s

L AEEE 2007; 13 34-37

MENBZ K

Jiy HE S

Kawasaki M: Intrvascular ultrasound. J Jpn Coron Assoc 2007; 13: 34-37

I MERBEZKOESE &BRREHE R

M PRSI IVUS) 3@ 05, £HoBEMmT-% M
TEAZAER S 223 5 W IT BT % [l X8 TSRO R T
BEHRICIEL T B T ETH D, 05X, 1964 4
12 Kimoto & AS8E W 7 0 — 7 % A& N T Mz S S &Y o
TRERIR D S NI & O o BB ORISR D) L7z 2 & R
Lo TWAHY, 2Ok, KRETHIE LSRR Hh,
1988 412 Yock & (XER IR T AN o LA B8 &k i 14 % 1% 5
CEITRIIL2?. B 5IT, BB ENIRIZ AT (PCD (2
IVUS S S NIMAEIEED X = X AR Eh b L &
H 12, PCILIZBIT 5 IVUS OFHME I fE. S 7.

IVUS % F v AUSE Sk o S Wi o Bl A3 /e T, i
Hmikk, W, 79— 20E, 77—7 om0, A
JRALDORRE & JRTE % & % IEFEIZEHI S 5 2 L 25T BETH
L., WHEEMRE CRO SN L EEIROEAEEICE L T,
Takagi & & fractional flow reserve (FFR) THEB] X5 /[
ffEi & IVUS T E SN L NEmMKE 2 ikl
FFR<0.75 % Ui R ML O e & U734, PEEEAE 3.0 mm?
Ay bET7ELT, BE83.0%, FFEEE 92.3% Tk
MEzZWTELLEMELTVDEY. T2, ZWIHOHN 2
LIE) BT v 7 ORERLMERE - 77 — 7 K% K
WHLIENTESL., TS IVUS OFREDEFRS L UL
1Y 72 0 % 75 312 B8 L € American College of Cardiology #*
LAty ALVKR=IPPRESNTENSE L L BY.
IR TR R HBLER AR ERER 2 BV % S FESEH] O R H 2 12 D
RIS, IVUS IZEREBIRS 7 —~Xv T3
RIS O P8 R IR ORI 72 SRR RV
Lol

II. IVUS (Z & B BENR T T — 7 DIEREMER

IR 7 — 7 2B LT, 1978 4E1Z Horle 5 &ML
BEZE D T 72 JE RNLTE B IR oW IE DR & I hE 9 T
WX BEEIRIZE - RAETH D L WMt L72Y. RITH

G B K 2 K 2 B R 0 28 B 1 A PR R 4478 B B 4% (T 501-1194
I BT 1 3% 1)

R L L TORRERERDIEETIE R, HRTHS
BRI Z OIFREZ RN E S 25 &, ERIEZ &L
A ZE R AN SR VE DS UIRRETH 5 Z L AW S 9127
D EMERERTE 2T SN, KERIRE T — )V &k
WHRMEPEBEIE A & 72 B 85YE 7T — 7 2§ 5 2 & 5T
UL, TEREBFRKDOPED D TH 5 AVEIE BREF
JEDOTFHE FHAWREE 2 0, IVUSIC X 2REENIR 7T —
7 OREIERZ RO EE s L e ko
— AN HEH D TVUS Wi TREENR 7 5 — 7 ORERER
BT 570121, BEREGEOBEDENZLY, 4t
WY & DO WY 7 N T 5 — 7, SRR & 45
WA= NI =7, @B — - v F—%ft
I AIKALICAHT 2 O NS, IRER G 24L&
GAZEBIEIZY 7 75—, BHEERSICE GiEIX
N=FT5—=271CH% T 5. L UHEEIC X 258 I3
Mo EB b DTHSH7:0, %4, 30 MHz LT DJFE
W TR 5 — 27 2RI 2 I3 A DD 5 &
ZZbNTWwWi. —7J7, Prati 513 40 MHz O % 5 —F )V
VLA, REa 7 2T 2 KB 65%, fFRE
ZB%ERELTVDE., TNSDF—7 SRR
EBEMRTREEFETNEENREN 79%, 89%TH Y,
RARHLHEVZEDL A0MHz DA F—F V& HWUE s
LA 27—V IVUS # T H# 8 BB Wi CclR g o
TEMINTELZENWNbMDY. 514 40 MHz DL EOEF
BB A T2 7 — 7 VRIS ShiuX, 2k
EomEIcERTHLEEZOND., T2, HEKDIVUS
BRI E NEE T CEZ L2 I LTa vty
P2 SN TR VDS, IEREEINRTH UM RED =
JEfE A BIgE T &, BRELEZE-o TWAEAETY, P
DAT =7 I HPL G E RN ER DB L T vl
HBENEET T — 27 L a XRS5 2 LATE 5,

