
00000000000 juoooUoooooooo
gobbooboobooboobooobboobo
gooobooboboobobobobooboboo
gboobooooooobobboobooboboooboooo
0oooooooo 20
ooooboobooobobobooobobobooo
O (Intravascular Ultrasound: IVUS) O [3] 00000
000 radiofrequency(RF) 000000000000
0000 40000000000000ORFOODOOO
000000000000 OIntegrated Backscatter(IB)
O [p|0o000o0oIBO00O0O0O0O0OOOOOOO
goooooboboboobobobooboboo
goooboobobooboobobooboobooboo
oboooboobooboboboooog
oooooobobooooobooooboboon
ggooobobbbbboooooouooooobbn
oo wmooo
oOboOoO0o0obOobOOoobOoboOo RPOOOODOO
obooooboboooboboooboboooboog
00oobooboob00ob000ob0DUoU0obUOUbUORFE
goobobbooboubobobooboobooobo
6, 71000000000000O00O0O00OOOOOD
gbooobooboboboobooboboooobooo
gogbogobood. obbooooobbooboa
gbooboboooooooboobooobobooboo
O00OO00O0OOoO00obOo0o0obOoOobboOoOkOoOon
odo0oobouooboobooboooa
OO00O0O0O0ORFOOODOODOOOOOOODOO
goboobooooboodoooboobogbooaboo
goboooboobouoboobooboobooboo
o00oOOooOOoO0obOOORFOOOODODOOOODO

= 27z — N\ =
(% 77 l[RFﬁ% j \\ I
- =57 -

O 1:1vuSooono

goobgoobgooo

2 0JO000O00ooooooOo (avus)o
2.1 Jdddddddoooooooooooooo
good
gogobobobooobobbooooobooooobo
gobobobooboobooboobooobooobooboo
goooboooooboooboooboobooooa
gobooobooooooooboooooboooa
goboboboobobooboobooboobooboo
ooobooboobobooboobobooboobooo
00 (Acute Coronary Syndrome : ACS) 00O O . ACS
gooboooooooooobobobobbooooooa
goboboooobooboobobooboboboon
gooooooog
oboooobob0oooobobooboobobon
ogd20000000000000. 000ogoogad
gooooooobooobooooooooooooo
gooboooooboo.boobboboboboooo
gbodobodobooboboooobobooooooo
0oO00oOoDoOoo. ACSOO0nDonoooooooon
gooboboobobobobooooooooo. oog
ubooboobooboboobooboobobooobooo
O00000DoOoo0ooO0. ooooAcsooono
gododdoooobooodododoouoggga
gobooboobooobooobooog.



18 A A
2% 1 2 3 4 [mm|
HEE W 70— 7 b0
(a)
255
b
iy
A A
0 1 2 3 4 [mm]

G W7 7 —7 oo HiEf

(b)

BEI T e —

[mm]
4 -

|
|
4 [mm]

02 RFOOOBOOOOO. O (a)-(c)0000 A-A’
0000000000G) RFOO. (b)) RFOOOOO
0000000, ()BOOOOO.

2.2 000000 (IVUS)OO RFOO
gofooboooboooboobooboboboobogo
000000000 (Intravascular Ultrasound: TVUS)
oooooIlvusooooD 100oooooogooo
0000000 (000D0)00000oooooouo
goboooobobooobobbooobobooon
dbodbobobobooboobo.ooboobooboooo
00000000000 DODODO0OO000d4dddradiofre-
quency(RF) 00 0O0O0OOO0O0ODOOOOOOOOOOO
O0DO00DO0O0DbODOOO0bODOORFODOOODOOO
0o0doboobobobobooobouooboobon
IVvUSOOOOOOO0OUOO0ORFOOOOOODO 2(a)O
oodbob00oooobobORFOODOOODDDODOOOO
ggooobbbboboooooooouoooobobobo
oOo0O0o0obOobOOoOooOobOoo RFOODOOO

" 100um |

100um

o

(b)
03 000000000. (00000, ()OO0
oo.

