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Intravascular Ultrasound Assessment
at the Site of Balloon Angioplasty:
Comparison With Quantitative Coro-
nary Angiography

Yasuhiro YAMASHITA
Kenji TAKAZAWA
Masami FUJITA
Toshiro IKETANI
Chiharu IBUKIYAMA

The effect of coronary angioplasty is usually evaluated on the basis of coronary angiography. However,
angiographic images taken after angioplasty vary and the angiographic assessment of the therapeutic
success of angioplasty is limited by local disruptions and dissections at the site of the dilatation, which are
often difficult to detect by angiography. Intravascular ultrasound imaging is a new method for evaluation
of coronary dimensions and wall morphology.

Quantitative coronary angiographic analysis was compared with intravascular ultrasound assessment
after balloon angioplasty in 42 patients. A diagnostic ultrasound imaging catheter was used during percu-
taneous transluminal coronary angioplasty (PTCA) to image both the lesion and the vessel segment just
proximal (reference segment). Correlation between angiographic and ultrasound findings of vessel diam-
eters and areas at reference segments was closer (r=0.78, 0.66) than at the sites of PTCA (r=0.54, 0.36).
Dilated sites were analyzed in two subgroups segregated by degree of lumen eccentricity. An eccentric
vessel lumen, defined as a circular shape factor of less than 0.92, was present at 25 of 42 sites. The
correlation between angiographic and ultrasonic cross sectional area was not as close for these eccentric
segments (r=0.37). The difference in luminal areas between eccentric lumens estimated by edge detec-
tion and densitometry methods was 0.93 0.3 mm?, significantly greater than 0.54+0.31 mm? in the cir-
cular group ( p<0.01).

Luminal area after balloon angioplasty is clinically important to confirm by intravascular ultrasound
especially in patients with large differences in measured values by quantitative coronary angiography.
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W, MEWT I —KE (intravascular ultrasound:
IVUS) DRFICE Y, TERAIE, SEOBIRELD
B EEIRNE, AEREED EREZHES TR L
% 0o, PTCAMATERALICBALTH, MEEHICLS
SHE & DRI EBER RO D WENDH B, L LI
BHIiZBWTWE, COMKRTDH PTCARIVUS I2LBH
EDRERHUEEL V) DIFTIE %L, Z0-O0EE
ETHONLEHR,S, IVUS THETE 2 AKERE
RHEL, FETLILRIEELEDNS.

% ZT4ME, PTCA MEATERALO M P RE O 5 -
{238\ T densitometry ¥ & edge detection % & DT E D
FHERICER DD EICEB L, IVUS TORER
RERTME, MR, AEEREEL, ZoMESICD
WTHRET L 7=,

;] &=

. ¥ =8

YEEIZBVTIRE, OHIEERED-DPTCA %
HATL, WHICIVUS TREBLZEEL 2 - 28%
MEE Lz, WIS 358, 761, E#id 43-75
&, WESMIIATEIR 13 61, £EEIIRATT 178 24
B, ElERESBITH o7z, PTCAD/NV— 234 Xt
25-40mm 2 ERAL, B#/ IV — 4 XEIARTES
TOREDEMES, BLUEMBOMEREZ D LITik
%€ L72. Indentation 2 15 I THIE L, BEEEXR
50% LT AT E L, EE/NNV—VOF A X% EEL
7. % BWRENCSMEEHAEL £ PTCA DAHEICDOW
TBEBILIUZORECHE, RFEZHL SV,
IVUS FEATICOW T DA L TR 157,

2. MEAII-EEE

CVISEIVUS A A=YV T Y AF Ak B Eifg
DFERSIT6 HTHRINTEY, FREIIBITEFA
VIZ 040 THRETET, Y41 F3IvrL Ik
60dB TH5B. 4 A=V YT HF—FIVIiZHE 43 Fr,
Seumic 360° A, MERE 1,200 pm DG 5—, &
BE30MHz DB ERFEMFEEE LT —T V%
R L7z, B%DPTCA KETHRIC, EEIRPICA A F
TAVY—%2 DT FHBEL, TIa—HAT7—TIV%E)
L —IVEERIC X D EBIARPIICHEA, PTCA % 1T L 7=
ERMOAME & Y ERELHEL, RRES, St
RELZLLHESNDIEBEEFWANE FT VR