III. BEKESHENICLZTERT 7 — 7 OMERMEIK

7L AR —)VIVUS ORI, 1557 B8EEZIC
MO TR ERHT 57200 3 F & F 2550
P IEE SN TS, Lzd T, Ml S h2mgo
BEEE I AR OB E WA 5 O E T I L TWw 5 &



J Jpn Coron Assoc 2007; 13: 34-37

RO 2w, fill, TNHORBMER I 720D F ST 28
Py S Twb. Komiyama 5 IEHi O IVUS &
2O EEMEHEES 2 WL 2N &2 HEAN T TR
952 LB MFIERTTHE LY. 2RIk e, B
BT OEERLRKEII—EDOME % i\ 7236, Starry
SOOIV, Vab o LRERS ORI NG 7T —7
2N D B 923%, BEENHER 100% TRIT
&%, WERIEEE T T — 7 OBk E: & L CBER
IRTOMAHAT BB 2R, MEPHEEE, SeT kg
(OCT) &, TVUS iz o EER Y I L7oBE G5 % ff
7§ % Integrated backscatter IVUS(IB-IVUS™), IVUS
Virtual Histology™ (IVUS-VH) T®H 5. TD L Td L
TIZIVUS 24 L 72 IBIVUS, IVUS-VH (22w CTHESE
T 5.

IV. Integrated backscatter IVUS (IBIVUS™)

Integrated backscatter (IB) #%1d, BEEFHMWE T 5
HEEW S 2 AL O T AV F— %KD 5 HET
HbH. FWHEIIIEE LR TRE, T2bbWHNOEHE
LEETHESNIHAEDOEEA Y E—F Y ADHY, £
DAEPREVEEZODOWHOE R THRITIKS S5

FROZANTF—PRELRZFEHMEFNHL TS, 2
N E TIEL O viability OFHli R OAE O T 2 O FFlli 2 &
DG OMBRIEIRZ W O—D2 & LTHH IR TWwizdy, #HH%
HI3IB % IVUS I H LiSENR 7 7 — 7 kMRS

Wiz feL 3% Kot~ v 7 (IBIVUS) 2 i L7z 10,
IBIVUS#ETIE, 7 —) T8I X - TEBRMIZT
5 — 7 DEMBMIRD S 0 IBEIRD SN, TS Dl
AT —a— MES BRI TB Y, REIIEH
F IR fibrosis, lipid pool, dense fibrosis, calcification
W E N A, 40 MHz @ % 57— 7 )V 2 L Boston Sci-
entific 13 o IVUS %61 (Clear View, Galaxy) & DD
ATHEBIRT 7 — 7 OFIERBWASEE L 72 5 2 & b4
HoO—D2>TH 5. IBIVUS THEENR T 7 — 27 2Bl L 7-1%
DR 2HEMD 7+ 0 =T v 7T, TI—7 &R D

ACSIERAEH

ACSEZESEHI

Dense
fibrosis

K1 IBIVUS 7— ¥ 2 NEBZRW 2 EMDO 7+ u—7 v FTA
VT E T % FERE L 70 2> o 7 VA BE P 2295 28 13 AR AE 1 40+ (e~
HRA) DIFART D > 7275, BT % F0IE L 72 p 45 e e
WERIRE S (FE~R) P ERD TS —2 Tho72. CL:calci-
fication. (SCHK 11 £ ©)

[l Calcification
Dense fibrosis
Fibrosis

M Lipid pool

[ Dense calcium
M Fibrous tissue
Fibro-fatty

B Necrotic core

2 [Al—EEIREBALIZ BT B IBIVUS Hif% & virtual histology [Hi{%
LB PR %, B IBIVUS Wif%, FEZ : Virtual histology Wif%, * @ JRE = 7.



J Jpn Coron Assoc 2007; 13: 34-37

HER B AN 2% T2y V47 T 5L 69% DBk
Wb, TREBSEEN 5% U LEE Sy v ET7ETHE
2% O TEAMEIERER 2 BIET ST I -7 2%
WCT&XLZENHLPIR-720 (K1), T2, ZRIED
IB-IVUS # W 72ME T T MW RZA S F v o512 L b
EEIIR 77 — 7 ORRE R D33 25%A8F L, #AER 5
DY) 15% BN L 72 2 L sy S iz 12,

V. IVUS Virtual Histology™ (IVUS-VH)

IVUS-VH 1 Volcano Therapeutics #2251l S LT v
L IMENBE T EETH 5. HWEE 20 MHz D 7 —
FUEMHLTEY, 40 MHz ® % 57— 7 )V & g L5
WOWEINE T2 DAIKAIFELE % H HFREDIEAE S >
THWT&s., 3/, ETRr7y-—HMTHLIDTITY
YAl — A VP T A R T) T EATE LD
LI DO—DTH B,