ooo

020b)000 2000 RFOODDO000O0O000
000000000000000 RFOOOOOOO
00000000000000000002(c¢)0000
BOOOOOOOOOOOOOOOOOOOOOOO
000

3 bugbobugbobuodgbobodn

gooooo

0 3(a), (b)000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000RFOOOOOOO
0000000000000000000000000
RFOOO0DO00000000000000000000
000000000000000000000000
ooooooo

3.1 RFOOOODOOODOODO

RFOOD 10000000000000OO0DOO0O0O
0dooo0ooooooooooooooooooa
Jd00d0d0oodUooOoUoo. oooooooo
OO0O00D. Ruelled N. Packard OO0 0O0OOODOOO
0d0ooooooooooo. opoooooooo
Jd0o0oo0d00ooooooooooooooooa
000000 1)ooomODOOOOOOODOO.

o(t) = (y(t),y(t +7),...,ylt+ (m—-1)7)) (1)

oo -rOooooboon.



y(t+1) Vi)
v(4)

V(1)

v(2)

O 4 GPOOOODO

0.6
05
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2

-2.5

ot

20
EAL
05 00000000000000000000010
0000000000000000020000000
0000000000000000000000000
0000000000000000000000

OO OP. Grassberger O 1. ProcacciaO0 O 0O00O0O0
O0o0o0000o0oooooooooooooooooo
O0000OGPOOOO GPOOOOOO (Grassberger-
Procaccia algorithm) 000 000. 00000000
0000000000000 w»w¢) eR™0O00O0O0OO
ooooobooooooooono.

N
Yo L —l(@) —v())  (2)

4,j=1,i#j

O000I¢x)oo0oouoooooo

1) = { Ly 3)

i 1
Ngnoo N2

o™ (r) =

ooo.

040 GPODOOOOOO. 000000000 m
000000000000 10 v(6E)(i=1,2,...,N)O
000000.0000000()00000000 r0
mO0000000000000000000000
00000 N-1000v()(j=12,...,N-100
00i#j)0mO000000000000000.
0000000000000000000000000
000 (2)0000000000000.00 000

YO  BELEIRORPIE S
SN

WA 7RIS B

VAU) I t

Yo(t)
y%(t)

: diiiw
AU) : s

Fy,(0) 3 A7 RFIE 5
F(y,(0) OBk

F@m) [ etk
W s

Fya(t)

REAEMER .
FIBIRE R

U6 000b0000000boo0ooooboon

o0oooOoo Cc™(r)00000000 logrooo
logC™(r)D000000OOOOOOOOOOOOOO
000000000 v(m)OODOOO

~ logC™(r)

v(m) logr

(4)

goooooobooooobomobbooooboo
Ov(m)DOOOOOOOODOOOOOOOOOOOO
ooooooooooogo b.ODOO.

000000000 (2)000oooooooooo
ooooooboo NODODOOOobDooooobooo
D, O00D0O0O0000OO0O0. 0000000 O0O0ODODbOO
ooboooobooboobooo.obooooboooobo
oobooobog p.,O00OO0O0O0OO0OobOOOoOoDO
0 ()000000000 NODDDOUDOOOO.

N > 10P:/2 (5)

3.2 J00ODO0OkOOOODOOOOOODOOOO
oood

gobooooobooooooocoboooooboooon
oobooooobobooooboooooobobooooooo
ooooboooooooooboooboboooooo
goboOoooobooboooboOoobooooooonon
ooboOO0oO0RFOOOOOOOOODOOOOOOOO
oopbooooooooO0oRFOO0OOOOODOOODO
obooOooobooobooobooooobooooon
gobooOoobooooboooooobooooboobooooon
obOobooobooobooboboooboooooan
goooooboobooooobobooooooboooboo
gooboooooboooooboooobobooooooo