Fa—H%—%5|&kE, FHLTONEABEDOEEZ %
Y747 — 7ICis L7z (Fig. 1). IVUS HifTICHED &
BHEZZEL, NV—rF25mm ML ETIRLE
B DA IVUS % AT L7z, IVUS lifT# DR L b
10U EOEBZE BV, BURREY* BT
L, WRRERICBIT 28 COEMEDEELH
L7

3. EENTBERRERE

TEBIAR SR (Z 25 frames/sec T 35mm ¥ % 7 1 VAL
B L, WERPBIFICER SN IRKBBE % % 2
RLU7-. ZOEEE CCD XA L-T0Y =
7 4 — (ELKCAP-35B) IZ & ) ETFAHEHICEHRL, B
1R ILERZEE (Kontron B, CARDIOS00) D X E1) — kT
WY AALE, TEENEEIRESFE (quantitative coro-
nary angiography: QCA) ® densitometry ¥ & edge detec-
tion HEIC L BEHHI 21T o2, BEHOT MY v 7 Rid
512X 512 pixel T, &Hifllid catheter calibration (7' 14 7 1
Y7 AT —7F )V 8Fr, 2.66 mm) |2 & 5T, pixel H25
millimeter 22532 L 729, Vessel border i vessel midline
IZEEEIC 100 5F] L 72T 4 ~ LD vessel density profiles
e, ThENIIDOWT 12RO FFT RLE %17\,
1R85, 2 R 250, £h 5WEO EXTREMA
CEYARE, SMISERE, PRAID D 60% DAL
% MERE & LBl %47 > 72. Densitometry &%, E&)
BRIFZERIC ROI %2 3%%E L, gray level ZHIEH, M
ZF%%E L 7= background ROI @ gray level {2 & D #IE L
7z, FRRIC L CEBIEEIIALO gray level ZHIZEL,

profile curve DFESME & ) MAERTERE 2 EH L 72,

4. Ultrasound measurements

75t 57— TSRS S - EEIRA OB K EEH
CILRAEES, MEEFMAEOERE, AR, WEH
T A—y —ETHIEL: (Fig. 2). E512, %
DABEHENEMBIH L TEDREDEAEZRLT
V2% 7% circular shape factor: CSF= (caluculated perim-
eter/observed perimeter)* TaFili L', eccentricity DIE1E
EL7:. EERER, IVUS ICX 2 MENEE, HER
HMOME, BLUNBEREZILRFER, LHEEEH
THBRE L.
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CAG IVUS

Fig. 1 Angiographic (leff) and ultrasound (right) images in a patient with stable angina

The proximal reference segment demonstrates the following:

A: Atherosclerotic plaque between the 5 and 9 o’clock positions.

B: Ultrasound image corresponding to the balloon dilation. Lumen is compromised with a large atheroma mass
between the 9 and 3 o’clock positions.

C: Distal to the dilated segment, a distinct atherosclerotic lesion is seen at the 4 o’clock position.

CAG=coronary angiograms; IVUS =intravascular ultrasound images

CSA =6.4mm

Calculated perimeter)?
CSF= :
Observed perimeter

_/8.98\2_
'< 9.67 ) ~0.564

Fig.2 Planimetry of cross-sectional area (lef) and calculation of circular shape factor (right)

CSA =cross-sectional area; CSF=circular shape factor

Journal of Cardiology 1994, 24: 423—431
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Fig.3 Intravascular ultrasound images after balloon dilation demonstrating a localized dissection behind the eccentric
atheroma (A), and the tear extending to the media at the shoulder of calcified plaque with a centrifugal shadow (B)

5. EEMNBEIKES A (QCA) EIRE AR RE

YLARFRZEER % CSF 12 & V) concentric # (CSF=0.92),
eccentric #f (CSF<0.92) 2540, [F—HZEE % QCA
? edge detection {%, densitometry {E TZNENEL N
7- N IETEFE D ZE DO HEFHE (differential value: D fB) % 3K
®, ZODJEL eccentricity IZ & 55340 & 12D W THRGES
L7z,

6. FHETALIE

MaTFHIRAT I EEIIRE R & EEIIRN — 2 — K2 5
Bon/l-enhThOMENNESE, HEOBR T AR
ISR L, BEUREMRSTEZHVHBEREZ k7. /2
concentric #f & eccentric #[H DZEDEEZI unpaired
Student’s r-test A L7-. 7 — 7 I3FHME HZHER
#ZE L, pO0sEMEt#MICHEREL L7,