TLENR 7 7 — 7 OMBRAIEIRZ RIS L <, Ak 5
B L7288 EHAE T2 D A RS b7 AR5 L
V) BT IBIVUS L FBETdH 5. IBIVUS T EA
N7 VT ARRABICEME T — ) TEBIHVSEN TV S
A IVUS-VH TIZHCHEESH s TWwa, BB
B HCD EHBEBARS T AFHICZRIE LD/ Y —
YELTREITITIERLAERERNE LTHELNELEDT, 20D
MREMREZRDD Z EHPHRETHD. TDLHITLTRD
SN EEMOU T RHE, FEHAXY +F A LEORK
KRNI — L ZDBEDORWPHL, /3T — & T DBROJE WL
GEZDDINT A—F = IR I N T 5. SHlK
IR 1% fibrous tissue, fibro-fatty, necrotic core, dense
calcium 123 & 15 (X 2). IBIVUS & [FkE, SkeiiE
BEREZ SRS 5 7T — 7 O TN O W TR AR E T H
THhb. IThF TAWERERER & LR EDTERE %
HEgL2HE ), SWEERBEOREREICBT S
necrotic core DML ENZN 226%, 126% & Z1EE
EBHETHBICRETH LR ENZB,. F o
G ~TREIRAZMAI BT, AEET T — 7125 iR
5 i 5 positive remodeling % % Tl intermediate/nega-
tive remodeling #H 2 12 X T fibro-fatty D E & MR AR
EWZ LRI,

VL. IVUS (Z & % hEavReEs 14 O st

BHIRT T — 7 1ZMENOREH DA DL AHRKEW
BEBHALL TV ERREIN TS, Lo T, &
PERERERERE DR & 72 B ANEE T T — 7 OWEIZIOEEIR
7T — 7 OMENEIRD AT 63 )1 FREs 1 b BT 540
A3 519, IVUS elastography #3422 —7 1 —
LERRBEMICHKT 22 LI10XY), TI—7DFHIIB
B O B & R, AR B i 2 BT 5 T TH
5. Hed I TZEMAHBL 2 R S oA A OB E
WIS E SN E WA LA YT —% ) 5 —FR

LT HEEZRELLY, Ik TFS—2NDRY
PETH B F DD FIE & BHENETH B IR A E T 5
ZENEEE o7z $72, Imoto SILEBIIR O RE
A BRERDNT & o T LIS S N7 R 2 D =K
JCRE IVUS RIS L, Wk T 7 — 7 0% & 723
RAOMMELERIE DR A %G 2 Hik xR L7z 7.
ZOEKZIRE 2T OKRE SRARILDOETE, MERE, W
R ED ST EETREMCLVZILL, 10 um ITH5
200 um TH - 7=.

VIL. &HV)IC

L% IVUS &, OCT LHAADLEDLHE, LVEVE
WRGEZ Wb, 22X ) 8510 bzkeiT 5L
Bbhs., HE, EROK 8E D IVUS A% HAREAN Tl
HMEhTwbEnbhTws, bhvbhid, IVUS O
TCAENTENEENTE RS RV, ZONEHREMR
REFFEORBEOI2DITRKBITHEAT 28 b EnTidk
570,

BRI 5 L D PR BE D A CTREBIIRIE AT O e % % 2
BLIRRIEHRD Y OOH ), WEINRT 7 — 7 DMK DL &
LTI %o 2 0RRPFER L Tw5. 355 A8
BALREZRFTORTEZ LD TIZRL, 0Bk
DO—EpE LTHELKREZBILENHHILIEIEITTY
R\,

X #

1) Kimoto S, Omoto R, Tsunemoto M, Muroi T, Atsumi K,
Uchida R: Ultrasonic tomography of the liver and detec-
tion of heart aterial septal defect with the aid of ultrasonic
intervenous probes. ULTRASONICS 1964; April-June: 82—
86

2) Yock PG, Linker DT, Angelsen BA: Two-dimensional intra-
vascular ultrasound: technical development and initial clini-
cal experience. ] Am Soc Echocardiogr 1989; 2: 296-304

3) Takagi A, Tsurumi Y, Ishii Y, Suzuki K, Kawana M,
Kasanuki H: Clinical potential of intravascular ultrasound
for physiological assessment of coronary stenosis: relation-
ship between quantitative ultrasound tomography and
pressue-derived fractional flow reserve. Circulation 1999;
100: 250-255