0000000000000000000000000
0000000000000010000 100000
0000000000000000100000000
00000000000000000
0500000000 8000020000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000
000000000000000 600000000
000000 RFOOONOOOOOODOOOOOO
000000000000000000000 y,()0
0000000000000000000000000
0000000000000 mO0O00000000O
0000000000000000000000000
1000000000000000000000000
00 k000000000000000000 yu() 0
0000000 F(y(t)) 00NDODOOOOODOOO
ORFODy,()00000000000000000
00000 RFOODOOOOOOOOOOO0O0OO0O
000000000000 60000000RFOOO
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000

4 0000
goboboooobobbooobobooooobbod
OooOooooo Ivusooooooo RFOOOO
oboooooooobobobobooooooonn.
ooobooooooooboRFOOOOODOOOOOO
ugbooboobooboobooboboo.

41 0000

000000 IVUSO0O0000000000000
00000 40MHzOOORFOOD 200MHz 0000
0ooooo

000000000000000000 RFOOO
0O0O0ON=150000000010000000000.
000000000000000000RFOOOOO
000000000000000000000000 3
00000000000000000D,=30000
(5)000

N >10%2 =31.62... (6)

gbooboobobdobm=100000000000
ubobOoooboobooboooboobooobooboooo

obooooooo.
ocoooooooOooopooooOo r=10k00
oooogk0obOOoooDbDDO9D0O0ODbOD0O0OKkOOO
goooooooooooooIivusooooooo
oboooooobOobooooooboobon 1000
ooooooo
ooboooooobobooooBOooooooIBOO
0000000000000 0RFOOOOODODOOO
oobOoobooooboooobooOooIBOORFODOO
ooboobooobooooooooooobobooooo
ooooooooooIBOODOO0OOODOOO0OOD

t+T/2

>y
i=t—T/2
t+T/2 (D

> w)?

i=t—T/2

IBS(t) = 20log

T+1

O000Oy()00O00000000O0OOOOooTO
O000000000000000Oy()=10T =32
ooboooooooboooooooooobooooon
oO0DOoOopooopooOo Ivisgooooooooo
goooooIBS=102000000
gobooOoooboooobobboooooboboooon
ooooOoDoOooIvusgo 400000 1vusOo
o3000oooobooogo

4.2 J0O000O0OO0OO0OOOOOODOOOOOO0OO

010000001vusdo4001vusSoo 1040
o000 IBOO0O0O0OOO0O0OO0OO0ODODOOO0OO0O0OD
oooooogIivusoooooooobooogo1BO
oboooooboooobobooog

O700800IvuSO0O 20 1IvUSOO 4000
oooooooooooooDIBOOOOoOoooDOOD
bobooobobobooboboooboooooann
oobooooooooooobooooobobooooonoo
gooooooooon

gboooooooIBOOobOooOooooboooog
gobobOooooooboooobooooboobooooooo
ooobooOoooobooooobooooobobooooonoo
ooo

4.3 0000O0O0O0OO0OOOOOOOOOOO
O2000001IvUSsO0 300I1vusgg 10300
oooIBOODOOOO0OOOOO0O0OODOOOOOOoOD
ooOoooolvusoooooooooooooooo
ooboooooooooboooooooboobooooonoo
Oo0000oooooooooorvusgoooooooo
o000 IBOOOOODOO0OOOOOO0OODOOO00OD



U 1l.0b0b0b0coboobooooobooog

IBO ooond
IVUSODO 1| 85.5% 92.7%
Ivusoo 2 | 76.2% 84.3%
IVUSODO 3 | 63.2% 88.1%
IVUSODO 4 | 61.5% 94.6%
(] ARAEMEAR
] BEEEAR

a.-
(c)

07 000000000000O00000000
OIVUSODO 2)0(a) 000000000 (b) IBODODO
000000() 000000000000

0900 1000IVUSODO 101IvUSOO 3000
OooooooooooooIBOOoOoOoOooooDoOO
ooooboOoooooboooOoooooobooooon
obobOooboobobooobooooboboooo
gooboboooboooooooocooooooooon
oooboooooooboooboooobooooobon
OoooooooooOoooooIBOOOoOoOOOO
gobbooboooooboooooo IBOobDOoOO
oooobooogo

goooooOobooooBOOOOOOODODODOO
ooobooooobooooooooobooOoooooon
goobooooobooooooboooboobooooooo
oood