5 ES

PTCA HEATERRLICER® 57z IVUS FrR. % Fig. 3
IC/RT. IVUS EEILBVWIRLIABOEEED

echogenic layer % P & NEEMEAR, £ D4Vl D echolu-
cent layer ZHE, &bIMAOFH T I —HZIEL
L F 7-AMEICH L gray level 58 <, BEEY
BT5db0%AKIFELEL T 5L, Table 1 I[IRT &
12, 42605 37 61 (88%) ICHIIES X U EN B %
B, VETANVATIRREEDAIKLA20% 12D
AR EN72HS, IVUS Tl AIKALDS 42 Bl 33 f1
(719%) L Z#ICFEDLN, YA EEHETH-TDH
IVUS CIL&EH 7z AIK{b it 3 56 (Fig. 3-B) %,
YA THRKEZRD TOAIKEENET 7 — 7 ADO—ER
IZBRIF 3 561 (Fig. 3-A) 23207, F7- 42 Bl 14§l
(33%) T, WEIIRER LR %520 % WITEIEE IR
IZBWTD, IVUS THL2RT T — 7 PRl s
(Fig. 1-A).

1. MER, AEEED LS

FRZEER, FEREALIC BT 2 BEMRER & IVUS 12 &
HIMERE, NAEERBROLEEZ AL E, MERICIOWVWT
DOFRII T IEFE A TlE r=0.78 (p<<0.01) & LLEREY
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Table1 Ultrasound findings at sites of PTCA Reference Diameter Lesion Diameter
Ultrasound findings Lesions - . > ’y==0.43x+1.21
at 42 PTCA sites n % :'::".;’:”u'sa . . Coce.0n
P<0.01 ] ¢ .
Laceration -~ H . 2.64 .
Limited to the intima 12 29% £ . I
Extending into the media 18 43% E 3.5 oo 5 ‘. .
Dissection 7 17% £ - * o E2H o cet :
Calcification 33 79% 3 b e, Y
5 Y e N H o~ %, %
g . " g 18] o w0 e
£ e %% £ he o
Zas{t te = 1
° * . 1.4
VMR BEVEETMVR MM REVIE M)
Angiographic Diameter (mm) Angiographic Diameter (mm)
Fig. 4 Correlation between angiographic and ultrasound diameters
Reference Area Lesion Area Lesion Area
(Edge Detection) (Densitometry)
16 10 = 101 y=0.37x+3.43
N 1 y=0.38x+3.48 =
'51 * r=0.3 o o
14 o y=0.69x+3.1 % . e P<0.05 -
= * F%?u.m = 9 < &
E, 124 oo ° E - . E ] e
s™ . 3 * 3 *
; ':- ) .:.. o :;;: d ° : ... . ¢ ; 5 ... ... e *
g 7 L H 54 ”» 4 L] H 5 o°
g Bl %S o g L .c ®e ° § °% . . °
= 1 o0 S 4 . ° S N . o
o ooy 0. L) .
61e® o 3 ‘.. ° . 3 e ‘ ]
5P° 0e® . 3
MM RN A T S T S B SR SN BN SRR
Angiographic Area (mm?) Angiographic Area (mm?) Angiographic Area (mm?)
Fig.5 Comparison of cross-sectional areas measured by ultrasound and angiography after balloon dilation
CSF BEFTHBDITx L, PTCA HATERALICB VTR r=
1 Pl 0.54 (p<0.01) & AFBADME L (Fig. 4), ¥ 7-PIREERIC
i BLTYH, BBEEEHAMTIZ r=0.66 (p<0.01) (23
L, PTCA FEATER{L Tl edge detection T r=0.36 (p
0.8 <0.05), densitometry #EIZ X AT TDH r=043 (p<
I 0.01) & HHREEHMED - 7= (Fig. 5).
2. Eccentricity
0.81 PTCA JEATERALIZ, IVUS i< & 2EIE T DHERE
DIE CSF 12X 1, concentric B 17 Bl (40%), eccen-
1 tric &¥ 25 B (60%) IS i,
0 . . PEIRIFEH D CSF i 0.89+0.02, EHEEHE D CSF
Reference  Lesion 13 0.96£0.01 TH Y, PTCA JEATHALOD CSF DIF S 7¢
Fig. 6 Circular shape factor at reference segments and at sites of

PTCA

Abbreviation as in Fig. 2.
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AHE (p<0.01) IZIEMETH o 7= (Fig. 6).