4) Mintz GS, Nissen SE, Anderson WD, Bailey SR, Erbel R,
Fitzgerald PJ, Pinto FJ, Rosenfield K, Siegel R], Tuzcu EM,
Yock PG: American College of Cardiology clinical expert
consensus document on standards for acquisition, measure-
ment and reporting of intravascular ultrasound studies
(IVUS). A report of the American College of Cardiology
task force on clinical expert consensus documents devel-
oped in collaboration with the European Society of Cardiol-
ogy endorsed by the society of cardiac angiography and
interventions. ] Am Coll Cardiol 2001; 37: 1478-1492

5) Horie T, Sekiguchi M, Hirosawa K: Coronary thrombosis in
pathogenesis of acute myocardial infarction. Histopatho-
logical study of coronary arteries in 108 necropsied cases
using serial section. Br Heart ] 1978; 40: 153-161



10)

11)

12)

J Jpn Coron Assoc 2007; 13: 34-37

Fuster V, Badimon L, Badimon JJ, Chesebro JH: The patho-
genesis of coronary artery disease and the acute coronary
syndromes. N Engl ] Med 1992; 326: 242-250

Prati F, Arbustini E, Labellarte A, Dal Bello B, Sommariva
L, Mallus MT, Pagano A, Boccanelli A: Correlation
between high frequency intravascular ultrasound and his-
tomorphology in human coronary arteries. Heart 2001; 85:
567-570

Maheswaran B, Leung CY, Gutfinger DE, Nakamura S,
Russo RJ, Hiro T, Tobis JM: Intravascular ultrasound
appearance of normal and mildly diseased coronary
arteries: correlation with histologic specimens. Am Heart J
1995; 130: 976-986

Komiyama N, Berry GJ, Kolz ML, Oshima A, Metz JA,
Preuss P, Brisken AF, Pauliina Moore M, Yock PG,
Fitzgerald PJ: Tissue characterization of atherosclerotic
plaques by intravascular ultrasound radiofrequency signal
analysis: an in vitro study of human coronary arteries. Am
Heart ] 2000; 140: 565-574

Kawasaki M, Takatsu H, Noda T, Sano K, Ito Y, Hayakawa
K, Tsuchiya K, Arai M, Nishigaki K, Takemura G,
Minatoguchi S, Fujiwara T, Fujiwara H: In vivo quantita-
tive tissue characterization of human coronary arterial
plaques by use of integrated backscatter intravascular
ultrasound and comparison with angioscopic findings. Cir-
culation 2002; 105: 2487-2492

Sano K, Kawasaki M, Ishihara Y, Okubo M, Tsuchiya K,
Nishigaki K, Zhou X, Minatoguchi S, Fujita H, Fujiwara H:
Assessment of vulnerable plaques causing acute coronary
syndrome using integrated backscatter intravascular
ultrasound. ] Am Coll Cardiol 2006; 47: 734-741

Kawasaki M, Sano K, Okubo M, Yokoyama H, Ito Y,

13)

14)

15)

16)

17)

Murata I, Tsuchiya K, Minatoguchi S, Zhou X, Fujita H,
Fujiwara H: Volumetric quantitative analysis of tissue
characteristics of coronary plaques after statin therapy
using three-dimensional integrated backscatter intravascu-
lar ultrasound. ] Am Coll Cardiol 2005; 45: 1946-1953

Nasu K, Tsuchikane E, Katoh O, Vince DG, Virmani R,
Surmely JF, Murata A, Takeda Y, Ito T, Ehara M,
Matsubara T, Terashima M, Suzuki T: Accuracy of in vivo
coronary plaque morphology assessment: a validation
study of in vivo virtual histology compared with in vitro
histopathology. ] Am Coll Cardiol 2006; 47: 2405-2412

Fujii K, Carlier AG, Mintz GS, Wijns W, Colombo A, Bose
D, Erbel R, de Ribamar Costa ] Jr, Kimura M, Sano K,
Costa RA, Lui J, Stone GW, Moses JW, Leon MB: Associa-
tion of plaque characterization by intravascular ultrasound
virtual histology and arterial remodeling. Am ] Cardiol
2005; 96: 1476-1483

Cheng GC, Loree HM, Kamm RD, Fishbein MC, Lee RT:
Distribution of circumferential stress in ruptured and sta-
ble atherosclerotic lesions: a structural analysis with histo-
pathological correlation. Circulation 1993; 87: 1179-1187
Medn %%, FrHEMFE, A WL, Bamber JC : #& HCOM
BE#HC X % I Tissue Elasticity Imaging. H A8 % £
2451999 ;5 26 : 57-66

Imoto K, Hiro T, Fujii T, Murashige A, Fukumoto Y,
Hashimoto G, Okamura T, Yamada ], Mori K, Matsuzaki
M: Longitudinal structural determinants of atherosclerotic
plaque vulnerability: a computational analysis of stress dis-
tribution using vessel models and three-dimensional intra-
vascular ultrasound imaging. ] Am Coll Cardiol 2005; 46:
1507-1515