O & OOOOOOOODODOODODODODODODODODODO
OIVUSOO 4)0(a) 000000000 (M) IBOOO
000000 (e)DO00O0DO0OUDOOOOD

5 4Ouogg

oooOoOoOolvusooooooooo RFOOOO
ooooOooooooooooooooooooooo
obooooOoboooobob0ooOobO0obO0OO0OOdRE
bobooobobobooboboooboobooooann
gobooOoooooobobooobooobooboooooon
obooooood

goboboooobooooooboooboboooon
00000000 RFOO0OO0O0O0O0OO0OOODODOO
oooooooooooooOooooooIBOOOO
oboboooboobooobooboooobobobooo
ooooooboooooo BOOODODDOODOOOO
gobobOooobooooobooooobooooooon
oboobooobooboobooboooobooboooo
ooboooboooobooooobooboboooobbooooo
goboooboboooobooboooooboooooboon
ooobooooooooobooooooooooon
obOoboooboooboobobooobooooooan
ooooooboooooooobo

gobooOoooboooooocooobooooooboooon
oobooOooooooobooobooOo RFOOOODOO
ooboboooooboooobooobbooboooo
gobooOooboooboooobooooobooooon



U 2000000000000000D0A0

\ IBO \DDDD

IVUsSOO 1 | 00000 | 91.5% | 96.3%
ooooO | 58.7% | 91.7%
IVUsOO 2 | 00000 | 65.0% | 78.4%
00000 | 90.4% | 99.2%
IVUSOO 3 | 00000 | 61.7% | 84.8%
ooooo | 95.1% | 92.3%

gbooobobooooboboooobobooog

ooooboooobooon

gooboooooboobooooooooobobooo

(c)
09 00000000000000000000IVUS
00 1)0() 000000000 IBOOOOOOO
00(c) 000000000000

oboooooboooooooooon

g

ooboooboooboooooobbooooo
ooooooooboboooooooobooooooo”

ooooooboooog

gogo

[1] E. Falk, et al., “Coronary plaque disruption,” Cir-

culation, vol. 92, pp. 657-671, 1995.

[2] G. J. Friedrich, et al, “Detection of intralesional
calcium by intracoronary ultrasound depends on
the histlogic pattern,” Am. Heart J., vol. 128,

pp. 435-441, 1994.

“D D

0O 10: J00000D00OOOoDOooooggIvus
00 3)0(x) 000000000OM) IBOODOOOOO
O0(c)0000D0O0O0O0ODOOODO

3]

J. B. Hodgson, et al., “Clinical percutaneous imag-
ing of coronary anatomy using an over-the-wire ul-
trasound catheter system,” Int. J. Cardiac Imag-

ing, vol. 4, pp. 187193, 1989.
J. M. Tobis, et al., “Intravascular ultrasound imag-

ing of human coronary arteries in vivo: Analysis
of tissue characterizations with comparison to in
vitro histological specimens,” Circulation, vol. 83,

pp- 913-926, 1991.
M. Kawasaki, et al., “In vivo quantitative tis-

sue characterization of human coronary arterial
plaques by use of integrated backscatter intravas-
cular ultrasound and comparison with angioscopic
findings,” Circulation, vol. 105, pp. 2487-2492,

2002.
oooO oooooobooobooo,o0oon

oood, 2000.
J. Theileif] Lacunarity in a Best Estimator of Frac-

tal Dimension( Phys. Lett. A, vol. 133, pp. 195—

200, 1988.
R. O. Duda, et al., Pattern Classification, John

Wiley & Sons, 2001.

000
0000 (000 000)

gboobooaooobogad

O

753-8512 000 00O0O0ODO 1677-1

Tel/Fax: 083-933-5699

E-mail: uchino@yamaguchi-u.ac.jp