PTCA HifTEM D EBIRERS, IVUS IZ & 5 NEERE
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Concentric Group n=17 Eccentric Group  n=25

(CSF=0.92) (CSF<0.92)
y=0.48x+2.43 y=0.29x+4.17
61 r=0.74 10 r=0.37
® pP<0.01 P<0.05
° . 9 .
-
~ 5 . &
E E
E . E o o
a . * . a hd
14 @ .
< 44 ° ° < 6 .
N [
E . ° E [
g g s{% °
a L4 aQ
s o ® F] . .
3 3 [y 3 s °
.. °
() 3 -
° 35 R

Angiographic Area (mm?) Anglographic Area (mm?)

Fig.7 Comparison of densitometric areas with ultrasound areas in the
circular group (left) and the eccentric group (right)
Correlation between angiographic and ultrasound areas was
poor in the eccentric group.

D value
(mm?)

1.5

P<0.01

1.0

0.5

Concentric group Eccentric group
N=17 N=25

Fig. 8 Difference in angiographic areas measured by edge detection
and by densitometry

D value =differential value

D% concentric B, eccentric HEFNFNIZDOWT
#5 &, concentric EET r=0.74 (p<0.01) IZX L, ec-
centric # Tl r=0.37 (p<0.05) & #EAHEA> > 7= (Fig.
.

3. MAEKICLIAREEDE

PTCA FEATERZ O EE & % QCA T edge detection
#, densitometry HEIC L ) ZREFNEHIT AL, Z0
= (#ExHE D &) |&, eccentric E# Tl 0.93+0.3 mm?,
concentric £ Tl% 0.54+0.31 mm?2 T# ), eccentric &f
THEEICEELZR L (Fig. 8).

4. & B £
Ia—-h7—FNVOERICLZEHERIILEALR
HY, BRECHTEN, 26 TERHE 2RO,
isosorbide TEIEIC & ) EER S N7z, IVUSHETIC X D&
BIRMEE, HEEL COAERET LIEMIR
Dol

% =

FER L D PTCA 1T & 2B REDIIRE OFHEI,
FICEEREL TR L - EORIRIC L A HETIT
BT 5EY, ZDOEEFROBBIIZHT, MED
#%1X smooth-walled dilation ? (3%, extraluminal hasi-
ness, & & |Z intraluminal hasiness % ¥ fEfI, fEb 7%\
fEBI, % L T extraluminal dissection, spiral-type dissec-
tion, aneurysmal dilation 7% &34 2%, ZDOHIEDEE
IR EICLVRELBI LD 5.

1. EENTBEHIGEREE IVUS DR
IEREETM T, IEAEL L UAEERIITE
IRE&EE, IVUS W& DM THER BiTF 24 -=0.78,
r=0.68) %% 5 DIZxf L, PTCA REATEHAL TIE, Pz
FREOWE B L BRICIRIND 20, WEOH
B, ZOFFEICIITFLEREZET S I LAR
S, e MNEBIIRICBIT B PTCA FEfTEH DR EEN
FLICET 2 HE T, FHICEIOR TV T T~
TOEFNCEBbDEN Y, 7T OWER, &
- RO L ZHIC L 2BIREOHENEER S
NTETHEDY, Waller'® I LFBEMEGEFEHMRET T, plaque
fracture, AIRD 7 7 v 7, HE®D dissection A% PTCA ®
FERAHNZALTHY, SOLREEREICBNT
BREBFOMEDZOERICR S LBRTWVAS,
Frab'" b iREZMRE T, PTCAILRD A =X A2
BUFAPEHEECEESEZHE L TW5, IVUS T
Ia—=AF—FNVERESEZ)EHZICHOT IO
2L, F728Z9IZ contrast medium 2 1EAT B2 ED
TKT, leadingedge "B 2 HL, RIFDOFEEL
EIZOVWTEBE2ToTWAY, ZORMEEICIZTS
REOFRMYEDHY), TORLICOAREETLHEER
bhb. FHEFMIZIZ PTCA DIFL A LDERICAH
[E - FEOBRFEL TR ELEINED, ARICLYE
FLOTHLBRTIIRETELVHADIHLLEZDL
h, FHEOKREIZOWTD, hardplaque DTl
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EEBREICL D IFERAITHEL, sonolucent zone D HES
T dissection DHFHICOWTHFHEBELEL D H
5.

QCA T3 vessel border iRE D IEFEMIC K &  E %
%5720, PTCA FATEM TIIAHBENR+FTH R
HBIAD AL EZFNC L VT M A4 VAL R
D, BEAMICL ) BREFMS L TEEIZZL SN
5. $1-BRETI—0, TOBBIIL ) EEHRICE
LD TELER L ETE, +a2AESH-oTHZED
ML B/NEET 2T REEDH Y, Tho3FSER
IIRAREMORBENRE L BEF M L DA E DY
I2& Y PTCA DFHMEICRREZEL B L EZ LIS,

2. Eccentricity &EHRIEICL 3%

Densitometry ¥ & edge detection (2 & 5 FHAlKE R D
B T3, concentric BEIZH L, eccentric B CHjEDET
HERIBEORDOLNLEFNELZLBDLN.
Edge detection iEAHEIBED A D 1 RTTWHRIETH 5 DI
%F L, densitometry FEIIHEIBICMZ BITE L LT
EEZR L 2AIHHEETH L7700, KEHRR
REFREDENZ L ZZEEZTEHCEETDH 525,
ZFOWEEREOFEMIZ, IVUS & 8 L T edge detec-
tion #:CTid r=0.36, densitometry =T r=0.43 & 414
WED o 7.

Eccentric # Tl concentric B2 L, MEDEHAIKE
RDZE DE) BKRELZY, ThHOEFTIE IVUS
KE2PIEERE QBEERE L. ThITEBIREY
EEDEFEELRT LD REFTIE, BRI NA
BERESEMET, BRIBFTS7—7, TOBPETE
FHRIIKRELEEEIRIZUCGEEHRRAHEEL T
ArEZONSD. MEABESENTHNIERLE,
phantom RERIIRE NS & 9 ICWEDFHIERIT—K
T513¥T, NERESERETEMD L DERHTH
CSF PMEMELER T, MEOFHHERICHEL AL

2. ZOZEBTFHOENKE WESITIX, PTCA
BOFMIC TS 2EELETHLEEZ LN

3. EEMNBREZEDORESR

&L, EENRDORERER PTCA AT OEE
- EERHETENELT, YAEFTF T N—
y—tar¥a—y —EBELBOESICL D MENE
DEBRHEHIMZE SIS, BRIICERE ZoTw
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5. KEORBERE LT, RAET, 2F0) 3%z
MZIETTAMEZ 2 RTWICHEE L CEHAIT A 2
&, BEFADENIC L ) HefR 7 & background D F5E
THMRITAZ L, BEFRICL 2FBEBEORE, i
PIREEML L MEAHEDREEL T2 T —T IV EDZERG
ADTNIC L B30, & 5IZEEIR vessel edge detec-
tion D IEFEMIMAIZ & D FEFICHEL FIT 5720, side
branch DHFER, BEXOH—HUL EOFENEZ LB
BE432Eh0, 4% 02— —@IDSE 51
TR H 5.

4. IVUS DEREREYHE At

EEIRIZ IVUS T3 BHEEE LTHESh, #he
hARE, P, SEZHEL LT, #HiHEEiRE
AEHWIEERTY, KONBOEEMD echogenic
layer (X PIFE & PISEMEAR, & DAMEID echolucent layer i%
IR, ROUMIOBE LI —BANETH S Z LA EHH
ENTw3B, 4, IVUS ICL Y, EEREE TIIE
5ZEDTEVWEHLZEEBRONERE, EHEIED
h, MEENEHRICBEIL TD Fig. 1-A IZ/RL7Z LD
12, EEIREL LREEZ RO L VEBREERMICHE
BRI & ) PEEOBRELEREFEERES L
7.

PTCA i, BRAERE I L5 LIRS/ O
ELTERTLTEIVD, 5V I VEETEHEN
W— VIR E AT E 223NV = D A A% LB LI
BRI NE PR ER, EICHELMEIC L 5 EEIRE
FORBRHRTICE o TS, L2 LEMICE Tk
RERDELNRIAE—T, +52AENFGLI
PE)DHBTICEK) LA LITLIED S, i, FE
HhEg LT +oIEREINAEEZ SN h
b, FRTI—2 I VAENFEDOLNTEY,
LNV — VR LEL T B8R, RELER
FECHBEATFEEZONILRERVET L) 2R
A, IVUS THEERNELHER S ND Lo 7oiEER
%THILHHBHHS, IVUS DRIRIZIMENEZ MR
THEELLTRDOLONDDH .

41, PTCA DEELZMBERTHHBHREICDONT
b, IVUS DFiR > O BB E . HHRETFHT
5 DRI NUE, FOFTRIC L U new device %
fFiva43iF, coronary intervention A& D [A] L&D
e EIREVARESIfFENS.
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